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Idiopathic dilated cardiomyopathy is most likely a heterogenous group of diseases charac- 
terized by ventricular dilatation and dysfunction. Approximately 20% of patients with idi- 
opathic dilated cardiomyopathy have familial disease, which may be inapparent by review 
of the family history alone. It has been suggested that histopathologic features, particularly 
the presence of bizarrely shaped mitochondria, may be useful in distinguishing familial from 
nonfamilial disease. 

We investigated 57 patients with dilated cardiomyopathy, 13 familial and 43 nonfamilial 
or indeterminate. Pathologic examination of right endomyocardial biopsy specimens showed 
no significant differences between the familial, nonfamilial, or indeterminate groups by light 
microscopy or electron microscopy. We conclude that the distinction between familial and 
nonfamilial dilated cardiomyopathy cannot be made by histopathologic examination in most 
cases. 

Idiopathic dilated cardiomyopathy (DCM) is most 
likely a heterogenous group of diseases characterized 
by enlargement of one or both ventricles and ventric- 
ular dysfunction. We reported recently that the disease 
is familial in 20 percent of cases when first degree 
relatives are examined by echocardiography (1). No 
clinical, electrocardiographic, or echocardiographic 
characteristics have been identified that consistently 
distinguish familial from nonfamilial DCM. Because 
the familial nature of the disease is not necessarily ap- 
parent from review of family history alone without in- 
vestigation of relatives (1), it would be helpful if 
histopathologic examination of right ventricular en- 
domyocardial biopsies could provide information use- 
ful for distinguishing familial from nonfamilial disease. 
In one reported study, it was suggested that familial 
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idiopathic DCM may be identified by morphologically 
abnormal mitochondria evident by electron microscopy 
(2). However,  these findings have not been confirmed, 
and it was unknown if these mitochondrial abnormal- 
ities were a common feature of familial disease. There- 
fore, we performed light and electron microscopic 
analysis on right ventricular endomyocardial  biopsy 
specimens from a sequential group of 57 patients, 13 
familial and 44 nonfamilial or indeterminate, with idio- 
pathic DCM. 

Methods  
Biopsy specimens were identified from an unse- 

lected series of index patients with isolated idiopathic 
DCM who were identified because of potential enroll- 
ment in a separate, prospective study of first degree 
relatives to determine the proport ion that had familial 
disease. Criteria for a diagnosis of DCM were as de- 
scribed previously (1). Briefly, a diagnosis of DCM was 
based on enlargement of one or both ventricles and 
impairment of left ventricular function resulting in an 
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ejection fraction of < 50%. Patients over  40 years of age 
had to have had angiographic exclusion of atheroscle- 
rotic narrowing o f />  50% of any coronary artery seg- 
ment.  No patient  had structural cardiac lesions or other 
systemic disease, such as insulin dependent  diabetes 
mellitus or cancer. No patient had known ophthalmo- 
plegia, skeletal myopathy,  lactic acidosis, or retinal pig- 
ment  abnormalit ies suggestive of specific multisystem 
mitochondrial  syndromes. Patients were categorized as 

Figure 1. Photomicrograph of right 
ventricular endomyocardial biopsies 
from a 37-year-old woman with non- 
familial dilated cardiomyopathy (A) 
and a 42-year-old man with familial di- 
lated cardiomyopathy (B). The biopsy 
in (A) shows grade I myocyte hypertro- 
phy and grade 0 interstitial fibrosis and 
endocardial thickening. In (B) there is 
grade 3 myocyte hypertrophy, grade 3 
interstitial fibrosis, and grade 3 endo- 
cardial thickening. The low and high 
power photos are at the same magnifi- 
cation, hematoxylin and eosin, x 100; 
inset, x 400). 

