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Clinicohistopathologic Correlations

in Xerophthalmic Uleceration and Necrosis

Alfred Sommer, MD; W. Richard Creen, MD; Kenneth R. Kenyon, MD

e Cornea! tissue from five eyes of
three childran with active xerophthalmic
keratopathy and stromai loss was studied
histopathologically. Stromal dissolution
was strikingly focal, sometimes occurring
beneath an intact apithelium and often,
though not always, s companied by
extensive inflammatory reaction and bac-
teria.

{Arch Ophthalmol 1982;100:953-863)

At least a quarter of a million chil-
dren with xerophthalmia have
corneal involvement develop every
year A majority suffer potentially
blinding stromal loss: either sharp-

margined ulceration, or localized or
total corneal dissolutior.** The patho-
genesis of these changes remains
obscure. Clinical reports suggest bac-
terial infectior * while animal experi-
ments suggest chat release of proteo-
lytic enzymes by invading leukocytes**
or regenerating epithelium play an
important role. This report presents
histopathologic material from three
well-documented cases in human sub-
jects.

METHODS

One hundred sixty-two consecutive
patients with vitamin A deficiensy-related
corneal xerophthalmia were studied,
treated, and followed up at the Cicendo
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tye Hospital, Bandung, Indonesia, be-
tween June 1977 and September 19752
Cornenl tissue was uhtained from a small
proportion, either al enucleation or nec-
ropsy (ulways within two hours of death).
All corneal material was immediately
immersed in Karnovaky's 1% formalde-
hyde-1%  glutaraldehyde fixative, and
transported to the Eye Pathology Labora-
tory of the Wilmer Institute for processing
and examination by light, phase contrast,
and ‘ransmission electron microscopy.

Serum vitamin A levels were determined
by the method of Neeld and Pearson/’
holo-retinal-binding protein (hoio-RBP)
by that of Glover et al ' and transferrin by
the technique of Mancini et al." Vitamin A
determinations were all carried out within
two weeks, and holo-RBP within eight
months of collection. Anthropometric sta-
tus was compared with Western stan-
dards.”

RESULTS

Histopathologic material was avail-
able from five eyes of three patients
with active stromal loss. One cornea
contained small, sharply circum-

.imic ulceration and keratomalacia studied histologically. Top left, Case 1,
ed ulcers present inferioriy. Top center and top right, Case 2, right and left
aarp-margined shallow ulcers inferiorly. Bottom left and bottom center, Same
1rd hospital day. Inferior two thirds of both corneas are necrotlic. Bottom right,
mniete necrosis of all but 1 to 2 mm of peripheral cornea.
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Fig 3.—Case 1, left eye. Top left, Survey light microscopy of peripheral area of lesion illustrates sharp
delineation of saucer-shaped ulcerated zone with intact keratinized epithelium (hemato.ylin-eosin,
x45). Top right, Phase contrast microsco’ y of corresponding area shows desquamatins, keratinized
epithelium (asterisk) overlying stroma that is heavily infiltrated by inflammatory cells (f.araphenylen-
ediamine, X650). Bottom, Transmission electron microscopy of this area confirms presence of
densely staining keratinized epithelium (E) plus several polymorphonuctear leukocytes in various
stages of degranulation, phagocytosis, and degeneration. Stromal collagen (asterisks) shows great
fibrillar disorganization and degr :dation (X 13,000).
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Fig 1.—Case 1, left eye. Top left, Survey light microscopy shows keratinized corneal epithelium
overlying sharply delineated saucer-shaped area of stromal disintegration. Descemet's membrane is
disrupted centrally (hematoxylin-eosin [HE), X30). Top right, Higher magnitication of area circled (in
top left) shows edematous and keratinized epithelium covering disorgani.ed stroma that contains
some fibroblasts and intlammatory cells (HE, X310). Center left, Light microscopy at margin of lesion
demonstrates sharp delineation (between arrows) with normal-appearing stroma to right, but with
decreased numbers of keratocytes in marginal zone and stroma! dissolution to left (HE, X 100). Center
right, Phase contrast microscopy of ulcerated area (above) and normal stroma (below) shows former
to contain numerous clusters of inflammatory and fibroblastic cells (paraphenylenediamine, X650).
Bottom, Transmission electron microscopy of ulcerated area (compare with center right) depicts
several polymorphonuclear neutrophils and macrophages clustered between disorganized stromal
lamellae (X7,500).

