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2ummary. One of the eyes of a 46-year old patient, suffering from scleroderma for 7-years, 
was examined eleetronmicroscopically. Corresponding to the slit-lamp and ultrasonic findings 
six months before death, a severe destruetion of the vitreous body with marked Iibrosis was 
found. The similarity of these changes to those observed in the perivascular spaee of the retinal 
vessels is discussed. 

Zusammen•assung. Ein Auge eines 46 Jahre alten, seit 7 Jahren an Sklerodermie erkrankten 
Patienten wurde elektronenmikroskopisch untersucht. Entsprechend den biomikroskopischen 
und echographischen Befunden 6 Monate vor dem Tod, ergab sich eine schwere Glaskörper- 
destruktion mit deutlicher Fibrose. Die Ähnlichkeit dieser Veränderungen mit denjenigen, die 
im perivaseulEren Raum von Netzhautgefäßen beobachtet wurden, wird diskutiert. 

Changes of the vitreous body  in  seleroderma (progressive systemic sclerosis) 
have Mready been demons t ra ted  in  biomieroscopie and  ultrasonic studies. The 
eyes of 10 pa t ients  with progressive systemie sclerosis showed in  8 cases a destruc- 
t ion  of the vitreous body, whieh was either premature  in  beginning or more pro- 
gressed in  advaneed age (Gärtner,  Löpping and  I to lzmann ,  1967; Gär tner  and  
Löpping, 1968). 

The present  paper  deals with electronmieroscopic observat ions on the vitreous 
body and  on the re t inal  vessels of one of the cases reported in  the papers eited 
above. 

Case Report 
A 46-year old man (case 3; Gärtner, Löpping and Holzmann, 1. e.) suffered from pro- 

gressive systemic sclerosis since 7 years. He had typical eutaneous symptoms of scleroderma. 
No visceral manifestations were evident until one month before the death. In the last year of 
his life, he was treated with 1 mg Celestan and 15 mg Primolut-Nor dayly. 

From the side of the eyes, the patient has always been in good health with exeeption of a 
keratitis on the right eye in early childhood. Six months before death, when he was seen in the 
eye hospital, only oceasionMly mouches volantes were complained. Visions were as follows: 
OD, 5/20 ~-1,0 A-1,5 axis 0°=5/12 (old eorneal sear); OS, 5/3 -4- 0,5 ~ 5/3. The lens was 
clear. Fundus examination revealed no pathologieal signs; espeeiMly the vessels were normal. 
Vitreous study revealed a remareable destruction, comparable to the senile vitreous body 
destruetion in advanced senile age. The objective evaluation of the vitreous bõdy destruction 
was possible by means of A-mode ultrasonography. The echogram of both eyes showed numer- 
ous echoes within the zero-line representing the vitreous space (Fig. 1). 

* Supported by the ,Deutsche Forschungsgemeinschaft". 



Sclerodermal Hyalopathy 167 

Fig. 1 a- -d .  Discleral echograms from both eyes of a patient suffering from scleroderma (a, b). 
:For eomparison: Echograms of two healthy persons (8, d). The long zero line represents the 
vitreous space. In the eehograms of the sclerodermie eyes, this line shows numerous echo 
peaks very close to euch other. This is caused by a severe vitreous body destruetion, similar 
to the senile vitreous body destruction of the 70-years old man (d). Within the zero line of the 
eehogram of the 50-years old man, representing a practic~lly undestructed vitreous, only very 
few small echoe peaks appear (c). A-mode maehine, Kretzteehnik Model 7,000. Transducer 
with a frequency of 6 Mc. Abbreviations: BM basement membrane, CL capillary lumen, 
MC Müller eell, NPEnonpigmented ciliary epithelium, P V S  perivascular spaße, VB vitreous 

body 

One month before death, suddenly symptoms of uremia with severe hypertension devel- 
oped. The blood pressure, formerly 140/70, raised on 240/140 mm Hg. Fundus examination 
showed the picture of a retinitis angiospastica. The patient was treated with Ismelin and 
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Presinol. There was a diminution in blood pressure until death, but the patient remained 
oligurie and uremie, and died with severe respiratory und cardiae insuffieieney. 

Necropsy. Itistologie seetions of the lung showed interstitial fibrosis. Pleural fibrosis was 
present. The heart weighed 550 gm (body weight 75 kg). It  showed marked left ventrieular 
hypertrophy. Aeute-subacute glomerulonephritis. Fibrosis of the testes. Uncommon granu- 
lomas of the liver, partially with giant eells. Gyneeomastiea after therapy with gestagens. 