familial, nonfamilial, or indeterminate after investiga- 
tion of first degree, and sometimes second degree, rela- 
tives by physical examination, electrocardiogram, and 
echocardiogram. When relatives were unavailable for 
examination or a relative had echocardiographic find- 
ings compatible with D C M  but did not meet  diagnostic 
criteria, the family was considered indeterminate.  The 
criteria used to diagnose relatives were the same as 
those described above for the index patients. Patients 
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Table 1. Characteristics of Familial, Nonfamilial, and Indeterminate Dilated 
Cardiomyopathy Patients* 

Patient Groups 

Characteristic Familial Nonfamilial Indeterminate P Value 

Number (Males) 13 (3) 13 (8) 31 (16) 0.11 
Height (cm) 167.3 ± 12.0 161.4 ± 34.2 170.8 ± 9.2 0.47 
Weight (kg) 68.9 ± 20.5 84.1 _+ 33.8 74.9 ± 18.8 0.30 
Age at biopsy (years) 46.7 +__ 16.1 38.1 ± 17.8 43.7 ± 15.4 0.39 
Heart Rate (beats per minute) 84.0 ± 15.9 83.7 _+ 16.2 90.0 + 18.9 0.52 
Blood pressure (ram Hg) 

Systolic 110.5 ± 13.3 122.0 ± 18.8 124.0 ± 14.4 0.06 
Diastolic 72.1 ± 9.6 78.9 _+ 12.0 75.9 __+ 15.4 0.41 

Left ventricular size (mm) 
Systole 56.0 ± 10.9 61.3 ± 18.7 54.3 ± 8.9 0.36 
Diastole 65.9 ± 9.2 71.2 _+ 16.7 64.2 + 7.2 0.27 

Ejection fraction (%) 32.2 ± 11.5 31.2 + 12.5 32.2 + 9.7 0.96 

*Plus-minus values are means _+ SD. 

were considered to have familial disease if one or more 
relatives had DCM as described previously (1). 

Overall, 74% of these patients had cardiac biopsies, 
and all had histologic features compatible with a di- 
agnosis of DCM, since patients with evidence of myo- 
carditis or other  specific diagnostic abnormality would 
have been excluded from the study. 

Right ventricular endomyocardial  biopsies had been 
performed on 57 patients, 30 females and 27 males. 
The mean age at biopsy was 43.1 years (range 0.5 year 
to 71 years). Of  the patients, 13 had familial disease 
(based on examination of their relatives); 12 had at 
least one first-degree relative affected, and 1 patient 
had 1 affected second-degree relative and first-degree 
relative who was probably affected. Thirteen did not 
have familial disease, based on examination of their 
relatives. The remaining 31 patients were considered 
to be of indeterminate status. Eighteen of the patients 
considered to be indeterminate had relatives examined. 
Although none of the relatives met definite criteria for 
a diagnosis of DCM, at least 1 relative had echocardio- 
graphic abnormalities consistent with DCM and was 
over the age of 40 years and had not had angiography. 
The other 13 patients considered to be indeterminate 
did not have any relatives examined. 

Right ventricular endomyocardial  biopsies were ob- 
tained in a standard fashion. Tissue was processed for 
routine light microscopy and stained with hematoxylin 
eosin, sulphated alcian blue (for amyloid) and Prussian 
blue (for iron) and examined by one pathologist 
(H.D.T.). The mean number  of pieces of myocardium 
evaluated for each patient was 5.3 (range 1-9). The 
following characteristics of the biopsy were evaluated 
and semiquantitatively graded (0-3+)  without knowl- 
edge of whether  there was a positive family history: 
degree of myocyte hypertrophy, interstitial fibrosis, en- 
docardial thickening, and presence of interstitial adi- 

pose tissue (Fig. 1). Tissue, which had been fixed in 
Trump's  solution (4% formaldehyde and 1% gluteral- 
dehyde),  was processed for electron microscopy in 21 
cases, including 6 familial, 7 nonfamilial, and 8 inde- 
terminate cases. Tissue was examined using a Phillips 
CM-12 transmission electron microscope. Particular at- 
tention was paid to the morphology of the mito- 
chondria. Analysis of variance was used to test for dif- 
ferences among the 3 groups (familial, nonfamilial, and 
indeterminate) of probands for quantitative traits. 
Nonparametr ic  methods also were used. Since the in- 
ferences were the same, only the findings from analysis 
of variance are presented. Pearson's chi-square was 
used to compare the relative frequency of gender and 
biopsy characteristics among the proband groups. P 
values less than 0.05 were considered to indicate sta- 
tistical significance. 

