
Virchows Arch. Abt. A Path. Anat. 348, 328--341 (1969) 

Electron Microscopy of the Wall of Iris Vessels 
in Eyes with and without Exfoliation Syndrome 

(Pseudoexfoliation of the Lens Capsule) 

AMUND I~INGVOLD 

University Eye Department, Rikshospitalet, 0slo, Norway 
and Anatomical Institute, University of Oslo, Oslo, b~orway 

Received August 27, 1969 

Elektronenmikroskopie der lrisge]äßwände in Augen 
mit und ohne Ex]ol~ations-Syndrom 

Zusammenfassung. Die elektronenmikroskopische Untersuchung der Wände der Irisgefäße 
bei 4 Augen mit Kataract mit und 8 Augen mit Katarakt jedoch ohne Exfoliationssyndrom 
brachte folgende Ergebnisse: 

1. Die Irisgefäße der kataraktbefallenen Augen ohne Exfoliationssyndrom sahen aus wie 
normale Irisgefäße. 

2. Die Irisgefäl~e der kataraktloefa]lenen Augen mit Exfoliationssyndrom unterscheiden sich 
von normalen Irisgefäßen: Jeweils auf der Außenseite der Endothelzellen findet sich eine unge- 
wöhnliche extraeelluläre Substanz. Diese besteht aus einer fibrillären und einer nicht- 
fibrillären Komponente. In Gefäl~en mit beträchtlichen Mengen dieser extracellulären Sub- 
stanz wurden die Basalmembranen als dünn und als stellenweise unterbrochen erkannt. Der 
jeweils äußere Teil der Bindegewebshü]le der Gefälle zeigte ein normales Aussehen. Hieraus 
wird abgeleitet, daß das Auftreten der abnormen extracellulären Substanz mit dem Ex- 
foliationssyndrom wesensmäl~ig verbunden ist und die Morphologie der fibrillären Kompo- 
nente der extrace]lulären Substanz mit ähnlichen Befunden im l~ahmen früherer Beschrei~ 
bungen des sogen. Exfoliationssyndromes übereinstimmt. 

Summary. An electron microscopic study was performed of the vessel wall of the iris in 
four eyes with cataracts without the exfoliation syndrome and in eight eyes with cataraets 
with the exfo]iation syndrome. The following results were obtained: 

1. Iridial vessels in eataractous eyes without exfoliation syndrome appeared like vessels 
of the normal iris. 

2. Iridial vessels in eataractous eyes with exfoliation syndrome appeared different from 
normal: An abnormal extracellular material was found outside the endothelial ce]ls. This 
material consisted of Iibrillar and nonfibrillar components. The basement membrane was of- 
ten thin and sometimes interrupted in the vessels with a great amount of abnormal extra- 
cellular material The outer part of the connective tissue layer was always normal. 

I t  is coneluded that the appearance of the abnormal extracellular material is associated 
with the exfoliation syndrome, and that the morphology of the fibrillar component of this 
material agrees with previous descriptions of exfoliation material. 

Introduction 

In  eyes wi th  exfoliat ion syndrome (pseudoexfoliat ion of the  lens capsule) the  

exfol iat ion mater ia l  is found by clinical and l ight  microscopic examina t ions  on the  

anter ior  lens capsule, on the  zonules, on the  anter ior  hyaloid  membrane ,  on the  
ciliary body,  on the  posterior  and anter ior  iris surfaces, on the  pupi l lary  margin,  

and in the  t rabecular  area (Busacca, 1928 ; Dvorak-Theoba ld ,  1954 ; Sunde, 1956 ; 
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H ö r t e n ,  1966). Somet imes  exfol ia t ion ma te r i a l  is p resen t  as small  f lakes on the  
eorneal  endo the l ium and  on pup i l l a ry  m e m b r a n e  th reads  (Tarkkanen ,  1962; 
Hörven ,  1935). 