The brain showed marked edema. Spotlike fibrosis of the leptomeninges. Fibrosis of the 
adventitial struetures of the brain- and meningeal vessels. Itomogeneous appearanee of the 
wall of the brain vessels, espeeially of the arterioles. Perivaseular sponginess, partially us a 
result of the edema, partially in the form of glial mierosears (beginning status eribriformis). 

Method 
The left eye of the patient was obtained seven hours after death. Immediatly after the 

enueleation, the eye was immersed in ice-cold Ringer solution and opened by an equatorial 
incision. The portion containing the ora serrata was further disseeted, so that flat pieces 
including choroid, pars plana and peripheral retina were isolated. These specimens were then 
fixed in 2 % Zetterquist-buffered osmium tetroxide, dehydrated in a graded series of acetone, 
embedded in dureupan (Fluka), sectioned on a Reichert ultramicrotome Om U2 and photo- 
graphed with an electron microseope Zeiss EM 9 A. 

Only the changes of the loose eonneetive tissue in the vitreous body and in the peri- 
vaseular space of the retinal vessels interested for this investigation. Therefore the post- 
mortem time factor could be neglected. I t  is known, that post-mortem autolysis does not 
neeessarily occur very rapidly after the death (Pease, 1964; Pau Lussen and Hübner, 1966). 
Espeeially this is the ease with the post-mortem changes of the collagen. In our material, the 
fibroblasts of the vitreous body cortex show a remarkable good preservation of the eell 
organelles (see Fig. 6). 

0bservations 

The peripheral  re t ina  and  the pars p lana  epi thel ium show large clefts and  
vacuoles and  wide empty  spaces between the Müller ce]ls resp. the nonp igmented  
epithel cells. Typieal  peripheral  cystie degenerat ions are no t  visible. 

The vi t reoret inal  basement  membrane  on both  sides of the õra serrata is 
450- -700  A thick;  ineluding the lamina  rara. On the pars p lana  side i t  is mult i-  
layered, as i t  is f requent ly  observed in  the region of the pars p lana  of aged h u m a n  
eyes (Gärtner,  1966a). On both  sides of the ora serrata are defeets and  f ragmenta-  
t ions in  the course of the basement  membrane .  The f ragmented  basement  mem- 
brane  mater ia l  seatters about  in the neighbouring vi treous body cortex. 

The fine eollagen fibrils (vitrosin fibrfls) of the vitreous eortex on both  sides 
of the ora serrata form a more or less ]oose network.  At  m a n y  plaees they are 
ra ther  densely packed, so tha t  they  seem to be inereased in  number .  Their arrange- 
m e n t  is irregular, as i t  is otherwise observed in  the vitreous of senile eyes (Figs. 2,3). 
The single fibrils have a diameter  of approx. 80 A. A faint,  indis t inct  cross- 
s t r ia t ion is visible. The intervals  between the bands  are diffieult to measure;  
their  length is 50--100 A (Fig. 4). No over-period is evident.  There is no differenee 
in  the s t rueture  of the fibrillar network on both  sides of the ora serrata. At  some 
places over the posterior par t  of the pars plana,  zonular  fibres are in termingled  
with the fibrillar network of the vitreous body eortex. They  eonsist of fibril- 
bundles,  whieh are either densely paeked or are in  a more loose connect ion with 
each other (Fig. 5). The single fibrils have the same appearance and  show the 
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Fig. 2. Ora serraCa region, pars plana side. The basement membrane is fragmented and detached 
at mar~y places. The fibrillar network of Che vitreos body corCex shows an irregular CexCure 

wich spotlike densificaCions. Uranyl-aceCate permanganate. 5,000:1 

same type of eross-striation as those of the surrounding vitreous body cortex. The 
length of the individual intervalls between the bands varies between 50 and 
120 A. Within the closely paeked fibril-bundles, overperiods of approx. 400 
are visible. 

The eells in the vitreous body cortex have the appearance of typiea] fibro- 
blasts. The cytoplasm contMns numerous vesieles, a well developed rough-surfaced 
endoplasmie reticulum, free ribosomes, secretory granules and mitochondria with 
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Fig. 3. Ora sen'ata region, neural retinM side. The changes of the marginM glial cells (atypicM 
Müller cells) and  of the vitreous cortex are very similar to those found anterior to the ora 

serrata. Uranyl-acetate permanganate.  21,000:1 
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Fig. 4. Ora serrata region, pars plana side. Vitrosin fibrils. The fine structure of the single 
fibrils seems to be unaffected by the patient's disease. Their diameter is fairly constant. At 
some plaees axial periodicity should be noted (asteriks). Uranyl-aeetate permanganate. 

