
THE ENDOTHELIUM OF THE CORNEA
AND ITS CLINICAL IMPLICATIONS

BY Frederick W. Stocker, M.D.

PREFATORY NOTE

IT MAY at first glance appear presumptuous to make a single layer
of cells, the corneal endothelium, covering two areas of the human
body of about one hundred square millimeters each, the subject
of a monograph. Nevertheless this layer of cells is a very important
one, almost as important to the satisfactory performance of the
visual organ as is the highly differentiated retina. Its anatomical
integrity and the preservation of its physiologic function are in-
dispensable to the transparency of the cornea, without which the
complicated system of refraction, accommodation, visual percep-
tion, and transmission becomes worthless.
The existence of the endothelium of the cornea has been known

since the early days of human histology. Its function as a protective
barrier between the aqueous humor and the stroma of the cornea
was convincingly demonstrated as far back as 1873, when Leber
reported his fundamental experiments on the role of the endo-
thelium in the physiology of the cornea. Since, however, this layer
of cells could be seen only in preparations of dead tissue under
the microscope, its importance in various forms of corneal dis-
eases was difficult to demonstrate clinically. Indeed, when in 1g9o
Fuchs described the clinical picture of what he called "Dystrophia
corneae epithelialis," he had not grasped the fact that the very
origin of this disease was in the endothelium. He even stated
explicitly that there was no reason to believe that the endothelium
was involved in this condition. The possibilities of clinical ob-
servation were dramatically improved when Vogt, in i920, intro-
duced the new technique of specular illumination in biomicros-
copy. He discovered that the corneal endothelium could be seen
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beautifully in the living eye wvlhen thlis method wvas used. There-
after, numerous investigators contributed to the knowledge of
thie clinical implications of this layer of cells.
The perfection of the techniquie of corneal grafting, as well as

certaini coniditions whiich led to failutres in this field of ophtlhalmiiic
suirgery, eimplhasized the importance of the corneal endotheliumll.
Having become interested in this stubject a number of years ago,
the atutlhor foutnd that considerable research had been done and
miany clinical observations dealinog wvitlh the endotheliutm of the
cornea hiad been reported. The publications, spread over a con-
siderable period of timle, wvere wvritten in muany langtuages and were
scattered throuighout a number of books and periodicals. So that
this informnation miglht be inade easily available to researchers
as well as to practitioners, a comprehensive report embracing all
importanit aspects of the corneal endothelium appeared to be
timely. In the field of research, the knowvledge of wvhat had already
been done wvould contribute to the elimination of uinnecessary
repetition and duplication.
The literature wvas careftully reviewed. Great care vas taken to

read all publications in the original text wvlenever this vas obtain-
able. Parallel to the stuidy of the literatture, experimnental wvork of
our on wvas done and a considerable number of our own clinical
olbservations vere accumuiitilatedl. In this paper an attempt lhas been
miiade to present not mnerely an objective report, but also a critical
evaluation of the wvork done by otlhers as wvell as of our owvn ob-
servations; as often as possible ouir owvn conclusions wvith regard to
any partictular problemi hav,e been stated.

Introduictory paragraplhs deal witlh questions of terminology,
embryology, and anatoimiy. Next, the physiology of the corneal en-
dothelium under normal and abtnormal conditions is discussed.
The clinical implications are then taken up, leading to the descrip-
tion of the various clinical pictures, concluding wvith therapetutic
remarks. Abstracted case histories are collected in Appendix A and
referred to in the text. In Appendix B are descriptions of the
histologic techniquie tused for flat preparations of the corneal en-
dotheliium.

Finally, wve wvish to express our gratitude to all those who gave
uIs their valuable adv%ice and passed on personal observations and
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experience. XVe are partictularly indelted to those wlho graciouisly
permitted the reproduiction of their original illustrations. Specific
acknowvledgiment of this borrowved material is made in each case.
The authlor and hiis collaborators lhave supplied all illustrationis for
whliich no specific acknowvledgments are made.

In the experimiental wvork wve wvere assisted by Dr. Franik 1B.
Cooper of the Departmnent of Oplhtlhalmology, in the development
of staining teclhniques by Mr. Phlilip Pickett, chief teclhnician of
the Departmnent of Patlhology, and in the matter of drawvings and
photograplhs by the Departmiient of Medical Illtustration of the
Duke University School of Medicine. The photom icrographis are
by Mr. Carl M. Bislhop, also of this institutioin. The clinical plhoto-
graphs wvere done by NMr. NV. J. Crowvder of McPlherson Hospital.
Most patients referred to in case liistories were seen at McPlherson
Hospital; somne were seen at Duke Hospital.

TERMIINOLOGY AND EMIBRYOLOGY

The layer of cells covering the posterior suirface of the corniea
lhas been given variotus namles. Those most commiiiconly uised are
posterior epitlhelituini of the cornea, eindotlielituim of the cornlea,'

and "imesotlhelitumii of the coruiea." Wlhlietlher one clhooses to accept
one or the otlher of these termiis depends on the viewpoint. IUstually
the term "epitlielitum" is uised for the covering of the sturface of tlle
body, suclh as the skin, or for the lining of cavities of the body that
open to the surface, suclh as the intestinal tract. The term "endo-
tlhelium" is comnmonlly applied to linings of enclosed cavities hav-
ing no openinog to the suirface of the body, stuchi as thie pleuiral cavity
or the anterior clhamber of thie eye. The termi "mnesotlhelitium, onl
the otlher lhand, definitely intenids to specify Iromin whliichi emi-bryollic
tisstue the cells derive. At tlis time, the imost wvidely uised term for
the layer of cells wvith wvliichi wve are concerned is "endotlhelium."
For this reason, and others to be discussed later, "endothelium"
will be used as a miatter of convenience.
The development of the cornea and the anterior clhamiiber wvas

studied in detail by Seefelder and WVolfrtumn (9.). These authlors ex-
amined hluiman emnbryos of the 53 ninm., 65 mnmn., and 70 mm. stages
(betwveen the end of the second and the end of the tlhird month).
They did not find an anterior chamber in these specimens, btlt in
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FIGURE 1. SECTION THROIJGH THE CORNEA OF AN EMBRYO NINE WEEKS AND

FIVE DAYS OLD
A. Corneal epithelium. B. Thin layer of mesodlerinal cells, one or two cells in thick-
ness. (Original magnification x8oo.) From Streeter, Developm-tienital Horizons in

Humrnan Embryos.

FIGURE 2. SECTION THROUGH THE CORNEA OF AN EMBRYO SEVEN WEAEKS AND

FOUR DAYS OLD (ESTIMATED)
A. Corneal epithelium. B. Layer of mesodermal cells slightly thicker than in Figture 1.
(Original magnification x8oo.) From Streeter, Devielopmenttal Horizons in Human

Embbryos.
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all stages a definite formation of the corneal endothelium was ap-
parent, and in the oldest stage there already existed a thin
Descemet's lamella. Ida Mann (66) accepts this date of appearance
of the formation of Descemet's membrane. She states, however,
that a narrow slit appears in the mesodermal lamina beneath the
epithelium of the cornea as early as the i8 mm. stage, separating
it into an anterior, slightly thicker portion (cornea) and a posterior,
thin layer (pupillary membrane). She thinks that this is the be-
ginning of the formation of the anterior chamber. She furtlhermore
states that the corneal endothelium is formed by a slight rearrange-
ment of the cells in situ and does not grow from the periphery. It is
not important here to decide at exactly what stage the anterior
chamber may be recognized, but it may be of considerable interest
to know whether the endothelium is indeed of mesodermal origin
or is derived from the ectoderm. Sondermann (97), unlike most
other investigators, claims to prove that it really is of ectodermal
origin. He contends that, after the lens vesicle has separated from
the surface ectoderm, an accumulation of ectodermal cells is found
in front of the vesicle. This group of cells is split into two layers by
the advancing mesoderm, which becomes the stroma of the cornea.
The inner layer develops into the endothelium, the outer into the
epithelium. He produces photograplhs suggesting such a develop-
ment. Very recently, however, Streeter (102) and his co-workers
uphold the traditional theory of mesodermal derivation. They
claim that the mesoderm invades the space between the epithelium
of the lens and the surface ectoderm. They describe a thin layer of
mesoderm, one to two cells in thickness, crossing the mid-point of
the future corneal region. This layer becomes gradually thicker
and the cells on the internal surface begin to arrange themselves in
the form of a mesothelium. The mesothelium (this term is being
used only while quoting) develops into a definite layer delimiting
the cornea from the anterior chamber. The substantia propria gets
thicker and thicker, gradually acquiring the properties of the
corneal stroma. These developments during the stages of about
7 4/7 to io weeks are excellently illustrated by Figures 1 through 5.
Streeter, et al., (102) are so convinced of the mesodermal origin of
the endothelium that they call it "mesothelium" outright. The
fact, however, that their opinion, though well founded, is not uni-
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FIGURE 3. SECTION THROUGH THE CORNEA OF AN EMBRYO EIGHT WEEKS OLD

(ESTIMATED)
A. Corneal epithelium. B. Mesodermal cells, undifferentiated. C. Mesodermal cells on
the internal surface begin to arrange themselves in form of an endothelium (meso-
thelium). (Original magnification x8oo.) From Streeter, Developmental Horizons in

Human Embryos.

V.

FIGURE 4. SECTION THROUGH THE CORNEA OF A NINE-WEEK-OLD EMBRYO
A. Corneal epithelium. B. Future stroma of the cornea. C. Endothelium has devel-
oped into a distinct single cell layer. From Streeter, Developmlental Horizons in

Human Embryos.
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versally accepted, contribluted to our decision to adlhere to the
more neuitral term "endotheliulm." Verlhoeff (105) also rejects the
term endotlhelitum and calls it a "nmesenchiymial epitlhelitimii."
Nevertlheless, he tuses "endotheliuim" in Ihis wvriting.

MIORPHOLOGY OF THIE NORMAL ENDOTrHELIUM1

The endotlhelium of the cornea may be described as a sinole
layer of cells covering Descemnet's membrane and separating the
cornea proper from the anterior chamber. The cells that make tip
this layer are knowvn to be of the mnost delicate type in the hutmilan
body. Immediately after cessation of the circulation, chlanges in the
strtucture of the cytoplasm take place. (This point wvill be disctussed
in detail in the section on keratoplasty.) Also, the endothelial cells
are very easily altered by fixation and staining. It is, tlierefore, diffi-
cult to get an accurate picture of their normal and pathiologic
struicture from the examination of fixed and stained microscopic
slides.

Forttunately, wve have now at our disposal a method of examiniing
the endotlhelitumn of the cornea in vivo wvithi slit lamp and binocular
microscope. Tlis method, howvever, is also liImited in its possi-
bilities, inasmnulclh as the magnification for accturate observation
may not exceed 6o to 70 times. If extended to over ioo times linear
magnification, wvhiclh is possible witlh some of the instrumlenits, the
examination becomes technically diffictult and the interpretation
tuncertain. It is, tlherefore, best to comlbine the twvo metlhods.
During years of teaching slit-lamp exaimination and eye pathology,
the parallel disctussion of observations wvitlh 1oth metlhods has
proved very satisfactory. The excellent book by Busacca (g) whllich
followvs this line of thoughlt is indeed to be velcomed.

XVe shall first describe the normial morphology of the endothie-
litum as seen tinder the microscope and t}en coimpare tle findinus
wvith the picture as seen vith the slit laimp.
The cells composing the single layer of endotlhelitunm covering

Descemet's mieimbrane are of polygonal slhape. This can be seen
clearly in flat preparations in which the intercelltilar cement lhas
been stained wvithl silver nitrate. Btut even in flat preparations for
whiich only hematoxylin stain hlas beetn tised, time polygonal out-
line may be seen. Figure 6, shoving a flat preparation of the rabbit
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FIGURE 5. SECTION THROUGH THE CORNEA, ANTERIOR CHAMBER, AND AN-

TERIOR PART OF THE LENS OF A TEN-WEEK-OLD EMBRYO
A. Cornieal epitheliuLn showing several layers of cells. B. Layer of future stroma
of the cornea. It has inicreased in thickness. The ntuclei of its cells are elongated.
C. Distinct single cell layer of end(lothelium. D. Parts of pupillary membrane. E. Epi-
thelium of lens capsule. F. Lens substance. (Original magnification x8oo.) From

Streeter, Deielopititen t(1l Horizonis in Hflu man E? iibrjos.

endotheliuim, makes this clear. The teclhnique of Nagano (74),
slightly modified, wvas used in this case. The cells are mostly hexag-
onal, but cells witlh four, five, seven, and eight sides also occur.
Lauber and Kolmer (59) state the heiglht of one cell in the adult to
be from o.oo5o to o.oo67 mim., and the diameter to be from 0.018
to 0.022 mmn. In fetal life and in early childlhood the cells are con-
siderably higlher and Imore cuboidal; in later life, flatter and larger.
This agrees with the observations of Ballowitz (4,5) in animals. He
found that mitoses wvere seen only in young cats, seven to fourteen
days old. In animals two to three m-onths old, he never could ob-
serve mitoses in endothelial cells. As the area to be covered by the
endothelium increases during growth, the individual endothelial
cells enlarge in widtli but get flatter. Thus the coverage of the en-
larged area is acconmplished by spreading rather than by the forma-
tion of additional cells. In Figure 7 are reproduced photographs of
the endotlhelium in a seven-month-old child, a young adult sixteen
years old, and a person sixty-two years old. Although in fixed
preparations the cells undergo artificial changes, it can be seen
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FIGURE 6. FLAT PREPARATION OF THE CORNEAL ENDOTHELIUJM OF THE

RABBIT, STAINED WVITH HENIATOXY lN

The regular arrangement of the endothelial cells is (lemonstrated. The celluilar out-
lines are faintly visible, id(licating the polygonal shape of the cells. (x764.)

that the cells in the young child are hiiglher as compared wvith those
of the adult. By counting the nuclei of the endothelial cells as per
one high-power field in a histologic section, taking the average
from a whole section, we could confirm that the cells are more
closely packed in thie younger individual than in the adult. We
counted 14 nuclei in the average high-powver field in the seven-
month-old, 1o in the sixteen-year-old, and 11 in the sixty-twvo-year-
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FIGURl 7. CROSS SECTIONS THROUGH THE POSTERIOR P'ART S OF THREE

CORNEAS

A. A child seven imionths old. B. A sixteen-year-old. C. A sixty-two-year-old individlual.
The ciulothelial cells appear flattcr- and stretched ouit in the adlults as compared

wvith the voting child.

old. Thlis featuire is not clearly demuonstrated in the photographs,
since it is imnpossible to eliminate the error originating from super-
imllpositioIn of the nuclei from different layers.

It can be seen wvithl the slit lamp that under certain conditions
endotthelial cells may be at least five times the normal size. Case 39
may serve as an example. This patient lhad suffered from inter-
stitial keratitis when a child. It wvas assumed that some of the
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endothielial cells hiad been expanded to cover the defects Wlhere
diseased endotlhelia had perished. Evidently this process even-
tually had interfered wvitlh the normal plhysiology of the endothlelial
cells, since thie patient in later life developed endotlhelial and epi-
thelial dystroplhy. Thie nuclei are wvell defined, oval shaped, and
are usuially located in about the center of the cells. In thie presence
of Henle's wvarts on Descemiet's membrane, hiowever, there is a
flattening of the cells and the nuiclei are displaced towvards the

FIGUJRE 8. CROSS SECT-ION THROIJGH THE P'ERIIPHERAL IPART OF THE-1 C0R'()NE:A
OF AN OLI)EDR PE'RSON

S. Stronisa of the cornea. 1). Desceiiet's mlembl)ane. W. Henile's wvar-ts with cln(lo-
thelial cells stretched over their surface and the inuiclei displaced into the valleys
between the warts. Sonie of the endothelia conitaini pigment graniules. (x593.)

periphery (Figuire 8). The protoplasma is clear and conitains fine
granules. Towards the periplhery the endotlhelial cells get flatter
for a few cells, the nuiclei bulging somewvhat towvards the anterior
clhamber, until finally they becoime contintlolls Nwith the thin en-
dotlheliumil covering the clhaimber angle.

According to the most accepted tlheory, thie endotlhelial cells
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FIGURE 9. CROSS SECTION THROUGH A DESCEMET'S MEMBRANE PRODUCED BY

CORNEAL ENDOTHELIUM WHICH HAD GROWN OVER THE IRIS

I. Iris. D. Descemet's membrane that is laminated. In the lower part the two lamellae
are artificially separated. (x115.)

secrete the substance forming the amorphous membrane by which
they are separated from the stroma of the cornea. This membrane
is usually called after Descemet. Although lacking some of the
properties in relation to stains possessed by true elastic tissue, it is
in principle an elastic membrane. The elasticity diminishes with
age. Its wvater content, according to Michel and WVagner (71), is
about 5.5 percent hiiglher than that of the corneal stroma. Although
it is a lhomogenous structure, occasionally a faint lamellar appear-
ance can be observed. It has been suggested that the outer layer
might be a product of the stroma proper, whereas the inner layer
would be secreted by the endothelium. There is, however, consid-
erable evidence that the arrangement in layers might rather be the
product of several episodes of secretion. Figure 9 shows a definite
lamination of the membrane which resulted from overgrowth of
the endothelium on the anterior surface of the iris. In this case

there could certainly be no doubt that the whole membrane was

produced by the endothelium. Towards the periplhery the mem-
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brane becomes thinner and finally splits into small bundles whlich
in part engage witli thie sclerocorneal junction, and in part take a
circular course forming the ring of ScliNvalbe (Eisler). Schwalbe's
ring is difficult to visualize with the slit lamp. Schnyder (89) saw it
only 5 times when looking for it in 200 eyes. It can be seen, how-
ever, with the gonioscope. At about the age of twenty or thereafter
some peculiar excrescences, whichi according to Eisler had already
been illustrated by Berres in 1837, appear on the posterior surface
of Descemet's membrane. They now are generally called Hassal's,
or Henle's, warts. Figure 8 shows their typical appearance, with
the endothelial cells thinned out over the tops of the warts and the
nuclei pushed towards the valleys between them. Pigment granules
may be found on the surface of the warts and witlhin the endothielial
cells themselves. In a typical case, on one cross section we found 23
warts on one side and 3 on the other. In none of the cases re-
viewed did the area containing warts extend closer to the center
than about one tenth of the total corneal diameter from the pe-
riphery. There is in this selective localization a fundamental differ-
ence from the degenerative form of warts, as seen in cornea guttata,
which prefers the central area.
The individual endothelial cells are held together by an inter-

cellular cement substance. Such a substance between endothelial
cells had already been postulated by Cohnlheim (in 1867) and
Arnold (in 1887), and in 1893 Rable pointed to tile fact that the
silver nitrate staining of the cement was due to the formation of
silver proteinate, cited by Chambers and Zweifachi (15). Recently
Vonwiller (i 13) used alizarin red for vital stain of the intercellular
substance. In our own experiments we were able to stain the inter-
cellular cement in the living or freshly excised rabbit cornea by
using this technique. The intercellular lines stand out beautifully
in yellow-red. Using the same stain, we wsrere able to demonstrate
these lines in a freshly excised human cornea as well. Having had
difficulties in preserving the stain by fixation, we had the fresh,
unfixed preparation photographed (Figure io). Vonwiller, wvho
worked with freshly excised beef corneas, also demonstrated that
some of the endothelial cells are much larger than others and con-

tain multiple nuclei. But he found no mitoses. He concludes that
perhaps in embryonic life there had occurred incomplete mitosis,
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FIGURE 10. FLAT PREPARATION OF THE HUMAN CORNEAL ENDOTHELIUMI
The specimiien wvas stained with alizarin red withouit fixation. The intercellular
cemiienit linies stanli otit clearly, emphasizinig the polygonal shape of the cells. The

nticlei are fainitly stainied. (X2/2.)

dtiring whicli the division of the nuLclei wvas not followed by a
comiplete division of the cell itself. WValdeyer (115) denied the
presence of an intercellutlar cemient substanice, but pointed out the
existence of bridcges between the cells. On the otlher hiand, Schaffer
(88) considers these bridges to be artelacts. NVe feel that consider-
able evidence of the existence of an intercellutlar cement lhas been
produced by the tuse of staining metlhods as wvell as by experiments
dealing wvith the permiieability of the corneal endotlhelium. (The
factor of permiieability wvill be discussed in detail in the next
section.)
As mlentioned above, the corneal endothelitum can be studied in

vivo wvitlh the slit lamp and binocular microscope. This was first
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described by Vogt (io6). In order for the endotlhelitull to be vis-
ualized, the examination has to be carried ouit in the liglht totally
reflected from the optical plane of separation betw%een enidotlhelitullm
and aqueous. NVitlh a magnification of from 68 to 8o tiiies, the
apparent size of an endothelial cell is 1.3 to 1.7 1mm11. (Vrogt). Howv-
ever, the cells can be seen quite distinctly wvitli a imiagnlificationi of
40, whiclh is more commonly used. They display a patterinwhlich
closely resenmbles a miniatture honeycoimib. Their polygonal shlape
can be recognized and a definite intercelluilar linie seeni. UIinder
normal conditions the cells are of rather tunifor-mii size, althotugll
occasionally a single cell may appear somewvlhat larger. Nowv and
then a cell shows a grayislh dot, presumably the nuticletis, in the

FIGURE 11. SCHEMATIC DRAWING OF TH-IF APPT'IEARANCE OF

THE CORNEAL ENDOTHELIUM AS SEEN IN VIV() WITH THl

irregular BIOMICROSCOIPE
The irregular polygonal shape anid the slight variation in size of
the cells are emphasized. The cellular outlinies represent the
intercellular cement, the gray dots the ntuclei wvhich are visible in

some of the cells. (Much larger than actually seeni.)

center. Figure II shows schematically the arrangement of the endo-
thelium. Figure 12 is the artist's impression, reprodtuced froim
Vogt's atlas (i io). Towards the periphery, beginning after the age
of twenty years, the pattern usually becomes wavy; this increases
with age. This effect is due to the appearance of Henle's wvarts on
Descemet's membrane. When well developed the wvarts appear as
dark spots in the mosaic pattern of cells. Occasionally, wvhien the
microscope is focused farther back, endothelial cells can be seenl
on the bottom of the bulge. This appearance is well in keeping
with the findings in microscopic slides mentioned above. Schinyder
(89), in his detailed description of the endothelitumii as seen wvitlh
the slit lamp, reports persons of the ages of ten, fourteen, and
twenty-two years as the youngest in wvhom lhe observed Henle's
wvarts. He mentions that between warts larger eindotlhelial cells than
usual are often seen. In older people the endotlhelial pattern be-
comes more and more indistinct. This is partly dtue to the increased
turbidity of the stroma. But it appears that the cells telemselves
also undergo changes which render the honeycomb pattern less
distinct. Vacuolization and thinning of the cells occur, leading to
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FIGURE 12. ARTIST'S CONCEPTION
OF THE CORNEAL ENDOTHELIUM AS

SEEN WITH THE BIOMICROSCOPE
Note the striking resemblance to the
actual photograph taken after vital
staining with alizarin red (Figure io).
From Vogt's Atlas (original in colors).

the final stage of atrophy which will give rise to the clinical picture
of endothelial dystrophy. (This condition will be dealt with in a
later section.)

PHYSIOLOGY OF THE CORNEAL ENDOTHELIUM

The fundamental facts concerning the function of the corneal
endothelium were demonstrated by Leber as far back as I 873.
Although valuable additional data were added by more recent in-
vestigators, it seems proper to refer to Leber's work in some detail.
Whereas Demours, cited by Leber (6 i), one of the first to describe
Descemet's membrane, had thought in 1865 that this membrane
was the barrier preventing the cornea from becoming infiltrated
by aqueous, Leber proved that it was actually the endothelium that
possessed this property.
Leber used freshly excised corneas from cattle or horses. These

were mounted on an ingeniously simple apparatus reproduced in
Figure 13. A U-form glass tube was used, with the cornea (C)
held tightly over one end, the space directly beneath the cornea
filled with water, and the rest of the tube with mercury. The pres-
sure the water exerted against the cornea could be altered and
measured simply by varying and measuring the height of the
column of mercury.
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FIGURE 13. LEBER'S APPARATUS FOR TESTING

THE PERMEABILITY OF THE CORNEAL ENDO-

THELIUM C

Over one opening of the glass tube (T) the cornea
(C) is attached. Beneath the cornea is water (H20);

in the bottom of the tube is mercury (Hg).
/120

In the first place, it was found that more fluid would penetrate
an isolated Descemet's membrane in a shorter period of time after
the endothelium had been brushed off than with the endothelium
intact. Whereas witlh the intact endothelium 30 to 40 mm. of
mercury were necessary to produce droplets on the other side of thie
membrane, only 1o to 15 mm. were required after the membrane
wvas denuded of the endothelium. Leber then examined the phe-
nomenon of corneal opacification by absorption of fluid. He re-
ferred to the investigations of Coccius and His, reported in 1852;
they had demonstrated that the excised cornea increases in wveight
and swells up when placed in fluid, even aqueous humor. Leber
demonstrated that the cloudiness of the cornea from freshly killed
rabbits was the same if either the endothelium alone or Descemet's
membrane together with the endothelium was removed, wvhereas
the nontreated cornea remained clear. In an experiment wvitlh
living rabbits, Leber entered the anterior chamber wvitlh a blunt
lhook and destroyed the endothelium in places by moving the hook
over the posterior surface of the cornea. Within fifteen minutes
after this procedure the corneal stroma became cloudy in areas
corresponding to the site of the injury. This cloudiness increased
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l'or the next twenty-four lhours, and the excised cornea was found
to be tlhree times as thick in these areas as in the clear parts. That
the endotlhelituml really wvas absent in these areas was proved by the
failture of the silver imnpregnation stain to demonstrate the cellular
outlines. Tlhree days after the injury the cloudiness had almost dis-
appear-ed, and after fouirteen days the cornea became entirely clear.
Since L. Mleyer (70), cited by Leber (6i), hiad previously mentioned
that the cornea would become cloudy whlen pressure was exerted
on the bulbus, Leber investigated the effect of pressure on eyes
treated in thie manner described above. During the first day after
the operation, even slight pressure on the eyeball would momen-
tarily increase the clotudiness. As soon as the pressure was removed,
tlhis additional cloudiness wouild disappear. One day later, mlulcli
more pressure was necessary to produce the sanme effect. Fuirtlher
evidelece for the protective function of the endotlhelium wvith re-
Mgard to the cornea proper wvas establislhed by Stokes's observations
(1o0). In hiis experimnents on the macrophages in the cornea hie
fouind that the response of the corneal tissues to the introdtuction
of trypan bluie into the anterior clhamber was dependent upon tlle
integrity of the endotlhelial lining of the posterior surface of the
cornea. The dye wvas able to stimuilate macrophagic activity in the
cornlea only al'ter the endothelium had been injured.
There lhas been considerable speculation as to the meclhanism

by which the endotheli'um prevents the fluid from infiltrating thle
stromiia of the cornea. Irf the first place, it was Leber who stated that
tlhis mneclhanism mlust be connected with the living properties of
the cells, since hie fotund that the endothelium loses its protective
fuinction graduially and progressively after deatl. The importance
of tlis lact will be taken up again in thie section on corneal graft-
ing. T'len the (question arises: Is it the cell itself or the intercellut-
lar spaces that let the fltuid pass under abnormal conditions? Taking
the example of intraocular pressure, it is a known fact that ex-
periimentally it is possible to produce cloudiness of the cornea
instantaneously by injecting normal saline solution under pres-
sure into the anterior chamber. The three steps of this experiment
are reproduced in Figure 14. If the pressure was relieved after a
short whliile, the cornea became clear again immediately. If, hiow-
ever, the pressure was maintained for several minutes, we couild
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FIGUJRE 14. PRESSURE CREATEI) BY IN- A
JECTING NORMAL SALINE SOLUtJION

