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Lipid Keratopathy and Atheroma 
By DAVID G. COGAN, M.D., AND TorcHrno KuwABARA, M.D. 

Lipid plaqm•s in corneas of patients with lipid kPratopath,\·, in eonwas of hypPrl 0 holes­

tPre111ic rabbits and in the arteries of man and the hypereholestPrPmic rabbit are 

described. An interPsting and thought-provoking analogy is drawn bt>tween the plaques 

that can bP seen and followpd in the eyP during life with thP mon• o<'<'Ult plaques of 

blood vessels in atheromatosis. 

THE purpose of the present paper 1s to 

point out certain similarities in fatty 

plaques of the cornea and of blood vessels , 

both in man and in hypercholesteremic rah­

hits, and to sugg<>st a common pathogenPsis. 

The following resume is based Oil a l'linico­

pathologie study of approximately a dozc11 

l'ases of lipid plaques in thP huma11 cornPa, 

approximatPly the same 1rnmbPr in the rabbit 

<·ornea, and a pathologic study of athPromata 
in man and in tlw Pxperinwntal animal.~, 

The fatty plaque in th<> inm1an l'Ol't1Pa is of 

a spPcifi<· type and comprisPs a sPparate en­

tity. It develops, often JH'Pcipitously, in or 

adjacent to an a1·ea of abnormal vaseularity. 

ThP fat may appt'ar during tlw stagt' of nPo­

vasculogenPsis in associatio11 with an activ<' 

kPratitis, or it may develop in an otherwis<> 

whitP and qni<>t eye, years aft<•r the keratitis. 
In the former case thP fat is apt to assume a 

fan-shaped distribution in advance of the 

vas<•ular areadP, while in thP latter casP it is 

likely to be disk-shapPd and situated in tllP 

imnwdiate area of the blood vessPls ( figs. 1 
and 2). Moreover it is usually r<'Wrsible 

when it occurs in a swollPn <'Ornea, that is, 

during an aetive keratitis, whnras it is nsu­

all.' ' prrma1w11t and stationary when it Ol'.CUrs 

in a <·ompad <'Ornea. Although assol'iatrd 

with abnormal vascularity, the dPvrlopnwnt 

of th<• fatty plaque is not neerssarily asso­
t•iatt><l with rPactivation of the initial i11ftam-
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matory process ( it is often i11tprpretPd as a 

dystrophy) and its only symptom other than 

a eosmptic O11P is reduced vision. 
While the foregoing description is that of 

a typical cas<>, variants are eommon. Thus, 

whPn the fat forms in a eorIH'a that has been 

diffusely vaseularized, there will be a corre­

spo11dingly diffuse inundation with fat, instead 

of thP plaque-likP distribution that is <·lrnral'­

teristic of localized vascularity. A11otlwr 

variant is that in whid1 the fat is dt>posited 

i11 a t·ornPa having a (•011spicuous areus sPn ilis 

(fig. :3). lt is the11 diffirnlt to trll wh<'l'P th<· 

al'(,us ePasPs and tlw new d<>posit of lipid 

begins. 
lt is not always possihlr to d<'terminP from 

the literature whethPr tllP fol'(•goiug Plltity 

or something else is lH'ing dPs('ribPd. IIow­

PYer, i11stan<·es of it haw probably hr<'n dP­
serilwcl Ull(ler thP following clinical ht>adings: 

fatty dystrophy of the <•omea,1 dystrophia 

adiposa t·or11ea<'/-4 adiposis of th<' ry<>,"· r. 

xanthomatosis/· 7· x lipin interstitial kerati­

tis,n lipidosis cor11Pae,10 and secondary stea­

tosis.11 The multitude of names ill(lieatPs the 

diwrsity of interpretations that lrnv<' brrn 

attributPd to thP process. 'Ne shall call it 
simply lipid keratopathy, realizing that this 

does not adequately distinguish it from otht>r 

fatty changPs in thr cornea, sueh as al'(•Us 
senilis or true fatty dystrophies, if sm·h Pxist. 