Resul ts  

The characteristics of the 3 groups of probands are 
presented in Table 1. The 3 groups do not differ in the 
proport ion of males, height, weight, age at biopsy, 
heart  rate, blood pressure levels, left ventricular size in 
systole or diastole, or ejection fraction. These findings 
are consistent with our earlier work comparing familial 
patients to nonfamilial patients (1). The findings from 
light microscopic examination are presented in Table 
2. There  are no differences between the 3 groups of 
patients for any of the characteristics of the biopsy. 
When the group of familial patients are compared to 
the other two groups combined, there are also no dif- 
ferences in any characteristic. One patient with familial 
DCM had sufficient adipose tissue in her right ventricu- 
lar biopsy to suggest a diagnosis of arrhythmogenic right 
ventricular dysplasia, while five categorized as non- 
familial or indeterminate DCM had similar features. 
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Table 2. Summary of Light Microscopic Pathology in Familial, Nonfamilial, and 
Indeterminate Dilated Cardiomyopathy Patients* 

Patient Groups 

Familial Nonfamilial Indeterminate 

Number  of cases 13' 13 31 
Characteristic P Value l 

Pieces of myocardium examined 4.69 _ 1.93 5.69 _+ 1.97 5.42 _ 1.96 0.76 
Myocyte hypertrophy 1.77 _+ 0.73 1.77 + 0.73 1.71 _+ 0.86 0.41 
Interstitial fibrosis 1.69 _+ 0.95 1.77 _+ 1.30 1.20 _+ 0.99 0.22 
Interstitial fat 0.92 +_ 1.19 1.00 ___ 1.15 0.80 _+ 0.96 0.80 
Endocardial Thickening 2 0.27 _ 0.90 0.73 _+ 1.19 0.33 _+ 0.82 0.29 

*Plus-minus values are means _+ SD. 
lp value based on relative frequencies of graded (0--3+) characteristic. 
2Based on 11 familial, 11 nonfamilial and 24 indeterminate patients with evaluable endocardium. 

Examination by electron microscopy in all groups 
supported the light microscopic findings of hypertrophy 
and fibrosis. Many of the myocytes showed loss of myo- 
fibrils. Although occasional small elongated mitochon- 
dria were observed in biopsies from all groups, most 
mitochondria were normal in appearance (Figs. 2 and 
3). No abnormally large mitochondria with circular ar- 
rays or parallel stacks of cristae were observed. 

Discussion 
The etiology of most cases of DCM is unknown. 

Some patients (6 to 8%) have been recognized as having 
familial disease on the basis of a positive family history 
(3,4). However, many patients do not have an obvious 
family history and are recognized as familial only after 
echocardiographic investigation of relatives. When 

Figure 2. Electron photomicrograph, obtained by right ven- 
tricular endomyocardial biopsy, of cardiac myocyte mito- 
chondria from a 20-year-old man with nonfamilial idiopathic 
dilated cardiomyopathy. The mitrochondria are normal in 
appearance (x 10,000). 

routine investigation of asymptomatic and symptomatic 
first degree relatives is performed, 20% of patients are 
shown to have familial disease (1). Because of the incon- 
venience and expense of studying first-degree relatives 
of all patients with DCM, it would be helpful to identify 
additional indicators of familial disease. 