INTIO T'HE ANT'ERIOR CHAMBER OF THE

RABBIT PRODUCES CLOUDING OF THE

CORNEA
A. Hypodermic needle attached to a
syringe filled with normal saline solution
is introduced into the anterior chamber.
No pressure is exerted. The cornea is clear.
B. Pressure is applied on the plunger.
The corniea becomes cloudy instantane-
ously anid remnainis clouidy as long as theB
pressure is maintained. C. The pressure is
released. The cornea immediately becomes

clear again.

observe a slight hiaze which remained in thie cornea for several
minunttes after the pressure had been removed. These finidingos seemi
to be in keeping wvithi Leber's statement that the suidden appear-
ance and disappearance of corneal opacity in this experimient can
hiardly be due to infiltration with fluid. On the othier hiand, hie
admits that in glauicoma and patho1ogic changes of the endothie-
lium, fluid might be forced into the stroma in spite of the presence
of the endotlielial layer. Probably, as in ouir owvn experim-ient de-
scribed above, if the pressure has lasted a certain lenotih of time,
the endothelial layer becomes damaged and partly permieable to
fluid. This would be in keeping with- Redslob's (83) contention that
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in glaucoma there are two sorts of corneal haziness. The first ap-
pears promptly when the intraocular pressure rises and disappears
as soon as it falls again. This type of opacity might be caused by a
displacement of the corneal lamellae. According to Cogan (25),
temporary dislodgement of intramicellar fluid during stretching
might be the reason for clouding. The second, more lasting, hazi-
ness would have to be considered a true edema. The question still
remains whether the fluid passes through the cells themselves or
through the intercellular spaces. Some interesting facts concerning
capillary endothelia may be recalled in this connection, since it is
not at all improbable that similar conditions may prevail with
regard to the anterior chamber and its endothelium. Zweifach
(118) states that thinness of a cell, as such, does not affect the se-
lective nature of protoplasmic permeability; the tubular epithe-
lium of the kidney maintains its selective permeability even when
the cells are flattened by distension to a thinness approximating
that of pavement epithelium. He thinks that the permeability of
the endothelial membrane may be explained without taking into
account the permeability of the individual cells. Although a se-
lective permeability of the cells may coexist, the porosity of the
intercellular cement, according to Zweifach, is a much more im-
portant factor in the permeability of the wall than are the cells
themselves. The cells themselves, however, are not a simple os-
motic system. Their permeability, according to Lucke (65), is in-
fluenced by various factors. In his experiments with arbacia eggs
he found that the permeability to water was increased by factors
such as injury, rise in temperature, absence of electrolytes, and the
presence of anions. It was decreased by the presence of cations and
certain narcotics. Contrary to what might be expected, a change in
salt concentration of the natural medium (which in the case of
arbacia eggs is sea water) did not affect permeability. According to
Chambers and Zweifach (15), the intercellular substance is con-
stantly secreted by the cells. In their experiments they found that
if the cement substance is stained with silver nitrate in vivo, black
globules begin to detach themselves after about 20 minutes and
continue until finally no stain can be observed. Since no leakage
of the capillary wall occurs during that period, the intercellular
material must be continually replaced. They report that Ringer
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(1890) had already observed that distilled water has a loosening
effect on the intercellular cement substance; this effect may be
reversed by sodium bicarbonate. In perfusion experiments, they
found that if they perfused capillaries with normal Ringer solu-
tion, no visible abnormalities are observed. When a Ringer solu-
tion from which calcium has been omitted is used, a softening of
the cement occurs whlen perfused. WVith the use of a solution con-
taining double the amount of calcium contained in normal Ringer
solution, the endothelial lines become intensified and later tile en-
tire surface of the cells seems to cover itself with secreted cement
substance. Vitamin C has also been found an important factor in
the production of intercellular cement. Wolbach and Howe (i 17)
conclude from their experiments that scurvy, a vitamihn C defi-
ciency, may be characterized by the inability of the supporting
tissues to produce and maintain intercellular substance. The abil-
ity to produce intercellular cement would return after an anti-
scorbutic diet wvas instituted. Buschke (i i) examined intercellular
cohesion in corneal epithelium. He found it decreased by trypsin,
clhymotrypsin, and papain. Lysosyme, hyaluronidase, ribontuclease,
and crotoxinlecithinase did not decrease the intercellular cohesion.
Calcium nullified thie effect produced by proteolytic enzymes. The
intercellular cohesion was also decreased at pH values of nine and
above. These observations would support the assumption that the
intercellular cement has a calcium salt of protein as its most im-
portant component. The intercellular cement has been discuissed
at some lengtlh, since there is some evidence that also in the corneal
endothelium the passing of fluid through the endothelial layer
into the stroma may be governed by the condition of the inter-
cellular substance. In several cases we could observe wvith the slit
lamp that during and immediately after an acute rise of intraocu-
lar pressure the intercellular lines between the endotlhelial cells
appeared definitely enlarged as compared with the normal pattern.
Figure 15 illustrates this schematically. The widening of the in-
tercellular spaces might indicate a lessening of the intercellular
cohesion whichi would allow fluid to pass between the cells. Indeed
the picture reminded us strikingly of Buschke's illustration of the
loosening of the intercellular cohesion in the corneal epithelium
under the conditions mentioned above. Fuclhs (44) had mentioned
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FIGURE 15. SCHEMATIC DRAWING DEMON-

STRATING THE ENLARGEMENT OF THE IN-

TERCELLULAR SPACES AFTER AN ACUTE

T 9 \-\A RISE OF INTRAOCULAR PRESSURE
A. Enlarged intercellular lines in a case of
acute glaucoma as seen with the biomicro-
scope after the cornea has been cleared with

A glycerine. B. Normal endothelial pattern for
comparison.

the possibility of such an enlargement of the intercellular spaces,
but did not demonstrate it. Schnyder (89) reports that he has seen
such enlargements of the intercellular lines with the slit lamp,
when he injected freshly enucleated animal eyes with normal and
hypertonic saline solutions.
According to Fischer (35), the endothelium possesses a directed

permeability for gases. There is transfer of oxygen through the cor-
neal epithelium to the endothelium from the atmosphere. The
endothelium uses up the oxygen. Carbon dioxide is transferred
from the endothelium through the epithelium. This is the normal
exchange. Coccius, cited by Leber (6i), had already shown that
evidently air does not injure the endothelium, for he could keep
the anterior chamber of rabbits' eyes filled with air for three to
four days without the cornea becoming opaque. This statement is
confirmed by the everyday therapeutic practice of injecting air into
the anterior chamber. If, according to Fischer, the cornea is left in
saturated carbon dioxide instead of air, necrosis of the endothelium
occurs and is followed by infiltration of the stroma with fluid and
the development of cloudiness. In hydrogen the cornea remains
clear. The passage of oxygen to the endothelium from the outside
seems to be of vital importance, since the oxygen tension of the
aqueous was found to be equal to that of the venous blood by
DeHaan (cited by Fischer, 35); this is insufficient for the tissues.

Considerable work has been done to explain the biochemical
mechanism governing corneal permeability and the development
of corneal edema. Since most of the studies were done on the
cornea as a whole or on the corneal epithelium, and very few
definite facts concerning the endothelium were demonstrated, it is
not proposed to go into this matter in detail here. Fischer (34) has
reported fundamental experiments, later followed by Cogan (2o),
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Kinsey and Cogan (53), Cogan and Kinsey (2 1), Cogan, Hirsch and
Kinsey (23), and others.1 The subject is still quite controversial.
From the clinical standpoint it may be said that, whatever the
mechanism may be, the fact remains that the integrity of the endo-
thelium alone is sufficient to maintain the cornea in a deturgesced
state. If the endothelium is impaired, the imuportance of the epi-
tlhelium to the elimination of wvater becomies evident. XVater may
be eliminated through the epitlhelial membrane botli by osmlotic
action and by simlple evaporationi.

GENERAL. PATHOLOGY AND REGENERATION OF THE

CORNEAL, ENDOTHELIUNt

One of the outstanding characteristics of the corneal endothe-
i um is its vulnerability. Extensive experiimental wvork demonstrat-
ing this fact wvas done by Nagano (74). He sttudied tl-he endothelial
clhanges after external injuries suclh as lime burn, bee sting, the
effect of ammonia vapors, silver nitrate, 5 percent metlhyl violet in
the conjunctival sac, massage of the cornea, electric shock, steam,
cautery, and abrasion of the cornea. After twvo days followving even
a tratuma as slight as the abrasion of the corneal epitlheliutm, he
found changes in the arrangement of the nuclei of the endothe-
lium; after five days, however, the endotlhelium had returned to
normal. Various substances, suich as scarlet oil, mercury biclhloride
1:5000, and io percent sodium chloride soltution, caused severe
damage to th-e endothelium whlen injected into the anterior cham-
her. The relatively mild trauima produced by instillation of 1o
percent sodium chloride restulted in vacuolization and slhrinkage
of the cells. A peculiar experimental finding wvas reported by von
Hippel (51). After ligation of the venae vorticosae in a rabbit, the
endotheliumn became lheavily pigmented.

Clinically it is well knowvn that the corneal endotlhelitumii mlay
be damaged in many wvays. In connection wvitlh the above-men-
tioned experimental observation of von Hippel, it may be men-
tioned that the endothelium is stained or pigmented in various
ways. It may contain melanotic pigment, especially in cases of

1 For review of literature in 1949, see V. E. Kinsey, Archl. Ophth. 44: 584-99, 1950.
See also the complete summarizing report on cornieal edlemna by G. Victor Simpson,
Tr. Am. Ophth. Soc., 85th meeting, 1949.
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cornea guttata and endothelial dystrophy (see Figure i i). It may
take up iron stain in siderosis, as we were able to demonstrate in
some histologic sections, and recently we discovered wvith the slit
lamp a yellowish tinge in the endothielial cells in two instances of
severe argyrosis from prolonged use of argyrol locally. There is
evidence that the endothelium may be damaged by severe or long-
standing inflammatory processes sulch as serpiginous ulcer (Na-
gano, 74), interstitial keratitis (Stanculeano, 99), keratitis pustuli-
formis profunda (E. Fuchs, and Samuels and A. Fuchs, 87). De-
fects in the endothelium underlying keratitic precipitates have
been demonstrated anatomically by Groenouw, cited by von
Hippel (51). Harms, cited by von Hippel (51), found the endo-
thelium intact beneath small precipitates, but missing under large
ones. Seemer (95) demonstrated clinically the appearance of epi-
thelial bullae exactly in front of large fatty precipitates. XVe made a
similar observation in a patient witlh severe iridocyclitis due to
sarcoidosis (Case 40). Edema and later a bandlike intraepithelial
and subepithelial opacity developed over the site of long-standing
fatty precipitates. Farther down towards the limbus, where a dense
layer of wlhitislh tissue had formed covering Descemet's membrane,
the epithelium was intact. It is most probable that the endothelium
was damaged beneath the precipitates, and fluid penetrated the
cornea in those places. The dense scar tissue covering part of
Descemet's membrane miglht have prevented the penetration of
fluid and consequently the epithelium remained clear. It is not
quite clear wlhy in some instances of apparently the same patho-
logic process there is endotlielial damage and in others none. It
was demonstrated by DeHanssen, cited by Busacca (9), that in
Krukenberg's spindle thie endothelial cells are packed witlh pig-
ment. Probably the course is influenced by the amount of toxic
material present in a given case. Also, epithelium whlich has al-
ready degenerated, as in some older people, will fall victim to
damaging causes more easily than will a healtlhy one. WVe have seen
that the endothelium had degenerated in some of our own speci-
mens of panophthalmitis. In such cases it can be noted that the
leucocytic infiltration of the cornea is much more pronounced in
areas where the endothelium has become deficient. It seems that
the degeneration of the endothelial cells results from a direct con-
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tact wvitlh let(iocytes. In specimnens wvith severe anterior chamber
hemorrlhage, wve also hiave noticed degeneration of the endothe-
litm.

In acute glaucoma a temporary disturbance of the corneal endo-
tlhelium may be observed. In Case 50, the endothelial cells had
acquired a droplet-like appearance as seen wvitlh the slit lamp after
the epithielial edema had subsided. WVe interpreted the picture as
edema of the endothielial cells.
Approaching the problem of regeneration of the corneal endo-

thlelium, one must differentiate betwveen reformation of normal
endothelial cells and those cells that will acquiire different and ab-
normal morphologic and plysiologic properties. In the latter case
a defect may be covered and even a pseudo-Descemet's membrane
secreted, but otlherwise the cells would not be arranged in the same
regular pattern characteristic of the original endothelium. E. Fuchs
(4.) expressed doubt as to wvhietlher a regular endothelial cover
could ever be regenerated after the endothielial cells have been
destroyed. The regenerated layer, he believed, would be more
similar to connective tissue than to the original cells. This opinion
appears to be in keeping with WVagenmann's idea of whlat he calls
"endothelogenous connective tissue," cited by von Hippel (51).
Since the endotlhelium is probably of mesodermal origin, it wvould
not seem imnpossible that, under certain circtumstances, it might
acquire properties of connective tissuie.
The mechanism and pattern of regeneration of the injured

corneal endothelium are still poorly understood. In the first place,
it appears that there are great differences in regeneration, depend-
ing on wvrhetlher the endotheliutm lhas been injured by simple trauma
or by toxic or clhemical action (infection, chiemical burns), or
vlhether it is genuinely degenerated followving an intrinsic dis-
position. Also some of the experimental injuries were produced
wvithi the use of such drastic means-blunt, sharp and chemical-
that the results can lhardly be interpreted as illustrating thie healing
process that miglht, for instance, follow a surgical wound. The dis-
cussion on wvound healing in the endotlhelial layer after a corneal
section, as in cataract surgery or keratoplasty, is deferred to the
section on the role of the endothielium in corneal transplantation.
At this point some general aspects of endothelial regeneration
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will be considered. The discussion might properly begin witlh a
description of wvlhat happens in a tissue culture. Matsui (68) re-
ported on this subject. He vas able to grow corneal endothelium in
culture wvhen it was left in contact with Descemet's membrane, btit
failed whlien the endothelial layer vas isolated. In the first case,
after 24 liouirs of incubation the culture showed no signs of pro-
liferation. After 48 hiours many mitoses appeared and cells of
polygonal or roundislh shape grew into the culture medium. Soine
of the cells wvere long and spindle-shaped, witlh an elongated or
oval nucleus. They often were in contact wvith each other through
long protoplasmic pseudopodia. Sometimes these cells appeared to
be very simiilar to fibroblasts. It seemed, however, that this prob-
ably was a transitional state, as later on the cells again acqtuired a
more enldotlheloid appearance. Lippmann and Brueckner (7,63)
fotund that after- irritating substances had been introduiced into tlle
anterior chaimiber of rabbits' eyes, desquamation of endothelial
cells occurred. They observed these cells to proliferate by amitotic
division and asstume the appearance of small round cells with
round nuclei, closely resembling lymphocytes. Since these round
cells appeared even after the animals had been made aleucocytic
by intoxication wvith Thorium X, the investigators concluded that
thiey cannot be derived from the blood but must originate from
the endothelium.
The (uestion of wlhetlher the endothelial cells may become

macroplhages is still uindecided. WVhereas authlors like Hamburger
(5o) and Vonwviller (O 13) claimed they could demonstrate selective
staining of the corneal endothelium by vital stain with methylene
bluie or trypan blule, otlhers, for example Nemeth (75), found that
the normal endothelitum wvould not take up the dye and that a
violent keratitis wvas necessary in order to produce vital staining.
Stokes (ioi), after extensive experimental studies with trypan blue
introduLced into the anterior chamber, concluded that, unlike the
case of corneal corpuscles, there was no evidence of transforma-
tion of the cells of the endothelium of the cornea into macro-
phages. XVe were unable to stain the endothelium in vivo with
eitlher a technique simiilar to that employed by Stokes or the
one indicated by Vonwiller.
As to the lhealing of traumatic defects, Leber (6i) stated that 14
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days after injuring the endothelium by passing a blunt hook across
the posterior surface of the cornea of rabbits, microscopic exami-
nation showed the endothelium to be continuous again except in
one area, where its cells were arranged somewhat irregularly.
Nagano (74), after scraping off the endothelium from belhind, ob-
served signs of regeneration at the borders of the defect after 1 2
hours, and mitoses after i6 hours. After five days, the defect was
covered, the nuclei being of irregular shape. Two hours after lime
burn from the epithelial side, the endothelial cells became necrotic.
After 24 hours regeneration occurred, with mitoses and heaping up
of new cells. Giant cells also appeared. More recently an interest-
ing study on the regeneration of the corneal endothelium was done
by Cogan (24). He succeeded in implanting magnetic foreign
bodies into the anterior chambers of rabbits. Two weeks later these
foreign bodies were raked over the internal surface of the cornea
by a magnet moved across the outside of the cornea. Like previous
experimentators, he observed cloudiness of the cornea due to the
injury to the endothelium. The opacity was alwvays greater in the
axial portion of the cornea, even when the manipulation had been
confined as much as possible to the limbal regions. After a day or
two the opacity began to resolve, and at the end of one or two
wveeks it had almost or completely disappeared. After especially
vigorous manipulations witlh the magnet a permanent opacity de-
veloped witlh the formation of a membrane on the posterior surface
of the cornea. In animals that hlad been made deficient in vitamin
C by a scorbutic diet, the clearing of the cornea and the regenera-
tion of the endothelium did not seem to be delayed as compared
with animals on a normal diet.

All these reports on the regeneration of the corneal endothelium
after trauma, however valuable, were based on the effect of rather
uncontrolled injuries and did not permit the study of cellular
movements in detail. It therefore seemed desirable to supplement
them by further studies. Stimulated by the work of Friedenwald
and Buschke (39) and of Friedenwald, Buschke, and Morris (40)
with the epithelium of the cornea, we studied the healing process
of minute injuries to the endothelium in some detail. The authors
just mentioned produced very small injuries to the corneal epi-
thelium of rats with the point of a fine needle and observed the
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FIGURE i6. APPEARANCE OF CORNEAL ENDOTHELIUM IN FLAT PREPARATIONS

AFTER MINLJTE INJURIES (NEEDLE PRICKS)
A. After two hours. B. After twenty hours. C. After four days.
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reaction after various times and under pathologic conditions. They
could illustrate photographically how the defects were gradually
covered by the migrating neighboring cells. In our case, the tech-
nique was somewhat more complicated, as the endothelium is less
accessible. We managed, however, to introduce a small, sharp
Grieshaber needle near the limbus and to prick the endothelium at
numerous points without loosing the anterior chamber or causing
damage to other structures. The animals were killed after various
intervals and the endothelium examined, using our flat-section
technique as outlined in Appendix B. One and two hours after
the injury no cellular reaction was observed; there was, however, a
sharp outline of the defect, suggesting that intercellular cement
had been secreted to form a delimitation of the area where the
endothelium was absent. After twenty hours, the cells bordering
the defect appeared to be enlarged; some of them were elongated
and were pushing long, ramified pseudopodia towards the defec-
tive area. After four days the defect appeared to be covered by an
irregular mass of cells, poorly outlined, with mostly elongated
nuclei. This coverage certainly did not resemble in the least the
regular pattern of the endothelium (Figure 1i6). We have observed
clinically that after a perforating injury the endothelium sur-
rounding the site of the perforation remains damaged and does not
regain its original pattern (Case 51).

It has long been known that in the case of rupture of Descemet's
membrane the two ends do not heal together, but rather have a
tendency to curl. The endothelium then covers the defect and re-
produces a sort of pseudo-Descemet's membrane which usually,
however, does not exactly resemble the original one. Figures 44
and 46 illustrate this process. Samuels and Fuchs (87) demonstrated
that, when Descemet's membrane is detached over a wide area, the
endothelium may even cover its anterior surface.

DYSTROPHIES AND DEGENERATIONS OF THE

CORNEAL ENDOTHELIUM

Although the word "dystrophy" is defined as faulty or defective
nourishment, in its common usage it has also the meaning of ab-
normal development or degeneration without definite reference to
the factor of nourishment. In using the term in this wider sense,
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we shall have to distinguislh between endothelial dystrophies due
to intrinsic factors sticlh as constitution, heredity, and senility on
one side, and degeneration as a sequela of some other condition
on the otlher. XVe clhoose to call the first group primary dystrophies,
the second groLp secondary dystroplhies. It is not uncommon, even
in cases belonging to the second grouip, that primarily there exists
a constitutional tendency to degeneration whichi is not manifest,
whiclh vill develop tunder the influience of some extrinsic factor,
btut wvlhicll in itself wouild not have prodtuced the disease. Some-
times, also, the end resuilt is very mutclh the samne, whletlher the
lesion developed originally as a priinary or as a secondary dys-
trophiy.

PRINIARY' ENDOTHELIAL DYST'ROPHIES

Tthe primnary dystroplhies may be divided into txvo groups:
1) CAongenital dystroplhies or malformations;
2) Dystrophies developing later in life.

Congenital Dystrophies or AMalforrmations
Histologic findings of congenital malformations of the corneal

endotlhelium have been reported by von Hippel, cited by Seefelder
(94), Molhr (72), Peters (82), and Seefelder (94). They observed de-
fects in Descemet's mneimibrane and irregularities in the endothe-
lium, which in some instances was replaced by a layer of connec-
tive tissuie. Clinically these cases presented the picture of congenital
corneal opacities. More recently Theodore (103) described a clini-
cal observation of a congenital type of endothelial dystrophy. He
fotund the lesion present in tlhree generations-a thirteen-year-old
girl, lher fifty-three-year-old father, and her seventy-seven-year-old
grandmothier. The cornea xvas clear in its anterior layers, but in-
creasingly gray and reluicent in a striated manner in its posterior
layers. Descemet's membrane was studded wvith round and elliptic
structtures vlhiclh appeared to be nodules xvith a convexity towards
the examliner. \Vhere a nodtule wvas present, the endothelium was
absent or very irregtular. In contigtuouis areas it vas normal. Theo-
dore righltly differentiates this forim of endothelial clhange from
the progressive senile or presenile type and considers it as a sep-
arate clinical entity (Figture 17).
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FIGURE 17. SCHEMATIC DRAWING A, 0
SHOWING A CONGENITAL TYI'E _ a

OF ENDOTHELIAL DYSTROPHY OF o o o
THE CORNEA0 00a a

A. Endothelial vesiclcs as they ap- 0 0
pear in the narrow beam of the
biomicroscope. B. Front view show- /
ing the distribution of the lesions.
From Theodore, Congenital Type

of Endothelial Dyst-ophy.

(1 ~~B
A

Dystrophy of Corneal Endotheliunm Developing Later in Life

Fronm sttudy of tile literature and froIm personal observatioll it
lhas become clear that there is in principle one coturse of events
vlhiclh leads in the end to the ftill picture of the comabined endo-
tlhelial and epithelial dystroplhy of the cornea. Differences in detail
exist and wvill be accouinted for; but thiese differences do not seemii
to jutstify a division of the clinical entity whliclh is clharacterized by
deterioration of the endothelium, infiltration of the stronla with
fluid, thickening and opacification of the cornea, edemia of the
corneal epitlhelium, and bullae formation. In connection with the
term "endothelial and epithelial dystrophy," it should be under-
stood that the epithelial dystrophy is a sequela of the endotlhelial
disease and not a parallel occurrence. A classification separating the
cases in wlhich there are found only the endothielial changes, stuch
as cornea gtuttata and degeneration of endotlhelial cells, from those
in whlichi edema of the corneal stroma and of the epitheliumni lhas
developed, lhas been advocated by Francesclhetti and Streiff (.3t6),
and was also adopted by Clark (16). This separation, howvever, does
not appear to be justified. In too many instances the development
of the full picture of the disease wvas observed wvhere previously
only cornea guttata or another formi of endotlhelial degeneration
hiad been present. Friedenwald and Friedenwvald (3.<8) already
pointed otut this fact. In our owvn series wve observed the develop-
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ment of endothelial and epithelial dystrophy in six cases which
previously lhad been found to shiowv only endothelial changes.
XVJhetlher in a given case only endotlhelial changes, or also edema of
the stroma and epithelium, are present depends only on the stage
reaclhed by the disease at the time observed. It is true that not all
cases witlh cornea guttata vill develop epithelial dystrophy. In
many cases deatli intervenes before the dystroplhy lhas reached its
full development. It also slhotuld be made clear that this statement
lholds only for this partictular clinical entity. There are otlher forms
of corneal edemna and bullous keratitis whliclh develop from catuses
other than the diseased endothielitum, as for instance in connection
vitlh inflammnatory processes in th-e cornea proper. Case .35 demon-
strates the occurrence as a complication in keratitis metalherpetica.
For a summary of the various forms of corneal edema, see Simp-
son's paper (96).
Some phases of the clinical entity of endothelial and epithelial

dystroplhy, as wve see it nowv, wvere observed and described many
years ago. It was primarily the edema of the corneal epithelium
similar to that occturring in glaucoina, if found in definitely non-
glauiconmatouis eyes, that intrigued the clinician. Since the endo-
tlhelium of the cornea could not be demonstrated clinically before
Gullstrand's introduction of thie slit lamp into the ophtlhalmologic
armamientarium (191i), the paramount importance of the endo-
theliumiii in the development of this condition wvas not demon-
strable. Even in the more recent Frenchi literature one finds reports
of cases wvithi corneal edema wvitlhout lhypertension under the head-
ing of "primary corneal edema" (Paufique et al., 77) and "corneal
edema vitlhouit intraocular hypertension" (Marx, 67), either witlh-
out any detailed reference to the condition of the corneal endo-
tlheliumil or wvithiout taking it into accotunt as a catusal factor.

Favaloro2 and Scuderi,3 in their recent mnonograplhs, differenti-
ate clearly betwveen "primary chronic edemna of the cornea" and
"Fuclhs's dystrophy." WVe cannot hlelp suspecting that, at least in
some of the cases reported as primiary chronic edema, an increased
permeability of the endotlheliumn mnight have been the cauise for

2 G. Favaloro, "Fisio-patologiia (lel foglietto, Descemet-endotelio," Relazione al
XXXV1HO Cong-esso della SocietM Italiana di Ottalinologia i9j9, Catania, 1949.

3 Giuseppe Sctideri, Fisiopatologi(a del ricatinbio idr-ico della cornea, Editione
Minerva Medica S.A., Torino, 1953.
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the edema of the stroma and the epithelituimi of the cornea. As wvill
be pointed ouit later, the endotlhelithum may be diseased anid its
permeability increased witlhotut a typical cornea guttata being
present. Also, the increase in permeability may be only transitory,
as vill be mentioned under "Miscellaneous and Atypical Lesions
of the Corneal Endothelium," belowv.