Several ohsPrvPrs havr suggested a rp\atio11 

of this lipid krratopathy to hypPl'(•holrstPrP­
mia8· 1~- i:i or to gPneralizPd xanthomatm;is, 14 

*('hoh•x!t•rnl ,rnx :111,lP<l to th e rahl,it l'holl', llll<l 

fre<ling co11ti1111(•cl for JH•riocls of f, to ]~ rno11tl1s. 

Blood <·holest,•rnl kvels rP:tt•hed 1 to :2 0111. p,•1· 1110 1111. 
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FIG. 1 Top. Lipid keratopathy forming a disk­
shaped plaque, from a 48-year-old woman who had 
a corneal ulceration and considerable residual inter­
stitial vascularization. Approximately 2 months after 
ulceration the dense opacity developed in all layers 
of stroma but most especially in deeper layers. No 
subsequent change noted over several months. Note­
worthy was a blood cholesterol level of 500 mg . per 
cent and a fatty acid level of 627 mg. per cent. 

FIG. 2 Bottom. Lipid keratopathy forming a fan­
shaped plaque in advance of the vascular arcade in 
a 61-ye a r-old man who had had a bullous keratopathy 
and sclerokeratitis thought to be pa rt of a rosacea 
keratitis. Considerable interstiti a l vascularization of 
the lower portion of the cornea. During neovascu­
larization patient precipitously developed arcuate 
opacity (presumed fat) just in advance of vessels 
and separated from them by a clenr zone (light refie.r; 
superimposed). With further ingrowth of vessels 
into swollen corn en , dense opacity disappeared, leav­
ing only scintillating particles , presumed cholcsternl. 

and at least one observer has suggested a rela­
tion to atheromatosis. rn We shall discuss this 
at some length. 

Histologi cally , these fatty plaqu es of thP 
cornea in man contain 2 types of sudanophilic 
lipid (fig. 4, top). First there are the bright 
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FIG. 3. Diffuse lipid keratopathy in a patient \I ho 
had had an interstitial keratitis as a child leaving 
residual vas cularization. Recently cornea has become 
opaque. Extensive deposition of material, believed 
fat, having a ring-like distribution suggestive of a11 

extensive arcus senilis. Other eye had less vasculariza ­
tion and only a mild arcus senilis. 

red droplets, often as large as 20 µ. in diam­
eter, situated predominantly within the cells. 
These are abundant in proportion to the cellu­
larity of the tissue. Secondly, there are the 
sudanophilic granules situated predominantly 
in the acellular and hyalinized areas. With 
low-power microscopy these give the impres­
sion of a diffuse sudanophilia. The former 
we shall call globular lipid and the latter 
granular lipid. These 2 types are not only 
separable on morphologic grounds but there 
is some mutual exclusiveness in their distribu­
tion in that one or the other tends to dominatP 
one area . Thus the granular type of sudano­
philia is usually sparse or absent from areas 
of globular sudanophilia. The reverse is not 
so true. Furthermore, the inescapable impres­
sion is that the granular lipid is derived from 
the globular lipid when the cells containing 
the latter disintegrate. 

"\\Tith hematoxylin and eosin stains, the 
cornea with lipid keratopathy shows an in­
crease in cellularity in some areas and a de­
crease of cells or hyalinization in others. Some 
of the cells have a distended or vacuolated 
cytoplasm, but it is impossible to state whether 
they are distended corneal cells or invading 
macrophages . Often, when frozen sections of 
the cornea are examined with polaroids, hire-
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fring-1•nt er_vstals are abundant, espeeially iu 
t lw areas of hyali11 izat ion ( fig. 4, m iddlc and 
botturn). 

