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Summary. Ten eyes of eight patients with pseudoexfoliation of the lens capsule 
were first studied by iris fluorescein angiography. Later, iris specimens were 
obtained at surgery and vessels that were newly formed or showed abnormally rich 
extravasation of fluorescein were studied electronmicroscopically. 

The proliferated vessels had an abnormal basement membrane which was thin 
or absent, and there was abnormal extracellular material around the vessels. The 
endothelium was thin and in some cases fenestrae were observed. The electron- 
microscopic changes agreed with the rich extravasation of fluorescein from the 
capillaries seen in angiography. 

The results show clearly that there are pronounced vascular changes in the 
anterior part of the eye in pseudoexfoliation. The way in which these changes 
affect the collection of pseudoexfoliation material in the eye requires further study. 

Introduction 

J o h n  L indbe rg  descr ibed  the  gray ish  flecks a t  the  pup i l l a ry  border  
in  1918. Later ,  the  disease was n a m e d  pseudoexfol ia t ion  of the  lens 
capsule.  Since then,  the  disease and  i ts  re la t ionship  to g laucoma has  
been wide ly  s tud ied  and  the  clinical  p ic ture  is well known.  I n  biomicro-  
scopy  the  exfol ia t ion ma te r i a l  is found  on the  an te r ior  surface of the  
lens, on the  zonules, on the  an te r ior  hya lo id  membrane ,  on the  c i l iary  
b o d y  on the  pos ter ior  and  an te r ior  iris surfaces, on the  pup i l l a ry  marg in  
and  in  the  t r abecu la r  area.  

Neovascu la r i sa t ion  and  f luorescein leakage  f rom the  vessels in  the  
iris are  also an  essent ia l  p a r t  of th is  syndrome.  These changes were 
d iscovered  b y  the  a u t h o r  in iris ang iog raphy  in 1969. Fu r the r ,  iris 
a n g i o g r a p h y  has shown t h a t  the  rad ia l  vessels in these  eyes are of ten 
fewer t h a n  usual  and  t h a t  the  cal iber  of the  new fo rmed  vessels f r equen t ly  
var ies  as t h e y  form clusters on the  surface of the  iris. The c i rcula t ion is 
sluggish in ang iog raphy  and  the  newly  formed vessels f luoresce longer 
t h a n  the  others.  E x t r a v a s a t i o n  of fluorescein, found  in the  la te  phase  
of ang iography ,  is also p rominen t .  
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The reason for the  increased  f luorescein p e r m e a b i l i t y  is no t  known.  
The a im of th is  s t u d y  was to  examine  the  e lec t ron microscopic changes 
in vessels which had  shown a t  ang iog raphy  increased  pe rme a b i l i t y  for 
f luorescein or were newly  formed.  I n  ear l ier  works  b y  Ash ton  et al. 

(1965) and  R ingvo ld  (1969) who s tud ied  the  vessels in pseudoexfol ia t ion  
e lec t ronmicroscopical ly ,  no d is t inc t ion  was made  be tween  the  no rma l  
and  a b n o r m a l  iris vessels. The au thors  descr ibed  abnorma l  ex t race l lu la r  
ma te r i a l  a round  the  vessels, and  no ted  t h a t  the  basemen t  membrane  
was th in  or absent .  

Mater ia l  and Methods 

The material comprised eight patients and 10 eyes. In six eyes the tension was 
normal. Four eyes had capsular glaucoma, but the tension was controlled by 
therapy. The iris specimens were obtained at cataract operations where iridectomy 
was performed at 12 o'clock. Iris angiography was done by the method described by 
the author (1969). Most of the patients were followed angiographically for one to 
two years preoperatively. Thus, the newly formed vessels showing fluorescing 
leakage were accurately recorded. 

All the specimens were prepared for EM by fixing them in 3 per cent glutar- 
aldehyde for three hours at +4~ Postfixing was done with OsO 4 for one hour. 
The tissue blocks were dehydrated in an alcohol series and embedded in eponaraldite. 
The specimens were stained with lead citrate or with both lead citrate and uranyl 
acetate. All the prepations were made so that vessels seen in angiography could 
be detected again in microscopy. 

The control material comprised specimens obtained from enucleated eyes and 
cataract operations on eyes without pseudoexfoliation. 

Results 

As ment ioned ,  only  vessels t h a t  in f luorescein ang iog raphy  showed 
abnorma l  leakage or were newly  fo rmed  (Fig. 1) were s tud ied  electron- 
microscopical ly  in  serial  sections to ob ta in  in fo rmat ion  a b o u t  the  
pa tho log ica l  changes. 