The u l t r a s t ruc tu r e  of exfol ia t ion ma te r i a l  f rom the  pos ter ior  iris surfaee and  
the  zonnles was descr ibed  b y  B laeks t ad  et al. (1960), und la te r  e leet ron mieroseopie  
s tndies  showed exfol ia t ion ma te r i a l  on and  wi th in  the  lens eapsule (Bertelsen 
et al., 1964; Ash ton  et al., 1965). F u r t h e r m o r e ,  g ranu la r  f i laments  s imilar  to ex- 
fol ia t ion ma te r i a l  was d e m o n s t r a t e d  on the  e i l iary  body,  and  in the  per ivaseu la r  
a rea  of iris vessels in eyes wi th  exfol ia t ion synd rome  (Shakib  et al., 1965). Such 
f i laments  were no t  found  b y  e leet ron mieroscopie  s tudies  of no rma l  h u m a n  iris 
vessels (Pur tseher ,  1966; Vegge and  I~ingvold, 1969). 

The  purpose  of the  presen t  work  is to s t u d y  the  u l t r a s t rue tu re  of iris vessels 
in eyes wi th  exfol ia t ion syndrome,  wi th  pa r t i en la r  a t t en t ion  on ehanges assoeia ted  
wi th  this  eondit ion.  Sinee the  ma te r i a l  is f rom ea ta rae tous  eyes wi th  exfol ia t ion 
syndrome,  an  inves t iga t ion  of iris vessëls in ea t a rae tous  eyes wi thou t  exfol ia t ion 
s y n d r o m e  is inc luded  in the  s tndy .  

Mater ia l  and Methods 

Iris tissue from 12 cataractous human eyes were obtained from the 12 o'clock position 
by performing a full iridectomy during surgieal eataract procedure. Prior to surgery exfoliation 
material was demonstrated in 8 of these eyes, while the remaining 4 eyes (examined in 
mydriasis) showed no sign of exIoliation syndrome. No other abnormalities were present in 
any of these normotensive eyes. The 4 patients without exfoliation syndrome were from 
74 to 84 years old, and the 8 patients with exfoliation syndrome were from 54 to 83 years 
old at the time of operation. All speeimens were placed immediately in precooled 1% OsO~ 
buffered to pH 7.3 with phosphate buffer, and with few exeeptions they were fixed for 1--2 
hours. One of the speeimens without exfoliation syndrome was fixed for 5 h, and two of the 
speeimens with exfoliation syndrome were fixed for 3 respeetively 6 h. Tissue bloeks from 
two oB the eyës without exfoli~tion syndrome were dehydrated in inereasing eoneentrations 
of Meohol with 1% uranyl aeetate added to the first of the two 100% Meohol baths. All 
other preparations were dehydrated in inereasing eoneentrations of aeetone. Araldite was the 
infiltrating and embedding medium. Seetions were made with an LKB Ultrotome, and stained 
with uranyl aeetate followed by lead eitrate. Siemens Elmiskop 1 b and 1 A were used. 

Results 

Cataractous Eyes without Ex/oliation Syndrome. I n  these p repa ra t ions  the  
vessels showed the  same appea rance  as p rev ious ly  r epor t ed  f rom normal  h u m a n  
iris vessels (Pur tscher ,  1966; Vegge and  I~ingvold, 1969). 

The th ickness  oB the  endotheIial wall varied,  and  the  t rans i t ions  be tween  th icker  
and  th inne r  pa r t s  »vere usuMly g radua l  (Fig. 1). The endothe l ia l  cells conta ined  
mi tochondr ia ,  Golgi appa ra tu s ,  rough and  smooth  surfaced endoplasmic  re t i cu lum 
in m o d e r a t e  amounts .  Zonulae  occludentes  were presen t  be tween neighhour ing 
endothe l ia l  cells (Fig. 3), and  marg ina l  f laps a t  the  in terce l lu lar  junc t ions  were 
somet imes  seen (Fig. 2). 