240,000:1 

cristae mitoehondriales. Also the outer membrane  of the nuelear envelope is in 
good preservation. Mueh of the eells show numerons vitrosin fibrils adhering to 
the eell membrane  (Fig. 6). 

I n  the peripheral neural retina, near the ora serrata, some eapillaries and 
venules eould be examinated.  

Contrary to the findings in infants and normal  adults, the outer snrfaee of the 
capillary basement  membrane  is not  in direet eontaet  with the basement  mem- 
brane of the surrounding glial elements. Between the eapillary basement  mem- 
brane and the surrounding glial eells extends a ra ther  large perivaseular spaee, 
filled with abundant  fine fibrils (Figs. 7, 8). Small islands of electron-dense, fine 
granular substanees and the remains of damaged eells are scattered th roughout  
the fibrillar network. The fibrils have the same diameter  and the same type  of 
cross-striation as the fibrils in the vitreous body  eortex, ineluding the single 
fibrils of the zonular fibres. At  some places they  form elosely paeked faseieular 
bundles (Fig. 8). 

The eapillary basement  membrane is not  remarkably  thiekened. 

The findings at  the venules, where a perivaseular spaee normal ly  exists, 
eorrespond to the findings at  the capillaries. The perivaseular space is filled with 
abundan t  fine fibrils, mueh greater in number  than  it is the oase in normal  eyes 
of the same age. 
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Fig. 5. Ora serrata region, pars plana side. Zonul~r fibres, consisting of bundles of fine fibrils. 
The single fibrils are not distinguishable from the vitrosin fibrils. One of the fibres appears to 
be unaffected by the p~tient's dise~se. Over-periods of 400 A are evident (asteriks). The other 
fibre shows a very loose eonnection of its fibriLbundles. Uranyl-acetate permanganate. 

60,000:1 

The e o n t i n u ß y  of the  glial  basemen t  membr~ne  a round  the  pe r ivaseu la r  spaee 
of the  capi l lar ies  and  the  venules  is i n t e r r u p t e d  a t  m a n y  plaees. F r a g m e n t e d  
basemen t  m e m b r a n e  ma te r i a l  sca t ters  a b o u t  in the  ne ighbour ing  per ivaseu la r  
SpaCe. 

Discussion 

As a p a r t  of the  m e s e n c h y m a l  t issue the  v i t reous  body  m a y  be involved  in 
sys temic  disorders,  man i fes ted  b y  connect ive t issue and / e r  vascu la r  a l t e ra t ions  
(Gär tner  and  Löpping ,  1968). This is the  case wi th  arteriosclerosis ,  resul t ing  in  
the fibrosis bo th  of the  re t ina l  per ivascu la r  space and  of the  v i t reous  body  cortex,  
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Fig. 6. Ora serrata region, pars plana side. l~'ibroblast of the vitreous body cortex. Uranyl- 
aeetate permanganate. 21,000:1 

and this may also be the case with scleroderma. It taust be called in mind, that the 
sclerogenic factors in arteriosclerosis do not on]y involve the connective tissue of 
the vessels (I-lauss, Junge-Hülsing, Gerlach, 1968) and that, on the other hand, 
scleroderma may be regarded as a progressive systemic selerosis, or as a sc]ero- 
vasculopathy (Korting and Holzmann, 1967). 

In advanced arteriosclerosis of the retina each capillary eontains numerous 
fine fibrils in a pathologica]ly develoloed perivascular space (Ikui, Mimatsu, Sugu 
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Fig. 7. Ora serrata region, neural retinal side. Retinal capillary. A pathological perivascular 
space has developed. It is filled with abundant fine fibrils. The perivascular neuropi]e shows 
marked edema and, at other places, an increased number of glial filaments. Urany]-acetate 

permanganate. 5,000:1 

and Tominaga, 1964; G~rtner, 1966b; Irinoda, Matsuyama, Kimura and Tamara, 
1967). In the vitreous body cortex oB such eycs similar changes are observed: 
The regular network o3 the vitrosin fibrils at many placcs is transformed into a 
very irregular texture of densely packed fibril aggregations, elinica]ly known as 
"senile vitreo-retinal adhesions' .  Thus the fibrosis in the retinal perivascu]ar 
spaee and in the vitreous body cortex oB senile arteriosclerotic eyes may be 
regarded as correlated lesions, prob~bly resulting from an alteration in the ground 
substance-fibril relation (G~rtner, 1965a~ 1967, 1970a). 