Howvever conftusing the literature may be, it can be stated that
the full clinical picture as ani entity wvas first described by Fuclhs
in 1910 (42). In recognition of this fact, in the United States the
term "Fuchs's dystroplhy" is identical in meaning with "endotlhelial
and epithelial dystroplhy." In 1902 in lhis Bowvinan lecture (41),
Fuchs made the remark that some ill-defined corneal distturbance
might originally have been caused by a deficient endothelitum. In
1g9o, in his definitive article on the suibject, "Dystrophia epithe-
lialis corneae" (42), he more or less abandoned the idea, stating
"whrlietlher clhanges in the endotlhelium are present in the truie dys-
trophly is unknowvn, no definite signs of this are present." The first
report on the subject in the slit-lamp era wvas Koeppe's statemnent
(56; 1916) that in cases of bullae of the corneal epitheliulll he found
"dimples" (Dellen) in the endotlhelial layer. Staelhli's report (98;
1920) of a "dewdrop endotlhelium" probably also described wvarts
on Descemet's nmembrane, a pre-stage of the dystroplhy. Kratupa (57;
1920) asserted that Fuclhs's dystrophy wvas caused by a severe de-
terioration of the endothelium. Not unlike Fuclhs himself, he later
(58; 1932) stated that he had become more reluctant to relate the
two and favored a general nutritional disturbance of the cornea as
tlhe cause of Fuchs's dystrophy. Neither Koeppe nor Krauipa had
actually demonstrated the endotheliuim wvitlh thie slit lamp. This
wvas reserved for Vogt (io6; 1920) after he lhad developed the tech-
nique of examination in the direct reflected or specular light of
the slit lamp. Subsequent to this discovery the road wvas open to a
clarification of the situation. The followving authlors, among others,
contributed materially towvards establishing the course of events
and thie clinical pattern of wvlhat is nowv knowvn as the endotlhelial
and epithelial dystrophy of the cornea: Vogt (107; 1921), Graves
(48; 1924), Friedenwvald and Friedenwvald (.38; 1925), Kirby (55;
1925), von Sallmann (86; 1925), Gifford (46; 1926), and Vogt (io8;
1929). XVe shall not attempt to recapitulate in detail eachi contribu-
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tion, btit slhall describe the clinical entity of endothelial and epi-
thelial dystrophy of the cornea as it is seen today in the liglht of
reports by preViious investigators and from otur own observations
in 25 cases.

GENERALITIES. Muichi evidence points to the fact that the corneal
enclotlhelial anid epitlhelial dystroplhy is in principle a senile de-
genieration rtiled by hieredity. There is no point in differentiating
between senility and heredity and choosing one or the othler as
the essenitial factor, since it has been demonstrated by Vogt and
lhis co-ivorkers that a ntumber of senile occturrences in the eye are
tlhemselves subject to heredity (1 11, 1 1 2). Vogt found, among
othier instances, that senile cataract occurs in identical tvins not
only at about the same age but has in both the same morphologic
appearance, whichl makes the hereditary factor quiite clear. Further-
miore, the fact that the disease lhas occasionally been observed in
relatively yotung people does not disprove its senile character. Many
senile characteristics, suichl as the premature graying of the hlair,
occasionally appear in young individuals. Yet isolated instances of
tlhis kind are not considered as disproving the general ruile. Fuchs
(42) stated the age of hiis 13 patients as from forty-three to seventy-
two years, wvitlh an average of fifty-eight. In Doggart's series (29) of
47 cases, the yotlngest patient in wvhiiclh hie observed the disease wvas
tlhirty-six years old. All the others in the series wvere over fifty. In
our series of 25 cases the ages ranged fromn forty-three to seventy-
seven years, wvitlh an average of fifty-seven and a lhalf years. These
inCclde only cases in wvhiiclh the disease had actually reached the
point wvliere corneal haziness had developed. The pre-stage cornea
gutttata, as xviII be discuissed later, is muclh more comnmon. In favor
of a hlereditary factor are the observations of several cases among
siblings. Clegg (17) found the disease in two sisters of a family of
tlhree, the third one being reported to lhave it too. Jtler, cited by
Francesclhetti and Streiff (.36), reported it present in twvo sisters;
Levitt and Lloyd (62) in a motlher and one dauglhter; and in ouir
series wve fotund it in a imotlher and in tlhree datughlters anmong four
siblings and in anotlher instance of txvo sisters (Cases 1, 2, 3, and 4).
It is reported almllost tunanimously that wvomen are mtuch more
fre(qtuenitly affected thian men. Fuclhs's series of 13 cases comprises
4 m1eni and 9 xvomen. Of 47 cases reported by Doggart (29), 34 were
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wvomen and 1i miien. Of our owvn 25 cases, 3 were imien ancd 22 wvere
wvoImen. Altlhouiglh a number of cases are seen every year in ani eye
clinic, endotlhelial and epitlhelial dystroplhy ol the corniea is a com-
paratively rare disease amnong the general population. Fuchs places
its incidence at one in 2,000 eye patients.

For the sake of clarity, endotlhelial and epitlhelial coriual dys-
troplhy imiay be discussed in the followving stages:

i. Degeneration of endotlheliumil wvitlhout the stroma or the epi-
tlhelitumn of the cornea being affected;

2. Permneation of corneal stroma wvith fluid, edemna of epitlhe-
lium, btullae formation;

63. Late stages wvitlh subepitlhelial connective tissuie formllation,
vascularization, and scar formation;

4. Complications, as secondary infection and glatncomiia.

ir. Degenieration of etudothelitm withoit the stromia or the ePi-
theliumti of the cornea beting affected. Tlhe degenerationi of the
corneal endotlheliumll occii-s miainly in twvo different wsays: (a) enldo-
tlhelial degeneration accoimpanied by excrescences oni Descemiiet's
meinbrane (cornea gnttata); (b) endotlhelial degeneration Xvitilout
the formnation of excrescences on Descenmet's mnembrane.

(a) Endothelial degeneration accomnanied by excrescet(ces oti

Descem et's ni em brane (cornela giittata). This stage is easily over-
looked wvhien only ordinary oblique illtumination or the oplhthal-
moscope is used. In far advanced stages, a slight lhaziness is noted
wvlhen the findtus of the eye is examined. In several cases wve have
observed a marked fuzziness of the ophthalmoscopic pictuire whliicll
could not be explained on otlher grouinds, and yet the patient's
vision was almuost normal. \IVe were inclined to attribute this dis-
crepancy to an optical phenoimienon dtue to the formation ol' varts
on Descemet's membrane that would allowv clear vision in one di-
rection btut not in the other. Using the slit lanmp, the pictture varies
according to the mode of illumnination. In the regredient or in-
directly reflected light from the iris the cornea appears to be
studded with numerous droplets. Hence, the term "cornea guttata"
(Voogt). In spite of a certain similarity, these droplets slhouild not be
confused with wrhat is called bedewing of the cornea. Iledewinlo
imiay be produiced eitlher by edema of the endothelial cells or by
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precipitation of smnall particles of inflammiatory material on the
posterior surface of the cornea. In the first case the droplets ap-
pear in a very regular wvay and are minute, corresponding to in-
dividual endothelial cells (Case 50); in the second case the droplets
vary in size and are irregularly distributed, usually predominantly
in the lowver lhalf of the cornea. Both are accompanied by inflam-
matory signs whlichi are wholly absent in cornea guttata. WVlhen tlle
posterior surface of the cornea is visualized directly in the beam of
the slit lamp, it often lhas a grayislh granular appearance suggesting
corrugated glass. Sometimes golden glints appear as the beam is
moved along, or the picture is that of "beaten silver." Not uncom-
mon is thie presence of pigment dust on the posterior surface of the
cornea. Probably pigment originating from the iris and floating
in the aqueous, a common senile occurrence, is caught by the ex-
crescences on Descemet's membrane. Some of the pigment granuiles
are found wvithin endotlhelial cells (see Figure 8). There has been
some difference of opinion as to wvlhetlher the yellowv-golden appear-
ance wvas due to liglht reflex wvitlhin Descemet's excrescences or to
real pigmentation. It is quite clear that both exist. The most clhar-
acteristic picture of cornea guttata is elicited whlen using the di-
rectly reflected or spectular liglht of the slit lamp. Its appearance
with this technique is best demonstrated by Vogt's original illus-
tration (Figure i8). WVitlhin the regular pattern of the endothelium,

FIGURE i8. ARTIST'S CONCEP-
TION OF CORNEA GUTTTATA AS
SEEN IN THE SPECULAR LIGHT
OF THE BIOMICROSCOPE

The dark spots represent warts
on Descemet's membrane. In
some instances it can l)e seen
that the warts are still coveredl
by etidrothielial cells. Fromi Vogt's

Atlas (originial in colors).



The Endothelium of the Cornea 705
black dots of various sizes are seen. In some instances the enido-
thelial pattern can be followved to the bottomn of the excrescences
by focusing dowvn wvithi the inicroscope. Figtire 18 shlows only a
moderate ntumber of wvarts. In advanced cases Descemnet's mem-
brane is so studded withl warts that practically no endotlhelial cells
are seen betxveen thiem. The characteristic difference betwveen nor-
mally occurring Henle's wvarts, which are seen only in the periph-
eral parts, and the progressive cornea guttata is the latter's predilec-
tion for the central parts of the cornea. In some advanced cases,
however, the cornea guttata spreads out to the periplhery, covering
thie entire posterior surface of the cornea. In several instances wve
lhave seen cornea guttata occupying the central parts of thie cornea
and surrounded by a zone of almost normal endotlhelium wlhich,
out in the periphery, bordered on a zone of ratlher densely scattered
Henle's warts. It appears that this occurrence would constitute an-
other argument in favor of the fundamentally different clinical
significance of cornea guttata and Henle's wvarts. There are several
ways of differentiating defects in the endothelial pattern caused by
cornea guttata from the simple degeneration of the endothelial
cells without the formation of warts. In the first place, the presence
of endothelial cells on the fartlher side of the optically empty space
corresponding to the wvarts proves that the endotlheliutm has been
pushed backwards by the excrescences but still exists (Figure 18).
Furthermore, if a very narrow beam of the slit lamp is used, minute
glittering reflexes are seen inwvards of the posterior surface of the
cornea, giving proof of a protruding mass from whicl suclh reflexes
muist originate (Figuire 19).

FIGURE 19. SCHEMATIC DRAWING OF THE APPEARANCE OF

CORNEA GUTTATA AS SEEN WITH THE NARROW BEAM OF

THE BIOMICROSCOPE
The small white (lots indicate light reflexes originating from the

top of the excrescences on Descemnet's membrane.
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As to the origini and significance of the excrescences on Desce-
mlet's membrane, it appears that they are the product of the endo-
tlhelial cells uindergoing senile or presenile degeneration. Vlerhoeff
((quioted in (62) hlas miientioned that premature senility is often first
asso(iated wvith hyperplasia. He also points to the parallelism be-
twN'eeIn senile excrescences oIn Brtuclh's miiembrane produced by the
pigment epitlhelitumii and cornea gutttata. XVe followved this inter-
esting idea anid attempted to finid the degree of incidence of the
coexistenice of the two plhenomenia statistically. Table i stuims uip

TABLE I. COINCIDENCE OF CORNEA GUTTATA WITH DRUSEN ON
BRUCH S MEMBRANE

No. of Percentage
Cases of Incidence

With cornea guttata without drusen on
Bruch's membrane . . . . . . . .9.9

Wlith drusen on Bruch's membrane without
corinea guttata . . . . . . . . . . I I

With both cornea guttata and drusen on
Bruch's nmembrane . . . . . . . . . 4 I6.6

Total ..... . . . . . . . . 24

ouir findiinos. It wvouild appear that there is no striking coincidence
of cor-niea outttata and drtusen on Bruch's membrane. Because botl
are of senile natuire, a certain coincidence is unavoidable, but eachi
seemiis to lollowv its owvn law of occurrence. Cornea guttata, being
the first stage ol Fuclhs's dystroplhy, is muclh more frequently ob-
served than the later stage wlhicih includes edema of the stroma
and of the epitlhelium. Goar (47), in examining 8oo eyes, found it
to be present to some degree in 6 percent of all patients over thirty
years of age.
The first histologic report of cornea guttata was made by Vogt

(iog), followed by Verlhoeff (105), Goar (47), Calhoun (12), and
otlhers. WVe lhave reported on the cornea of a case that had already
developed into the full Fuchs's dystrophy and was successfully
grafted (ioo). Figure 20 represents the endothelial and epitlhelial
part of the cornea of this case. It miay be noted that Descemnet's
meimbrane, in contrast to the normal situation, is considerably

7o6i



The Endothelium of the Cornea

FIGURE 20. CROSS SECTIONS THROUGH THE ANTERIOR AND POSTERIOR PARTS

OF THE CORNEA IN A CASE OF CORNEA GUTTATA AND FUCHS S DYSTROPHY
The epithelium (A) is irregular, the individual cells partly edematous. Descemet's

membrane (B) is thickened and studded with excrescences.

thicker than Bowman's membrane. This could be the result of
increased secretion in general by the endothelial cells, or it could
be caused by swelling following absorption of fluid. Since we did
not find this thickening of Descemet's membrane in another case
of cornea guttata which had not yet developed edema of the
cornea, we are inclined to attribute it to swelling. If this is the
case, it would then be a characteristic of Fuchs's dystrophy. The
inner surface of Descemet's membrane is densely studded with
warts. The endothelial cells seem to be stretched over the top of
these warts, with the cell nuclei pushed to the sides of the ex-
crescences. In places the cells seem to be reduced to a thin mem-
brane, or to be completely absent.
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Whereas some idea of the histology of cornea guttata can be

gained by cross section, it appeared that a much better correlation
with the slit-lamp findings would be obtained by flat preparation.
We were able to put our new technique to good use in a case (Case
34) that had been found to have cornea guttata in vivo, and in
which the eye was enucleated because of a melanoma of the
choroid. Immediately after enucleation, the cornea was excised and
part of it placed in io percent formalin. The other part was freshly
stained with i percent alizarin red in normal saline, and imme-
diately examined under the microscope. The intercellular cement
lines were beautifully stained. In places, a regular pattern of the
endothelium, as shown in Figure io, could be observed. In other
places, the individual cells were several times the size of the nor-
mal cells. Unfortunately the stain did not withstand fixation, and
so no photograph of it is available. We did, however, succeed in

FIGURE 2 1. FLAT PREPARATION -OF CORNEAL ENDOTHELIUM IN A CASE OF

CLINICALLY OBSERVED CORNEA GUTTATA
The small cells with dark, round nuclei represent the normal endothelia. The large
cells with round or sickle-shaped nuclei are the degenerated endothelial cells which
probably produced the excrescences on Descemet's membrane. The light area in the
upper right corner probably represents a wart without endothelial covering. (x236.)
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staining a flat preparation from the fixed cornea wvith hematoxylin.
The astounding picture which resulted is reproduced in Figure 2 1.
Although the intercellular cement is not stained, the outlines of
the cells can be recognized fairly well. The small cells with dark,
round nuclei represent the normal endothelial cells. Between them
there are numerous cells about five to eight times the normal size.
They lhave much larger nuclei whiich stain faintly. These nuclei
are eitlher rouind, oval, or sickle shaped. It seems that these are
probably the cells that secreted the wvarts and thus spread them-
selves out; this seems especially likely of the ones whose nuclei
are sickle shaped, evidently from being pushed to the side of the
wart. Some of these cells may have enlarged in order to cover the
area of some completely degenerated endothelia. Such a sequence
lhas been suggested by us from clinical observation. (Case 39,
p. 774). There are also roundish areas, as in the upper right corner
of Figure 2 1, in which no cellular cover seems to be present at all.
These areas most probably represent large wvarts over which the
endothelia have completely atrophied. They might well indicate
the weak spots from which the infiltration of the stroma would
begin.

(b) Ercdothelial degeneration zvithouit the formation of ex-
crescences on Descemet's membrane. Contrary to common belief,
we were able to demonstrate that endothelial and epitlhelial dys-
tropy is not always preceded by cornea guttata. In some instances
the endothelial cells seem to degenerate without first going through
the stage of secreting excrescences on Descemet's membrane. The
clinical picture, as seen wvitlh the slit lamp, is then that of dark
areas within the pattern of the endotlhelium. Unlike the appear-
ance in cornea guttata, those dark areas never showr cells again

FIGURE 22. SCHEMATIC DRAWING OF

DEGENERATION OF THE CORNEAL EN-

DOTHELIUM WITHOUT THE OCCUR-

RENCE OF WARTS ON DESCEMET'S
MEMBRANE, AS SEEN WITH THE BIO- (

MICROSCOPE1 _

A. In the specular light holes appear in
the endothelial pattern. B. In the narrow
heam no reflexes that would originate
from warts are seen (see Figure 19). A B
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when the microscope is focused farther back. Also, examination
with the narrow beam shows that the glittering reflections on the
inside of Descemet's membrane, which originate from the warts,
are not present (Figure 22). Pre-stages to this condition seem to
exist. In certain cases some of the endothelial cells are consider-
ably larger than normal, with the intercellular cement lines more
pronounced. From this condition an increased permeability might

FIGURE 23. SCHEMATIC DRAWING DEM-

ONSTRATING THE ENLARGEMENT OF

THE ENDOTHELIAL CELLS AND THE IN-

TERCELLULAR SPACES IN EARLY STAGES

OF CORNEAL ENDOTHELIAL DYSTROPHY
A. Pattern in early stages. B. Normal

A B pattern.

well originate (Figure 23). In other cases the endothelial cells show
large grayish areas much exceeding the size of what we consider to
be the nuclei. This most probably is vacuolization, a sign of de-
generation, which we shall discuss in more detail in the section
on keratoplasty (Figure 24).

FIGURE 24. SCHEMATIC DRAWING

SHOWING VACUOLIZATION OF ENDO- 4\

THELIAL CELLS IN EARLY STAGES OF

CORNEAL ENDOTHELIAL DYSTROPHY
A. Early stages. B. Normal endothelia.

A B

It can be demonstrated histologically as well that cornea guttata
is not a prerequisite to endothelial and epithelial dystrophy. Figure
25 represents a section of the internal surface of the cornea from
a case of severe Fuchs's dystrophy (Case I). It can be seen that
there are no warts at all on Descemet's membrane in this section
comprising the central part of the cornea. The endothelial cells
are, however, absent over wide areas. In their place there is a
fine membrane covering the posterior surface of Descemet's mem-
brane. This could be a thin layer of secondary secretion on top
of the original membrane, but it does not stain the same way, is
clearer, and seems to be continuous with the remaining endo-
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thelial cells. WNe are, therefore, more inclined to consider this
membrane as the residue of the atrophied endothelial cells them-
selves. Farther toward the periphery there were a moderate num-
ber of Henle's warts, such as might be seen in any normal eye of a
certain age. Here again we seem to have proof of our contention
that Henle's varts in the periphery and the progressive condition
of cornea guttata in the center of the cornea are two separate
clinical entities.

In most instances of both types of endothelial degeneration just
described, the subjective symptoms experienced by the patient
are absent or very slight. Usually vision is unimpaired. Some-
times it is described as slightly blurred. Colored halos around
lights may also be reported, as already mentioned by Staehli (98).
These, no douibt, are produced by the droplet-like wvarts on Desce-
met's meimbrane. If they are very nuimerous, they may produce a
vistual effect simnilar to that of the edematous corneal epithelium
in glaucoma. Only in quite advanced cases is the visual acuity
found to be redtuced to 20/25 or 20/30. The corneal sensitivity
is uisually normal. WVe have fouind it to be reduced in only one
instance that had not yet reached the stage of corneal edema
(Case 9).

2. Edenma of corneal stroma and epithelium, bullae forma-
tion.-XVe vere able to observe six cases (Cases 7, 13, 14, 20, 22,
and 23) in whlich there was originally present a simple degenera-
tion of the corneal endothelium, wvith or without cornea guttata,
and which gradually developed edema of the stroma and epi-
thelium, finally leading to the full pictture of Fuchs's dystrophy.
As the first sign of fluid infiltration, a grayish zone appears in front
of Descemet's membrane. Sometimes, in very early stages, it can
be observed that suchi tturbidity is confined to areas where the
endotheliutm is found to be particularly deficient (Case 24). The
next step is the appearance in the stroma of dark lines, usually
called fluid clefts. These seem to represent the channels through
which the fluid exchange passes normally and which now have
become enlarged. These also are seen first in the posterior part of
the stroma. At this stage a slight thickening of the cornea may
already be observed. At the same time, Descemet's membrane
becomes wvavy. Cogan (25) gave a plausible explanation for the
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FIGURE 25. CROSS SECTION OF THE POSTERIOR PART OF THE CORNEA FROM A

LATE STAGE OF ENDOTHELIAL AND EPITHELIAL DYSTROPHY
In contrast to Figure 20, there are no warts on Descemet's membrane which, how-
ever, is covered by a thin layer possibly representing the residue of the atrophied

endothelia. To the right is a flattened and stretched endothelial cell. (x657.)

wrinkling of Descemet's membrane. Inasmuch as the convex sur-
face of the cornea, Bowman's membrane and anterior layers of
corneal lamellae are more rigid than the posterior layers and the
concave posterior surface, the increase in volume caused by the
intake of fluid is bound to push back Descemet's membrane. Since
the lateral borders of the cornea are fixed, the distance between
them to be spanned by Descemet's membrane becomies shorter and
the membrane undergoes buckling (Figure 26). Later, whlile the
middle stroma still remains fairly clear, a grayish layer appears
beneatlh Bowman's membrane. This layer may appear as a diffuse,
continuous opacity or may show numerous whitislh dots. Figure
27, from Berliner (6), may serve as an approximate illustration
for this description. Next the edema begins to involve the epi-
thelial layer. With low-power magnification there is observed a
cloudiness of the central part of the cornea, combined vith a
stippled appearance of the surface. Figure 28 shows the photograph
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FIGURE 26. DIAGRAM REPRESENTING FOLDING
OF THE POSTERIOR CORNEAL SURFACE SEC-
ONDARY TO SWELLING OF THE STROMA

The line C-D is actually of the same length as
A-B, but with the displacement of the posterior
surface backward there is a consequent buckling
or "striate keratopathy," for the arc C-D is neces-
sarily less than A-B. From Cogan, "Applied Anat-
omy and Physiology of the Cornea," from "Sym-
posium on Corneal Diseases," Tr. Am. Acad.

Ophth., 1951.

FIGURE 27. ARTIST'S DRAWINGS SHOWING EARLY ENDOTHELIAL AND EPI-
THELIAL CHANGES IN CORNEAL ENDOTHELIAL AND EPITHELIAL DYSTROPHY

From Berliner, Biomicroscopy of the Eye.
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FIGURE 28. TYPICAL CLINICAL APPEARANCE OF A WELL-DEVELOPED CASE OF

ENDOTHELIAL AND EPITHELIAI, CORNEAL I)YSTROPHY (FUCHS'S)
The corniea is cloudy, especially in the central parts. The light reflex on the cornea

is indistinct and shows bubbles, indicating edlema of the epithelium.

of a typical case in this stage. In the specular light, the character-
istic picture of epithelial edema is present, giving the effect of
"goose pimples." Finally, the epithelium becomes separated from
Bowman's membrane in places, forming blisters or bullae. Figure
29, from Berliner (6), excellently illustrates this stage. It is of
greatest importance to note that the changes just described are
almost invariably confined to the central parts of the cornea for
quite some time, and only gradually do they spread out towards
the periphery and finally involve the entire cornea. For the prac-
tical application of the fact, the reader is referred to the section
on keratoplasty.
The histologic substratum for the aforementioned clinical find-

ings is illustrated in Figure 20. The corneal lamellae are loosened
up into fine fuzzy fibrillae by the infiltration with fluid. The
corneal epithelium is irregular, both as to the number of layers
of epithelial cells and as to the shape and appearance of the indi-
vidual cells. Some cells are vacuolized and enlarged, and in the
superficial layer somne are in a stage of complete disintegration. In
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FIGUIRE 29. IARKFID El'I'lHHELIAL EDEtMA ANI) FORMAT1ION OF EPITIlHELIAL
BUILLAl IN ENDOTHEILIAL AiND LITIHEI tALt D'S'YROt"Hl' AS SFEIFN WITH THE

BIOMI(CROSC(01F.
\, In the regredlient; B, in the direct focal; C, in the light of thle narrow heam.

Firomi BeiJ-liner, Biomicroscolov of tlie ELe.

places, the basal layer is separated fromii Bowmi-an's membrane,
wvitlh the interval partly occupied by pink stainitng fltlid and
cellular detrittus. Bowman's membrane at this stage seemus to be
fairly wvell preserved.
As to the subjective symptoms, they natuLrally increase in num-

ber and severity as the process progresses from the back to thie
front of tile cornea. In the beginning, the visual disturbance is
sligllt. As pointed out by Cogan (25), the wvrinkling of Descemet's
membrane does not affect tile vision mltchi, because of the little
differences in the refractive indices of cornea and aqtueous. Ir-
regularities oni the anterior sturface of tile cornea necessarily entail
considerably miore mlarked visuial distUrbance, since the refractive
index of air is qjuite different fromii that of the corniea. WVhlen tile
edemiia reaclies tile epitlieliulmn, tile visual acuiity is uistually reduiced
to 20/200 or less, altlhougll tile clouidiness of the corinea, wkTllen ex-
aminied wvitli tile naked eye or low macgnificatiotn, does not appear
very intense. Tile patient's observation that tile vision is Iitnuchi
wvorse in tile morning than in tile afternoon is a frequenit but by no
means constant symuptoill. It is probably duie to tIle acctLMulation
of fluid in the cornea whlien the evaporation tlhrotughl the epitlhelium
is renidered imupossible duLring tile closure of the eyes at nighlt.
Tllis explanation is suibstantiated by the experimenital facts pre-
viously mentionied as wvell as by some tlherapeultic experiences to
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be discussed later. The corneal sensitivity is markedly reduced in
most instances. It wvas found to be reduced in ninie and normual
in two of our eleven cases in whlichi reports on tile senisitivity wvere
available. Fuclhs (42,43) thinks that the reduced sensitivity is dule
to the pressure of edema on the fine branches of the corneal nerves
as they pass through Bowman's membrane. Indeed, in the two
cases with normal sensitivity, the edema hiad not reached the
anterior segment of the cornea. Somne patients report the observa-
tion of colored halos around liglhts at niglht. As in congestive glau-
coma, this is doubtlessly due to the edema of the epitlheliuim. As
far as pain is concerned, the symptoms arise as soon as the epi-
thelium becomes edematous and especially whlien bullae begin to
develop. As long as the latter remain intact there is only slight
irritation and foreign-body sensation. XVIhen the bullae burst,
attacks of severe pain may occur.

3. Late stages with sutbepithelial connective tissume formation
and vascularization, le ucoma.-If no actute complications, suchi
as infection or glaucoma, interfere wvitlh the course of the disease, a
sclerosing process gradually sets in. The corneal stroma becomes
more and more densely opaque. Epitlhelial bullae are replaced
by scar tissue, whichi develops betwveen the epithelium and Bowv-
man's membrane. There remains an irregularity in the epitlheliutm.
However, examination by the specular light slhowvs that the "goose-
pimple" appearance whliclh is characteristic of epitlhelial edema
has disappeared. Blood vessels begin to invade the cornea from
the limbus, mostly in the superficial and medial tlhird of the stroma.
Finally, a vascularized leucoma restults. This represents a quiescent
stage wvith little discomnfort but wvitlh greatly reduced vision. Cases
1 and 23 are representative of this late stage. Pectuliarly, as in Case
1, the corneal sensitivity may be only sliglhtly reduced. This wvould
fall in with Fuchs's tlheory (42,43) that the reduced corneal sensi-
tivity is due to an injurious effect of the edema on the corneal
nerves. Should the edema disappear, the sensitivity might return.
Figure 30 shows a plhotograph of Case i presenting this stage.
Microscopically it can be seen that the epitheliuml is very irregular.
In places its thickness is ten or more cells; in others it is reduced to
twvo or three cells. The cells vary greatly in size and slhape. Some
of them showv a very light protoplasma or vacuoles. The nuclei are
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FIGIJRE 3. LATE, STAGE

OF EINDOTHELIAL AND EPI-

THELIAL (C)RNEAL DYS-

TROI"HY
A scIer-osed1 scar has (ledel-
oped(. Tlhere is nio markedi epi-
thelial edlem-a, ani(l therefore
the lighlt reflex oni the corniea
is less fnizzy thani in Figure- 28.

rouniid, oval, or elongoated. The strfa(ce of the epitlhelitumii is partly
covered by a tlhin amorplhouis layer, possibly resulting from cellular
detrittus. The basal cell layer is very irregular. In most places it is
not in contact wvitlh BoIwviman's membrane. The space betwveen the
twvo is filled mostly by a coagutlated or fibrillar mass, evidently
containing multlcIh fltuid atnd a variable ntumber of cells, some of
wvlhclih have the appearance of fibroblasts. Near the periplhery
there is vascularization in the space between epitlhelium and Bowv-

FIGURE 31. CROSS SECTION THROUGH THE ANTERIOR PART OF THE CORNEA IN

LATE STAGE OF ENDOTHELIAL AND EPITHELIAL DYSTROPHY

A connective tissue laver has developed between epithelitim and Bowman's mem-
brane.
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iman's miemibrane, forming, togethler wvith connective tissue, a de-
generative pannus. Bowvman's membrane is present over imost of
the area; in places it may be absent. The stroma does not showv
as mulchi edema as in the previous stage, but many cellular ele-
ments, varying fromn degenerated corneal corptuscles to fibroblasts,
and rotund cells are present. The mniddle portion of the stroma
is vascularized. The posterior part, containing Descemet's mem-
brane and the endotlhelial layer, are as described in the previouis
stage. Figutre .31 illutstrates some of these features.

j. Coniplications: secon d(iay glauicomna anid infectiotn. The twvo
mnain complications wIhich muay prevent the development of a
quiescent stage, as jtust described, are: (a) glauconma; (b) infection
ivhlicli tultimately may lead to the loss of the eye.