The basement membrane was sepa ra t ed  f rom the  endothe l ia l  wall  b y  a l amina  
rara .  The th ickness  of the  hasemen t  m e m b r a n e  va r ied  up  to 2 - - 3  ~, or ten filling 
up  the  space be tween  the  endo the l ium and  the  cells jus t  onts ide  (Figs. 1, 2). 
The basemen t  m e m b r a n e  was g ranu la r  in te rming led  wi th  i r regu la r ly  sca t t e red  
f i l aments  and  eollagen fibrils (Fig. 4). Granular ,  m o d e r a t e l y  dense looking bodies 
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Fig. 1 

Key to all figures: Figs. 1- -4  are i rom eyes wi thout  exfoliation syndrome. Figs. 5 - -10  
are from eyes with exfoliation syndrome. 

abem abnormM extraeellular material  
bm basement  membrane  
C eells with a pMe eytoplasm 
el eollagen fibrils 
el eellular layer of the  vessel wall 
ctl eonneetive tissue layer of the  vessel wall 
db dense body 

E endothelium 
/ fi laments 
/cb fibrfls showing cross bands 
g granu]es 
L vessel lumen 
sm smooth musele eell 
zo zonula oceludens 
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Fig. 2. Marginal flaps at arrows. Note the thiek basement membrane, s m  smooth musele eell. 
× 6,900 

were found within  the basement  membrane ,  and some of t hem were surrounded 

by  t r iple- layered membranes  (Fig. 4). Only ex t remely  seldom did they  appear  

next  to the  eellular walls. 

Fig. 1. The inner part of the connective tissue layer (ctl) is made up of collagen fibrils measuring 
about 300 • thiekness. Cells (C) with a pale eytoplasm and few organelles are sometimes 
found outside the basement membrane. L vessel lumen, E endothelium, bm basement mem- 

brane, cl eellular layer of the vessel wall, c] eollagen fibrils. × 6,900 
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Fig. 3. Detail of a zonul~ oceludens (zo) from Fig. 3. × 45,000 

Fig. 4. Dense body (db) in the basement membrane surrounded by a triple-layered membrane. 
× 60,000 

Pericytes or muscle cells were mostly present in the vessel wall. The musele 
cells formed a discontinuous layer around the larger vessels, and usually not more 
than two ]ayers of muse]e cells were found. Outside the basement membrane eel|s 
with a pale cytoplasm and few organelles sometimes appeared (Fig. 1). The inner 
part of the connective tissue layer showed eollagen fibrils oB about 300 A thiekness 
{Fig. 1). They ran mainly parallel to the longitudinal axis of the vessel, and among 
them appeared dense bodies similar to those described above. This thin-fibrillar 
area was encircled by an outer zone built up of collagen fibrils measuring about 
1000 Ä thickness. Here too, the fibrillar course mostly followed the longitudinal 
axis of the vessel, but in both zones several obliquely and circularly running 
fibrils were observed. The fibrils were more densely packed in this outer zone than 
in the iris stroma, sometimes appearing in bundles. These bundles seemed to be 
more frequent in speeimens dehydrated in alcohol with uranyl acetate, but 
general conclusions on this point eannot be drawn on account of this small material. 
At the outer border of the eonnective tissue layer some of the collagen fibrils 
gradually changed their directions radiating into the iris stroma. The eonnective 
tissue layer was orten indistinet in the smallest vessels. 
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Fig. 5. Endothelial wall surrounded by an abnormal extraeellular material (abem). Note the 
thin basement membrane at arrows. × 6,900 

Cataraetous Eyes with Ex[oliation Syndrome. The endothelial  cells appeared 
normal .  Outside the endothelial  wall an  abnormal  extraeellular mater ial  was found  
in  all eyes (Fig. 5). This extraeellular mater ia l  conta ined fibrillar and  nonfibr i l lar  
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Fig. 6. Detail from Fig. 5. Granules (g) limited by triple-layered membranes. × 60,000 