The histopathologic changes that generally are ob- 
served in biopsy specimens from patients with DCM 
are nonspecific and include interstitial fibrosis, myocyte 
hypertrophy, myofibrillar loss, and large and irregularly 
shaped hyperchromatic nuclei (5). An increased num- 
ber of mitochondria of variable shape and size (abnor- 
mally small or large) with morphologic changes 
associated with mitochondrial degeneration are often 
described in DCM (6,7,8). The morphology of the mi- 
tochondrial cristae and density of the matrix also may 

Figure  3. Electron photomicrograph, obtained by right ven- 
tricular endomyocardial biopsy, of cardiac myocyte mitro- 
chondria from a 37-year-old woman with familial idiopathic 
dilated cardiomyopathy. The mitrochondria appear normal 
(x 10,000). 
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be variable (9,10). Furthermore, these abnormalities 
may be present in only some cells from a specific heart 
when explanted hearts are examined (7), suggesting 
that sampling error may occur when biopsy specimens 
are analyzed. 

Idiopathic dilated cardiomyopathy is a heterogenous 
group of diseases. Some patients have isolated cardiac 
disease, while others have skeletal muscle involvement 
with or without ophthalmologic, central nervous sys- 
tem, or other abnormalities. Patients with multisystem 
disease may have either hereditary or sporadic condi- 
tions. A subset of patients, for example those with 
Kearnes-Sayre syndrome, have ragged red fibers 
evident by skeletal muscle biopsy, indicative of mito- 
chondrial disease. Many of these patients have been 
demonstrated to have mitochondrial DNA deletions, 
which are usually sporadic and possibly acquired. Pa- 
tients with multisystem disease, including dilated car- 
diomyopathy, have been described consistent with a 
pattern of mitochondrial inheritance (i.e., only mater- 
nal transmission of the disease). Many would consider 
these groups of patients under a separate designation 
rather than referring to them as having "idiopathic" 
dilated cardiomyopathy. We did not include patients 
with multisystem disease in our study. 

It has been suggested that characteristic mitochon- 
drial changes, as demonstrated by electron microscopy, 
may be useful for identifying familial DCM (2). Some 
reported patients with mitochondrial abnormalities 
were infants (11) or patients also known to have skel- 
etal myopathy, as summarized by Urie and Billingham 
(2). However, other patients with familial DCM and 
distinctive mitochondrial abnormalities had no appar- 
ent skeletal or other system involvement (2). The mi- 
tochondrial changes that have been described in 
familial idiopathic DCM include enlarged mitochon- 
dria with circular arrays of cristae arranged around the 
periphery or uniformly stacked cristae at the center of 
the mitochondria. In one study, these changes were de- 
scribed in five sets of affected siblings but were not 
observed in 62 age-matched controls with "congestive" 
cardiomyopathy or in three other familial cases of 
DCM. It was suggested that familial DCM might be 
identified by these morphologic changes of the mito- 
chondria in some cases, but the authors recognized that 
additional studies were needed (2). 

In our study, patients were classified as having famil- 
ial, nonfamilial, or indeterminate disease in the most 
rigorous manner possible at this time. All our patients 
had idiopathic disease, without clinical or biochemical 
evidence of multisystem mitochondrial disease. There 
were no histologic or electron microscopic features of 
the endomyocardial biopsy specimens that allowed dis- 
tinction of familial from nonfamilial or indeterminate 
cases. There are several possible reasons for these find- 

ings. First, the observations in these cases were made se- 
miquantitatively. Morphometric measurements might 
be able to detect differences not discernable by our 
methods. Second, it is important to note that the mean 
age of our patients (43.4 years) was significantly greater 
than that of the patients described (16 years) by Urie 
and Billingham (2). Third, all of the patients studied by 
Billingham had end-stage DCM and had presented for 
transplant. Finally, idiopathic DCM is most likely a het- 
erogenous disease. Although there may be a subset of 
patients with familial DCM who can be identified by ul- 
trastructural mitochondrial abnormalities, in our sample 
of unselected, primarily adult patients, the distinction 
between familial and nonfamilial cases could not be 
made by histologic examination. Similar studies on a 
larger group of patients with DCM would be of interest. 
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