Fatty plaques similar to those in human 
llPi11gs may be induced in hypercholesteremic 
rabbits if their corneas ar1• vascularized ( fig. 
;i). If vascularization is ind need before put­
ting the animals on a high-cholesterol diet, 
lipid will be deposited to some extent in the 
paravascular regions, but if a localized vas­
eularization is induced whilP the animal is 
hypercholesteremic a dPnse Ii pid plaque will 
dPvelop in the area of blood vessels. The rela­
tionship between trauma and deposit of fat 
in the cornea was early pointed out by Verse 
and Rohrschneider 16 and its similarity to the 
lipid plaques of man has recently been em­
phasized by us.17 

Histologically these plaques in hypercholes­
teremic rabbits consist of an abundant intra­
<•ellular, globular, sudanophilic material, an 
increase in cPllularity of thP eornra, a variable 
amount of birefringent 1·rystals, and a vari­
ahlr, but usually small, amount of extracellu­
lar, granular sudanophili,· material ( fig. 6). 
In other words, the induced plaqtws of hyper­
d1olesteremic rabbit corneas are similar to 
those in human corneas, except that there is 
less nrcrosis and correspondingly less granular 
sudanophilia in the rabbit. 

F'atty plaques in human blood vessels have, 
of course, been abundantly described under 
the heading of atheromata. These plaques 
,•onsist of foeally thiekPnPd intima containing 
masses of sudanophilic and birefringent ma­
t<>rial ( fig. 7). The sudanophilia consists, 
as in the case of lipid plaques of the human 
,·ornea, predominantly of intracellular globu­
lar lipid and extraePllular granular lipid. 
The former is present and rPlatively abundant 
in regions of cellularity while thP latter is 
pres1•11t predominantly in regions of hyalini­
zation and necrosis. OftPn there is a conspic­
uous mutual exclusiveurss lwtween the two, as 
was noted in the casP of thP cornPa (fig. 8). 
'l'he portion of the intima adjacent to the 
lumen and, to a less 1•xtent the portion ad­
jacent to the media, tPnds to be cellular and 
to be rich in globular lipid, whrreas that in 
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FIG. 4 Top. Cross section of cornea from a patient 
with lipi,l keratopathy, cut in the frozen state anil 

stained with hematoxylin nnd Sudan IV. Noteworthy 

is ahurnl:wt sudanophilia presenting globular and 

granular form. The fonner is chiefly intracellular 
ai1<l prespnt iu nreas of fihrocytosis; latter is entirely 

C'xtra<·<•llular a1Hl present in areas of relative acellu­
larity. Middle. Same case photographed between 
partially crossed polaroids to show birefringent crys­
tals ( white areas). Bottom. High-po,n•r magnifica­
tiou, same case, showing crystals as photogrnphe,I 
hPtW<'Pll cornpletcl~- crossed pol a roi,ls. 

tlw more intermediate zones tends to be rela­
tivPly aePllular and contains the granular type 
of lipid. This is consistent with the sngges-
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FIG. 5 Top. Lipid plaque in hypercholesteremi c 
rabbit cornea occurring at site of va~cularity. Cornea 
had been cauterized several times by heated probe. 

}'IG. 6 Bottom. Sections of rabbit cornea in regiou 
of plaque, stained with hematoxyliu-Sudan. Note­
worthy is abuudauce of iutracellular globular lipid 
aml relatively slight a111onut of grannlar sudauophilia. 

tiou that the granular sudanophilia is deriv ed 
from the globular sudanophilia as the tissue 
becomes necrotic ( fig. 9). ThP birPfringent 
crystals also sPem to pr ecipitatP out with ne­
crosis, being absPnt from the fat-laden areas 
adjacent to the lumen but Yariably abundant 
in the necrotic interm ediat e layers. 

The fatty plaqu es in th e blood vessels of 
rabbits show changes that ar e practically 
identical with thos e of human atheromata. Se<' 
figur e 10. In both cases the plaquPs tend to 
localize about orifices of blood vessPls, a fact 
that has bePn attributed to the intimal vascu-
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larity of thf's<• regions. 1~ ElsPwlll'rt• tlwy also 
app ear to be associat<•d with vasc11larity of tlw 
intima . rn The plaqu<'s 1·onsist of hyp<"rplas­
tic intima loadPd with sudanophilic matPrial 
and birefringPnt crystals. These have the 
sam e distribution as in human athPromata , 
that is, intracellular globular lipid adjacPnt 
to the lunwn and media with extracPllular 
granular lipid in the int ermediat e 11ecroti<· 
arras. In grneral, howrvPr , the necrosis is 
less marked in the case of the rabbit than of 
the human atheroma. The mutual exclusiw­
ness of the 2 types of lipid referred to is 
oftrn striking in thr rabbit atheroma. ThP 
birefringent crystals, whi ch in the aggregatP 
may be massive, arr associated prrdominantly 
with th e areas of necrosis and can be srrn hy 
ordinary light microscopy . 