(a) Glaucomta: Since the clinical appearance of thie epithielial
edema of the cornea is very similar in both endotlhelial dystroplhy
and congestive glatucomna, the intraocular pressture in the dys-
troplhies lhas alwvays been wvatclhed wvitlh great interest. XVIhile in
most cases the intraoctular pressture wvas found to be wvitlhin normal
limits, in some cases it wvas elevated. From otur sttudy of 25 cases
it became evident that very probably the glaucoma fouind in endo-
thelial dystroplhies is secondary and has nothing to do wvith the
cause of the condition. In no case wvas the pressture found ab-
normally highl in the beginning of the disease. On the otlier hiand,
the development of glaucoma in the course of the disease couild
be observed in twvo cases. In Case to, in the beginning botlh eyes
were found to have cornea guttata, the riglht eye the beginning
of corneal edema. One year later, as more edema with thickening
of the stroma had formed, the angle of the anterior clhamber of the
right eye wvas found to be very slhallowv. The anterior clhamber of
the left eye wvas also slhallowv, btit to a lesser degree. The intra-
ocular pressure wvas normal at that time. A year later the patient
returned wvith an acute attack of glaucoma in the right eye, and
intraocular pressure of 76 mm. Hg (Schi6tz). The intraocular
pressure of the left eye wvas i i mm. Hg. After anotlher year and four
montlhs, in spite of the uise of pilocarpine as a precautionary
measure, the left eye developed an acute attack of glaucoima,
wvitlh intraoctilar pressture of 65 mlm. Hg. It wvas qtite evident that
in thiis case the chanmber angle becamne more and more obstrtucted
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as the cornlea becamie tlicker ancd tlhicker fromii increasing edeimia.
In Case i 3 the aniterior clhamlber was foun(ld to b)e miioderately slhal-
low in tlhe righlt eye, which lhad corniea outtata wvitlhouit edemua,
but mutclh slhallowver in the left eye, in whicli the cornea wkras per-
imeated wvitlh fluid and considerably tlhickened. In spite of the
slhallowness of the anterior clhamber the intraoctular pressture was
still i6 mm. Hg in eaclh eye. This case also siuggests that the
chamber angle becomles obstructed by the swvelling of the cornea.
Anotlier occurrence of acute glaucoma in both eyes sinmultaneously
is documented by Case 20. Here cornea guttata in both eyes and
beginning corneal edema in the left eye were noted at one time,
wvitlh an intraocular pressure of 23 mmn. Hg in botlh eyes. As a
precautionary measuire, i percent pilocarpine wvas prescribed for
botlh eyes. Nevertheless, four months later the patient returned
wvitlh a bilateral acute attack of glaucoma and moderate but definite
increase of pressture in botlh eyes. These observations not only
demnonistrate the secondary clharacter of the glaucoma in endo-
thelial dystrophy, btut also suggest a plauisible explanation of tlle
mechanisnm involved. It is possible that the pre-existence of a
relatively slhallowv chamber angle facilitates the obstrtuction by the
swvollen cornea, whiclh wkTould accouint for the fact that glaucoma
develops in some cases and not in others. As to the treatment
of the secondary glaucoma in these cases, it appears that iriden-
cleisis comnbined wvitlh Lagrange sclerectomny is the procedure of
choice. It is of particuar interest that prophylactic treatment wvithl
miotics does not seem to prevent an acuLte attack of glauicoma in
these conditions.

(b) Infection: It is quite understandable that in cases of epi-
thelial bullae, tulceration and secondary infection may occtur. Cases
i and io represent this featture. Prior to the muodern era of anti-
biotics this comnplication often led to the loss of the eye, as in
Case i. Nowvadays the clhances of saving suclh an eye are better,
as in Case io. In this instance it appeared that intensive scar forma-
tion followving the ulceration consolidated the corneal process to
some extent. As a restult the epithielial edenia wvas less mnarked
than in the preceding stage. Nevertlheless, secondary glauicoma de-
veloped later. In-one case, belonging to the grotup of secondary
dystropliies to be discussed, cortisone wvas tused dturing thie stage
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of ulceration. This miiedication seemed to have lhad an adverse
effect, since the ulcer perforated rapidly (Case 37).

SECONDARY ENDOTH ELIAL DY-STROPHIES

In Appendix A we report tventy abridged case lhistories fallinog
wvitlhin this group. Altlhouglh wve made many more observations, ve
chose to select only a fewv examples illustrating the various aspects
of this complication. Fuchls, in lhis original paper "Dystropllia
epithielialis corneae" (42), mentioned the fact that somnetimes, after
cataract extraction and other intraocular operations, a condition
develops that closely simulates the picture of hiis observations
witlh spontaneously developing dystroplies. He also advanced thle
thieory that damage to thie endotlhelium during the operative
manipulations was the cause of the disturbance. Since then most
authors reporting corneal endothelial dystroplhy hiave mentioned
this fact. It has become such an everyday experience that it seemus
hardly necessary to quote these many comments. In view of the
considerable practical importance of this complication, hovever,
it may be wortlh-whlile to discuss in detail the circuimstances in
which it occurs.
The most important single cause of secondary endothelial and

epithelial dystroplhy is cataract extraction. Since it is agreed that
probably damage to the endothelium during or after the operation
is the most important factor in producing the condition, the pre-
existence of an abnormal endothelium is regarded as a higlhly
disposing factor. Conseqtuently, the presence of cornea guttata in
an eye to be subjected to a cataract extraction is a bad omen. Cases
26 and 27 bear supporting testimony to this stateinent. The first
case also demonstrates thiat the condition does not necessarily
occur immediately after the operation. In this case, everytlhing
went well for three montlhs, with vision recorded as 20/40; it wvas
only in the fifth montlh that corneal edema developed. The second
case shows that the edema might be only transitory. Corneal edema
developed about three weeks after operation, and lhad completely
subsided one month after its appearance. Whereas the chances of
postoperative corneal dystrophy increase if considerable manipu-
lation has occurred, suclh as repeated discission, the two cases
demonstrate that it may develop even after qtuite uneventful
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intracapsular extractions, one done with a forceps, and the other
wvith an erysiplhake. On the other hand, we have done many cataract
extractions on eyes with cornea guttata with good results. Several
precautionary suggestions lhave been made for suchi cases. Cer-
tainly the least possible handling of the corneal flaps is highly
desirable. Recently we seem to have lhad good results by using
the Kirby method and sliding the lens out instead of tumbling and
expressing it. XVe are unable to decide whliethier it is advantageous
to make the section in the scleral part of the cornea, as has been
suiggested. Granting that the presence of cornea guttata is a dis-
posing factor for postoperative dystroplhy, its presence is by no
mneans indispensable for the development of this complication.
Cases 28, 29 and 30 wvere free of cornea guttata in both eyes, and
nevertheless acquired the disease. The first case wvas an unevent-
ful intracapsular extraction, but was followed by a severe anterior
clhamber hemorrhiage. The second case vas an extracapsular ex-
traction, followed by striate keratitis of long duration, and the
third one was a coiibined extracapsular extraction withi loss of
vitreous and recturrent anterior chamber hemorrhage. In none
of these cases hlad there been more than one operative procedure.
The presence of unduly marked striate keratitis, a considerable
amount of cortical material, severe anterior chamber hemorrhage,
or thie persistent contact of a vitreous hernia with the posterior
surface of the cornea may be regarded as unfavorable factors. This
is illustrated by Case 31, in wvlhiclh a vitreous hernia vas in con-
tact witlh the cornea for mnore than two montlhs. An air injection
into the anterior chamber was followed by the complete disappear-
ance of the corneal edema. On the other hand, as slhown by Case
32, thie endothelium sometimes withstands the contact witlh the
lherniated vitreous for a remarkably long time. Here a vitreous
lhernia lhad been in apposition with thie cornea for one month.
After six weeks, the hernia retracted spontaneously and the endo-
theliumn was found to be perfectly normal. In Case 33, a vitreous
hernia whliclh touclhed the posterior surface of the cornea hiad
formed only six weeks after an uneventful intracapsular cataract
extraction. One montlh later the vitreous was still in contact with
the cornea, but the normal endothelial pattern was still visible
and no corneal edema lhad developed.
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In Case 36 the endothelial and epithelial dystroplhy becaime

manifest followNing a severe attack of malaria. This eye had been
wvell for six months followving an uneventful extracapstular cataract
extraction. The relationship of the twvo events might be coin-
cidence, btut it seems wvell to consider the possibility that the
process wvas totuclhed off by an intercurrent illness.

Althotughl the prognosis of endotlhelial and epitlhelial corneal
dystrophy followving cataract extraction is, in general, grave, a
perfect recovery is possible. In Case 27, -ith moderate guttata,
after an initracapsular extraction wvitlh the erysiplhake a marked
striate keratitis wvas first noted. Corneal edema then developed.
On the i 8th postoperative day, bullous keratitis wvas present. The
patient wvas treated wvitlh atropine and wvarm comnpresses locally
and sodium salicylate internally. Nine days later the epithelial
btullae had disappeared. More than a year later the cornea wNas
found to be clear. The cornea guttata wvas about as before the
operation, and vision wvas 20/30 lvith correction. Suichi fortunate
experiences are exceptional.
From Case 44 it wvould appear that the endothelial degeneration

in the form of cornea gutttata mihlit becoine aggravated by an
intercurrent inflamm-iatory process of the eye, thuts leading to
secondary edemia of stroma and epithelium. Tlis patient hlad
lhad several attacks of iritis in the riglht eye during a period of
eleven years. In the temporal part of the cornea of this eye, epi-
thelial edema and haziness of the stromia developed, corresponding
to an area in wvlhiclh the endothieliumini was fouind to be deficient.
Cornea gutttata zNvas present tlhrouglhotut the cornea. The left eye
also showNed cornea guttata, btut to a lesser degree. In the area in-
volved, there wvere no signs of keratitic precipitates, nor did the
edeIma occupy the lowver part of the cornea, wlhiclh usuially is
most lheavily covered with precipitates in iridocyclitis. Therefore,
it seems reasonable to assume that the inflammatory process as
suclh hiad a deleterious effect on the already degenerated endo-
thelitini, ratlher thian that long-standing keratitic precipitates wvere
the catuse of this complication .

In the section on the general patlhology of the cornieal endo-
thelitim it has already been mentioned that the endotlhelitum wvas
fouind to be damaged in soiime cases of lono-standing keratitic pre-
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cipitates, and that localized corneal edemia and bullous kera-
titis followved. Case 40, wvitlh Boeck's sarcoid, wvas mentioned as an
exailmple. Case 4 1, suffering froiu symipatlhetic ophtlhalmiiia, also
clearly indicates that corneal edema and epithelial bullae may
develop in the area where the endothelial pattern had become un-
recognizable followving long-standing keratitic precipitates. In the
uipper part of the cornea, wvrhere the endotheliuim could be seen
distinctly, the cornea was clear and the epitlielium norimal. It can
be observed, howvever, that somnetimes the endothelium appears
to be comipletely degenerated over the site of long-standing pre-
cipitates, and yet no corneal edema develops. Case 42 may serve
as an examuple of this occurrence. Here, large areas in wvlhichi the
endotlhelial pattern wvas coimpletely destroyed wvere present and
corresponded to the site of long-standing precipitates, btut during
six years of observation no corneal edema developed. In order
to explain the different belhavior under apparently similar cir-
ctumiistances, one Imight tlink of thie formation of some sort of
amorphous meImbrane on the surface of Descemet's membrane that
wvould render the latter impermeable to aqueous in some cases.
BIut wve still do not knowv why one course develops in one case and
the other in another case.

In Cases 39 and 43 we cotuld observe that corneas presenting the
typical picture of healed interstitial keratitis may remain quiiescent
for many years before developing secondary endothelial and epi-
thielial dystrophy. One patient wvas sixty and the other forty-eight
years old whlien the conditioni wvas first observed. As previously
mnenitioned (p. 709) it was found in one case that some of the
endotlhelial cells wvere several times the size of the neighlboring
normial cells. The intercellular spaces vere also much enlarged.
It appears reasonable to assume that during the active process of
interstitial keratitis some of the endothelial cells became degener-
ated. Since the disease usually develops at an age wvhen endothelial
cells still have the tendency to enlarge in order to cover the in-
creased area of the posterior surface of the growving cornea, the
remaining cells might have expanded to cover the places left by
the destroyed cells. As the patient growvs older, the aging process
of the expanded endothelial cells might precociously increase the
permeability of the endothelial layer.
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MISCELLANEOUS AND ATYPICAL LESIONS OF 'jIlE
CORNEAL END)OTIIELIUIM

NVitlin this category fall those cases of suLdden anid transitory
corneal edema wvlhichi presumiiably are associated wvitlh endotlhelial
disturbance. Case 9 illustrates this grouip. In 1946 tlis sixty-nine-
year-old wvoman was fotund to have imiactila degeneratioin in the left
eye. Botli corneas wvere clear at thiat timne. In 1 951 the patient
reported recent pain and failure of vision in thie riglht eye. Slhe
showved marked edenma of epitheliuml and stromia, cornea gtuttata,
and central degeneration of the endotlheliumn. Vlision was redulced
to 20/80. After topical application- of cortisone the condition
cleared rapidly. Almost one year later there wvas no edemiia and
vision wvas 20/30. WVeekers and Barac (1 16) reported actute corneal
edema wlhiclh they considered part of the syndrome of Quincke.
It seems possible that in Case 9 somiie clhanges in the permeability
of the endothelium miay hiave been brouglht abotut by similar
allergic factors. D'Erimo (33) observed repeated attacks of uni-
lateral corneal edema in a forty-eigllt-year-old wvoman. These
attacks coincided wvitlh increased amounts of histamine in the
blood. The adm-inistration of antihlistaminic drugs redtuced the
frequency, severity, and duration of the attacks. Althougih the
ineclhanism involved in these observations cotuld not be demon-
strated, the possibility of an increased permeability of the corneal
endotlhelium- shouild be kept in mind.
Under the naime of "lherpes corneae posterior," Sclhnyder (o0)

reported the appearance of vesicles in the corneal endothieliulm
in a patient stiffering from repeated lherpetic eruiptions around the
mottlt and nose, accoimpaniied by general m-ialaise. Tlle eruptions
on the cornea wvere tusually preceded by a stinging pain- in the eye
and forelhead. The blisters wvere sturrounded ly a grayislh lhalo,
and somietimes the endotlhelial pattern could be followved along
their posterior concavity (Figure 32). Since the appearance of the
corneal clhanges coincided wvitlh lherpetic outbreaks of the skin,
Schnyder concluded that they wvere actually herpetic lesions. Later,
after he lhad observed somewhliat similar endotlielial vesicles in
patients wvithout herpes, he began to doubt the lherpetic natuire
of these clinical manifestations (91). Vogt (i io), wihlo later reported
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FIGURE 32. HERPES CORNEAE POSTERIOR AS SEEN WITH THE BIOMICROSCOPE
A, with direct focal illumination; B, in the specular light. From Schnyder, "Herpeti-
forme Erkrankung der Hornhaut Riickflhche (Herpes corneae posterior)," Klin.

Monatsbl. Augenh., `73: 1924.

similar observations, did not consider these vesicles as of herpetic
origin. We had under observation a patient with endothelial
vesiculosis which apparently had no connection with herpes (Case
38). Figures 33 and 34 illustrate schematically the arrangement of
the vesicles found on the posterior surface of the cornea. Two
different lesions seem to be involved. Schnyder's later cases and
Vogt's cases are in line with our own observations. At present the

FIGURE 33. TWO STAGES IN

THE DEVELOPMENT OF

ENDOTHELIAL BULL,AE, AS

SEEN WITH DIRECT FOCAL

ILLUMINATION (SCHE-
MATIC)
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FIGURE 34. SCHEMATIC REP'RESENTATION OF ENDO-

- THELIAL BULLAE AS SEEN IN THE SPE(CULAR LIGHT OF

THE BIO(MlCROSCOPE

etiology of these vesicles is unknown. It still seems possible that
Schnyder's first report was actually concerned witlh trtie herpetic
lesions. An observation mnade by Freuidenthal (37) slhotuld be men-
tioned in this connection. This authlor found the following con-
dition in a father, forty-two years old, and a son, fourteen years
old. There was no epithielial edema of the cornea, but there wvas
a slight flecky cloudiness partly arranged in stripes in the deeper
layers of the stroma. The endothelial cells were edematous and
partly vacuolized. The condition was evenly distribtuted over thle
entire cornea and not particularly concentrated in the center.
Corneal sensitivity was not reduced. Several members of this
family showed signs of dysfunction of the thlyroid and pituitary
glands and congenital lues. The actual cause of the condition cotuld
not, however, be definitely determined.

FIGURE 35. SCHEMATIC I)RAWING

SHOWVING THE APPEARANCE OF A

LARGE SOLITARY WART ON DESCE-

MET'S MEMBRANE
Left, in the specular light. Right, in
the narrow beam of the biomicroscope.

Figures 35 and .36 illtlstrate tinusually large isolated excrescences,
covered by endothelitunm, on Descemet's membrane. NVe have
found them clinically in a patient whlo presented peculiar glittery
deposits of unknown origin in the conjunctiva and cornea. Blood
chemistry was normal except for an unexplained reversed albumin-
globulin ratio. No signs of sarcoidosis vere present. The histo-
logic pictture of Figutre .36 is taken fromi a specimen wvitlh an old
retinal detachment in wvhich this huge solitary excrescence on
Descemet's membrane, covered by endotlhelial cells:, vas fouind
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FIGURE 36. CROSS SECTION THROUGH AN UNUSUALLY LARGE SOLITARY WART

ON DESCEMIET S TME-MBRANE
The small dark dots to the right represenit niuclei of individlual en(lothelial cells.

accidentally. \NVe are not able to give a plausible explanation for
either case. Figure 36 resembles an illustration by Cogan (25) in
whiclh lhe demonstrates the tendency of the corneal endothelium
to surround and cover foreign matter. Although in our cases no
actual foreign bodies wvere demonstrated, it is possible that deposits
of some undetermined matter, such as calcium or hyalin, might
hiave provoked the proliferation. An observation, possibly belong-
ing to this category of lesion, wvas reported by Busacca (8). In a
case of band keratitis after iridocyclitis he saw with the slit lamp
wvlhitisli glittery granules on the posterior surface of the cornea.
In a flat preparation of Descemet's membrane and the endo-
thielium, these granules proved to be hyalin deposits. They wvere
surrounded by tvo kinds of cells; one kind had the appearance
of histiocytes, wvhile the others wvere lymphocytes.

MIANAGENMENT OF ENDOTHELIAL AND EPITHELIAL

CORNEAL DYSTROPHIES (FUCHS'S TYPE)

From wvhat has been said in the preceding sections, it is clear
that we consider primary endothelial dystrophies of Fuchs's type
to be of degenerative nature, developing on the basis of senility
and hieredity. If this is true, results of any medical treatment will
naturally be limited in scope. On the other hand, even hereditary
lesions may be initiated primarily by disturbances of the metabolic,
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endocrine, or nervous systems. These contributing factors might
possibly be influenced by therapeutic measures. Also, a sympto-
matic treatment might be possible on the basis of our knowledge
of the physiology of endothelia in general. Since in Fuchs's dys-
trophy we are confronted with increased permeability of the
corneal endothelium as the cause of corneal edema, efforts may
be directed towards reducing this permeability. An even more
strictly symptomatic approach would simply tend to reduce the
edema after it has already developed. Thus, a number of possi-
bilities present themselves for ventures in the field of therapy, both
by systemic and by local ways.

SYSTEMIC TREATMENT

Aubineau (3) reported increased blood cholesterol levels in
some of his cases and obtained three cures and one improvement
by a low-cholesterol diet. We examined blood cholesterol levels
in twenty of our cases, and found it to be elevated in four. Since
increased blood cholesterol levels are not infrequently found in
older people with atherosclerosis, we determined whether the four
cases were older than the others. This was not the case. On the
contrary, the average age of the cases vith normal blood cholesterol
levels was sixty years, as compared with fifty-one years for the
group with increased levels (Table 2). Thus, there seems to be
some indication that increased blood cholesterol might be rela-
tively more prevalent in people with endothelial dystrophy. Al-
though Paufique, et al. (77) could not confirm the beneficial effect
of a low-cholesterol diet, it might be well to consider this measure
in patients that present the symptom. It would appear to be indi-
cated anyway from a general medical standpoint. WVe have pre-
scribed a low-cholesterol and low-fat diet to the four patients that
showed increased cholesterol levels in the blood. No certain re-
sults have been observed so far, but our experience is not con-
clusive. We are not sure how strictly the diet was followed and
whether the time during which it was used was long enough to
produce results.

Francois, cited by Marx (67), advanced the theory that primary
or chronic edema of the cornea (the terms used by most French
authors for Fuchs's corneal dystrophy) might be caused by a neuro-
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TABLE 2. BLOOD CALCIUM AND CHOLESTEROL LEVELS IN CASES

OF ENDOTHELIAL AND EPITHELIAL DYSTROPHY

Total Cases
Percentage
Average Age

Age of
Patient

45
62
43
22

59
75
49
47
59
64
57
72
74
50
65
52
73
47
65
79
67

21

Calcium
(Normal
9-I2 mg.)

8.8
9 5

"I.9
'3.4
io. 6
10. 7
12.5
8.8
IO.4
12.5
9.2
9.7
9.9
II.5
IO. 0

II.2
I1.0
12.5

I9

Cholesterol
(Normal

150-250 mg.)

i8o

290
I66

276
233
i85
I52
222

252
229

242

200
266
222

235
'95

i6

60

Decreased
Calcium

I

I

2
IO.5

Increased
Cholesterol

I

I

I

I

4
20

5I

trophic disturbance of the cornea. Paufique, et al. (77) accept this
theory and describe cases in which the corneal nerves are often
found to be swollen. They also found general instability of the
autonomic nervous system in several of their patients. On the
other hand, in one case no result was obtained from irradiation
of the superior cervical sympathetic ganglion. Whereas we have
found the corneal nerves somewhat swollen in some cases, we are
more inclined to attribute this fact to the presence of fluid related
to the corneal edema rather than to a condition primary to the
disease. The statements concerning the disorders of the nervous
system are so vague that it seems impossible to take a definite stand



Frederick W. Stocker

in this matter. WhIlen indicated, wve have treated a ntumber of ouir
patients wvitlh sedatives. Blut wNTe have never observed any chanoe
in the condition of the cornea.
Marx (67) reported an excellent restult in a case of corneal edema

wvithout hypertension after systemic and local administration of
vitamin A. The rationale for this treatment evidently vas that
vitamin A lhas been fouind to have a beneficial effect on distturb-
ances of epithelia. Since in the condition under discussion thle
epitlheliumil of the cornea is only secondarily affected, it seems
doubtful whetlher the tlheory lholds in this case. WVe lhave used
vitamin A thierapy in three cases. In one, Case 2 1, wsvhiclh received
vitamin A systeinically and vitamin A and D ointment locally,
there seemed to be a slight temporary iinprovement. Case 37,
wvhiclh received only vitaimin A and D ointmnent locally, did not
shiowv any clhanges after the treatment lhad been used for six wveeks.
The third, Case 29, was treated wvith vitamin A and D ointment
locally and ioo mg. rutin tlhree times a day systemically. After six
wveeks of treatment the affected cornea wvas mtuclh clearer. Becauise
of the restults observed wvith rtutin in other cases, to be discuissed
later, wve are miore inclined to attribute the success to rutin rather
than to vitamin A.
Our own plan for general miedical treatIment of corneal endo-

thelial dystrophy is based on the fact that there is primarily an
increased permeability of the endothelial layer to the aqueous
humor; this causes corneal edema. The meclhanisim of cellular and
intercellular permeability lhas been discussed at some lenotli in the
section on the physiology of the corneal endothelium. As one of
the factors producing increased permeability, the lack of calcium
vas mentioned. WVe determined blood calcium levels in 19 of our
cases and found them to be wvithin normal limits except for twvo
cases in wvliiclh thie level wvas only slightly reduced (see Table 2).
In view of the negative result of tlis investigation wve abandonied
the idea of calcium therapy.
Another factor influencing permeability is ascorbic acid or

vitaimin C. It lhas been previously stated that vitamin C seems
to play an imnportant role in the prodtuction and regeneration of
intercellular cement. It lhas also been pointed out that there is
evidence that intercellular cohesion might become deficient in
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some cases of diseased corneal endotlheliutm. Consequently, ade-
quate supply of ascorbic acid might be desirable.

Considerable interest has been concentrated on the compounds
of the flavanol group since Szent-Gyorgyi and his co-Workers ex-
tracted from lemon a substance which they called citrin or vitamin
P. It wvas found that citrin, as wvell as related compounds like
rtutin and hesperidin, had a tightening effect on capillary walls
(Griffith, et al., 49). More recently Cella and MIeans (14), eimplha-
sizing the importance of the intercellular substance to the fragility
of the capillary wvalls, pointed ouit that ascorbic acid, citrin and
related substances suchi as rutin and hesperidin, and hyaluronic
acid and its specific enzyme hyaluronidase wvere the most impor-
tant substances affecting the capillary valls. They also explained
the vitamin P effect in the followving wvay: a deficiency in hya-
luronic acid or an excess of hyaluronidase accentuates capillary

TABLE 3. EFFECT OF TREATMENT WITH RUTIN AND ASCORBIC

ACID ON CORNEAL ENDOTHELIAL DYSTROPHY

Temt?porarily Improved
Improved for
(Number of .Mfore Thant

Case No. LUnimproved Months) One Year

26 - 6

45 I --
30 I

28 - 2

26 I
I8 I --

17 I

11 _ 8
10 I

8
7 5
6 7

3 2

21 4

T'otal Cases 14 3 9 2
Average Improvement

(Months) 4

i3l
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fragility; hyaluronidase, however, is inactivated by vitamin P,
hence it has a tightening influence on capillary wvalls.
We undertook to treat 14 cases of corneal endothielial dystrophy

by systemic administration of rutin alone or rutin in combination
with ascorbic acid (rutorbin). The results are summarized in Table
3. Details may be found in the individual case hiistories. Of the
14 cases, i i responded to the treatment. Temporary improvement,
for a period of from one to eiglht montlhs, wvas seen in nine cases.
Improvement for more than a year's duration resulted in twvo
cases. Considering the precarious armamnentariumn at our disposal
for the treatment of this disease, these results are quiite encourag-
ing. It may be said that in a number of cases the imnprovement
might have been even more pronounced if the treatment had not
been discontinued prematurely. Evidently it slhould be extended
over many months and repeated as soon as a recturrence appears.
WVe do not claim to produce a permanent cure wvitlh this treatment.
XVe do believe that for variable periods of time the course of the
disease may be favorably influenced. Its recommendation as a
routine measure tlherefore seems to be justified.

