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DIABETIC MICRCANEURYSMS

I. Introduction

In disbetes mellitus there =rs geveral ocular signs thst

o

may be seen, The one seen first and most often i=a that of
microaneurysms, This Daper will desl with
of thi= subjisct,
II. Review of Literature and Discussion

Ballantyne(3) has resorted that the first
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crintion of retino-
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nathy was that reported in a2 diabetic patisnt in 1851 by Jaeger
just five years after Helmholtz had introduced the ophthalmoscorne,
During the next twenty years little was done in the study of

ed in 1875 by Leber as
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retinopathy, but what was done was r
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wee due in part to the disbetes and in 22rt due to the nephritis
oroduced by the diabetes,
(22)

Nettleshiyp

o)

was blind in one eye and in the other eye, by ophthalmoscorzic

exam, there could e seen what was described as white spots and
hemorrhages., In the DJost-mortem exsmination of the fundl, there
coculd e seen hyalin thickening of the =arteries, several aneurysmsl

dilat=ti-n

0

of the vegsels, some retinal hemorrhages and =ome
waXxy and gramilar materisl in the retinz, Thi=s waz the first

inform=tion of histologlic ztudies of a clinlcal cn=e of dlesbetic

3

retinonathy, Nettleshin agein in 1%86(21) and 1888(20) remorted

o

L

his clinicsl findings in two different csses of disbetes, 1In
one he renorted small white s»2ots =nd hemorrhages in the retins,

The other was 2 fortyv-elght year old mzle whose visicn did not
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im»rove when his 4
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abetas was tre=ted, Nettleshin could see in
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retina yellowish-white clumps of materisl, retinasl vein
distention, =2 few scattered 2lood spots, retinal hemorrhages that

were flame shaped and some were round, and the formation of

o)

new blood veasels in the vitreous, In some of the new ves=els
in the vitreous, hes could see zome fine loops and on some of the
loops he could see small swellings., Nettleship at that time
thought that the retinal changes were due more to diabetes than
they were to the nepdhritis,.

From 1890 to 1943, alwmost every investigator thought the
causgse of the retinopathy was due either to hypertension, arteri-

osclerosis or rensal dlsease, Also during this time, 1t seemed
ag 1f much of the interest was lost in the diabetic retinopathy
even though insulin was introduced in 1922, About the only
re2lly important work thst was done bafore 1043 was Kimmelsteel
and Wilson's work in 1936 showing the typical lesion of the

1

diabetic glomerulosclerosis which carries
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helr name today,

There were only a few histologic stuiles of disbetic eyes

mads before 1943, but in 1943 Ballantyne and Lonwsbmﬁn(‘)

'-)n

publighed thelr findings in diabstic retinopathy. Their
findings by light zmicrosconle studies showed expansion and
series of expansions of veins some distasnce from the ontie
disk, hemorrhages, beading, loops, kinks, and diverticula along
the vessels, By stalning and sectlon of the vessels, he noted
fat in the endothelium of the smaller vessels, after which

the walls became ectatic snd an aneurvsm would form, He also

noted encysted hemorrhages, arteriosclerosis and phlebosclerogis
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with the walls of vessels greatly thickene

o

and comnletely
hyalinized. There were junctate hemorrhages around the macula,
With Ballantyne and Loewstein rediscovery of the retinal
microsneurysms, there have besn extensive histologlec =nd
clinical studies done to try to clarify come of the nathogenic

factors in this problem,

The incidence the retinonathy before the introduction
The incid e of the retinopathy fo the introduct
of insulin therapy in 1922 wzes found mwost often in disbetices

over the age of forty years who had mild, ezsily controlled
diabetes, At that time, the Jjuvenile disbetics did not develoD
retinosathy as they did not live long e=nough, It 18 now shown
that the relationship probably 1s between how long a person

hag had dlabetes and not in how severe it is, Today with the
duration of the dlsease increased from two to over twenty yesrs,
the incidence of retinopathy has incressed from two to forty-
nine per cent, In diabetlics under the age of sixteen to eighteen

years, retinopathy seldom occurs no matter how long the disease

[
.