I n  EM, the  vessels regular ly  showed an  a b n o r m a l l y  th in  basemen t  
m e m b r a n e  or i t  was lacking complete ly .  Around  the  vessels there  was 
p l e n t y  of abno rma l  ex t raee l lu la r  ma te r i a l  (Fig. 2). The cells were bound  
to each o ther  b y  zonulae occludentes,  and  marg ina l  f laps were some- 
t imes  seen. Per icy tes  were no t iced  outs ide the  basemen t  membrane ,  
b u t  these  d id  no t  form a cont inuous  layer  a round  the  vessels. Some 
capi l lar ies  had  a ve ry  th in  endothe l ia l  wall  and  in a few places  the  
endo the l inm was e x t r e m e l y  th in  (Fig. 3). The  c y top l a sma  of the  endo- 
thel ia l  cells was r ich in  cell organelles  a n d  vesicles {Fig. 4). Al l  these  
changes were seen regu la r ly  in eyes wi th  pseudoexfol ia t ion ,  and  the  
difference f rom specimens f rom the  ma te r i a l  of no rma l  eyes was clear. 

I n  th ree  of 10 eyes a few capi l lar ies  had  f enes t r a t ed  endo the l inm 
(Fig. 5). Where  fencst rae  appeared ,  there  was a b u n d a n t  ex t race l lu la r  
ma te r i a l  a round  the  vessel. The pa t i en t s  wi th  r ich neovaseu la r i sa t ion  
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Fig. 1 a and b. Neovascularisation and fluoreseein leakage in the iris in capsular 
glaucoma. Later, irideetomy was performed at a cataract operation and the vessels 

shown by the arrow had fenestrated endothelium (EM, Fig. 5) 

Fig. 2. Abnormal extracellular material (AEM) outside the vessels wall. • 20000 

and ex t remely  rich fluoreseein leakage in the late phase of the angio- 
g raphy  showed most  fenestrae. (Fig. 1. The same neoformed fenes t ra ted  

vessels seen in angiography.)  
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Fig. 3. Thin place in the endothelium (arrow). Pinocytosis (P). Lumen (LU). 
• 24000 

Fig. 4, Endothelial cell contains many vesicles and some organelles (arrow). Red 
blood cell (RBU). • 20000 

Discussion 

A most  interest ing and  a new feature of pseudoexfoliat ion and  
capsular glaucoma was tile presence of fenestrae in  capillaries in  pa t ients  
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Fig. 5. Fenestrated endothelium (arrow) in E M  in the vessels shown by the arrow 
in Fig. 1. • 50000 

who had advanced neovascularisation and fluorescein leakage in angio- 
graphy. The results agree with the studies of Okamura and Rohen (1971) 
who showed fenestrated capillaries in diabetic rubeosis. The basement 
membrane in these vessels was also thin. In my experience, diabetics 
have in fluorescein angiography rich extravasation of the dye in the 
same way as pseudoexfoliation eyes. One difference is that  in diabetes 
the ncovaseularisation is often in the pupillary region, but in pseudo- 
exfoliation in the ciliary region. The reason for this phenomenon is 
unexplained. Another difference is that  in pseudoexfoliation in uni- 
lateral eases the vascular changes are also unilateral, as shown by A. Van- 
nas (1969). Aqueous flare is also eommon in these diseased eyes which in 
advanced eases show abnormal capillary permeability. 

Penestrated capillaries are normally present only in the ciliary body 
in the eye, and Bill (1965) has shown that  a considerable amount of 
protein is discharged from the ciliary process vessels into the interstitial 
tissue of the processes. Only traces of this protein appear in the aqueous 
humour in a healthy eye and it seems reasonable to suppose that the 
thick external limiting membrane of the ciliary processes is the main 
filtration barrier to protein there. In the iris there are no further filtra- 
tion barriers and the protein must be released into the aqueous from the 
pathological fenestrated capillaries. Although fenestrae could not be 
seen in all the eases, it can be assumed that  the blood aqueous barrier 
was disturbed in all the eyes beeause increased extravasation was seen in 
angiography, and electron microscopy showed a changed basement 
membrane and abnormal extracellular material in accordance with 
Ashton (1965) and Ringvold (1969). 
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Bo th  the  p resen t  resul ts  and  the  au tho r ' s  f luorescing angiographic  
s tudies  (1969) show clear ly  t h a t  there  are m a r k e d  vascu la r  changes in  
pseudoexfo l ia t ion  syndrome.  So far, the  changes have  been no ted  only 
in the  iris vessels, bu t  according to  L a a t i k a i n e n  (1971) the  con junc t iva l  
vessels also show abnormal i t i e s  in ang iography .  The ava i lab le  informa-  
t ion does no t  confirm whether  vascu la r  changes or pseudoexfol ia t ion  
ma te r i a l  appea r  first.  Ye t  i t  is a p p a r e n t  t h a t  the  changes in the  blood 
aqueous  bar r ie r  influence the  deve lopmen t  of abno rma l  p ro te in  in the  
an te r io r  chamber .  
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