DIS CUSS ION 

Thr !.'hiPf basis for idrntifying the fatty 
plaqu es of the cornea and those of blood vrs­
sPls is the similarity in th eir histologic f Pa­
tnr es. Common to both are th e intra cellular 
globular lipid and the extracellular granular 
lipid . The former is associat ed with activP 
hyp erplasia of tissue and th e latter with hya­
linization and nrcrosis of tissu e. In both ther e 
tPnds to be a mutual exclusiveness of the 2 
typ es, and onr appears to be converted into 
th e other with necrosis of the tissur, in thr 
direction of globular to granular sudano­
philia. Associated with this is a release of 
birefring ent crystals that apprar to br, in 
part at least, cholesterol. 

Th ere are differences , howevrr small, in thP 
fatty plaques of th e cornea s of man and of 
hyprr cholesterPmic rabbits ; 11rcrosis is less 
mark ed in the latter and th ere is less calcifica­
tion . Th esr same diffnences apply to a com­
parison of atheroma of man and the hyper­
cholest eremic rabbit, and hav e been attributed 
to th e differrncrs in the acutcnrss and dura­
tion of the process in th e two. Time lapses 
of the plaques of man ar e mrasur ed in terms 
of clrl'adPs, whereas thosr of rabbits are a 
mattf'r of months. T n any casP, the plaquPs 
in th e human cornea are mor e analogous to 
thos e of human ath eromata, whereas the 
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FIG. 7 Left . Top. Human atheroma (aorta) showing extensive granular sudanophilia and 
some extraeellular globules of fat in relatively necrotic portion of the intima . Sections 
stained with hematoxylin-Sudan IV. Bottorn . Same section examined between crossed pola­
roids. Birefringent crystals. 

FIG. 8 Top, right. Human atheroma illustrating ' ' mu tun I exclusiv eness'' of extracellulnr 
granular and intraeellular globular lipid. 

FIG. 9 Bottorn, right . Human atheroma. Usmll globular lipid within cells adjacent to 
lumen and granular lipid in necrotic deeper lnyers of intirnn. 

plaques of the hypercholesteremic rabbit cor­
nea are more strictly comparable to the athe­
romata of the rabbit blood vessels. In both 
cases, however, what is happening in the 
cornea appears similar to what happens in 
the blood vessels of the corresponding speeies. 

If th e pathogenesis and course of events for 
the two are identical , as is suggested by the 

histologic findings , one would expect atheroma 
to develop only in areas of prior vasculariza­
tion, and that with episodic suddenness. Both 
these possibilities have indeed been suggested 
on other grounds , but it has not heretofore 
been generally re cognized that the cornea is 
an informative analog where the processes 
<•ould be visualized during life. 



D
ow

nloaded from
 http://ahajournals.org by on January 30, 2026

524 COG-AX, KFWABARA 

FIG. 10 Left. Rabbit athcroma (aorta) showing intracellular globular lipid adjacent to 

lumen and granular sudanophilia with cholesterol cr~·stals in 11t•<·totic deeper lay!'rs. Right. 

Same section examined between crossed polaroids. 

'l'he possibility that patients with this typP 

of lipid keratopathy are prone to atheromatosis 

or vice versa eauuot be auswrn'd on the basis 

of the present cases, since uo autopsies were 

done on the patiPnts with t•orneal plaquPs. 