hag lasted, After the patient has had diabetes for over twenty

¥
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years, the incidence ranges from between twenty to one hundred
ner cent.(1)

Root(26) and several others have found th=2t the incidence
of retinopathy in diabetics who had been poorly controlled
was around ninety 2er cent but only elght per cent in well
controlled dizbsetics and Juvenile dlabeties, Wicrosneurysms
are seldom seen before;diabetes hes lasted about ten years =and

seldom develops before the =2ge of sixteen to elghteen vesrs,

Aneurysms in middle-aged dlabestics occur mostly after fivs to
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tan
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rears and in older disbetics they are often seen two to



five years after the disease 1s demonstrated,
Retinopathy 1is divided into five stages:

Stage 1I: Microaneurysms resembling small round
hemorrhages appear near the optic disk and macula,
Slight dilstation of veins may be »resent but the
-arterioles are normsl,
Stage II: Veins are dllated, and scattered, small
waxy-yellowish hard-appearing exudstes are seen,
This is addition to the microaneurysms of Stage I,
Stage III: In 2ddition to Stage II findings, there

are cotton wool patches ususlly much smaller thsn the

U
5

optic disk, The cytoid body may be senn on histologile
section., This phenomenon iz the reszult of ischenic
infarction of 2 terminasl arteriols and appears a2s an
eosinonhlic granular, disk-shaned area in the nerve
fiber layer representing swollen glial cells,

Stage 1IV: Marked venous changes are presaht venules

are dilzted =2nd eyanotic with a2 link-ssusage appear-

-3

ance and vessel sheating. Large and small hemorrhages
zre prominent and may occur within any layer of the

retina or become ore-retinal,

o

Stage Vi Large retinal and ore-retinal hemorrhsges

t

and hemorrhages into the vitreous sre present, The
latter gradually =bsorb, leaving fibrous scar tissue

with new veszsel form=tlion, This is the 2icture of
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retinitis prolifers
tis=ue ocecurs, it may detach the retina, leading to

ultimate totzl loss of vigion,.
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are tiny white superficial retinal infarcts, Microsconieally
they are disc-shaned foci of nerve fiber layer, that hsve
thickened and necrosed, They contsin the eytoid bodies which
are globular and strongly =2c¢idephilic, They measure from ten
to twenty microns in diameter. Frobsbly ths=e sre nrotein-
aceous aggreates, situated soley in the nerve fiberzs and

nglion cell layers, Th

0]

sbundance of th= cvtold bodies

e
®

parallel the extent of the vasculasr disease, The origin of
the cytold bodies has been as=zumed to the resldue of hemorrhage,
transudatesz, degenerating glial cells and swelling nerve

27) found a disannearance of the cells

f Toussaint
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. in the vicinity of the cytold bodies and because of the associ-
ated vascular changes, he thinks, they are ischemic necrosis
of the inner retinal lsvers as does Friedenwald(14) and Ashton(g),
Some workers alsc think that these retin=l chenges are csused by
hvpertension rather than from diabetes,

Deep waxy =xudates or hyaline m=aterial is found r=mifying
irregularly through ths outer 2lexiform layer with irregulsr
atrophy and degenerstion of neurosctodermsal derivatives

v

his materizsl is clustered in the Derimacular region in are:

3

v}

f acellular canillaries, The hyaline materisl haz the eame
stainability with eosin and PAS az doss subretinal serunm

Thus 1t 13 felt that the hysaline material is serum The

muat affect elther the c22il ary it=zelf or foc=l grouns of
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that of the miecroaneurysm. The other chenges theot ~re found
sre robsbly secondary to the microsnsuryvsm-and the other micro-
sconic vessel changes. Such vessesl chenges and the micerosneurysms
are thus the most important changes of the di-=bestic retinonathy
sieture that needs to be studied,

