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Summary. Auricular appendages were obtained from 20 patients ranging in age from 4: to 
64 years with chronic heart diseases at the time of operation and observed with an electron 
microscope. Myo-endocardial fibrosis was seen in the majority of cases. Proliferation of smooth 
muscle cells was noticed in the areas of thickened myo-endocardial spaces. These smooth muscle 
cells played an important role in the production of ground substance, collagen, and elastic 
fibers in the fibrotic lesions. 

Mierofibrils and elastic tissue were also observed in close association with the basement 
membrane of cardiac muscle cells and capillaries. 

Cytoplasmic filaments were observed both dispersed and aggregated in bundles in the 
endothelial cells on the thickened endocardium. 

Normal  and pathologieM endoeardia have been invest igated in h u m a n  heart  
specimens t aken  from autopsy materials  (Nagayo, 1909; Kochsiek, 1957; Rem- 
mele and  Haag,  1967). A few studies have also been reported after examina t ion  
under  an electron microscope on the inters t i t ia l  spaces in normal  (Bat t ing and 
Low, 1961; Lann igan  and  Zaki, 1966a, b) and  pathological (Ben-Ishayetal., 
1968) h u m a n  hear t  materials  obtained during operation. 

The following invest igat ion was carried out  to observe myo-endoeardiM 
fibrosis of the auricular  appendages in h u m a n  biopsy specimens which were ob- 
ta ined  by  surgical operation. 

Material and Methods 

Left or right auricular appendages from 20 patients ,both sexes, ranging in age from 4 to 
64 years with congenital malformations or valvular diseases were obtained at the time of 
operation (Table 1). 

Small pieces of the tissue were fixed in phosphate-buffered 3.6 % glutaraldehyde (pI-I 7.2) 
at 4 ° C. They were postfixed with 1% osmium tetroxide. After dehydration in graded alcohol, 
they were embedded in Araldite. Ultrathin sections were cut on a Reiehert ultramicrotome 
OmU2 and were stained with uranyl acetate and lead citrate. All the sections were examined 
under an Elmiskop 101 electron microscope at 60 kV. 

Observations 
Diffuse or circumscribed thickening of the myo-endocardiM spaces were gener- 

ally observed in  our materials.  Marked proliferation of smooth muscle cells was 
seen in the thickened endoeardium (Fig. 1). In t e r rup ted  elastic lamina  was 
formed between the endothelial  cells and the under ly ing  smooth muscle cells 
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Table 1. Source of biopsy materials 

Case No. Age Diagnosis 

1 (L) 31 

2 (L) 36 

3 (L) 37 

4 (L) 41[ 

5 (L) 43 

6 (L) 45 3 

7 (L) 46 

8 (L) 46 

9 (R) 5 

10 (1~) 23 3 

11[ (R) 4 3 

]2 (R) 8 

13 (R) 35 

14 (R) 36 

f5 (R) 10 3 

16 (~) 3s ? 

17 (R) 43 3 

18 (R) 43 

19 (R) 49 

20 (1~) 64 

Mitral stenosis 

Mitral stenosis 

Mitral stenosis 

Mitral stenosis 

Mitral stenosis 

Mitral stenoms 

MitrM stenosis 

Mitral stenosis 

Ventricular septal defect 

Ventricular septal defect 

Ventricular septal defect 
Atrial septal defect 

Ventricular septal defect 
Ductus arteriosus 

Ventricular septal defect 
Pulmonary stenosis 

Ventricular septal defect 
Infundibular stenosis 

Tetralogy of Fallot 

Aortic insufficiency 

Sinus venosus defect 

MultivMvular vitium 

Atrial septal defect 

Combined aortic vitium 

L = left auricular appendage, R = Right auricular appendage. 

(Fig. 1). Desmosomal  junct ions  were observed in the  ad jacen t  endothel ia l  cells. 
Endothe l ia l  l ining consisted of clear th ick  endothel ia l  cells and  da rk  f la t  ones 
(Fig. 2). The  cy toplasmic  f i laments  of 50-100 A in d iamete r  running  ei ther  dis- 
persed in whole cy top lasm or aggrega ted  in bundles  were seen in bo th  cells. The 
f i laments  in the  da rk  cells were more compac t ly  aggrega ted  t han  t h a t  of the  clear 
ones. The da rk  cells resembled to  smooth  muscle cells (Fig. 2). Thin cy toplasmic  
processes of ten ex tended  toward  the  under ly ing  smooth  muscle cells f rom the  
da rk  cells (Fig. 2). 