In any ease it wonld be diffienlt to pstablish a 

significant correlation, sineP all persons in the 

ag-e group of most of tlH' patients in this study 

normally have atherornata. It would perhaps 

he more pertinrnt to rnqnire whether species 

that do not l!Ormally tkvelop atheroma can 

dPvelop lipid keratopathy. Tt is interesting, 

tlwref'ore, to not<' that one case has heen re­

ported of lipid keratopathy in the dog_:.?o 

It is also pertinent to enquire wlwther or 

not patients who develop lipid plaques in the 

eornea an• those with hypercholesteremia. Of 

tlw 10 patients in this series who had one or 

more blood cholesterol dPterminatious, the 

avnage ]Pvel was 267 mg. 1w1· !'t'nt. T 11 4 of 

th('S(' tlw levl'l was lllOl'P than :mo lllg'. ]WI" 

!'!'lit and in 1 (fig. 1) th<' levPI was over 500 

mg. pn c·Pnt with a fatty a!•id levPI of 627 

mg. per cent. 'l'he lit!•rature also reconb 

eases of lipid plaques in the eonwa with ele­

vated plasma cholesterol.3 It thus appears 

that lipid plaques occur in th1~ cornea, as they 

do in blood vessels, predominantly hut not 

l'Xclusiwly in patients with higher than awr­

ag-e blood cholPstprol levels. 

Finally, it is probably worth pointing out 

that tlw analogy drawn lwtwPe11 lipid kera­

topathy and atheroma no doubt has its c·onn­

tnpart in an·ns senilis and diffuse suda110-

philia of the intirna. Howewr, no 1•.omparable 

study of thesP has as yet bt•en made, and we 

nJPntion it only to avoid confusion with the 

Pntities rrpresPnted h_v the present <·ases. 

SUMMARY 

Lipid keratopathy as des(•ribed in the pres­

Pnt paprr consists clinically of a fatty plaque 

in an art'a of the c-ornea that has been pre­

viously vascularized. It often occ·nrs with re­

markable suddenness and may lw stationary 

01· n•vp1•sihle, d!•1w1Hli11g-011 the (•011ditio11 of 

1 hP (•0t'IIPa. l 11 any <·ase it ii-; not lll'l'.Pssarily 

assoeiatPd with adin1tion of the original in­

ttanunatory p1·01·1iss. 

A similar plaque may l><' indtt!'<'d in the 

hypercholesteremic rabbit by vascularizing the 
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cornea. This also consists of abundant fat 
in the region of vascularity. 

'rhPse fatty plaques of the hmuan ancl rab­
bit coriwa are histologi<•ally similar to those 
of blood vessels with atheromatosis. They 
all consist predominantly of an intracellular 
globular sudanophilia and an extracellular 
granular sudanophilia. The latter develops 
along with birefringent crystals and appears 
to be a function of necrosis. 

It is suggested that lipid plaques of the 
cornea occur in a manner similar to atheroma 
of blood vessels and therefore provide a con­
venient analog for the visualization of the 
athPromatous process during life. 

SUMMARIO IN INTERLINGUA 

Ceratopathia lipidic, secundo le description 
ofl'erite in le presente articulo, consiste-in 
terminos clinic-de un placa grassiose in un 
area del cornea que ess.eva previemente vascu­
larisate. FrequentemPntP illo occurre con 
subitaneitate remarcabile. Illo pote esser sta­
tionari o revertibile, in dependentia del condi­
tion del cornea. In omne caso, illo non es 
associate necessarimente con activation del 
processo inflammatori original. 

Un simile genere de placa pote esser indu­
cite in conilios hypercholesterolemic per le 
vascularisation del cornea. Iste genere de 
placa consiste etiam de un abundantia de 
grassia in le region del vascularitate. 

Tal placas del cornea de conilios o humanos 
es histologicamente simile a illos del vasos 
sanguinee que es afficite de atheromatosis. 
Illos omnes consiste predominantemente de un 
sudanophilia globular intracellular e un suda­
nophilia granular extracellular. Iste ultime 
se disveloppa insimul con crystallos birefrin­
gente e pare esser un function de necrosis. 

Es exprimite le opinion que placas lipidic 
del cornea occurre in un maniera simile a 
atheroma del vasos sanguinee e representa per 
r•<msequente un analogo convenibile pro le 
visualisation del processo atheromatose dn­
rante le vita del subjecto. 
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