As a starting point, a person must find out a2 few things
about the normsl retinal blood vessels,

Francolis and Ke%tlen(13) have grouped the cspillaried into
four systems:

The first is the classic system, where thers is s transi-
tion from arteriss to veins vis canalicull which increase in
number a2 thelr diasmster dscreasss, There =are no direct
communications between the arteries snd velns with a diametzsr

zxceeding that of a cenillary, Such a csnillary system is

O

perisapillary region, maculsr region, and the extreme »neriphery

The szecond is the Chambers Zwelfach network, Which 1is
that of the arterovenous transition being formed by a wider-cansl
with thes dismetsr of an average precanillary. From this

.

transition, very fine capillaries extend in 211 directinns

s

Such e canlllary system is found in the peripapillary retina,
the o?tic nerve, and nassl part of the intrascrznial optice
nerve,

The third svstem 18 the direct »recanillary transition

which is a single wide canal a2la0o of precsnillary dimension
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but without sny dependent true ca3lllary anetwork, This

P

direct noncanillary artenovenous transiticon is found in th
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pericsoillary »narts of the retina,
The fourth type of esnillary systems, the Sucguel-

Hoyer snastomosis, 18 the same 53 the classic eystem butbt it

has 2 meore direct and wilder communication between srtery and

£
0
e
]
.
e
a3
[#43

yetem 1s not found in the optic 7»2thwaye,
The study of the canillaries with electron microscony
has done much to hels in the understanding of the changes in

diabetic retinopathy., The normal cz~1lllaries are distributed

r.Jl
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hree tissue lavers; the nerve fiber laver, the
snglionic cell layer, and the inner and outer »Hlexiform laver,
The walls of the eanillaries consist of endothelial cells,
basement membrane forming the outer layer over the endothelial
cells, the pericytes or mural cells =nd this is then surrounded
by a glia cell with nervous tissue occuring on the outer side,
The endothelial cells are flat bodied cells, The nuclei
are nale staining and »rotrude into the lumen of the capnillary,
They are arrsnged in a single layer with each endotheli=zl cell
velng con uous and not marked with any porss in any part of

it, =although the cells have some thin spots in them., The cells

1

are kest in close contact with the b t membrane, They
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00 A to 1 micron in thickness, The baserment membrane is
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thicker in the capillaries in the eye th=n it is in any of the
capillaries in the rest of the body The basement membrane
is in close contact with the endotheliszsl c2lls on the inner
surface and wlith the nearest glia cell on its outer surfacr.

The »pericytes or mural cells =2re a highly irregular shaned
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cell which sre enclosed in the basement membrane, The zericytes
probably have dendriform of stellate orocesses which run
narallel along or in a spiral fashion about the ecanillary

much l1ike the smooth muscle cells of the larger ves-els, The

o8]

nuclei are dark st=ining, ssherical shaped and by thelr nosition

protrude to the out side of the v

D

ggel,

The functlon of ths mural cells 1s thought to be about the
same as that of smooth musecle, 25 it has s superficial
resemblance to that of the smooth muscle of the larger
vessels.(lg) Kawabara(16) has noted thast in canillaries which
have lost thelr mural cells, there seems to be an lnecrease in
the frequency with which red blood cells are found, The =bsence
of red blood cells in normsl canillaries most of the time would
suggest a tonlc effect from the murel cel’s, He =2lso noted
that new vassels will develoo only from vessels which do not
have mural cells,