LOCAL TREATMIENT

Because of the resemblance of the epithelial edema in endo-
thelial dystrophies to the appearance of the cornea in congestive
glaucoma, interest hiad at first alwvays been directed to the possi-
bility of increased intraocular pressure. As previously noted, the
pressure is usually found to be normal, at least in the beginning
of the disease. Nevertheless, it was often assumed that there might
be a temporarily elevated pressure at times, or that the pressture,
although normal according to standards, might be too liglh for a
partictular eye. Therefore not only miotics but also filtering opera-
tions wvere advocated. Vogt (io8,iio) reported good restults over
a period of several years after the performance of Elliott trephine
operations in some cases. He contended that after creation of a
stubnormal intraoctular pressure there wvas less hydrostatic pres-
sure exerted on the damiaged endothelial layer by the aquieouis,
and therefore the cornea was less apt to becomie permneated. In one
case (No. 21) in wvhich we performed an Elliott treplhine on an
eye afflicted with primary endothelial and epithelial dystrophy
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wvitlh normal intraocular pressure, wve observed that the cornea
became temuporarily sonmewvliat clearer. The effect, however, wvas
of slhort dturation. On the tlhree eyes of otir series (Cases io and 20)
that lhad developed acute glatucoma, a combined iridencleisis-
Lagrange sclerectomny wvas performed in twvo eyes, posterior sclero-
tomny and cyclodiathermy punctures in one. Althouglh the glau-
coimia wvas controlled by these procedures, the course of the corneal
disease wvas uinaffected. In twvo cases wvitlh normal intraocular pres-
sture in wvhiich wve tused niotics (Cases 6, 23), the pressure remained
tunclhanged. The corneal lhaziness wvas temporarily improved in
one case, not imnproved in the otlher. Paufique, et al. (77) and
Marx (67) did not obtain any improveiments from miotics. It wvould
tlierefore appear that the results from conservative and surgical
measuires directed towvard redtucing thie normal intraocular pres-
sure are ratlher questionable, and are at mnost only of limited
value and duration. On the other hand, in any case in which in-
creased pressure might be suspected, a filtering operation is indi-
cated because lhypertension definitely seems to aggravate the con-
dition. At tlis point, a wvarning against frequent instrumental
tonometry issued by Doggart (29) should be whloleheartedly sup-
ported. The tonometer invariably produces smaller or larger in-
juries to the diseased epitlhelium; from these may result ulcers and
infections, wvith disastrous consequences. WVe usually measure the
pressure withl the tonometer only on first examination, unless a
later measurement is wvarranted by a strong suspicion of increased
pressure arising from digital examination. Another point brouight
up by Lloyd (64) deserves consideration in this connection. In the
presence of cornea guttata there is much danger of the develop-
ment of endothelial and epitlhelial dystroplhy after a cataract opera-
tion. If in suclh cases there is any evidence or suspicion of perma-
nent or temporary increase of the intraocular pressture, a pre-
liminary filtering operation is indicated.
The aim of local treatment, besides combatting increased intra-

ocular pressure, is obviously to reduce corneal edema. This may be
accomplished by purely plhysical means or by attempting to alter
l)iologically the condition of the tissues involved.
Of the many possible means of increasing the osmiotic pressure

on the surface of the cornea and tlhtus drawving wvater from it,
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metlhyl cellulose, lhypertonic soltutions of glucose (Mlueller, 7.),
sodiumi) clhloride (Cogan, 20), and glycerine (Cogan, 22) may be
mentioned. Hypertonic salt solutions are probably most widely
used. They usually are effective to somne degree. In Case 29 the
epithelial edema wvas found to have disappeared tvo hours after
treatment wvith hypertonic salt solution. Glycerine is a very pover-
fuil clearing agent. In Case 30, vision improved temporarily from
20/200 to 20/40 after its application. B1ut it does not seem to be
well tolerated by most of the patients. Sometimes its use must
be preceded by an anestlhetic in order to avoid a very unpleasant
stinging sensation. Also, its effect is of course temporary. It there-
fore cannot be recommended for prolonged use. Hypertonic
saline solutions and concentrated glucose ointments are better
tolerated and can be used for longer periods witlh some benefit.
WVe usually employ a 2 percent to 5 percent sodiutm clhloride solu-
tion to be instilled regularly every one to four lhours throughout
the day. A helpful adjuvant for the removal of edema is hot-air
application. This can be done wvith a simple electric hair dryer.

FIGURE 37. AI'PLICATION OF HOT AIR FOR REDUCING EIITIIELIAL EDEMA OF

THE CORNEA
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As slhoNvn in Figure 37, tIle dryer is held at about 1 2 inches' dis-
tance and the air is lblown directly onto the cornea, wvhiile an as-
sistant keeps the lids apart and fromi time to time remioves excessive
tears wvitlh a cotton sponge. The distance las to be varied according
to the hieat of the air prodtuced and to the sensitivity of the patient.
There slhould be a definite sensation of lheat wvitlhout burning. The
duration of the treatment is usually five minutes. In soITne cases,
as in Cases 3o and 19, the result is quite spectacular; vision wvas
improved from 10/400 to 20/40 in one case, and froml 20/400 to
20/70 in the otlher, wvitlh bullae comipletely disappearing after five
minutes of lhot-air treatment. Tile vision remained quite clear for
at least an lhour and sonewhliat clearer tlhroughlout the day than
it wvas before treatment. Figures 8 and demonstrate the clear-

,~~ ~ ~~~~aie _ 3 .3 de-.nsrt t_eclar

FIGUIRE 38 (ABOv\E), FICG

URE 9
K' (BELOV):

A ~~~~~~~~~~CLEARINGOF THE COR-

NEA BY HOT AIR TREAT-

BA.efore treatmnent. B.
Aftcr treatmenit.

ing effect. In cases that respond ve use lhot-air ttreatment regularly
in the morning to remove the edemla accumulated during the
night, and then followv wvith local cortisone. Tile effectiveness of
this treatmlent supports the tlheory that the decreased vision in the
morning observed in some cases is due to an accumiaulation of
edem-a because of lack of evaporation during tile nighlt. All these
measures are purely symptomatic; they combat the corneal edema
but have no influence on the basic factor-tlhe increased per-
meability of the posterior surface of the cornea.
Methods directed towvard reducing the perineability of the

endothelial layer by systemic treatment wvere outlined in the pre-
ceding paragraplhs. For local treatment in tlis direction, cortisone
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seemed to possess some possibilities. It is knowvn not only to reduce
permeability and edema, but also to reduce tissue reaction in
general. Although Fulmer (45) did not observe any beneficial
effect from parenteral administration of either adrenocorticotropic
hormone (ACTH) or cortisone, wAe decided to test local treatment
with cortisone extensively. The patients received from .5 percent
to 2.5 percent cortisone in the form of drops, or 1.5 percent oint-
ment. Usually in the beginning, the drops wvere given every twvo
to tlhree hours during the day, and the ointmient at night. After
an improvement vas evident, the freqcuency of the application
wvas reduced and a maintenance dose of four timles a day wvas kept
up indefinitely. Table 4 sutmmarizes the results. Of the total of

TABLE 4. EFFECT OF LOCAL TREATMENT W-ITH CORTISONEI ON

ENDOTHELIAL AND EPITHELIAL DYSTROPHY

Improved Improved.for
N'ot (Nuumber of .1fore Than

Case No. Inmproved .Mfonths) One Year

II - I

IO -I-
7 I

45 I -
12 - 7
37 - I
9 10
15 I
I6 I

I9 I

20 3
22 -1

25 I
39 - I
41 - 3
43 - I

Total Cases I6 5 8 3

i6 cases to wvliich this treatment vas given, no iinprovement vas
seen in five. Improvements of from one to ten months' duration
occurred in eight cases, and three cases showved improvement for
more than one year. Twvo cases, Numbers 19 and 25, which did not
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respond to cortisone, wvere later successfully treated wvith corneal
grafts, a point wvliichi wvill be taken tup in detail in the next section.
In Case 41 it could be demonstrated that an original imnprovemnent
was followved by a recurrence after the drug vas discontinued. But
a favorable response wvas again obtained as soon as the treatment
wvas resumed. Cortisone, therefore, seems to be the local treatment
of choice in endothelial and epithelial dystroplhy. It is more
effective and the duration of its beneficial effect is longer than
that of any otlher treatment we lhave used. Due to the degenerative
nature of thie disease a radical and lasting cture cannot be expected.
Btut even temporary improvement which may postpone the un-
forttunate termiinal stage of the disease should be gratefully wel-
comned.

CORNEAL ENDOTHELIUM AND KERATOPLASTY'

Trhe relationship betwveen the endotlhelium of the cornea and
corneal sturgery is interesting from two viewvpoints. First, it is im-
portant to know in wvhat manner the results of corneal transplan-
tation may be influenced by the condition of the endothelium of
the graft at the time of the operation and afterward. Second, there
is the question of hiowv the condition of the recipient's corneal
endothieliumn wvill influence the chances of success of a kerato-
plastic operation. The latter question wvill lead to the evaluation
of the possibilities for corneal transplants in cases of endotlhelial
and epitlhelial corneal dystroplhy.
As to the first question, von Hippel, cited by XVagenmann (1 14),

stated that a deficiency of the endothelium wvas a determining
factor in the development of cloudiness of the graft. He also men-
tioned that the endotlhelium might be intact at the time of the
operation but become detached later. In i888, lXVagenmann (I 14),
taking up the suibject, proved by hiis experiments that when he
cut corneal flaps and sutured thiem into place again they would
hieal in promptly and remain clear. When he scraped off the endo-
thelium, howvever, before reattaching the flap, it became cloudy
and remnained so. Maumenee4 found that in cases of cloudiness of

4 A. Edward Maumeniee, "The Influence of Donor-Recipient Sensitization on
Corneal Grafts," Proceedings of the Association fo- Research in Ophthalmology, igth
Meeting, Junle 24-25, 1950, pp. 142-52.
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corneal grafts due to sensitization, the endotlieliunm becamne de-
taclhed fromii Descemnet's imemibrane. In recent years other investi-
gators have paid more attention to the otlher structures of the
cornea. (Katzin [52], Laval [6o], Dunnington and Region [31].

Fromi our clinical observations and pathiologic studies, it has
becomiie increasingly evident that the condition of the endothelium
of both donor and lhost at the time of a corneal araftinog is of para-
motulnt imuportance for the end result of a clear graft.

Before approaching the subject from the clinical angle, we
slhotuld like to report some experiimental wvork. First, we tried to
evaluate the effect of cold storage for various lengtlhs of tinme on
tlhe strtucture of the endothelial layer of the cornea. Human eyes
kept uinder the uistual refrigeration at about 40 C., eitlher in the eye
bank or in our owNn refrigerator, wvere used. The first eye received
from the eye bank hiad been in cold storage for 24 hioturs at
the tiime of examination. The cornea imacroscopically appeared
to be quite clear, no noticeable epitlhelial defect being present.
\Vith slit lamp and corneal microscope the stroima appeared to be
sliclhtly hiazy. Desceinet's miiembrane slhowved many wvrinkles. The
endotlhelial pattern could be identified, btit the individual cells
wvere indistinct and hiad a shriveled appearance. There wvas no
cornea gulttata. The picture resembled very muclh the illtustration
gyiven by Sclhnyder (89), reproduced in Figure 40. Schnyder ob-
served this condition in eyes after paracentesis, in somle cases of
iridocyclitis, and in eyes of aniiimal cadavers. A flat sectioni wvas

FIGURE 40. SHRIVELEI) APPEARANCE OF CORNEAL

ENDOTHELIUM AS SEEN WITH THE BIOMIICROSCOPE,

AFTER COLD STORAGE
Fromn Schnyder, "Untersuchungen dles normalen und
pathologischen Endothels der Hornhaut mittels Nernst

XI,.:-¼ s Spaitlamilpe, Klini. Aloniatsbl. A ugeo7e ., 65: 1920.
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)repared with the modified Nagano teclhnique (see Appendix B)
nd stained wvith hematoxylin. On the wvlhole, the outline of the

~ndothelial cells wvas still visible, the pattern wvas uninterrupted,
ind the nuclei wvere not disintegrated. Small vacuoles wvitlin the
:rotoplasma wvere, however, present (Figure 41). A second eye wvas
-xamined after 48 lhours of cold storage, the section being made
vitlh our own teclhniquie (see Appendix 1B). The condition of the
-ndotheliunm is slhowvn in Figutre 42. Here the endotlhelial layer
lac lost its contintuity; in ntumerous places it lhad disappeared. The
zutlines of the cells wvere almost indistinguishable. The proto-
plasma wvas filled wvitlh vactuoles, and even the ntuclei participated
in this process. A tlhird eye received froim the eye bank after 71
liours of cold storage showved considerable clouidiness of the pos-

FIGURE 41. FLAT PREPARATION OF THE CORNEAL ENDOTHELIUMI AFTER

TWENTY-FOUR HOURS OF COLI) STORAGE
There is beginning vactiolization of the cvtoplasm.
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* . . .. . -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~.. .....:.... ..
FIGURE 42. FLAT PRElARATION OF THE C'ORNEAL ENDOTHELIUIM AFT'ER

FORTY-EIGHT HOJURS OF COLD STORA(E
The eii(lothelial layer is not coniitiotis anv more. Extensive vactiolization of cvto-

plasimi anid nticlei is presenit. (x678.)

terior layers of the tlhickened corneal stroma. Many folds of Des-
cemnet's mlembrane wvere present. The endotlhelial pattern couild
not be discerned. There wvas no edemna of the epitlhelium. The
excised cornea wvas stained wvitli 1 percent alizarin red w-ritlhoult
fixation. Under the miicroscope the endotlhelium could be seen.
The intercellular cement, whliichi is stained wvitlh this method, wvas
clearly deimonstrable. In places cltuinps of cement wvere present on
the cells tlhemselves. Some nuiclei were stained faintly. Some of
the cells wvere mtuchi larger than the otlhers and stained liglhter
(edeia, vacuolization?). The endotlhelial layer sloughied off very
easily at the sliglhtest maniptulation. The stain did not wvitlhstand
fixation, lence no plhotograplh is available. A fourtlh eye was ex-
alninied after 96 lhouirs of cold storage and prepared like thie second
one. Under the imicroscope the endotlhelial layer wvas found to be
absent over large areas. NVihen it -was present, as seen in Figuire 43,
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FIGURE 43. FLAT PREPARATION OF THE CORNEAL ENDOTHELIUM AFTER

NINETY-SIX HOURS OF COLD ST(ORAGE
In large areas the enclothelium is absent. The remainiing cells are of v-ariable size

and staini faintlv. (x18.)

there wvas no continuous pattern. Clusters of loosely connected
cells wvere separated from each other by denuded areas. They
stained faintly, and in places there wvere holes of about the size of a
cell suggesting that an individual cell hiad fallen out. It has been
claimed by Sedan (92) and others that the corneal endothelium
is affected by cold storage very rapidly; these findings are indeed
evidence that this is true.

After having established the facts regarding the effect of cold
storage, we investigated some aspects of howv the endothelium
reacts in the presence of a surgical wvound or section in the cornea.
This investigation was to supplement in a more specific muanner
the results obtained by the previous experiments wvith minute
lesions set by needle pricks wvlhich wvere referred to in the section
on regeneration. For this purpose, tlhrough the couirtesy of Doctors
John H. Dtunnington and Ellen F. Regan, wve were forttunate in
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obtaining some sections of monkey eyes wilhich these autlhors lhad
used for their studies on ocular wvound healing (30,31). Evidently
for the reasons of convenience and economy, muost of the experi-
mental work on corneal grafting, including our owvn, so far has
been done wvith rabbits. It must be said, howvever, that for studies
of tissue regeneration the rabbit is not a very suitable animal.
Its regenerative powver is so much greater than that of the lhuman
that it is difficult to apply the results obtained witlh it to human
patlhology. It can easily be demonstrated that in rabbits porcelain-
white leucomas or corneal grafts that hiave been perfectly opaque
for wveeks or months may eventually regain complete transparency.
Furthermore, in our not yet published experiments on intravital

FIGUTRE 44. CROSS SECTION THROUGH THE POSTERIOR PART OF A MlONKEY'S
CORNEA FOUR DAYS AFTER A CORNEAL SECT1ION

The endothelium on Desceemet's meml)rane (upper right) (toes not showv any signls of
proliferationi. From the plug of fibroblasts (lowver center) a laxer of flat cells seellms

to originate and( cover the gap. (Original magnificationi x893.)
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FIGURE 45. CROSS SECTION THROUGH THE POSTERIOR PART OF A MIONKEY S

CORNEA TEN DAY.S AFTER A CORNEAL SEC,UHON
A flat layer of cells (tipper right) extendIs fromii the pltig of fibroblasts onito DescemetIs
memlbrane. These cells do Ilot show any continuity wvith the origilnal enldothelia (not

seen in the photograph). (Original magnificationi x893.)

dissoltution of the lens by proteolytic ferments, wve cotild observe
that the lens, after it lhad been almost coimpletely absorbed, wvouild
regenerate to a nearly normal lens aaain if the aniimlal was left
alone for several montlhs. These plhenomena are wvitlhout parallel in
litiman pathology and slhould m-ake us cautious in drawving hard
and fast conclusions from experiments wvitlh rabbits in this field.

Figures 44, 45, and 46 represent three stages corresponding to
four days, ten days, and twvo wveeks after a corneal section. In Figure
44 the original endotlhelial cells, wvliclh are seen to cover Descemet's
memlbrane until it curls, do not slhowv any signs of proliferation.
The gap between the twNTo ends of Descemet's meml)rane (only one
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FIGURE 46. CROSS SECTION THROUGlI THE POSTERIOR PART OF A MONKEY'S
CORNEA TWO WEEKS AFTER A CORNEAL SECTION

The curledl Descemet's melnmbrane anid the gap of the wvound are almost completely
covered by a layer of flat cells differenitiated from the cells that form the fibroblastic

plug and nowv produice connective tissue. (Original magnification x893.)

end is visible in the photograplh) is lined by a single cell layer.
Those cells are not quite similar to the original endothelial cells
on Descemiet's im-lembrane. They are flat, stretched ouit, and in close
contact wvith the fibroblasts formuing the plug in the wvound. The
possibility may be considered that they do not originate from the
adjacent endothelium but from the fibroblastic plug, and gradtually
develop into an endothelium-like layer wvithiout acquiring the
exact properties of the original endothelia. An allusion to a
secondary pseudo-Descemet's membrane, evidently produced by
these cells, is visible in the section but not demonstrated by the
photograph. The occurrence of such a membrane covering the gap
between the twvo ends of a broken Descemet's membrane was pre-
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viotisly reported by several investigators. In Figure 4r' it can be
seen that the fibroblastic plug is partly covered by a layer of (ells
arranged in linie like an endotlhelitumii, but apparenitly in close
contact witlh the cells of the plug. No definite connection wvitlh the
original endothlelitunm (not represented in the plhotograplh) is es-
tablished by these cells towvards the riglht. Towvard the left there is
an artificial gap betwveen the pltig and the broken end of Descemet's
Imembrane, btut it can readily be seen that some cells froimi the
plug extend their pseudopodia onto the mnembrane. Here again
one gets the impression that the pseudo-endotlhelial covering of
the gap originates from the fibroblastic pltug ratlher than from eaclh
side of the interruLpted endotlhelial layer. Figure 46 showvs that after
twvo weeks the gap and the cturled Descemet's membrane are almost
completely covered by a flat layer of cells. These cells, altlhougl
differentiated from the fibroblasts of the plutg wvhiclh are in the
process of transforming into connective tissue, are still far from
hiaving the mnorplhologic properties of the normlal corneal endo-
tlhelium.

In order to establislh the iimimlediate infltuenice of a graft wvith a
partly deficient endotlheliumii on thie postoperative course, ve did
a 6 mm. corneal graft on a rabbit. Before the donor tisstue wvas
sutured into the lhost's cornea the endotlhelitumii vas scraped fromn
one hialf of thie graft. After the completion of the operation a faint
straiglht line tlhroulghl the middle of the imlplant cotuld be seen.

FIGURE 47. CROSS SECTION THRO(UGH THE CORNEA OF A RABBIT FouR D)AYS

AFTER A PERFORATING GRAFT HAD BEEN PERFORMED

The en(lothelitlm had been scraped off fromii part B-C wvhich is imuch thicker (edema)
than part A-B wvhere the endotheliumn was left intact.
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After fotur days the animial wvas killed. Figure 47 shows the condi-
tion of the graft after fixation a(ld staining wvitlh lheimatoxylin-
eosmii. The whole araft is edemlatouis, btut even in this low-power
plhotograplh it can l)e seeni that the part to the rigllt, B-C, from
whiiich the endotlhelituin wvas scraped, is considerably miore swvollen
tlhan the uintreated part, A-B. Under hiigh-powver magnification,
the corneal lamellae are seen to be comlpletely disintegrated into
tlheir fibrillae in part B-C, wvitlh fluid being acctlllulated betwveen
themn. In the anterior segment of part A-B the lamellae are still
recognizable and there is considerably less edema than in part B-C.
This observation proves that the integrity or deficiency of the
endotheliumi of the graft certainly imust alter the immediate
postoperative course considerably. As to the long-range effect, for
the reasons previously stated it wvas not considered expedient to
rely too muitch on the otutcomne of experiments wvitlh rabbits. An
experience wvitlh a patient, Case 48, althloughl it wvas ain accidental
and unfortuniiate occturrence, served almost as an experimnent wvith
a lhtiuan eye. This patient stuffered fronm bilateral grantular corneal
dystroplhy (GroenouLwr). A square corneal transplant in the left eye
lhad been done elsewvlhere several years ago, btut the graft lhad be-
coime cloudy, wvitlh vision reduced to couinting fingers at five feet.
The cornea of the right eye slhowved a typical granuilar dystrophy
comprising miostly the central part of the superficial and medium
layers of the cornea. Vision of the righlt eye was cotunting fingers
at twvo feet. The endotlhelium wras perfectly normal tlhrotohlgout.
A perforating partial corneal graft, 5.5 mImll. in diaimeter, was done.
Dturing the first fewv days the graft stayed qtuite clear. There was
no bulging, dislocation, or otlher postoperative coimplicationi. On
the i 3th day the graft becaime studdenly lhazy. Whllen examuined at
the slit lamlp, the epitlhelitumn of the donor part of thle cornea wvas
edematotus, the stroma succulent and tlhickened. A very delicate
neimibrane extended froml the posterior surface of the graft into
the anterior clhamlber. It wvas attached to Descemet's mnembrane
only by a narrowv bridge; the rest wvas freely floating in the aqueotus.
The case wvas diagnosed as a detachlnent of the endotlhelial layer
of the graft wvith corneal edeia resulting fromn the infiltration of
the aqlUeots into the tinprotected cornea. After nine days the
meembrane lhad disappeared. The graft became more and imore
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clouidy and simutlated exactly the pictnire of Fuclhs's endotlhelial
and epithelial dystroplhy. The surrounding hiost's cornea remained
uinaltered by this pr-ocess and the epithelial edem11a remi1ain1ed coni-
fined to the central part. Several mlonitlhs alter the first graft, ani-
otlher partial penetrating graft, 7.5 mmI1. in diaiiieter, wvas done.
Tlhtus the whole diseased part wvas removed. The nmicroscopic
exaimination of the removed disc revealed the typical pictutre of
cornea guttata and endotlhelial dystroplhy. The endothelial layer
vas absent, in keeping wivith the clinical picture, but nuimierouis
varts wvere present on Descemet's mieimbrane. Pigmnent granuiles
adhered to some of the excrescences. Descemiet's imiembraine itself
wvas tlhickened until it wvas slightly tlhicker tlhan Bowman's mlem-
brane, one of the clharacteristic signs of permeatioini with fluid in
the second stage of the disease. The lamnellae of the stroma wvere
edematous, especially in the posterior layers. The sturface of the
epitlhelial layer wvas slighltly irregular, some of the endothlelia
edematous, and the nuclei degenerated in places. The partial
loosening, of thie epitlhelitum fromn Bowman's membrane sutgg'ests
the beginning of buillae formation (Figure 48). In sonme sectiOInS
parts of the hiost's cornea wvere seen. They did not showv cornea
guttata. There is little dotubt that in this case a cornea gutttata with
endotlhelial dystroplhy had been accidentally transplanted.

Twvo concltusions may be drawn from these observations:

FIGURE 48. DESCEMET'S IME-MBRANE OF A CORRNEAL GRAFT THAT DEVELOPED A
CONDITION CLOSELY SIMULATING FUCHS S DYSTROPHY, ALTHOUGH THIS DIS-

EASE WVAS NOT PRESENT IN THE HOST
Note the absence of the endothelium anid the numerous excrescenices on I)escemnet's
embrane. It was thought that cornea guttata ivas accidentally transplailted fio

the donor to the host. (Original magniificationi x365.)
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First, siince stuclh detailed evidence lhas beeni brought forwvard
to demlonistrate lhowv seriously injtired the cornieal endoth eliillm
becoimies dturing cold storage, an early tuse of the graft after it lhas
been remiioved fromii the donor is advocated. Since endotlhelial
changes occtur after 24 lhoturs of cold storage, transplantations
slhouild, if possible, be perlorimed wvithlin tlis period. As Paufi(utle
(79) righltly states, this is not so iiimportant for lamellar grafts, since
in this case Desceimet's imeimibranie and the endotlhelituimi are not
transplanted.

Second, in Case 48 a cornea gutttata wvas accidentally trans-
planted. This wvas followved by a coiimplete detaclhment of the
endotlhelial layer. One cannot hielp speculating that the already
pre-existent endotlhelial dystroplhy was the cause of the graft's
becoiming diseased. Since it lhas been slhowvn statistically (47) that
abouit 6 percent of all older people have cornea gtuttata, it seems
that an tunduly ligli risk of transplanting cornea guttata is ac-
cepted whlien donor miiaterial froml older people is tused indis-
criminately. Every older prospective donor slhouild be searchled
for en-dotlhelial dystroplhy wvitlh slit lamnp and corneal microscope
dturing life, before the cornea is considered for transplantation.
Or, since this inighlt be impractical in mnost instanices, in order to
avoid the accidental transplanitationi of cornea guttata, donor
material from people uinder forty years of age slhotuld be preferred.
As mientioned above, wve favor the tlheory that the gap betwveen

the endotlheliumii of the host and that of the donor is closed by
proliferation of cells originating from the fibroblastic tisstue wvliclh
develops betwveen the edges of the graft and the cornea of the
recipient. B1ut there still remains the qutiestion whiietlher the endo-
thelituiii of the graft survives or whiletlher it is gradtually replaced
by host cells proliferating froml the periphery of the graft. State-
iments found in the literature concerning this imlportant miatter are
ratlher vagute. MIaumenee and Kornbltuetlh (69) conclutde, "Tlhe
endotlhelituni is alwvays damiaged to some extent buit part of it imay
remain on the graft" and "tlhe endotlheliutm mnay be repaired from
the tuninjtured cells of the graft or a migration of cells from the
recipient cornea." Katzin (52) states "XVe believe that the endo-
theliumn is replaced by the host in the same mianner [as the epi-
tlhelituin]. Proof of tlis is, lhowever, miiore difficult to obtain."