components :  The fibrillar component  showed irregularly distributed fibrils, and 
their course were usually straight  or slightly bent  (Fig. 7). The length of the 
fibrils varied up go 1.2bt. They  were rough surfaced, sometimes ill-defined, some- 
times fairly distinctly outlined (Fig. 7). The thickness was subject to great  varia- 
tions along the fibril, and the dimensions were different in fibrils lying next  to 
each other. Es t imated  at  their smallest width the fibrils measured between 70 $o 
300 A. Cross bands were found in parts  of some fibrils. These were characterized 
by  bands of higher density, crossing the fibrils at  various angles, and often pro- 
t ruding beyond  the fibril surface on one or both sides (Fig. 7). The distance be- 
tween cross bands measured 400--560 A along the middle axis. Fibrils were also 
found in aggregates with a central s t ructure  so dense tha t  details could not  be seen. 



Fig. 7. Straight  or slightly bent,  rough surfaced fibrils of varying length. Thin basement  mem- 
brane a t  arrow, db dense body, fcb fibrils showing cross bgnds. × 30,000 
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Fig. 8. The basement membrane is missing (arrows). Note the abundanee of nonIibrillar 
elements in the abnormal extraeellular material. × 30,000 

Among these fibrils, nonfibrillar components as weh as eollagen fibrils, and 
dense bodies simflar in dimensions and appearanee to those described in normal 
iris vessels (Vegge and Ringvold, 1969) were seattered (Fig. 7). The nonfibrillar 
elements were mainly round to slightly oval granules sometimes limited by triple- 
layered membranes (Figs. 6, 7). These granules were usually lying elose together, 
and dose to the endothelium, and they measured mostly between 330--500 Ä. 
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:Fig. 9. A b n o r m a l  ex t race l lu la r  ma te r i a l  ly ing  in close con t ac t  to t he  s m o o t h  musc le  cell on t h e  
a b l u m i n a l  side. T he  s a m e  ma t e r i a l  is f o u n d  wi th in  t h e  b a s e m e n t  m e m b r a n e  a t  arrow. 

× 30,000 
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Fig. 10. Abnormal extracellular material present only on the abluminal side of the outer cells 
No abnorma]ities are found in the innermost part of the vessel wall. × 6,900 

They  were rar more numerous  t h a n  the dense bodies. These smaller granules were 
of vary ing  density,  showing an even finely granular  appearance with fairly d is t inc t  
outlines (Figs. 6, 7). 

Among the nonfibri l lar  component  were also edged, indis t ine t ly  l imited elements,  
and  some of the smaller ones were possibly t ransverse or oblique seetions of the  
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deseribed fibrils. In  those vessels tha t  showed the greatest amounts of the abnor- 
mal extraeellular material, the basement membrane was orten thin measuring 
about  400--500 A (Figs. 5, 7), and sometimes it was even missing (Fig. 8). Now 
and then only few of the deseribed fibrfls appeared adjoining endothelial eells and 
perieytes beneath the basemënt membrane.  Usually the basement membrane was 
separated from the endothelial eells by a lamina rara of normal thiekness. Large 
invaginations of the outer endothelial eell borders, seemingly empty,  and with the 
basement membrane sometimes running straight aeross them, were also found. 

As in normal vessels perieytes and musele eells were found outside the endothe- 
linm, and musele eells sometimes formed a diseontinuous layer around larger 
vessels. Perieytes and musele eells were eompletely snrrounded by a basement 
membrane,  whieh orten fused with tha t  of the endothelial eells. The deseribed 
extraeellular material lay in elose eontaet to the perieytes and the musele eells, 
and was mostly irregularly seattered in the surrounding basement membrane 
(Fig. 9). Moderately altered vessels now and then showed such material only on 
the abluminal side of the eells (Fig. 10). 

The abnormal extraeellular material  was always loeated in the eellular vessel 
wall and the innermost par t  of the eonneetive tissue layer. Only very few eollagen 
fibrils, measuring 300 ~ thiekness as normal, were found among the extraeellular 
material in the inner par t  of the eonneetive tissue layer, and round to oval fields 
of lesser density sometimes appearëd in the same region. The thin-fibrillar area 
of the eonneetive tissue layer was never eompletely filled up by the deseribed 
abnormal extraeellular material. Outside the abnormal extraeellular material  the 
eonneetive tissue layer appeared normal, and bundles of eollagen fibrils oeeured 
rather frequent in the outer part.  The whole eonneetive tissue layer sometimes 
appeared normal in vessels showing depositions of the abnormal extraeellular 
material h~ the eellular layer of the vessel wall. The opposite situation was never 
observed. 