Glia ¢=ells are the last normal cells found around the

cepillaries these cells - heve a body thsat 1s branched in various

ways. Bach canillary has around it =everal glia cells each
with a2 largs body and with terminal limbs extended far into

the surrounding nerve tissue,

Since Cogan(1o) has developed a new method of trypein

=

digestion, 1t has permitted the study of the cellularity of
the walls and slo permits the observstion of the vascularity

of the cazillaries in threes dimension, These s»eimens were

ct

then satalned with PAS, as the vessel will stsin well with 1it,
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In capillaries whlech appeared normal to opthalmosconic
examination, by light microscony there were chenges with incresse
raduplication of the basement membrane so there was z swlgss-
cheese apnearance., The thickening of the basement membrane

and the loss of ths mural cells were the first changes that

could be seen in ths

D

canillaries, Light microscopy of the
larles show thin-walled c22illary dilstation, =ome foc=2l

sreas of capillaries showed diffuse or "varicose" dilstsation,

v

gappearance of 211 elements

e

Others show degeneration with 4
of the wall excent for the basemsnt membrane which remsing
to glve =2 shsdow-like revroduction of the original canillery
bed much like an infart would demonstrate.(5)

The electron microscone studies zhowed 2 thickening of
the basement membrane of the capillariss from a2 mean of 730 3
for the normsl eyes, to 3,600 3 mezn from retinas of disbetics,
The bassment membrane as 2 rule is thickest in the diabetices
who hsve had the disesse the 1ongest.(19) The basement membrane
has been noted to contsin granusls and lamellsr debris, this is
srobsbly from the brealdown of mitochondrias and golgl ajparatus,

As the basement membrone is thickened, there is a gradusl

9]
W

he basement membrane apjears

ot

infiltration, for the most »nart,

structure-less and homogeneocus, In =

=3
h

, red blood cells have

o4

been seen to dlapedes through the basement membrqne.(37)

There is a marked decrease in the extent of ths ramifi
cation of the mural cells, with a final loss of the mural cells
snd their nuclei. From the site on ths eanilisrize that the

mural cell is lost th=ere is a pale st=ining outpouching of
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the capnillary wall, these are called mur=l cell ghosts as
they are thought to represent the remains of the former murasl

cell nuclei. The loss of the mursl cell eem to result in a

m
u‘l

nathologic shunting of whole tlood through some of the
capillaries with total lschemia of the adj=cent 099111qr19s.(10>
The =ndothelial c=2lls in the capillaries that have locot

the mural cells shows a »rolifsration in 211 early c=sgses, In

the end stagesa, the endothellal cells undergo resolution
and degenerstion which ie mo=t marked in the lerge sneurysms,(10)
The microansurysms seen in disbetic retinoonathy c2n be

divided inte five tyopes, The firet tyoe 1s 2 dilat=tion in

the eanillsry wall lesding to = thin walled struacture, A

e retineg an? mostly thin wslled., The

fifth 135 an extraretinal aneurvem moot often ge=n in the
choroid and the brain, (1)

The microaneurysms sre seen in the early stages of diabety
N £ s ids

i
0]
o
3
O
3

athy, They arise from c=2nillaries with normsl or
hyperplastic endothelial lining about focl of acullular aznd
oresumsbly occluded canillarisa, The microsneurysms form a
corona asround the acullulasr zone which antesrs =23 s discrsat

hole in ths vascular network.,
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The esrly aneurysmes ~re s=cculsy ovitnouchling, balloon

3

shaped, thin walled, large csvities contalining many erythocytes
and leukocytes, The basement membrane by high megnification
anpears to be structure-less and homogeneous, Thsare 1is no
evidence of nroliferstion of endothelisl e=lls zarly, These
thin walled saccular zn=surysms are thought tc then becomes the
thick walled hyalinized aneurysms seen in older diasbetics. The
thick walled aneurysms have -roliferative endothelium =2long

with the Drogresslve thickening of the basement membrane, The

composition of tha bassment membrzne has the same histochemlcal

comnozition as that of normal ves=zel walls which is PA3S —ositive
staining. The thickened basement membr=ane 1s concentricelly

laminated with numerous spaces betweesn layers, The thicYening
of the walls ultimately leads to occlusion of the mieroaneurysms
and loss of all their cells,