`748



The Endothelium of the Corniea

XVe attemrpted to obtain soime information on the survival of
thie endothelium by tagging the cells wvitlh vital staining. The
followving experiment wvas done: After a similar amount of aqueous
lhad been previously wvitlhdravn, .2 C.C. of 2 percent trypan blue
was injected into the anterior clhamber of the riglht eye of an albino
rabbit and .2 C.C. of 2 percent alizarin red into the anterior clham-
ber of thie left eye. Twvelve days later the aniimal was killed. Macro-
scopically there wvas a briglht blue lhue in the cornea of the righlt
eye, btut practically no color in the left eye. On opening of the
anterior clhamiber it wvas found that the aqueotus of the riglht eye
wvas quite blue and the iris definitely contained blute stain. Thle
cornea, hovever, was colorless, and microscopically the endo-
tlhelium contained no pigment granules. The red stain in the left
eye had vanished. Evidently the trypan blue, the molecular wveight
of whliclh is 960.808, wvas not able to pass tlhrotugh the chlamber
angle, wvlereas the alizarin red, wvitlh a molecular wNTeight of 342.253,
found its wvay througih thie drainage system. Since the endothlelium
wvould not retain the stain, or at least not for a sufficient lengtlh
of time, the metlhod of tagging wvith trypan blue seemed to be
unsuitable for the identification of this layer of cells. Several otlher
dyes vere tested, but no satisfactory results wvere obtained for
tagging the endothelial cells. Pending furtlher experimental data
one must rely on clinical observations wvlhiclh miglht afford in-
formation on the stubject. The fact thiat corneal transplants in cases
of endothelial dystroplhy are usually unsuccessful wvllen a small
graft is placed vitlhin the diseased part of the cornea wvould indi-
cate that the endothelium does not survive, and that the failture
of the operation restults froim thie inability of the diseased endo-
theliuIM of the lhost to replace that of the donor. On the otlher
hiand, our observation in Case 48 wvouild indicate that neitlher tlle
perfectly normal endotlheliumii of the hiost nor, according to ouir
tlheory, the cells originating from the fibroblastic plug wvere able
to cover Descemet's membrane of the graft after it had lost its
endotlhelium. Consequently the picture of endotlhelial and epi-
tlhelial dystroplhy developed solely wvithin the graft. WVe wvere also
able to demonstrate that the endotlhelium of the graft does not
become diseased and a clear graft may be obtained even in cases
of endothelial dystrophy in wvliich the peripheral parts of the
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endotlhelituim are partly diseased. In stuchi cases a large graft lhas
to be used and placed wvitlhin the part of the cornea that is not
yet damnaged by the edenma. (Tlhese cases wvill be discussed in detail
in a sul)sequent paragraplh.) WVe f'eel inclined to believe that if
favorable conditions exist in the lhost's cornea the endotheliumn
of the graft survives, and that the failture of transplantations wvithin
the diseased cornea in cases of Fuclhs's dystroplhy is dtue to the
fact that the chances for survival of the endothelium of the graft
are rendered extreimely poor by the suirrotundina edematous cornea,
ratlher than by the spreading of the disease of the host's endo-
tlhelitumn tunto the oraft. The endotlhelitum of the graft, lhowvever,
seems to tundergo a certain degoTee of degeneration even if the
hiost lhad not been afflicted wvitlh endotlhelial dystrophy, as illus-
trated by Case 47. WVe lhave seen the most normal endothelial pat-
tern on a corneal graft in a case that showved definite continuance
of the hiost's corneal nervres into the graft. In this case (Case 46) the
corneal sensitivity hiad returned in the graft.

Froin this discussion, the role of the endothelitim in corneal
transplantation appears to be an imniportant one. In suLmmary, the
following conclusions may be drawn:

i) Since it was demonstrated that prolonged cold storage affects
the corneal endotlheliutn unfavorably, the early uise of donor ma-
terial, preferably wvitlhin 24 hlouirs after it lhas been obtained
tlhrouLohl death or sturgery, is indicated in cases of perforating grafts.

2) WhIien corneas from older individuals are used for trans-
plantation they shiould be knowvn to be free of endotlhelial dys-
troplhy or cornea ouittata. The possibility of transplanting this

FIGURE 49. PARAFFIN BLOCK WiTH
EXCAVATION CORRESPONDING TO

T'HE CORNII-AL CUJRVATURE
Followinig Anisler's stiggestion, the ex-
cisC(l cornlea of the (lonor is place(l in
the excavation atnd( the graft trephinied

l* fromii the en(lothelial side.
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condition, witlh sulbsequlent development of Fuclhs's dystroplhy in
the g-raft, slhould beleept in miind.

3j) Extremne care shotuld be taken not to injuri-e the endotlhelitull
Wlen reimoving the graft froIm the donor's corniea. Amsler's nmetlhod
(1) of cutting the cornea from belhind mighlt possibly be preferred
to the uIsual wvay of trephininig the donor's eye from the front,
because it w,arrants a clear section tlhrotughl endotheliuiml and
L)cscemiet's membrane (Figture 49). Since tlis mnetlhod uises tlle
excised cornea, it may easily be combined wvitlh rotutinely storing
the cornea alone instead of the wvlhole globe. This metlhod has
l)een reported by De Roetlh (28) to be stuperior to the cold storage
of the wvhole eye.

After having discussed the importance of the endotheliuiml in
corneal transplantation in general, wve slhall nowv examine the
possibilities of treating endothielial dystroplhies by corneal grafting.
It is evident that only the most seriotus cases wvitlh severe loss of
vision shouild be considered for surgery. The minor conditions
imientioned tunder the lheading "Miscellaneous and Atypical Le-
sions of the Corneal Endotlhelitumn'" wvill not be reviewed in this
connection. Only the advanced stages of primnary and secondary
endothelial dystroplhy wvill be discussed. It is natuiral that these
cases wvith visiOI reduLced to 20/200 or less have alwvays teiimpted
the oplhtlhalimic sturgeon. Since the disease was pturely corneal in
nature, corneal transplantation seemed to be the treatmnent of
clhoice. Unforttinately the results have been Imlost discottraging.
Owvens, et al. (76) state that in none of the ten cases of Fuiclhs's
dystroplhy reported in the United States in wvhiichi a corneal graft
hiad been done lhad the graft remained clear for four montlhs or
longer. Castroviejo (13) lists Ftuchs's dystroplhy among the condi-
tions that do not lend thlemselves to keratoplasty. Roberts (85),
reporting ioo cases of corneal transplantation, states that the thiree
cases of Fuclhs's dystrophy incltuded in hlis series were failuires, and
concludes that keratoplasty is contraindicated in this disease.
Pauifique, et al. (78,80) also consider the prognosis of corneal grafts
as very grave in these instances. They sawv a partial stuccess in only
twvo cases. In one of them a laimellar graft ivas done; in anotlher a
second graft of 4 mm. had been placed wvitlhin a 5 mlnm oraft that
lhad previously become diseased. WVe ourselves hiad been uinsuiccess-
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ful in one case, Case 2 1, usino a 4 mr oraft. It wvas generally
accepted that the failutres were due to the fact that the disease
of the host's cornea invaded the graft. As mnentioned above, wve
rather think that since the conditions for the survival of the endo-
thelium of the graft wvithin a swvollen edematous recipient cornea
are very unfavorable, the transplanted endotlhelium becomes
necrotic, wvfhereupon the graft assuLmes a disease similar to that of
the host. We then decided to try transplantations in cases whlichi
had a mnarkedly reduced vision, 20/200 or less, but in which the
degeneration lhad been confined to the more central parts of the
cornea. As previously mentioned, cornea guttata in the beginning
in most of the cases is muclh more marked in the center of the
cornea. Th-e endothelium may be completely degenerated and
marked corneal edema may be present in the central areas, whereas
the periplhery, althiough partly diseased, wvould still showv patches
of normal endothelium and be free of edema. It wvas concluded
that the graft miglht remain clear if made large enough to replace
all of the severely diseased central part and if brouglht in contact
witll a relatively normal cornea. Indeed, the first case operated
on in suchi a manner wvas a perfect success. Vision wvas improved
from 20/200 to 20/20 and the graft remained clear and is still
clear after more than twvo years (Case 19). This represents the
first entirely successful case of corneal transplantation in a case of
endothelial and epithelial dystroplhy reported in the literature

A B C

Favoroble Favorable Unfavorable
FIGURE 50. POSSIBILIiIES OF SUCCESSFUL CORNEAL GRAFTS IN FUCHS'S DYS-

TROPHY
The shaded areas inidicate the extent of cornieal edemna in endothelial and epithelial
cornieal dystrophy. For tranisplanitations the size of the graft has to be chosen ac-
cor(inlg to the size of the (liseased area (A anid B). When the whole cornea is in-

volved (C), the prospects for a clear graft are reduced.
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(ioo). Figure 5o demonstrates schematically the possibility of stic-
cess of corneal grafts in the various stages of Ftuclhs's dystrophy.
If the diseased part of the cornea is small and confined to the
center, a relatively small graft wvill suffice; if the area of dystroplhy
is larger a larger graft is necessary. If the wvliole cornea is involved
the clhances of a clear graft are slighlt. In a second case of primlary
Fulchls's dystrophly, Case 25, the definitely diseased area wvas larger
than in the first one. A 9 mimi. perforating graft wvas done wvlliclh
replaced almost all of the lhost's cornea except for a small area
adjacent to the liimbtus. This graft also remiained clear and is still
clear wvitlh vision 20/20- 1 after mnore than a year. In this case,
as mentioned above, the periplhery of the host's cornea wias more
involved in the disease than in the previouis one. Accordingly, thie
small area betwveen the edge of the graft and the limbuis began
to showv epitlhelial edema and bullous keratitis even after the graft
had lhealed in and lhad remnained free fromn disease. It may be that
the endotlheliumii hias a better chance to suirvive on a relatively large
graft tlhan on a smuall one, even if sturrouinded by diseased cornea.
In a tlird case of endotlhelial and epitlhelial dystroplhy followving an
old interstitial keratitis (Case 39), a 9 iimm. perforating graft wvas
done. After an episode of transitory clouding during the second
postoperative montlh the oraft was still clear after seven months,
and vision lhad iimproved from 5/200 to 20/.30 (Figtire s5 ).

Encouraged by a partial stuccess wvith lamellar grafting reported
by Paufi(qtue, as previouis!y m1enitioned, wve also considered thlis
procedure. At first glance it seeims strange that a lamlellar graft
whicli wvotuld not replace the diseased endotlhelium could possibly
be of any use. One wvould expect that the fluid wvIhiclh had pene-
trated th-e endotlhelitumn and Descemet's membrane would also in-
filtrate the stroima of the laimellar graft and eventtually catuse edemiia
of the epitlhelitumn and bullous keratitis. On the otlher lhand, wve
hiave observed wvitlh the biomicroscope a fine line of separation
betwveen the recipient cornea and the graft in cases in whliiclh wve
lhad done lamellar grafts lor conditions otlher than endotlhelial
dystrophy. This line probably indicates the presence of a thiin con-
nective tissue membrane. Furtlhermore wve knov, as previously
mentioned, that in cases of endotlhelial dystroplhy after a connective
tissute miembrane has formed on Descemet's membrane the proc-
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FIGURE 5 1. RESULTS OF LARGE PERFORATING GRAFTS IN PRIMARY AND SEC-

ONDARY ENDOTHELIAL AND EPITHELIAL DYSTROPHY
A. Left: primary dystrophy with cloudiness of the cornea and distorted light reflex
(epithelial edema). Right: the same case after a 9 mm. perforating graft was done.
Vision 20/20-i. B. Left: Secondary dystrophy many years after interstitial keratitis
with cloudiness of the cornea and distorted light reflex (epithelial edema). Vision
5/200. Right: the same case after a 9 mm. perforating graft was done. Vision 20/30.

Note the four peripheral iridectomies.

ess of infiltration of the corneal stroma with fluid may come
to a standstill. It may be that a similar mechanism works in the
case of a lamellar graft, inasmuch as the fluid which has infiltrated
the posterior part of the cornea might be prevented by the con-
nective tissue membrane from reaching the stroma and the epi-
thelium of the graft. In one case (Case 49) with severe secondary
endothelial and epithelial dystrophy after cataract extraction, we
did a total lamellar graft, io mm. in diameter. The result may be
termed a partial success. After an episode of severe irritation, pos-
sibly complicated by infection, the eye became quiescent and more
comfortable. With biomicroscopy it could be observed that in
some places the graft had firmly healed on the recipient cornea,
forming the previously discussed connective tissue, membrane. In
other places there were clefts, apparently containing fluid, between
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the graft and the host's cornea. The stroima of the graft seemed
to be only sliglhtly, if at all, edlemiiatous, anid the epitlheliumiii seemed
smiootlh and not edematous. V'ision wvas sliglhtly improved, froml
discerning finger inovemeents to 10/400. In evaluation of the
visual result it has to be taken into account that in addition to
the corneal dystrophy secondary glaucoma had existed for some
time.5 The visual results of lamellar grafts lhardly ever equal those
of successful perforating grafts, but they seem to be especially
indicated in cases of endothelial and epitlhelial dystrophies second-
ary to cataract extraction. It is well known that perforating corneal
grafts in aplhakic eyes are teclhnically difficuLlt to perform and rep-
resent a considerable operative risk. The lamellar corneal trans-
plantation is less dangerous and easier to perform.

In summary, thie followving important points should be con-
sidered in corneal grafting operations in cases of endothielial and
epithelial dystroplhy.6

Perforating grafts:
(a) Keratoplasty should be performed as soon as the reduction

of vision is marked, around 20/200, before the entire cornea is
severely diseased.

(b) Large grafts, eliminating most of the diseased part of the
patient's cornea, are indicated.

(c) For best possible adaptation, edge to edge corneal sutures
slhould be used.

(d) Donor muaterial should be particularly fresh, having been
in cold storage for not longer than twveny-fouir lhours.

(e) Donor slhould be known to be free of cornea guttata, and
preferably be a person under forty years of age.
5In the meantimiie the total numnber of cases with endothelial and epithelial

dystrophy in which keratoplasty was done mounted to nine. In five cases a pelforating
graft was done, in four cases a lamellar one. The three cases of perforating grafts that
belonged to groups A and B (Figure 50) were entirely successful; the two belonging to
group C, with almost all of the cornea being diseased, were only partly successful.
All of the lamellar grafts showed a definite improvement in the clinical picture and
the symptoms, but little improvement as far as vision is concerned.

6 In June, 1953, at the 6oth Congress of the French Ophthalmological Society,
Paufique reported excellent results in three cases of endothelial and epithelial dystro-
phy from scraping off the endothelium first and, after scar tissue had formed in its
place, adding a perforating corneal graft. (Not yet published; personal communica-
tion.) It may be remembered that Simpson (96) had previously suggested the radical
removal of the endotheliunm. It appears, however, that he never performed this
procedure.
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(f) For tlhe prevention of anterior synecliae of the iris and
secondary glaucomua the followin(gireastures are reconinmendled:
four basal iridectomnies, at 2:oo, 4:oo, 8:oo aind io:oo o'clock; air
injection into the anterior clhamber at the end of the operation; the
use of imiotics before the operation and dturing tile postoperative
course.

Laniellar grafts are indicated:
(a) In aplhakic eyes.
(b) In non-aphakic eyes if the tlherapeutic effect on tile btillotus

keratitis is mainly to be achieved ratlier than tile restoration of
vision.

SUMMNIARY

Based on a reviewv of tlie literatture and on ouir owvn experimenital
wvork and clinical experience in 5i cases, a comiprelhensive report
on present-day knowvledge concerning the endotlheliutm of the
cornea lhas been presented. The emibryology and anatomy of this
layer of cells has been described, its plhysiology disctussed, and the
importance of its integrity to the transparency of the cornea anid
consequently to the vistual performiiance of the eye pointed ouit.
Abnormalities and diseases affecting the corneal endotlhelitumi have
been reviewved. General and local treatmnents for tlhese conditionIs
hiave been discussed. Finally, the iimportance of the corneal endo-
thelitum in keratoplasty lhas been stressed and priniciples lhave been
laid dowvn for suiccessfuil corneal graftinig in cases of Ftulchs's corneal
dystrophy.

APPEI)DIX A

CONDENSEI) CASE HISSTORIES

CASE 1. SIXTY-FoUR-YEAR-0LI) FEMALE. I'lle right eyc wasenISucleatedl by
Dr. Banks Anderson ill 1937 because of ulceration and intractable dis-
comfort. At that time edlemiia of the corneal epithelium, epithelial bullae,
anesthesia of the cornea, an(d deep cloutding were observed. TI'he patho-
logic examiiination was donie by Dr. A. B. Reese. Tlhe (liagnosis was
dystrophia epithelialis. Tlhc most important changes found were:
corneal epithelium of irregular thickness separated in places froml the
underlying Bowman's mlembrane, in central parts fibrous tissue inter-
posed between the epithelium and Bowmnani's mnembranie, in places
edema of corneal lamellae. The endothelium was imissing over wide
areas, and a thin mnembrane seemed to be superimposed on the posterior
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surface of Descemet's membrane. Endothelial cells showed phagocytosis
of pigment granules. In the periphery and extending quite far centrally,
very large Henle's warts were present. General medical examination
was essentially negative. Blood cholesterol: 200 mrg. per cent. Blood
calcium: i o mg. per cent.

5-22-43: When first seen by us, the left eye showed edema of corneal
epithelium in central parts. The stromna was thickened and permeated
with fluid. The endothelium was absent over large parts of the central
area. Near the periphery, the texture of hexagonal cells was still present,
but numnerous smaller and larger holes interrupted the pattern. Diag-
nosis: endothelial and epithelial corneal dystrophy.

6-9-49: Corneal dystrophy had increased and epithelial bullae were
present. Two percent saline solution, rutin (6o rug.) and ascorbic acid
(250 rug.), three times a day, were prescribed.

7-9-49: Edeina was less marked. No bullae were present.
9-II-49: Epithelial bullae were present again.
5-20-52: Vision 20/400. The cornea was almiiost opaque in lower part.

TIhere was moderate edema of epithelium; there were no bullae. The
stromla was thickened, Descemet's mienmbrane wavy. The endothelium
could not be seen. The sensitivity of the cornea was only slightly re-
duced. Intraocular pressure was 22 mg. Hg (Schiotz).
(One sister, fourteen years younger, was found to have marked cornea

guttata.)

CASE 2. FORTY-YEAR-OLD FEMIALE.
6-I1-52: Both eyes showed degeneration of the endotheliumln in the

central part of the cornea. There were no warts on Descemet's mem-
brane, but defects in the endothelial pattern of the size of one or
several endothelial cells were present. Towards the periphery the
endothelial pattern was almost normal. Corneal sensitivity was normal
in both eyes. Vision: both eyes, 20/20 with correction.

(Mother, eighty years old, has advanced degeneration of endotheliumn
without warts; one sister has advanced cornea guttata; one sister has
en(lothelial dystrophy with beginning infiltration of the stromna.)

CASE 3. FIFrmi-NINE-YEAR-oLD FEMIALE.
1-28-52: Failing vision was reported for about three years, miiore in

the right eye. Both eyes showed no eclema of corneal epithelium, but
the stroma was slightly cloudy in the posterior part. The endothelium
was shriveled, almost completely degenerated in the central part, but
the disease was not confined to the central area. No warts on Descemet's
membrane were present. Vision: right eye, 20/70 with correction; left
eye, 20/50 with correction. The patient did not notice any difference
in vision between morning and afternoon. Rutorbin (5o mg. rutin and
loo mg. ascorbic acid) three timnes a day was prescribed.
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2-26-52: The patient stated that vision began to improve after having

taken rutorbin for one week. The stroma of the left eye was quite clear.
6-I1-52: TFhe corneal sensitivity was slightly reduced in both eyes.

TI he patient stated that vision had become more cloudy. No objective
change in condition was noted. Vision: right eye, 20/70; left eye, 20/50.
Cortisone drops (.5 percent) in both eyes four times a day were pre-
scribed.

(Mother, eighty years old, has advanced degeneration of endothelium
without warts; one sister has advanced cornea guttata; one sister has
en(lothelial degeneration without warts.)

CASE 4. FORTY-SEVEN-YEAR-OLD FEMALE.
6-I8-52: Both eyes showed marked cornea guttata in the center, with

endothelium deteriorated. Towards the periphery there were large
patches of normal endothelium. Vision: both eyes, 20/20 with correc-
tion.

(Mother, eighty years old, has advanced degeneration of endothelium
without warts; one sister has endothelial degeneration without warts;
one sister has endothelial degeneration with beginning infiltration of
the stroma.)

CASE Z. THIRTY-THREE-YEAR-OLD FEMALE.
1-9-35: Both eyes were normal with vision 20/20-4-.
I-I -5I: In both eyes, the corneal epithelium was intact. There was a

slight blurriness in the center of the cornea in the middle third of the
stroma. The endothelium in this area appeared to be degenerated.
There were no warts on Descemet's membrane.

CASE 6. SIXTY-ONE-YEAR-OLD FENIALE.
5-12-45: Right eye: the corneal epithelium was normal. There was

advanced cornea guttata with endothelium almost completely de-
stroyed. Vision: 20/20 with correction. Intraocular pressure: 17 mm. H1g
(Schiotz). Left eye: the corneal epithelium was edematous. There was
extreme cornea guttata with endothelium almost completely destroyed.
Vision: 20/40 with correction. Intraocular pressure: 19 mm. Hg
(Schiotz). One percent pilocarpine in left eye three times a day was
prescribed.

6-9-45: Left eye: the corneal epithelium was somewhat less edematous.
To continue pilocarpine.

11-9-45: Increased edema of epithelium and stroma was observed.
Sixty mg. rutin three timnes a day were prescribed.

12-II-45: Left eye: condition was much improve(l and no edema of
epithelium noticed.

6-11-46: Left eye: there was still no epithelial edema.
9-10-47: Patient had not taken rutin for one year. Left eye: the edema

of the epithelium had recurred.
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6-20-50: When last seen, the dystrophy of the left eye had become

worse; more edema of epitheliuimi and stroma was present. Vision: 20/70
with correction. Right eye: there was no edema of the cornea. Vision:
20/20 with correction. Rutorbin three times a day was prescribed again.

CASE 7. FORTY-SIX-YEAR-OLD FEMALE.
6-20-51: Both eyes showed marked cornea guttata with very few in-

tact endothelial cells left in the center. Towards the periphery large
patches of normal endothelium were present. TIhe patient was not
aware of a reduction in vision, but the eyes felt irritated. Vision: both
eyes, 20/25 with correction. One and one-half percent cortisone drops
locally four times a day were prescribed.

7- 11-51: The patient felt much better. Objectively there was no
change. Cortisone was discontinued.

II-6-51: Right eye: there was a slight blurriness in the posterior layers
in the central part of the cornea, apparently due to permeation with
fluid. Sixty mg. rutorbin three times a day was prescribed.

3-25-52: Right eye: the cornea was clearer. There were no signs of
imbibition of water. Vision: 20/30. The corneal sensitivity was slightly
decreased in both eyes.

CASE 8. FORTY-FIVE-YEAR-OLD FEMALE.
6-2-49: Bilateral endothelial and epithelial dystrophy with edema of

the corneal epithelium and stroma and marked cornea guttata were
present. Vision: 20/50. 50 mg. rutin and 1oo mg. ascorbic acid three
times a day were prescribed.

After six weeks of this treatment the condition was markedly im-
proved.

After three months, vision was 20/30+ in both eyes.
I-5-52: When last seen, there was still marked cornea guttata, but no

corneal edema and no bullae were present.

CASE 9. SIXTY-NINE-YEAR-OLD FEMALE.
5-8-46: Macula degeneration in the left eye was found. Both corneas

were clear. Vision: right eye, 20/25; left eye, 20/400 with correction.
2-8-50: The condition was unchanged.
7-I3-51: The patient gave a history of failing vision and pain in the

right eye for the past few days, with vision more blurred in the morning
than in the afternoon. Right eye: the corneal epithelium was edema-
tous, the stroma permeated with water and somewhat opaque in the
posterior third. Many folds in Descemet's membrane were present.
There was considerable cornea guttata with alterations of endothelium
in the central part, to a much lesser degree in the periphery. Corneal
sensitivity was much reduced. Intraocular pressure: 21 mm. Hg
(Schiotz). Vision: 20/80.

Impr^ession: Acute corneal edema on the basis of endothelial dys-

759



Frederick W. Stocker

trophy. Left eye: Few but rather large warts oni Descemiiet's membrane,
mor-e in the center, were presenlt. Ile corneal sensitivity was mu1tlch
re(dtucedl. One and(i one-hafi ercent cortisolne (drops every tlhree houirs
in the riglht eye were prescril)e(d.

7-16-51: Right eye: the cornieal epithelit,um1 wals not e(lemiiatous, the
stroma wNas somewhat clearer, butt still tlickenecl an(d tUrbid in the
posterior peart.

7-30-5I: Thle right cornea was clearer. VisiOn: 20/40. 'I'heC patient
had been uising cortisone locally ever sinice it was l)rescril)e(l. Ihe con-
(litioIn had remlainiedl stationiary.

5-29-52: W\lhen last seen, visioIn of the riglht eye was 20/30.

CASE 10. SIXTY-FoUR-YEAR-0LD FEMNIALE.
1-24-50: Right eye: there was marke(d cornea g9tttatal in the center.

TowardIs the periphery there were areas of normiial en(lotlhelilmll. Thle
epitheliumll was slightly stippled. A beginning nuclear cataract wNgas
present. Vision: 20/70 with correction. Left eye: ther-e was modlerate
cornea guttata in the ceniter an(d normal en(lothelitumii in the periplhery.
A beginning nuclear cataract was present. Vision: 20/ 50 with correction.
Forty mig. rtitin three timies a (lay was l)rescribel.

6-6-50: The corneal lesion was the same, the cataracts hadl increasedl
in both eyes. Five percent saline soltitioni fouri times t (lay in the right
eye was lprescribed.

12-14-50: Right eye: in addition to ep'ithelial edenma, several smliall
bullae were present, the stroma thickened, and Descemiiet's miiembranie in
folds. D)iagnosis: en(lothelial ancl epithelial dIystrophy. O(ne-lhalf per-
cent cortisone dlrops every three houirs wvere lprescribe(d.

12-IY-50: Right eye: the stromiia w,,as clearer an(dI fewer folds in
Desceiniet's membrane were niote(l.

1-3-5I: 'I'lTere was n1o clhange in the conldition, bUt it was lnote(1 that
the anterior chamliber hla(l becomCe ratlher shalloiw, mliore so in the riglht
eye, where mllost of the iris seemiie(d to touch the lposterior sturface of the
cornea. The intraocular pressure was loun(l to be within norm-ial limiiits
to palpation in both eyes.

10-26-5I: Right eye: a large uilcer ha(l fIormlle(d in the center of the
cornea, with hypopyon being present. h'l'e culture taken froml the
ulcer showed Staphlylococcuis albnis. 'I'he cond(litioni wa-s treated with
aureomycin, lenicillin, aned terraimycin.

12-12-5I: The ulcer ha(l healed.
2-15-52: An attack of severe pain in the right eye and nausea for a

few hours were reported. Right eye: the cornea was very cloud(ly, the
epithelitum stipple(l. 'I'he sensitivity was markeclly re(dtucedl. 'IThe intra-
ocular pressure was 76 mm. Hg (Schiitz). Left eye: introcular pressture,
I I mm. Hg (Schi6itz).

2-16-52: After intensive treatmiient with mo percemit fturnmethi(le, the

76o



The Endothelium of the Cornea 761
intraocular pressure of the right eye fell to i1 mm. Hg. The patient
wvas discharged with 2 percent pilocarpine.

2-20-52: The patient reported the recurrence of severe pain in the
right eye. The intraocular pressure was found to be +3.

2-2I-52: Right eye: A combined iridencleisis and Lagrange sclerec-
tomy was (lone.

3-5-52: Riglht eye: the cornea was still hazy, but no edema of the epi-
theliuiim and Ino bullae were present. ViSiOnl: 20/400. Intraocular pres-
sure: 17 mmn. Hg. Two percent pilocarpine three timiies a day for the
left eye was prescribed.