I t  is now common]y accepted, that  the mature col]agen fibres in sclero- 
dermatous tissue art normal, but that  there exists a quantitative increase in fine 
co]lagen fibrils from the type oB the microfibrils. Possibly, an alteration oB a ground 
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Fig. 8. Ora serrata region, neural retinal side. The pathologieal perivaseular spaee around a 
retinal capillary is filled with abundant  fine fibrils. At some plaees, they form densely paeked 
bundles, which are seetioned transversally (arrow) or in longitudinal direction (asterik). 

Uranyl-acetate permanganate. 21,000:1 

12a Virchows Arch. Abt. A Path. Anat., Bd. 350 
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substance component such as a polysaccharide protein complex in combination 
with eollagen may  be the pr imary lesion (sec Sackner, 1966; Korting and Holz- 
mann, 1. c.). As well as in arterioselerosis, this eould explain the fibrotic alterations 
both in the vitreous body and in the perivaseular spaee. 

After the results of the biomieroscopie and ultrasonic examination six months 
before the pat ient 's  death, the destruction of the vitreous body taust have been 
present already at this time. As to the fibrosis of the perivascular space, 
ophtha]moscopy six months before the patient 's  death revealed no pathologic 
findings. This is no proof against a possible manifestation of the capil]ary and 
venous changes at this time, because the fundus periphery was not examinated. 
I t  is known, tha t  the capfllary blood flow to the skin is greatly reduced in selero- 
derma.This is assumed to be the result of an increase in col]agen whieh produces 
obliteration of the arterioles and capillaries (Brown, O'Leary and Adson, 1930). 
Study of the rcnal histology in patients with scleroderma dying from nonrenal 
eauses revealed a strikingly high incidence of renal vascular sclerosis (Sackner, 
1. c.). I t  our opinion, it seems therefore more reasonable to relate the severe peri- 
vascular fibrosis to scleroderma than to the terminal hypertension. Ashton, 
Coomes, Garner and Oliver (1968) suggest, tha t  the ret inopathy o f  seleroderma 
may  be due to hypertensive damage potentiated by  the underlying connective- 
tissue process. 

As shown by  lightmicroseopic (Dejean, 1958; Pau, 1969) and electronmicro- 
seopic (Gärtner, 1965b, 1969, 1960b, 1970c) investigations, the zonule fibres a r e a  
special differentiation of the vitreous body framework, tha t  is of collagen. There- 
lore alterations of the fine structure of the zonular fibres in scleroderma should be 
expeeted. 

In  out case, most of the fibril-bundles of the zonula (possibly "vitreozonules", 
Kaczurowski, 1967) appear without pathological ehanges. Other zonular fibres 
show a very loose aggregation of their fibri]lar subunits. This may  be an effect of 
the elastie properties of the zonular fibres, but  cou]d also be caused by  the sup- 
posed alteration of the interfibrillar ground substance in sclerodermatous eonnective 
tissue. By slit-lamp examination, in the present ease as well as in the other eases 
of our series elinieally no displacement of the lenses was observed. However, 
bflateral subluxation of the lens possibly related to scleroderma is reported by 
Sackner (1. c.) in the case of a 51 year old female negro. 

I t  seems of interest, tha t  in the present case interstitial and perivaseular 
amy]oid was found not in the skin, but in other organs: Thyroid, m a m m a r y  
gland, testis, epididymis, and see]etal muscu]ature (Holzmann, Korting and Miss- 
mahl, 1969). tIistochemieal procedures used for the identification of amyloid 
were no more possible in our material. Electronmicroscopically, the fascicles of 
microfibrils within the perivascular space of some retinal vessels seem not unlike 
to the fascicles of filaments, identified as amyloid in the so-called "drusige" 
degeneration of the arteries of the eerebral cortex in old age (Schlote, 1965). 

The ophthalmic manifestations of scleroderma late]y have becn reviewed by 
Stucchi and Geiser (1967) and by Horan (1969). Changes of the vitreous are not 
reported in these papers. Our elinical and electronmicroscopical observations give 
evidence, however, tha t  vitreous body destruction with fibrosis must  be regarded 
as one of the features of this systemie disease. 
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I am grateful to Prof. Korting, Univ.-Hautklinik Mainz, for allowing me to examine the 
elinieal notes of the patient. Prof. Bredt and Prof. Hempel, Pathologisches Inst i tut  der Uni- 
versität Mainz, kindly permitted me to examine the post mortem findings of the present ease. 
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