The distribution of the microaneurysms was found by Cdgen(1o)
to arise from canillariss, terminal arteries, and small vessels
and not Jjust from venous side of the canillaries as had been

thought, With very rare excedtion, the aneurysms were limited

oy

to the smallest vessels of the mierocirculatory system

Kuwabara(16) noted the=t thes shunt veszele which ophthalmoscopically

=

oresented as tortucus vessels had most of the miecroaneurysms
and endotheliszsl]l »roliferation,
This loss of the mur=l cells and the thickening of the

basement membrane seamsg Lo bDe very imnortsnt in the Datho

uJ
o

genises of disbetic retinonathy. There have been a lot of
different factors suggested as to the cavee of the disbetic

P

retinopathy. The first factor th=t was thought to be the cavse
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and Loewenstelin
retinopathy; Since that time, there have been many factors
sted., Some of them more common ones have been: hyperlypemia,

Finley ( 2) has noted th=t the chylomicron lesvels sre 2bnormally
high in diabetics and the=t they can be lowered by hepariniza-
tion, He is now working on thsse findings,

ch,n(9) has been doing some work on blood viscosity snd
excesalve hexosamine blood levels., These sre abnormal in
dizbetics but they are also =zbnormsl in some other disease that

N

do not have any retinopsthy, There has been a Toir amount of work
done on Dpitultary adrenal hyoersctivity. Oosterhuis(EB) studied
the twenty-four urinsry seventeen hydroxycorticoid excrestion

for five consecutive days., On the third day he stimulated the
adrenal cortex with a2 six hour IV infusion of twenty'unit% of ACTH,

le got no remarkable difference between the two groups

of disbetics wifTh and without retinodnsthy, Thsre we2s no difference
betwesn the sxcreation before and after ACTH, This 2greses with

other studies slgo., He z2lszo trisd trestment of disbetic

retinonathy by =ubtotal 9drenaiectormy(gq) after the subtotel

adrenalectory, he noted a resduction in the introcular »oHrescurs

to normql and an improvement of the retinonathy, In come if

there had besn much new vagscel formetion after the subtotsl sdrensl-
ectomy, the scar formstion would lead to detachment of the

retina, There was a marked reduction in the number of retinsl

hemorrhages., QOosterhuls cstates that adrenalectomy 1= of only

doubtful thera-utic influence,



Hausler(15) was able to sroduce microaneurysms n the
retinas of metahyporhvseal dlasbetic Chinese hamsters, The
hamsters were »dHroducsd by giving them 12.5 mg of cortisone and
4,0 mg growth hormone for ten days. The eyes wers then examined,

Cne of the mwicroaneurysms found was from a canillary and one

ras from an arteriocle, Contreras(’1> trizd to tresat advencing

p

=

ed it

jmte

1s
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betic retinopathy by hynophyseal stalk section, Ha
on eight patients who had had diabetes for fifteen years or
more, After hypophyseal stalk sectlon, the =bnormal vascular
nattern of the retina was the first element to be effected,

The engorgement aznd dilatation was the first affected sz these
vessels returned to normal, Some of the neovascularizstion
disappeared and was renlsced by whitish fibrous etrands, There
was a marked attsnustion of hemorrhsgic =ctivity, The micro-
anenrysms with »uncteste hemorrhage tended to disappear,

Contreras suggests that there 1e something imvortsnt in the

ct
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Q

pathogenesis of retinopsthy that he=s it rigin in the hypo-
pheseal or hypothalamic regicn, This factor is probasbly important
in the changes 1n the retinal and uveal blood flow which 1s
caused by a change in the vessel tissue and veszel intrsoculsar,
fluid exchange,

Berken(q) worked on the ocular changes in the Shwartzman

reaction, He noted retinal changes including deposition of

PAS nositive material within veins., With dilatstion of these

vessels and ithlckening of small vessel wells, he found ansurysmal
canillary dilastation in cne-third of the cases, The resction

that he and Adams(1) think ie the factor, is thet of intra-
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vascular precinitetion of a lipoprotein scidic »olymer comdlex
in the »resence of a denressicn of ths reticulocendothelial
system phagoevtic function,