6-9-52: A severe attack of pain in the left eye was reported. The pa-
tient had been uising pilocarpine regularly. Right eye: intraocular pres-
sure i6. Left eye: the corneal epitheliumll was edematous, the stromlia
cloudy. The anterior chamiiber angle wAas comipletely obstructed. Intra-
ocular pressure 65 nmm. Hg.

6-IO-52: Since miotics had no effect, a combinedl iridencleisis and
Lagrange sclerectomy was done in the left eye.
CASE 1 1. SIXTY-FOUR-YEAR-OLD FEMALE.

5-9-46: Extreme cornea guttata in both eves with endotheliumn almost
completely (lestroye(1 in central parts was found. There was no cloudi-
ness of the stromna. Some irregularities of epithelial cells were present
in places (early edema?). Iiimature nuclear cataract was noted. The
fundi were not remnarkable. Vision: right eye, 20/200; left eye, 20/50
with correction.

6-3-so: The cornea of the right eye had become somiiewhat cloudy.
Some edema of the epithelium was present in both eyes. Rutorbin, one
tablet three timnes a day, was prescribed.

1-29-51: No edemlla of epitheliumiii was noted. Local cortisone four
timiies a (lay was prescribe(l.

2-12-51: Both corneas were clearer. There were still patclies of endo-
theliumll present toward the periphery, whereas it seemed to be com-
pletely absent in the center.

2-26-5I: The condition hadl reImained unchanged. No edemua of epi-
thelitumii was noted.

5-12-5I: Riglht eye: edemlla of epithelium was present again; also
sonie smlall bullae were notedl. Left eye: no edlemua of epithelium was
found. A corneal transplant for the right eye was contemplated. The
lpatient did not return.

C"ASE 12. SIXTY-NINE-YEAR-OLD FEMIALE.
1-5-49: Beginning endothelial (lystroplhy and immature cataract

were founid in both eyes. Vision: riglht eye, counting fingers; left eye,
20/100 with correction.

1-20-49: After an uneventful intracapsular cataract extraction of
the right eye, striate keratitis and later corneal edema developed.



762 Frederick W. Stocker

3-9-49: Vision of the right eye WaIS 20 /200 With correction.
7-3-50: The cornleal dystrophy lha(l progresse(l in both eyes. Methyl

cellulose thl-ee timiies a (lay in both eyes was prescribe(l.
1I-9-50: Riglht eye: epithelial bullae were present.

II-8-51: The cod(lition was uinchainge(l. One-half percent cortisonie
drops in eaclh eye tlhree times a day were prescribed.

12-28-5I: Riglht eye: epithelial bullac had disappeared.
6-18-52: When last seen the conditioni was uinclhanged.

CASE 13. SEVENTN'- iW\'O-YEAR-OLD FE.\\ALE,.
6-1-52: ^The p atient reported the vision of 1)oth eyes to lbe worse in

the miiorninig, uistually better in the afternoon, especially in the left eye.
Riglht eye: the corn-iea was clear. Few warts we-re present in the central
area of Desceiniet's m-nemibrane. Corneal sensitivity wCas normiial. 'Tliere
was a imoderately sh.allow anigle of the aniterior chaimber andl beginning
nuLclear cataract. T'he ftuniduLs was niormtal. Intratocular pressture Awas
15 mm. Hg (Schidtz). Visioni Waas 20/6o with correction. Left eye: tlle
lids wvere edemiatotus. The cornca was clotdid, throuiglhotut p)erlneatedl
with flUid, tlhickeniedt. The epithelium wvas edeimiatouIs and sh1owved
num-erotus bullae. Descemet's mnembrane wvas wvavy. The en(lotlhelitullm
couldl not be vistualized. The anterior chamber was mucnh shallower
tlhaIn in the riglht eye. The corneal sensitivity was greatly reducedl. The
intraocular pressure was i6nmm. Hg (Schi6tz). ITwo an(d onle-half pcl--
cent cortisone dlrolps in left eye every tlhree hoturs (lurinig daytimiie, onle
and one-half perceiit cortisone ointmiienit at be(dtimiie, an(l 5o m1lg.
pyribenzamine three times a day were prescribed.
CASE 14. SEVENTY-SEVEN-YEAR-OLD-FEMALE. The p)atiellt lad l)een seeni
on several occasions after 1949, anlI the cornieas were fotuni(d to be clear
every timne.

6-25-52: W\hell seen again, the stattus wvas as follows: Right eye: (leldle
of the cornecal epithelitun ivas present. The central parts of the stromiia
were turbid. Descemiiet's miemibrane was wavy. Most of the endothelial
cells were tunustually large, with very dlistinict intcrcelluilar lines and(1
probably vacuoles. Every now and theni a (lark area, severcal cells largc,
was seen. There werc nio warts oni Descemnet's memibrane corrcspon(lidi
to these (lefects in the en(lotlhelial pattern. The corneall sensitivity w\a;,s
greatly redtuce(l. Ntuclcar cataract was presen)t. The intraocCUlar pressulre
wvas normiial to palpation. Vision was 20o2o. Left eye: No edlema of
cither corneal epitheliuLm or stromiia was secen. The en(lotlhelial (lis-
turbance was the same as in the riglht eye, but less pron)otince(l. Nuclear
cataract -xas present. The cornieal sensitivity was shi2ohtlv redtced.
Visioni was 20/100.

CASE 15. SIXTY--FIVF-YEAR-K (I) FEI.MALE.
3-20-52: Botlh eyes shoNwedl well-developed enclotlhelial dystrophy. The
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e)itlhelilum of the cornea wa,Ts edematous, the stromiA permeaitedl with
1tibid slhowNing (lark clefts. TIhe endlothleliumii was almost comiipletely
lestroyed all the wayv otit to the p)eriihlery. T1here seemne(d to be an ex-
tensive cornea guttata witlh very smiiall wiarts cn Descemet's membrane.
Thlie cornieal sensitivitv was markedly re(dLucedl. Moderate lenticular
sclerosis was iresent. The intraoctilar presstire was normal to palpation.
Visioni: riglht eye, 20/50 ; left evle, 20/40- with correction. One-half
percelt cortisonC drops fotir timiecs a day were lprescribe(l.

5-1-52: Botlh eves: no e(lema of corneal epitheliumini was seen. Other-
wise the cond(litioni was uinchange(l.

CxASIv, I 6. Six-rv-NIN]4'-Y1'VAR-oi,i) FFMALE.
5-22-52: Gradual loss of vision for the past five years was reported.

Botlh cves: TIhliere was nio edema of the corncal epitheliumn, but some
fltii(i clefts wcrl-e seen in the l)osterior part of the stroma. Extensive
(legenieratioii of the endclotlhelitimii, with enlar-gemiienit and vacuolization
of the cells, was l)resent, apparently with formation of innumerable
warts oni Desceiniet's membrane. The condition affected the entire area
of the cornea almost uiniformiily. There wvas a considerable amouint of
pigmlenlt Itlist oni the posterior surface of the cornea. The corneal sen-

sitivity was normal. Bceg-inninlg nutclear sclerosis wvas present. One-half
percent cortisone drol)s thlree timnes a(day were prescribed.

/---52: No clhange in cond(lition was note(l. Sixty mig. rutin an(! 100
ig. ascorbic acid (rutorbin) tlhree timnes a dlay were lprescribe(d.
CASE 17. FORTY-THREE-YEAR-OLD IMALE. Thlie patient hiad been seen
several times sinice 1942 andl no corneal disease hlad been note(l.

1-5-jv: Thelre was e(lemiia of the corneal epithelium in both eyes,
with mnarkecl cor-niea gtuttata extencling towards the periphery. Fifty
mg. rtutin and! ioo0i0g. ascorbic acid! (rutorbin) tlhree times a (lay were
prescriledl.

-/-27-4: The corneal edemia hlad completely disapppearedl.
6i-3-52: Patient ha(l not taken rtutorbin for some time. There was

somiie epithelfa l edemiia againl.

CAISF1 i8. FMART-SIKvIN-YE1AR-(IDM)AL.
5-20-51: The patient statedl that a corneal lesion lhad been diagnosed

in him as long as twelve to foturteen years ago. He complained of
blurredl vision in the morning-. Botlh eyes: The corneal epitheliumii wvas
clear, not edemiiatotus. The aniter-ior part of the str-omiia was clear. TIhere
was some e(!ema in the (leel) layers of the stroma, with (lark wvater clefts.
Descemet's membrane was recogllizable as a grayish line. In the center
the endotlhelial iatterll was conllpletely al)sent. TI'oward the periphery
tlhere were a few smiiall lpatclhes of endothelitumii. The whole posterior
surface of D)escemiiet's membrane wvas stt(l(le(l witlh warts. The corneal
sensitivity was normal. Th'lle intrtaocular pressure wvas normiial to palpa-
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tion. The fundus was seen very indistinctly, apparently due to the
condition of extreme cornea guttata. Vision: right eye, 20/25; left eye,
20/20-1 with correction.

4-23-52: The condition was found to be unchanged. Fifty img. rutin
and 150 mg. ascorbic acid (rutorbin) three times a day were prescribed.

5-2I-52: TIhe patient stated that he had never seen as clearly as today.
Vision and condition of cornea were unchanged.

CASE 19. SIXTY-YEAR-OLD MALE.
9-6-50: The patient complained of failing vision for the last two

years, usually worse in the imiorning. Right eye: A faint haziness in
central part of the cornea, not exceeding 5 mlm. in diameter, was present.
In that area, the epitheliuin was edemnatous, several small bullae were
present, and the endothelium was almost completely deficient. There
was cornea guttata less and less marke(d towards the periphery, where
largc patches of normal endothelium were still present. Vision: 20/200
with correction. Left eye: The same condition, slightly less developed,
was present. Vision: 20/100 with correction.

I0-26-50: Right eye: a round, penetrating corneal graft, 7.5 mm. in
(liameter, was d(one, using a cornea received by the eye bank from a
forty-eight-year-old donor who died fromn uremia and diabetes mellitus.
The graft was held in place with eight edge-to-edge sutures. There was
an uneventful postoperative course. Cortisone was used topically from
the fourteenth postoperative day on.

2-7-51: Right eye: the graft was perfectly clear. Vision: with +s.oo
Sphere, -6.oo Cyl. Axis 155_20/20. Cortisone in both eyes was con-
tintied.

11-7-51: Right eye: the graft was clear. Vision 20/20 with correction.
Left eye: The corneal dystrophy had increased. The epithelium was
cdematous, numerous bullae were present. Vision: 20/400 with cor-
rection. After hot-air application for five minutes, the cornea was much
clearer and vision was 20/70 with correction.

5-I2-52: Right eye: Nineteen months after keratoplasty, the graft was
perfectly clear. The endothelial cells coul(d be seen but they had a
shriveled appearance, with several (lark dots within the mosaic texture.
Tl hese dots, however, dlid not seemi to correspond to warts, but rather ap-
peared to have been pro(luced by the degeneration- of some cells with-
out wart formation. There were a few cortical opacities in the lens.
Vision: 20/30 with correction. Left eye: the dystrophy ha(l increased.
Vision: io/400 with correctioni. The patient state(l that he used hot-air
treatment regularly in the morning. This elimiinated the blurring effect
on the vision of the left eye for several hours. He also thought he saw
better when using cortisone regularly in the left eye.

8-12-52: Twenty-two months after keratoplasty the graft of the right
eye was still perfectly clear, vision 20/30 witll correction.
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CASE 20. S1X'rY-FIVE-YEAR-OLD FEMIALE:

6-29-44: Vision 20/20 with correction in eaclh eye. No changes in
eitlher cornea w,s!ere noted.

1-I2-49: Riglht eye: cornea guttata anid beginning nuclear cataract
were present. Vision 20/30 with correction. Intraocular pressure 19
mm. Hg (Schiotz). Left eye: There was endothelial and epithelial
dlystrophy with ed(lemla of the corneal epithelium and beginning nuclear
c,ataract. ViSiOn1 20/200; glasses did( not improve. Intraocular pressure:
23 "'In. Hg (Schiditz). One percent pilocarpine three times a day in
eachi eye, 2 percent saline solution every three hours in each eye, and
hesperidin-methyl-chalcone (50 mg.) three times a day, were prescribed.

5-7-49: The patient returned with a history of severe pain in both
eyes and gradual loss of vision for the past three days. Diagnosis: bi-
lateral subacute congestive glaucoma. The intraocular pressure was +2
to palpation.

5-I9-49: Left eye: a posterior sclerotomy an-d 7o cyclodiathermy punc-
tures were done.

5-24-49: Right eye: a posterior sclerotomy and combined Lagrange
sclerectomy and iridencleisis were done.

6-3-49: Intraocular pressure: right eye, i 1; left eye, 30 mm. Hg
(Schidtz). Severe bullous keratitis gradually developed in both eyes. On
1 percent cortisone drops topically it improved temporarily for several
months, but an almost complete opacification of both corneas had de-
veloped when seen last on 4-28-52.

CASE 21. FIFTY-FOUR-YEAR-OLI) FEMIALE.
9-26-4 5: Both eyes showed typical epithelial and endothelial dys-

trophy with edemia of epithelium and stroma. The endothelium was
not distinguishable. It was impossible to determine whether there was
cornea guttata or not. Vision: right eye, 5/200; left eye, 2/200. Intra-
ocular pressture: 14 mnm. Hg (Schiotz) in both eyes. Vitanmin A (50,000
units) orally and vitamin A and D ointment locally were prescribed.

10-17-4 5: The patient felt subjectively better. Vision: right eye,
l o/ i oo; left eye, 5/1 00.

II-I3-45: An Elliott trephine wvas performiled on the left eye.
12-7-45: The cornea of the left eye was definitely clearer; the intra-

ocular pressure was lower than in the right eye to palpation.
2-2i-46: The condition was worse in both eyes. Rutin, 50 mg. three

times a (lay, was prescribed.
6-26-46: The patient stated she felt better since she took rutin. Both

corneas showed less edema.
9-7-46: Corneal edema had increased. The patient was wvithout rutin

for three weeks and was a(lvised to take rutin again.
11-23-46: No change in condition was noted.
11-26-46: Left eye: vision, counting fingers at two feet. A 4 mm. per-
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forating corneal transplant was done. There was a partial displacement
of the graft in the postoperative course which, however, adjusted itself
gradually.

2-27-47: Left eye: the transplant was partly clear, but seemed to
become cloudy from the nasal side, where originally it had been dis-
placed. Vision: 5/loo. Right eye: bullous keratitis had developed. Hes-
peridin-methyl-chalcone, 50 mg. three times a day, was prescribed.

9-4-48: The condition was unchanged. The patient thought she did
better with rutin than with hesperidin. Two percent saline solution
every three hours in each eye was prescribed.

10-4-49: The condition had become worse in both eyes. Five percent
saline was prescribed.

9-5-50: When last seen, the corneal graft of the left eye was almost
completely opaque; however, it did not show as much bullous kera-
titis as the right eye.

CASE 22. FORTY-SIX-YEAR-OLD FEMALE.
9-29-47: The patient complained of slightly hazy vision. Both eyes:

vision 20/25+ with correction. Extreme cornea guttata was present in
both eyes. The endothelium was almost completely absent in the cen-
tral parts. Towards the periphery patches of endothelium were visible.
The corneal stroma was slightly hazy; no edema of epithelium or
bullae formation was present. Rutin, 50 mg. three times a day, was pre-
scribed.

1-2-48: The corneal stroma was slightly clearer.
10-25-50: The full picture of endothelial and epithelial dystrophy

had developed in both eyes. Edema of corneal epithelium and some
bullae were present. Vision: right eye, 20/40; left eye, 20/30 with cor-
rection. The patient stated that vision was worse in the morning than
in the afternoon. One percent cortisone every two hours in both eyes
was prescribed.

10-27-50: The condition had greatly improved. No bullae were seen.
12-13-50: No epithelial edema and no bullae formation were present.

The cornea guttata had extended far out towards the periphery; very
few endothelial cells remained. Pigment dust was noted on the posterior
surface of both corneas.

4-30-5I: The condition was unchanged.

CASE 23. SIXTY-TwO-YEAR-OLD FEMALE.
5-30-44: Right eye: the corneal epitheliuni and stroma were edem-

atous. The endothelium was almost completely degenerated in the
central area. Vision: 20/70 with correction. Intraocular pressure, 17
mm. Hg (Schiotz). Left eye: the epithelium was normal. There was a
beginning degeneration of the endothelium in the center. The fundus
was normal. Intraocular pressure: 17 mm. Hg (Schiotz).
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Diagniosis: Epithelial and en(lothelial dystrophy in the right eye and

beginning in the left eye. Two percent pilocarpine three times a day
in right eye was prescribed.

Gradu.ally, severe bullous keratitis of the right eye developed, with
uilceration and(I intractable pain, for which the right eye was enucleated
on 7-2-46. The dystrophy progressed gradually in the left eye and had
developed into a vasculariz/ed leucoma when last seen on 3-29-50.
CASE 24. FIFTY-EIGHT-YEAR-OLD FEMALE.

12-7-50: Both cyes: considerable cornea guttata was present, mostly
in center, where the endothelium seemed to be completely degenerated.
There were a few instances of slight cloudiness in frcnt of Descemet's
membrane. These areas corresponded to the places where the endo-
tlheliuim was absent (early penetration of fluid.)

CASE 25. FORTY-NINE-YEAR-OLI) FEMALE.
ii-22-48: Fully developed enclothelial and epithelial dystrophy was

noted in both eyes. There was edema of epithelium and stroma and
extremne cornea guttata. Vision: 20/40 with correction in 1)oth eyes.
Hesperidin-mlethyl-chalcone, 5o mg. three timnes a clay, was prescribed.

12-29-48: No change in the condition of either eye was noted after
onie miionth of hesperidin. Blood pressure: 196/128.

4-6-49: Botlh corneacs seemed slightly improved, less edematous.
Vision: right eye, 2(/40; left eye, 20/30 with correction.

6-29-49: Two percent saline drops locally every four hours, in addi-
tion to rutorbin three times a day, were prescribed.

7-29-50: The condition was wvorse in both eyes, with marked epi-
thelial edema a.nd buillae fornmation.

I-13-5I: Vision: right eye, 20/100; left eyc, 20/80 with correction.
1o-26-51: In spite of rutorbin and cortisone locally the dystrophy

had becomle worse in both eyes. Right eye: large epithelial bullae were
l)resent in the center. No endothelia were seen in the central area.

Towards the periphery some indication of an endothelial pattern could
be seen, togethier with markedl cornea guttata. The corneal sensitivity
was much reduce(l. The vision varied between 20/200 and 20/60 and
was worse in the morning. Left eye: no bullae formation, but marked
e(lema of epithelium and stroma in the central part of cornea was
present. Mrarked cornea guttata in center, but large patches of normal
endothelium could be seen towards the periphery. The corneal sen-
sitivity was slightly reduced. Vision varied between d)0/200 and 20/40.

I2-5-5I: Since it was note(d that the really diseased part of the cornea
dlidI not excee(l 7 nim. in diameter, a 9 mm. perforating graft was d(one
in or(ler to eliminate most of the actually diseased part. The graft was
heldl in place by nine edge-to-edge sutures, using Grieshaber needles.
The anterior chamber was fille(d with air. Pilocarpine and eserine
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ointmiienits were instille(l. Postoperative course: the graft stayed clear
until the seventh lday, when a slight haziiness appeared. One-half per-
cent cortisone was applied every four houtrs, whereupon the graft
cleared up rapidly. Three weeks after the operation, a slight bulge of
the graft appeared in the lower outer quiadlrant. This was apparently
due to swelling of the graft rather than to (lislocation. 'I'he intraocular
pressure was not elevated. OCn pressure bandage, cortisonle, and miotics,
the bulge gradually subsided.

I-14-52: The graft was perfectly clear, the endothelial l)pttern clearly
visible. There were several smlall bullae on the small rinig of the host's
cornea surrounding the graft, no bullae and no epithelial edema on
the graft. Vision: 20/20-1 with correction.

5-2-52: Right eye: the graft was clear, the lpattern of the endlotheliunm
somewhat indistinct. There were numiierous black (lots in the endo-
thelium, possibly indicating slight vactuolization. No signs of cornea
guttata were present. Corneal sensitivity was absent. The intraocular
pressure was rather low, but normial to l)alpation. Vision: 20/20-1 with
correction.

11-7-52: Right eye: the graft was perfectly clear. h'l'e corneal sensi-
tivity had returned to a low degree. VisiOn: 20/20-1 with correction.

CASE 26. SIXTY-THREE-YEAR-OLD FEMIALE.
6-I4-43: Both eyes showed cornea guttata in the central parts, begin-

ning nuclear cataract, and( gyrate atrophy of choroidl. Vision: right eye,
20/50; left eye, 20/25 with correction.

8-22-45: The cataract in both eyes had increase(l. Vision: righlt eye,
20/8o; left eye, 20/50 wvith correction. TIhlie patient couldl not read
regular print with either eye. Cataract extraction of the right eye was
advised with guardedl prognosis.

9-18-4 5: An uneventful intracapsular cataract extraction with periph-
eral iridlectomiiy was done on the right cye.

11-14-45: Right eye: well healed. Vision 20/40 with correction.
1-8-46: Right eye: edema of corneal epitheliunm an(d cloudiness of

stroma had (leveloped. Vision: 20/200 With correction. Vitamin A and(
D ointmiient was prescril)e(l.

5-27-46: Right eye: the cornea was mutclh clearer. Visioll: 20/70 Witl
correctioni.

4-30-47: The condition was unchanige(l. Rutin, 1oo 11ig. three timnes a
day, was prescribed.

12-7-48: The right cornea was muclh improved. No e(lema was present.
Vision: 20/40 with correction.

6-I6-49: The patient had not taken rutitn recently. Th'lie cornea of the
right eye showed marked edema again. Vision: 20/100 wAith correction.
Left eye: cornea guttata, but no epithelial edema, was l)resent. Rutorbin
(rutin and ascorbic acid) was prescribed,
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CASE 27. F IFTY-iG(;HT-YEAR-0L-)n 1EIALE.

10-31-49: Right eye: statuLs after extracapsLular cataract extraction,
(lone elsewhere, was present. Left eye: a slightly hypermiature cataiact
waIs floun(d. Botlh eyes showe(d a mo(lerate (legree of cornea guttata.

i--S-49: An intracalpsular extractioni of the cataract, using the erysi-
phake, was dlone in the left eye. No comiiplicationis occurre(l.

11-2I-49: On (lischarge mlarkedl stri-ate keratitis wras present in the
left eye.

11-26-49: Th11e left eye was imiore irritate(l anld l)ullHous keratitis lhad
develoled in a(l(lition to the striate keratitis still present. Atropine
anid warimi compresses locally an(d soditumii salicylate internally were
prescribed.

12-5-49: Left eye: no epithelial bLullac were found, but there were
still soimie foldks in Descemiiet's nmemibraniie.

12-28-4 9: Left eye: the corniea was clear an(I the cornea guttata about
as before the operation. Vision: 20/30 with correction.

CASFI 28. FIFTY-NINE-YEAR-oLD FEINALE1.
10-3-46: Advanced nuclear cataract of the right eye; beginning of the

left eye was present. Both corneas were clear and did not show cornea
gluttata.

IO-4-46: An uLneventftul intracapsular cataract extraction with periph-
eral iridectomiiy was (lone on the right eye. No vitreous was lost. On
the tlhird postoperative (lay a severe anterior chamiiber hemllorrhalge oc-
cuLrre(1. Later, secondlary glaucoma (levelope(l; it was treated conserva-
tively wvith iiotics and finally was coOntrolled.

-10-1 5-4: Right eye: edemiia of the corneal epithelium and stroma
had (levelope(l in the upper part.

4-13-49: Althoughi the intraocular pressure had been kept between
17 anid 30 nm. Hg, the edemua gradlually extendedl downwards toward
the center. Sixty miig. rtutin ancl oo30ig. ascorbic acidl (rutorbin) three
timiies a (lay were prescribedl.

5-18-49: Left eye: the corneal edema had retracte(l ulwar(ls.
6-22-49: Th'lie condlitionl Was satisfactory.
8-8-49: Left eye: The corneal dystroplhy had extended again. Intra-

ocular pressure wais di mm1. Hg (Schi6tz).
CASE 29. SIXTY-SEVEN-YEAR-0(LD FEMIALF.

2-6-4-5: Diagniosis: bilateral nuclear cataract. Both cornets were clear.
5-29-47: AIn extracapsular cornmbined cataract extraction was (lone on

the riglht eye. Considerable striate keratitis was present for several days.
II-5-47: Riglht eye: the lens material was mostly absorbed. Some

cloutdiness in the vitreouLs was present. Edema of the corneal epithelium
had (levelope(l. Intraocular pressure wvas normiial to palpation. Vision:
2(0/200 witlh correction. One hun-dredI mg. rutin three tinmes a (lay and
vitamini A and D ointmlent were prescribed.

769



Frederick W. Stocker
12-18-47: The right cornea was much clearer.
6-8-48: Right eye: no edema of corneal epitheliunm was presenlt. Rutin

was discontinued.
12-8-48: Right eye: there was considerable cornieal edema again. Two

percent saline solution every three hours was prescribed.
2-10-49: When seen before treatment there was corneal edema in the

right eye. One hour after 2 percent saline the epithelial edema had
disappeared.

I-17-51: Right eye: considerable edema of corneal epithelium and
bullae were present. One and one-half percent cortisone locally every
three hours was prescribed.

6-13-51: Right eye: no bullae, but some corneal edema was seen.
Left eye: the corneal endothelium was normal. No cornea guttata, only
an occasional Henle's wart toward the periphery was seen.

CASE 30. FIFTY-SIX-YEAR-OLD MALE.
3-17-50: Diagnosis: Right eye: mature cataract. Vision, hand move-

ments and good light projection. Left eye: beginning cataract. Vision
20/30 with correction. Neither cornea showed cornea guttata.

5-4-50: Right eye: a combined extracapsular cataract extraction was
done. A small amount of vitreous was lost. The patient had several
anterior chamber hemorrhages during the first postoperative week.

9-7-50: Right eye: vision 20/20- with correction.
I0-30-5I: Right eye: the corneal epithelium and stroma was edem-

atous. The endothelium could be seen only faintly. It showed an
indistinct pattern, the outlines of the individual cells being hardly
recognizable. There were no warts on Descemet's membrane. Vision:
20/200 with correction. After instillation of glycerine the epithelial
edema cleared up and vision improved to 20/40 temporarily. Left
eye: no cornea guttata was found. Intraocular pressure was i8 mm.
Hg (Schiotz) in both eyes. Sixty mg. rutin and 200 mg. ascorbic acid
(rutorbin) three times a day were prescribed.

II-I4-5I: Right eye: the condition had become worse. Vision 10/400.
After hot-air treatment the cornea cleared up and vision was improved
to 20/40. This treatment was continued. Trhe visioIn stayed quite clear
for about one hour and stayed somewhat clearer for the rest of the day.
The next morning the condition was again as before.

4-2-52: The condition of the right eye had considerably improved.
Vision: 20/70-1 with correction.

6-2-52: The patient had not used either heat or cortisone. Right eye:
the cornea was very cloudy. Vision 20/400.

7-2-52: Right eye: epithelial bullae had formed.
11-21-52: Right eye: bullous keratitis was present. Vision 10/400.

A total lamellar graft, 1o mm. in diameter, was done. The postoperative
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course was uneventful, with the graft being fairly clear. The patient
was still in the hospital when the record was closed.

CASE 31. SIXTY-NINE-YEAR-OLD FEMALE.
4-30-51: The patient was admnitted with the diagnosis of bilateral

nuclear cataract. Neither eye showed cornea guttata. Vision: right,
20/40; left, 20/200 with correction.