I n  the  myocard ia l  f ibrot ic  lesions, smooth  muscle cell prol i fera t ion was also 
not iced  especial ly a round  capil laries (Fig. 3). Large number  of s lender cells were 
also observed in the  myoeardiM fibrot ie  lesions. Some of t hem had  myof i laments ,  
dense bodies and  basement  membrane  (Fig. 3). Ground substance,  collagen and  
elastic fibers were observed a round  the  smooth  muscle cells and  the  slender cells. 
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Fig. i. Endocardium showing proliferation of smooth muscle cells (SM). E endothelial cell; 
IEL  internal elastic lamina; L lumen (ease 1). × 12000 

The basement  m e m b r a n e  of capi l lar ies  and  cardiac  muscle cells was ve ry  
g rea t ly  increased in the  f ibrot ic  lesions of myoca rd i a l  spaces. Numerous  micro- 
fibrils and  elast ic  t issue were in close associat ion wi th  the  th ickened  basement  
m e m b r a n e  (Fig. 4). 
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Fig. 2. a Clear endothelial cells (E) and dark endothelial cells (E') in thickened endoeardium. 
Note the myo-endothelial junction (×) .  L lumen; S M  smooth muscle cells; I E L  internal 
elastic lamina (ease 1). X 9000. b and c High magnification of the endothelial cells seen in 
Fig. 2a. Note the cytoplasmic filaments in the clear cells (E) and dark cells (E'). b × 21000, 

c × 22500 

Discussion 

Areas  of m y o - e n d o e a r d i a l  f ib ro t i c  lesions were  o b s e r v e d  w i t h  an  e l ec t ron  
m i c r o s c o p e  in t h e  h u m a n  h e a r t  b i o p s y  m a t e r i a l s  o b t a i n e d  f r o m  eases of chron ic  

h e a r t  diseases  (Table  1). I n  our  ma te r i a l s ,  s l igh t  m y o - e n d o c a r d i a l  f ibrosis  was  
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Fig. 3. Slender cells proliferated around capillary show characteristics of smooth muscle cells 
(SM). Fine filaments are seen in the endotheliM cell (E), El elastic fibers, L lumen (case 1). 

x 12800 

observed in a lmos t  all  eases. Among  t h e m  severer  lesion was seen in the  cases of 
mi t rM stenosis. 

I t  has  been r epor t ed  t h a t  f ibroblas ts  are the  main  cellular  e lement  in areas 
of myoca rd i a l  fibrosis (Ben- I shay  et al., 1968). The slender cells inves t iga ted  
have  been considered to  be mesenchymM ceils or in te rmyocard iM ceils of an 
und i f fe ren t i a ted  t y p e  of f ib roblas t  in no rma l  hea r t  m y o e a r d i n m  (Bat t ing  and  
Low, 1961; Lann igan  and  Zaki ,  1966b). Some of the  Mender cells in our mater ia l s  
showed character is t ics  of smooth  muscle  cells. Pro l i fe ra ted  smooth  muscle ceils 
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Fig. 4. Microfibrils (M]) and elastic fibers (El) are in close association with the thickened 
basement membrane of a cardiac muscle cell (CM). C collagen fibers, GS ground substance 

(case 2). × 16200 

in the myo-endocardial spaces produced ground substance, collagen and elastic 
fibers. 

The endoeardium can be compared with either intima of vessels (Bargmann, 
1963) or whole vessels (Beeker, 1964). The proliferation of smooth muscle cells 
in the endoeardium is thus considered to be comparable with smooth mucle cells 
in thickened intima of vessels. Microfibrils seen around the smooth muscle cells 
are considered to be the precursor of collagen and elastic fibers (Rhodin, 1962). 
Thin microfibrils are also considered to be synthesized at the outside of the base- 
ment membrane of capillaries and cardiac muscle cells (Ben-Ishay et al., 1968). 

Two types of endothelial cells were observed in the areas of thickened endo- 
cardium (Fig. 2). Clear cells were in general thick and had loosely arranged cyto- 
plasmic filaments. Dark cells were ofen flat and had more myofibril-like structure 
("myoendothelial cells", Hama, 1960). Two types of endothelial cells were also 
reported in the capillaries of rat heart (Bullon, 1971). Distinct dense bands arran- 
ged at intervals in the endothelial cells (RShlich and Ol~h, 1967) were not observed 
in our materials, but the author would consider that  the filaments in the cyto- 
plasm of the endothelial cells exist as contractile in function. I t  is considered that 
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the dark endothel ia l  cells p lay an impor t an t  role in t r ansmi t t ing  the informat ion  

of " c o n t r a c t i o n "  to the under lying smooth muscle cells in the myo-endothel iM 

junctions.  

The author wishes to thank Miss H. Effertz for her technical assistance. 
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