Cogan(a) has mut forth the theory that the ecapillary shunts

<

were important in the pathogensis of the disbetic retinopathy,
His theory is that after the ce3illaries loose thelr mural

cells, the csplllary with the least resistance will become

distended, Then they become tortuous, kihked =2nd highly cellular,

The distended vessels will then develop saccular thicksening and

%

aneurysms, He thinks thst this is resction to =ttempts to
repair the capillsry to normal, The shunts seem to always conme
from areterioles that come off =28 slde arm branches from the
main retinal értery. The shunt vessels arising from such would
then renlace a large vascular bed and be subject to relatively
yigh intravsscular prescsure,

Wolters(29> has dealt with the intravascular mesodermsl
structures and has tried to show that areas on capillaries
with insertion of the mesodermsal =strands can develoDd
microaneurysms when the 2ull from strands causss the ves=el
to become kinked, The pull of the intravsscular stresnds may be

czused by the swelling of the reti

n

a, As stated by Ashton in
3

in
ers( 0) he hes also shown that

F

d
o

personzl communicstions with Wol
in retincblastomas there are many saccular microansurysms much
like those seen in dlabetics with most of them being =2t ths site
of fiorous strands insertilion,

Pope(QB) has »ostulated the theory of fat accumul=ting in
the ca2nlllary wall with subsequent streteching of the wall so

that there 12 2 hernilation through the sunporting reticuiium,
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A

This then forms s minute =2neurysm, The fa2t 1= sbsorbed into
the capillary wa2ll as serum 1linids or as an embolus, The basement
membrane 13 distended beyond the reticulsr supply, so there
is a2 weakened =20t in the wall which then herniates., The
1ipids are the PAS Dositive material that 1s found in the aneurysma,
The theory put forth by Leopold(18) was very lnteresting
to me, This was that patients with 2 retinopsthy thet was
considered tynical for diabetes would gilve 2 normal resnonse
to a2 cerbohydrate loading test but some may years later show
or develon an abnormal glucose toler=nce curves,
Of 211 of the theories given sbove, none of them hsve
been able to give much informstidén about the =z2rly microsconic
changes of the casillaries, In 1961, Cozan(10) =tated that there
was no clear understeanding as to why only the eves snd kidneys

showed sany vessel

0

nenges, but now with the electron microscone
1t hss been shown thet the vessels in other body tizsue are
affected. Bloodworth(5) has found changes in the basement
membrane of the glomerulus, and the capillariesz of retins angd
muscles but not in the subcutaneous caplllarisszs, In the nmuscle

he mesan width of the hasgsement

ot

canillaries, he found an increazse in
mewbrane but the mean width of capillaries found in fatty tissue
were normal,

Bojser—Noller(6) hzs shown that skin c=29illlaries had walls

thickened un to ten times norm=1, This was due to zeri-endothelial

£

materisl which 1is PAS nositive, He found thet this is a diffuse

{

capillary disease and not just of the eyes and kidneys,
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As the =uthor has shown above, there h=ve been many

A

theories put forwsrd as to the nathogensis of the disbetic
retinopathy but none have proven to be the exact cause, A
good many of the theories seem to deal more with the cause
6f some of the secondsry findings rather than tba Srimary,
findings. I think the fect that the electron mlecroscony hes
now shown the early chesnges in the b=sement membrane 2nd the
early loss of the mural cell in disbstics much has been done
to change the thinking =2s to the pathogenseis of the retinopathy,
Also with the electron microscopse, 1t has been found 1In the
kidney biopsy that there has been sesn thickening of the
basement membrane long before any functlonal abnormality is

oresent, A simllar sbnormaslity has beesn found in the capil-

-

aries of the ezr lobe in pre-disbetics
i (6) +etel’d -y o
Camerini Dsvalos has ststed a study with "pre-diasbetics,

that 1s Datients who have 2 of dishetes but

they themself show no abnormalities in carbohydrate metabolism.(6)