5-1-51: An intracapsular cataract extraction with round pupil was
done on the left eye. No vitreous was lost. The postoperative course was
uneventful except for a marked striate keratitis.

7-18-5I: Left eye: a vitreous hernia was touiching the upper part of
the cornea. There was epithelial edlema and cloudiness of the stroma
in that area.

7-19-51: Left eye: air was injected into the aniterior chamber and the
vitreous hernia separated from the cornea.

4-9-52: Left eye: the cornea was clear. The endothelium in the upper
part was partly of normal appearance, partly shriveled. No excrescences
on Descemet's membrane were present. The intraocular pressure was
normal to palpation, slightly lower than that of the right eye. There
was a hole in the macula which accounted for the poor vision of 20/200.

CASE 32. FORTY-EIGHT-YEAR-OLD MIALE.
1-24-52: Left eye: an intracapsular cataract extraction was performed.
2-5-52: A large vitreous hernia was touching the posterior surface of

the cornea of the operated eye.
2-20-52: The vitreous hernia was still touching the cornea.
3-5-52: Left eye: the vitreous hernia no longer touched the cornea.

The endothelium was perfectly normal. Vision 20/20 with correction.

CASE 33. SEVENTY-THREE-YEAR-OLD FEMALE.
9-27-5I: Right eye: an intracapsular cataract extraction was done.

The postoperative course was uneventful until 11-9-51.
11-9-5I: Right eye:pain and pericorneal injection were noted. A huge

vitreous hernia had invaded the anterior chamber and was in direct
contact with the posterior sturface of the cornea. The intraocular pres-
sure was 19 mm. Hg (Schi6tz).

II-I3-51: Right eye: the intraocular pressure was 38 mm. Hg. One
drop of DFP was instilled. Ever since the intraocular pressure has re-
mained normal.

12-7-51: Right eye: the cornea was clear, the endothelium of normal
appearance. The vitreous hernia still was touching the cornea. The
intraocular pressure was 19 mm. Hg (Schi6tz) .

CASE 34. SEVENTY-THREE-YEAR-OLD FEMALE.
5-29-52: Diagnosis: choroidal melanoma of the right eye. Both eyes

showed marked cornea guttata. The right eye was enucleated. The
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cornea Wtas imilmedliately excised an(l treatedl in the following way:
1. Part of the cornea waTcls put into lo percent formalin. After fixation
a flat section of Descemiiet's menmbraine and encdothelitumii Nwas prepared,
staine(1 with hematoxylin and photographed (Figure 2 1) .
2. The other part of the cornea was freshly stainedl with i percent
alizarin re(1 andl examiiine(l tInder the imiicroscope withouLt fixation (see
p. 7o8).
CASE 35. NSEENAE-TwO-YEAR-o) MALE.

10-30-46: 'The patient gave a history of her-petic erLuptions on the lids
an(I the cornea of the left eye years ago. The left eye had been painful
for the last few (lays. h'l'ere was ciliary irritation, edema of the corneal
epithelitumii in the center, a slight cloudiness of the stromiia in the center,
and bedlewing of the posterior surface of the cornea. Intraocular pres-
sure was i(6 imm. Hg (Schi6tz). Under salicylate, atropine, and heat
treatment, the infiltration of the cornea an(d the ciliary injection sub-
si(led.

1-27-50: Bullous keratitis of the left eye had developed with edema
of the corneal stromna.

fim pressioni: bullous keratitis on the l)asis of previous keratitis
metaherlpetica.
CASE 36. SIXTY-SIx-YNEAR-01) FEMNIALE.

2-I7-45: Diagnosis: advaniced nuclear cataract of riglht eye, beginning
of left eye. Both corneas were clear.

5-6-47: Right eye: an extracapstular cataract extraction with pe-
ripheral iri(lectomny wvas (loie. 'I'he postoperative course wTas uneventful.

5-I8-47: Right eye: without irritation but there was somlie striate kera-
titis.

6-23-/47: Right eye: vision 2o/3o+ with correction.
ii-22-4 : The patienit relported having ha(l a severe attack of malaria,

andl that slhe ha (d not seen so wrell since. Vision: right eye, 20/8o with
correction.

9-7-48: Both eyes showed miioderate amiiotunt of cornea guttata. Cataract
of the lel't eye hald matured. Vision of left eye redlucedl to 10/400.

i0-20-49: A combined intracal)stular extraction of the cataract of the
left eye was (lone.

ii-I4-49: A slight postoperative aniterior chamnber hemlorrlhage was
still present.

12-5-49: Left eye: the hemnorrlhage had absorbed. Vision 2(/30 with
correctioni.

2-4-5 I: Right eye: severe btullous keratitis with edema of the corneal
stromiia wvas lpresent. The corneal en(lotlheliumii was in(listinguishable.
The intraocular pressure wavis i- mm-n. Hg (Schi6tz). Vision: counting
fingers at two feet. Left eye: normiial except for moderate cornea guttata.
Vision: 20/20 with correction.
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3-13-52: There was no change in the concditioin of eitlher eye. Hot-air

application to the riglht eye miiacle the epithelial bullac dlisappear, but
the vision was not definitely imiproved.
CASE 37. SEVENTY-iTW-YEAR-OLI) FEIALF.

8-2-4-5: An intracapsular cataract extraction wtvith peripheral iridlec-
toiimy was done on the right eye. TIhere was no loss of vitreotus, but its
presence in the anterior chamiber wras suspected, as the chamiiber sud-
dlenly became very deep while the sutures were tiedl. Anl almost comii-
plete comiibined cletachment of the choroi(d and retina with no fundus
reflex was still presenit when the pa1tient was tlisclhiargetl from the
hospital on the nineteenth postoperative (lay.

9-8-45: Right eye: the choroid was comiipletely reattached, but the
optic disc appeared to be definitely paler than in the left eye. Visioin
20/300 with correction. The intraoctLilar pressure was i 6 mm. Hg
(Schi6tz).

10-29-47: Right eye: the pupil seem-ledl to be slightly displace(d upwardl.
No vitreous was noted in the anterior chalmaiber. TIhe intraocular pres-
suLre was 35 mmn. Hg (Schi6tz). Tw\o percent lilocarline clrops thrce
times a day were prescribel.

12-17-417: Right eye: the corncal epithelium was edlemnatous and some
epithelial bullae were present. The stromiia was hazy. The endotheliunm
could not be visualized. Tlhe intraocular pressure waS 27 "lm. Hg
(Schiotz). Left eye: a very low degree of cornea guttata was present.
During the further course of the secondlary glaucoma the patient con-
sistently refused anly operation. Tlhe intraocular pressure was, however,
fairly well conitrolled by 10 percent furmiiethide.

10-4-50: Right eye: the corneal dystrophy had further developed. An
ulcer was present near the lower limibus. Vitam-nin A and D ointment
was prescribed.

II-I5-50: There was no chalnge in the coi(litioni. The treatimieInt was
changed to 2.5 percent cortisonie dlrolps every twvo hours.

II-17-50: The patiellt felt mu1t1Ch miiore comnfortable. The cornea of
the right cye was clearcr.

i2-6-50: The right eye lhadl suddlenly becomie very paiinful the day
before. TI'he tulcer had l)erforated. Iris, an(l possibly vitreotus, was pro-
lapsed.

12-8-50: Thlie right eye was enuticleatedl.
CASE 38. FIFTY-YEAR-OLD MALE.

7-11:51: This patient had been refracted several tinmes since 1946.
Never were any changes noted in either cornea. Recently he com-
plainedl about bltirriness of vision in the left eye. Right eye: normnal.
Vision 20/20 with correction. Left eye: vision 20/30 with correction.
Slightly below the center the cornea showed a row of bullae protruding
from the posterior surface towards the anterior chamber. The endo-



774 Frederick W. Stocker
thelial pattern could be followed over the concavity of some of these
vesicles.

8-I-5I. Some of the vesicles had burst, leaving a hole in the endo-
thelial pattern. There were no warts on Descemet's membrane.

3-27-52: The formerly noticed vesicles of the corneal endothelium
of the left eye had enlarged and partly merged into larger bullae. In
addition, a new row of smaller bullae could now be seen a little below
the first lesion.

CASE 39. SIXTY-YEAR-OLD FEMALE.
6-14-50: This patient gave a history of severe inflammation of the

right eye at the age of eight, and of the left eye at age of sixteen; prob-
ably interstitial keratitis. The Wassermann test of the blood was nega-
tive. Both eyes showed diffuse corneal opacities, mostly close to
Descemet's membrane, with numerous ghost vessels. No edema of
epithelium or stroma was present. The corneal endothelium was very
irregular. In some places there was an almost normal pattern, in others
the endothelial cells were several times the size of normal cells with
large intercellular spaces. There were also areas in which the endo-
thelial cells seemed to have completely degenerated. Vision: right eye
20/50, left eye 20/50-2 with correction.

1-20-51: Right eye: there was no edema of the epithelium, and the
condition in general was as previously noted. Left eye: the corneal
epithelium was edematous and there was bullae formation in the
center. The stroma was permeated with fluid and thickened. The
patient was unable to read even largest print with the left eye. Two
and a half percent cortisone drops every three hours were prescribed.

1-24-5I: The left eye was definitely improved, bullae were fewer and
smaller, and the stroma clearer. Intraocular pressure was right eye i6,
left eye 19 mm. Hg (Schiotz).

2-I0-51: No epithelial bullae were present in either eye.
4-30-51: Left eye: bullae of the corneal epithelium had appeared

again. Five percent saline solution every four hours was prescribed.
6-15-51: Left eye: vision 20/400. There was no improvement. One

hundred mg. rutin and 200 mg. ascorbic acid (rutorbin) three times
a day were prescribed.

7-13-5I: There was no change in the condition.
12-10-5I: Left eye: vision 5/200. After hot air had been applied for

five minutes the epithelial bullae had disappeared, but vision remained
unchanged.

3-10-52: The patient had considerable discomfort in the left eye. The
corneal sensitivity was markedly reduced as compared with the right
eye.

4-26-52: Left eye: under local novocaine anesthesia, a 9 mm. perforat-
ing corneal graft was done. Four peripheral iridectomies, at 1:30, 4:30,
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7:30, and 10:30 o'clock, were done and the graft held in place by eight
edge-to-edge sutures. A perfect adaptation was obtained. Beginning on
the seventh postoperative day cortisone ointment was administered
morning and night. On the twelfth day half of the sutures were re-
moved, the rest on the fourteenth day.

5-12-52: The graft was clear except for some striate keratitis. The
endothelium of the graft appeared to be in good condition.

5-16-52: Left eye: vision was 20/40+ with correction. The graft was
perfectly clear. The endothelium had regaine(d almost normal appear-
ance.

6-9-52: Left eye: there was considerable irritation. The corneal graft
was edematous in its lower part, Descemet's membrane was wavy. The
intraocular pressure was not elevated to palpation. The patient was
admitted to the hospital and treated with chloromycetin, cortisone,
intravenous ACTH, and at last with fever (typhoid vaccine), but the
whole cornea became cloudy and edematous.

7-8-52: After the second course of fever the left cornea began to clear.
7-10-52: The upper part of the left cornea was considerably clearer.

Vision 20/100. Cortisone ointment four times a day was prescribed.
8-4-52: Left eye: the upper part of the cornea was quite clear and

showed an almost normal endothelium pattern. The lower part was still
somewhat edematous but less thick, and Descemnet's membrane was less
wavy. Vision: 20/30 with correction. The patient was advised to con-
tinue cortisone ointment.

10-I7-52: Left eye: the edema of the lower part of the graft had dis-
appeared. The whole graft was quite clear and vision 20/30 with cor-
rection.

CASE 40. FIFTY-SIX-YEAR-OLD FEMALE.
11-3-48: This patient presented the picture of a bilateral granulom-

atous iridocyclitis. A thorough physical examination and extensive
laboratory studies were done in order to determine the etiology. Skin
tests with tuberculin were negative up to i: 1ooo dilution; Kahn nega-
tive; blood chemistry essentially normal, including normal albumin-
globulin ratio. Because of the presence of large masses in the medias-
tinum and the course of the eye condition, Boeck's sarcoid was accepted
as the most probable etiology.

In the long course of the disease following long-standing fatty keratic
precipitates, a band keratitis of the left eye developed. Especially on
the lower half of the posterior surface of the cornea, the endothelium
appeared to be completely degenerated in some parts. Over these areas
epithelial edema and later a whitish subepithelial opacity developed.
In the lower part of the cornea dense v-scularized scar tissue developed
in front of Descemet's membrane. In that area there were no epithelial
changes. This condition prevailed when last seen on 7-9-52.
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CASE 41. SEVENTY-TWO-YEAR-OL) FEMIALE.

10-5-50: Diagnosis: sympathetic ophthalmia, of left eye after cataract
extraction of right eye, done elsewvhere. Left eye: no edema of epi-
thelium, but cloudiniess of stromiia was present. Dense cleposits were seen
on the posterior surface of the cornea. Floating particles and increased
flare of aqueous were present. The iris couldl be seen only faintly, but
apparently there were several lposterior synechiae. Atropine and warm
conmpresses wvere adlministered.

10-10-50: In the lower part of the cornea epithelial bullae had de-
veloped. Local aindl systemic cortisone treatmenit was instituted.

10-21-50: Left eye: w\hite and qtuiet. No corneal epithelial bullae
couldl be seein any mlore.

1-19-5I: Cortisone was (1iSCOn1tinUe(1.
4-3-51: Left eye: in the lower part of the cornea there was again

edema of the epithelium with bIullae formation. In that area extensive
pigment deposits were seen oni the posterior surface of the cornea, to-
gether with a laycr of partly absorbed confluent precipitates. The endo-
thelial pattern could not be vistualized and the strom-la was succulent
in this part of the cornea. No warts on Descemet's membrane were
present. In the upper pairt of the cornea there was no edlema of the
epithelium and the entlothelial pattern was practically normnal. Local
cortisone treatment was resuLmlecl.

4-IO-5I: 'I'he left eye was mtuclh imlproved. Thle cornea was clearer.
5-11-51: There was n1o edemna of the epithelium andl no bullae could

l)e seen.

CASE 42. SIXTY-TWO-YEAR-OLD FEMALE. This patiem1 Was followedl since
9-6-45 for a recurrenit iridocyclitis of the right eye.

6-29-5I: The right eye was white and qjuiet. There were large patches,
corresponcling to the site of long-stan(ling keratic precipitates, where
the endothelium was comlpletely (legenerateti anti no pattern was recog-
nizable. Yet there was no edemiia of either stromiia or epithelium. No
excrescences on Descemiiet's membrane wrere notedl. Vision: 20/20 with
correction.

CASt: 43. O)RTY-LIGHT-YE]AR-OIi) F1i:AliALI:.
8-21-46.: 'The patient showed the picture of bilateral healed inter-

stitial keratitis. There were some circtllnscril)bed intraelithelial an(i
subepithelial opacities and diffuse clouldiness of the stromlia (infiltration
with fllid). A l)eculiar network of stripes was present in ancI in front
of Descenmet's imemiibrane, probably representing olti ghost vessels anti
defects in Descemiiet's membrane. T'lhe end(lotlheliunti was irregular anti
diseased in the center, but fairly well preserveci in the periphery. Treat-
ment with local cortisone every three hours was instittuted. The WNTasser-
mann test was weakly positive.
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3-22-51: T'he patient felt stlbjectively better.
4-25--51: Tlie corneal stroma wtas clearer.
7-19-51: Neitlher cornea aippcared to be succuLlent. 'lhe treatment

wvith cortisone was co0ntillUe(.
9-15-51: Right eye: a filaniielLtouLs keratitis had developled. Cortisole

was discontinue(d, aiid mllethlyl cellulose dlrops fouir timnes a day were
prescribed.

9-I9-51: W1hen last seeni, n1o filaments were p)rcsent oni the cornea of
the right eye.

CASE 44. SEVENTY-EIGHT-YEAR-OL)l)MALF. Thle l)altiet had a hiistory of
recurrent iritis of the right eye sinice 1939.

10-30-50: The right eye was white an(d quiet. In the temiiporal part of
the cornea, there was somiie epithelial edlemiia anid haziniess of the stromlia.
In that place, there were several areas in wliclh the en(lotheliumil was
absent. All over, there was considerable cornea guttata. Left eye: the
cornea was clear. Only moderate cornea guttata was lpresen)t. Mlethyl
cellulose drops were prescribedl.

1-13-5I: The right cornea was somewhat clearer.
5-2-52: The right cornea was witlhotut cdema.

CASE 45. FORTY-YEAR-OLi) FEMtALE.
12-8Y-43: Thllis patient has two brothers and one sister who are afflicted

by the same condition. Tlhe miiothel was reported to have had it, too.
Both eyes were whiite and (juiet. '[lhere were niumilerouLs cruilib-like
whitislh opacities scattere(l all over the corniea, blut miore tlhickly in the
central parts. The sutperficial layers of thle cornea were predominantly
affectedl. In somiie lalcIces the lesionis were l)ulging over the sturface of the
cornea. Vision waS 20/200 with correctioni in 1o)th eyes. Diagnosis: bi-
lateral grantular corneal (lystrophy (Groenouw).

2-16-46: Left eye: vision 2(/400. A 5 mm]'. perforatin-g cornleal graft
was done. D)urinig the first postoperaltive period the graft remiiainied
fairly clear.

5-8-46: The graft was sliglhtly hazy (lue to edleniia of str-omiia and
ep)itheliutm. '1lhe endlotlhelitumii couldl not be vistnalize(l.

10-10-4i: l'here was n1o change in the cond(litioin. Onie huidred liug.
rtutin three timiies a (lay was lprescribe(l.

11-17-47: Left eye: the epitheliumli Wasiunclh less edematotus, the
cornea clearer.

5-17-51: The con(lition was worse againi. Ihe gralft of the left eye
was edlemnatous, thicker thani the surroundiing cornea. Local application
of cortisone was lprescril)ed.

8-2-52: The condition was unchanged.

CASE 46. TWENTY-SEVEN-YEAR-OLD FEMNIALE.
3-23-49: Diagnosis: bilateral keratocoinus. VisioIn was 10/400 in bothi
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eyes. Contact lenses improved vision in the right eye to 20/80, in the
left eye to 2o/70, but the patient was unable to wear them for any
length of time. Even without thein the eyes stayed irritated.

4-5-49: Left eye: a 5.5 mm. perforating corneal graft was done.
5-26-52: When last seen, the graft of the left eye was perfectly clear

and vision 20/20 with correction. A definite continuity of corneal nerves
of the host cornea with branches in the graft could be observed. The
corneal sensitivity of the graft was present but somewhat reduced as
compared with the right eye. The graft showed a perfectly normal
endothelial pattern.

CASE 47. THIRTY-1 HREE-YEAR-OLD MALE.
9-19-51: This patient gave a history of corneal transplant for kera-

toconus one and a half years ago, done elsewhere, in the right eye.
Right eye: a fairly clear 56 mm. corneal graft could be distinguished.
There were some opacities in Descemet's membrane. The endothelium
of the graft was irregular; some cells were much larger than others.
In some places it was not recognizable. Some opacities in Descemet's
membrane seemed to correspond to the areas of degeneration of the
endothelium. No actual edema of stroma or epithelium was present.
Vision: 20/40 with correction. Left eye: advanced keratoconus. Vision:
counting fingers.

CASE 48. SIXTY-NINE-YEAR-OLD FEMALE.
6-5-50: Right eye: there was an advanced granular corneal dystrophy

(Groenouw). The fundus could not be seen. Vision: counting fingers at
two feet. Left eye: a square corneal graft had been done elsewhere five
years ago. The graft was not clear but translucent. The surrounding
cornea showed the same condition as the right eye (granular dystrophy).
There was an anterior capsular cataract. Vision: counting fingers at
five feet.

6-8-50: Right eye: a 5.5 mm. perforatinig circular corneal graft was
done. The immediate postoperative course was uneventful.

6-2I-50: Right eye: the corneal stitches were removed. The graft was
well adapted but only fairly clear. With the slit lamp a delicate mem-
brane was seen to protrude from the graft into the anterior chamber
and to float therein. It was considered to be the detached endothelium.

9-30-50: The graft was edematous and thickened, and epithelial
bullae were present. The endothelial membrane had disappeared. After
local cortisone therapy was instituted the epithelial bullae disappeared,
but the corneal edema persisted.

2-27-51: Right eye: a second corneal graft, 7.5 mm. in diameter, ex-
cising the diseased first graft within the host's tissue, was done. Fifteen
edge-to-edge corneal sutures were inserted to hold the graft in place.
The histologic examination of the first graft revealed complete absence
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of en(lotheliumLl and the presence of numerous warts on Descemet's
inemnbrane (corniea guLttata). Thle postoperative course was unevenltful,
an-id the graft stayed perfectly clear unltil 3-12-51, the seventeentlh post-
ol)erative day, wheni the patient fell in the bathroom and hit the right
eye against the wash basin. The graft had been dislocated completely
except for a smiiall area below, and the lens was expelled through the
corneal opening. After an iridectomy had been done, the graft was
sLutured into place and coveredl with a reversed conjunctival flap.

5-3-51: When last seen, the graft had healed in and was partly clear.
A staphyloma developed, however, and the intraocular pressure was
elevated. Vision was hand movemnents.

CASE 49. SIXTY-EIGHT-YEAR-OLD FEMALE.
8-23-50: The patient had had bilateral cataract extraction elsewhere.

Right eye: marked cornea guttata with edema of the stromia and epi-
thelium was piresent. Intraocular pressure was 38 mm. Hg (Schiotz).
Left eye: cornea guttata, but no involvement of the stroma and epi-
thelium, was present. Intraocular pressure was i6f mm. Hg (Schidtz).
Impression: Second stage of endothelial and epithelial dystrophy of

the right eye, first stage of the samiie condition of the left eye. Tlhe
lpatient was treated with miotics an(d cortisone for several montlhs. After
an initial imnprovemlent a severe bullous keratitis developed in the right
eye.

8-28-52: Right eye: vision was counting fingers. There was consider-
able edema of the epithelium with formation of bullae. The patient
was unable to open the eye. Vision was finger movements and good light
projection.

8-29-52: Right eye: a total lamellar graft, io mm. in diameter, was
(lone and the graft sutured into place with twelve edge-to-edge sutures.
A cyclodialysis was done in the lower teniporal quadrant.

9-II-52: Right eye: the intraocular pressure was found to be within
normal limits to palpation. The epitheliumn of the graft was smooth.
There were some clefts filled with fluid between the host's cornea and
the graft. The patient was discharged with 1.5 percent cortisone oint-
ment four times a day.

IO-II-52: The patient showed considerable irritation and con-
junctival discharge of the right eye. The culture showed gram positive
cocci. Under combined local treatment with cortisone and chloro-
mycetin, this condition cleared up within four days.

10-30-52: Right eye: white and quiet. The corneal epithelium was
smooth. The clefts between the graft and the host's cornea were fewer
and smaller. Ihe vascularization had diminished. There was fairly
good fundus reflex, but no details could be seen. The intraocular pres-
sure was within normal limits to palpation. Vision was counting fingers
at two feet, or 5/400.



Frederick W. Stocker

ii-26-52: WAhen last seen, the corneal epithelium of the right eye Nas
not edemiiatous, and the graft was fairly cle-ar. VisioIn: 10/400.

CASE 50. SIXTY-ONE-YEAR-OLD FrEIAIr1.
7-3-44: The patient was seeni for refraction review. No pathology

was noted.
1-10-52: Left eye: acute glauconma with intraocular pressuire 36 mm.

Hg (Schiotz) was diagnosed. After the edlema of the corneal epitheliuim
had cleared a peculiar pattern of the endothelitumn wxAcas seen. Each cell
appeared as a small droplet approximlating the appearance of corniea
guttata, only that the indlividual drop)let Wcas much smialler. This was
most probably edemna of the endelothelitmni.

CASE 51. TWENTY-SIX-YEAR-OLD MALE.
1-10-52: Both eyes were injured by a mnine explosion in 1944, during

the war. The left eye was lost. Right eye: several scars were present in
the cornea, one perforating in center. In this central area the endo-
thelium had a shriveled appearance, with black holes in the pattern. No
excrescences on Descemet's membrane were seen with the narrowv beam
of the slit lamp.

APPENDIX B

HISTOLOGIC TECHNIQUES FOR FLA'r PREPARATIONS
OF CORNEAL ENDOTHELIUM

THE USE OF MERCURY-BICHLORIDE FIXATION.

TECHNIQUE MODIFIED AFTER NAGANO

This technique is only applied to rabbit eyes, not to hum-ans.
After the animal has been killed the eye is sectionied at the equator.

A stripe about 3 or 4 mm. wide containing the site of interest is cut
through the ciliary body of one side and cornea andl ciliary body of the
opposite side. The ciliary lpart of this stripe is grasped with a forccps
such as is used for intracapsular cataract extraction, while the scleral
part is held with any ordinary forceps. When the ciliary body is pulled
from the sclera, Descemet's membrane, together with the endotheliumn,
follows and is detached from the stromia of the cornea. After the whole
stripe of Descemet's membrane has been separated a small piece, pre-
sumably containing the site of interest, is cut and treated in the fol-
lowing way:

i. Immersed in a solution of 3 percent mercury bichloride in normzal
saline solution for one minute

2. Washed in tap water
3. Placed in a solution of iodine in 70 percent alcohol of dark red

color for 24 hours
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4. Placed in water for 24 hours, or until no iodine color is noted
5. Immersed in regular hematoxylin solution for a few seconds
6. Washed in water
7. Immersed in xylol
8. Mounted in permount

This method has the advantage that the endothelium of the cornea
is the only layer of cells present in the slide. The separation of Des-
cemet's membrane from the stroma, however, is not always easy, and
a tear might occur just at the place where something (e.g., an injury)
had been done experimentally.

THE USE OF FORMALIN FIXATION. OUTR TECHNIQUE

This technique is applicable to both human and animal corneal
tissues.

After the animal has been killed or the human eye enucleated, the
whole cornea is excised at the limbus. It is then placed in 1o percent
neutral or slightly alkaline formalin solution for twenty-four hours or
longer. Especially with the eye of rabbits, the results are better when
the excised cornea is placed in the fixating solution than when the
whole eye is submerged, because post mortem changes occur very
rapidly in the rabbit's corneal endothelium. A stripe of cornea about
3 or 4 mm. wide containing the site of interest is then cut. Under the
dissecting microscope Descemet's membrane is loosened -from the
stroma with a sharp knife. It is then grasped with a capsule forceps
(such as is used in intracapsular cataract extraction) and dissected
from the stroma. Great care is taken not to disturb the endothelium.
In order to avoid the concave shape of the membrane as much as pos-
sible, small pieces, 4 or 5 mm. in diameter, are cut and treated in the
following way:

1. Washed in tap water
2. Submerged in Harris's hematoxylin (stock solution) for io

seconds
3. Washed in water
4. Dipped in acid alcohol
5. Washed in water
6. Placed in ammonium water until blue
7. Washed in water
8. Passed quickly through 8o percent, 95 percent, and absolute

alcohol
9. Passed through xylol

1o. Mounted in permount

Although a disadvantage of this method is the impossibility of
separating Descemet's membrane from the stroma without taking with
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it a thin layer of stromal tissue, it has been adopted as the method of
choice. The staining technique outlined above tends to restrict the
staining to the superficial endothelial layer as much as possible.

STAINING OF THE UNFIXED TISSUE, AFTER VONWILLER

A 1 percent solution of alizarin red in normal saline is used for stain-
ing intercellular cement. The cup of the excised cornea, endothelium
up, is filled with this stain. After five to ten minutes, it is washed in
normal saline and examined under the microscope. Fixation in 1o
percent formalin after staining may be tried, but is not always suc-
cessful.
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