In  addition to these ehanged vessels, some normal appëaring vessels were also 
found. They eorresponded in all respeets to the deseription of iris vessels in 
eataraetous eyes without exfoliation syndrome. I t  was a striking feature tha t  
normal iris vessels were found elose to vessels showing the deseribed ehanges. 

Discussion 

To avoid possible influences upon iris vessel morphology caused by raised in- 
traoeular pressure all speeimens in the present work were taken from eyes with 
normal intraocular pressure (below 18.9 m m  Hg, Sehiötz), and with no previous 
history of oeular hypertension. Such specimens were obtained from cataraetous 
eyes. 

The ultrastrueture of iris vessels in cataraetous eyes without exfoliation syn- 
drome was investigated in order to look for morphologic changes associated with 
the development of senile cataract. The first par t  of this s tudy shows no differ- 
ences between iris vessels in eataraetous eyes withont exfoliation syndrome and 
normal human iris vessels (Purtseher, 1966; Vegge and Ringvold, 1969). The 
described ehanges in iris vessels in eataractous eyes with exfoliation syndrome 
are therefore not due to eataraet  or ehanges associated with the development of 
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cataract, but the presence of these changes is a phenomenon associated with 
exfoliation syndrome. 

The morphology of the abnormal appearing extracellular material present 
around the Ms vessels in eyes with exfoliation syndrome as shown in the present 
study agrees with previous descriptions of exfoliation material on zonular fibres, 
anterior lens surfaee, and posterior iris surface (Blaekstad et al., 1960; Bertelsen 
et al., 1964; Ashton et al., 1965) as regards the fibrillar component. The granules 
found around some of the iris vessels in the present work, have not been deseribed 
in previous studies of the exfoliation material, and it is not immediately obvious 
why these granules should be encountered only in conjunetion with vessel walls. 
I t  is noteworthy that  some of the granules were surrounded by triple-layered 
membranes, which may indicate that  these granules are the result of intraeellular 
synthesis. 

The presence of exfoliation material in the perivascular area of the iris vessels 
is a pathologic phenomenon, and this fact makes us ask how this material comes 
into this location. Gregersen (1958) irrigated the anterior ehamber of autopsy eyes 
and enucleated eyes with a suspension of killed coeci (measuring 0.5--1 ~ in dia- 
meter) to test the tissue spaees of the human iris and their communication with 
the anterior chamher, tIe found the eocei able to find their way into the iris 
stroma, but only through the erypts. Inside the iris stroma the spread of eocei 
took place through the cleft of Fuchs, and they were demonstrable only outside the 
connective tissue layer of the vessel walls. I t  seems therefore unlikely to assume 
that  the exfoliation material is transported to the perivascular area from other 
intraoeular regions, and this calls attention to the iris vessel wall as a possible 
souree for the production of exfoliation material. On the other hand it is not ruled 
out that  the exfohation material perhaps enters the eye through the blood stream, 
Mthough it was never observed within the vessel lumen, and Shakib et al. (i965) 
found no exfoliation material around vëssels in the eiliary body. 

The presence of great amounts of exfohation material in the iris vessel wall was 
assoeiated with basement membrane changes. The simultaneous occurenee of 
these two phenomena may perhaps indieate a bioehemical disturbanee leading both 
to ehanges in the basement membranee synthesis and to the appearance of ex- 
foliation material. 

The possibility that  the exfoliation material is synthesized in one loeation, 
and then earried to an entirely different location whëre it is subsequently 
precipitated, taust not be ruled out. 

Further studies are required to elueidate the chemieal nature of the exfoliation 
material; and to determine its site or sites of synthesis. 
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