He hes found that the "pre-diabetics™ hove sn incresse in the .

venule-arterlole ratio in the conjuncticn, the normal ratio

£

ig 2.29 where as the “re-diabetics have = ratio of 4,22, One
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of the most striking findings is the chenge in the dermal cso-
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illariss from the esr Tobe, The nre-diabe
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dermal canillaeries
were commonly found to be constricted in relatlon to the normal
ce2illaries, It was not in the venules that there was =z mild
degree of endothelial cell separ=tion =zs well 28 =2n exnansion

of the Dotenti:

k\.‘s

1l spnece between the bassement membrane and the
ndotheli=l cells, DBoth of these findings are wlthin the range

of ohysiologial varistion but their cons
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narticular group of subliec gest 2 vasculsr lability not

oresent in normal controls, He =1sc noted that the vasculsr
elastic tiasue was consldersbly more dense =2nd on occasion

a fine fibrillar structures was visible, The kidneys also
showed ihe irregular thickening of PAS standing material in
the renzl glomerulsar basement membrane and in Bowman capsule,
He hes =21so found a substance in the serum he calls insulin-
like =2ctivity which in normasl neodle is 83 micro-units per
milliliter and in »nre-diasbetices it is 203 micro-units ner
milliliter. What thils substsnece 1is and where it comes from
is not known as of yet but this mey hold some of the snswers of
diabetes, He 1s =till doing work on these nstisnts and he
nlans to follow them for sometime to ses how meny will develop
diabete=s,
From the =bove, we ses th=t the retinomathy has its start
at the very beginning of the disease The avthor feels thst

to find the true pathogensis for the microaneurysms 2 person

‘will have to staert at this "pre-disbetic" stage  For changes

to have taken »lace 8o early in the disssse, 1t seems 21most as
though there has to be a metabolic csuse, However, this csuse
may be any where from adrenal hyperfunction, hyperinsulinism

that most pre-diasbetics have or hyvpernitutary function, There

is

]

t111 much work thst needs 1o be done in this areas and ag
better methods are develoned, 1 am sure the exact ecsuse will

be found.
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I1II. Conclusion

1. Ophthalmosconic changes in disbetic retinonathy are:
microaneurysms, small round heworrhages, dllsted velns, waxy
herd exudates, cotton wool patches and later large vitrecus
hemorrhages,

2., Electron microscciic changes sret: thickening of the
vasement membrane of the canlllaries, 2 marked decreszse in the
ramification of thes murasl cells, later a2 lose of the mur=1l cells
and their nuclel with a pale staining outpnouching of the capillary
wall-cz2lled ghosts mural cells, znd preoliferation of the endo-
thellal cells, Then the microaneurysms are formed from these
capillaries that have lost thelr mural cells, Thess thin walled
microaneurysms l=ter become thick wslled hyalinized aneurysms,

3. Pathogenses of the retinopathy ie atill in gue=tion

st

WL

Some of the hypotheses are hypertension, hynerlypemia, increased
blood viacosity, Ditultsry adrenal hypersctivity, Shwartzman type
of re=ction, c2nillary shunts, intravqscﬁlar mesodermzl strsnds
and fat accumulating in the canlllary ws2ll, The one that looks

he most promising 2t this time Is that of lncressed insulin-

ot

like activity found in the serum of pre-diabetics by Camerini
Davalos, He also found the esrly hasement membrane chenges in

canillaries in these came oDre-diabetica., This »re-disbetic

state seems to be whare the first vessel changea ocecurs, The

cause of these vessel changes seems 1o be corollated with
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g 18 the ares that
further work should nrove to be verv helnful for better under-
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