Fig 2.—Case 1, left eye. Top left, Light microscopy of lateral posterior aspect of affected area
emphasizes sharp delineation between normal stroma (right) and atfected area (left), with latter zone
having loosely fibrillar lamellae and numerous spindle-shaped fibroblasts {arrowheads) but relatively
few inflammatory cells (hematoxylin-eosin, X320). Top right, Higher-magnification transmission
electron microscopy resolves normal diameter and macroperiodicity of stromal collagen fibrils whose
lamellar organization has been disruptec (X45,000). Bottom, Transmission electron microscopy
resolves attenuated fibroblastic cell centrally with rough-surfacud endoplasmic reticulum, bordered by

leukocytes (X 11,000). :
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Fag b Case 1 onght ove Top deft, Light microscopy shows intact, keratimzed epithelium covenng
Ghanous remnants of steoma (bracketec) that s populated by mflammatory and libroblastic cells
Prgrented wis s athesnt to postenar cormeal sutface (PAS, x4575) Top nght, Phase contrast
Microscopy ety afustrates keratimeed thickened epithelal ayer overlying approxmately 25
arthe s emnant of steoma (5). Fragment of ruptured Descemet’s membrane (DM) 1s also apparent
(pataphenylenediamime RO Bottom, Transmmssion electron microscopy of this stroma demon-
atrates achve Bhioblast (F) polymorphonuciear neatrophi (PMN), and macrophage (M) within
dograded stronne (< 1.3,000) Inset (bottom, upper night) resolves hlamentary remains of collagen and

probable ibnn (=« 50.600)

Arch Ophthatmol Vol 100, June 1982 Xerophthalmic Ulceration-- Sommer et al 957


http:app~are.nt

Fig 5.--Case 2, nght eye. Top left, Light microscopy of corneal biopsy specimen shows intense
polymorphonuclear neutrophil infiltration at periphery of extensive stromal necrosis (arrowheads)
(hematoxylin-eosin, X30). Top right, Phase contrast microscopy of this area confirms innumerable
polymorphonuclear neutrophils within stroma and disorganized epithelium (paraphenylenediamine,
%350). Bottom left, Higher-magnification light microscopy resclves numerous Gram-negative bacilli
(Brown and Hopps, X 1,400). Bottom right, Transmission electron microscopy of degraded strorna
shows few fragments of collagen fibrils interspersed among granular material. Electron-dense
aggregates ol fibrin are also prominent (X27,000).

scribed  uleers.  The  other  four
appeared  totally necrotic: in two,
necrosis oceurred just prior to necrop-
sy: in the other two, the process had
heen present longer.

REPORT OF CASES

Cast B-=This patient was o marasmie
wweight for height, <607 of standard)
Lyvear-oid boy, His serum albumin level
was 22 gl transferrin level was 10
myr d L vitamin A evel was 10 pe/d1; and
holo-RBE tevel was 2 gge/mb, all exiremely
low vilues, He had a history of night
hindness.

The left cornea contained two sharply
punched-out, adjacent uleers (Color Fig-
ure, top left), Bach was three-fourths deep,
1o 2 mm indiameter, and surrounded by o
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thin rim of infiltrate. The anterior cham-
ber was deep and intaet. The right cornea
appeared to be a total deseemetoeele,
except for its peripheral 1, which was
hazy but otherwize normal,

He received 200,000 11 of vitamin A
aradly on admission and again the follow-
ingz iy, s well as frequent topical doses of
amibioties and systemie doses of penieillin
G potassinm and streptomyein sulfate, By
the day following admission, the oleers in
the left cornea were already tilling in. By
the recond  day, the uleerated  area
appeared more infiltrated. The appearance
of the vight cornea was unchanged. The
chilid died the morning of the next day and
biopsy speeimens were taken of both corne-
as.
Histovathologic examination of sections
of the left cornea disclosed a central area

where there was o loss of most of the
corneal stroma and disruption of Desee-
met's membrane (Fig 1), A loose librillary
material covered by edematous and Keri-
tinized epithelium bridged  this central
defeet in the posterior aspeet of the corne,
The central area exhibited an abrupt loss
of Bowmin's Layer and stronne in a saueer-
shaped configuration. At the margin of the
lesion, there was an abrupt transition
between normal intact collagen, but with
decreased numbers of keratoevtes, and the
central zone of collagen neerosis and disso-
Jution (Fig 1), Between the central area of
stromal loss and peripheral normal stro-
ma, the stroma appeared loose, Hbrillar,
and contained numerous elusters of acute
inflammatory cells and tibroblasts, both
superticially (Fig 15 and deep (Fig 2).
Sections at the periphery of the lesion

Xerophthalmic Ulceration—Sommer et al
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Fig 6.—Case 2, left eye. Top left, Light microscopy illustrates stromal necrosis (arrow) and
moderately intense polymorphonuclear neutrophil infiitration (hematoxylin-eosin, X100). Top right,
Phase contrast microscopy of ulcerated area exhibits inflarimatory cell dobris and innumerable
filamentous and spherical microorganisms (paraphenylenediamire, X700). Center, Transmission
eleciron microscopy of this area shows necrotic inflammatory cellutar detris al left and soveral
densely staining microorganisms at right (% 10,600). Bottom, At higher magnification, encapsulated
filaments of approximately 0.5 pm in diameter are evident interspersed among cellular and
extracellular debris (X 19,000).
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Fig 7.~ ase 5 left eye Top lett, Light microscopy of corneal biopsy shows fibrinopurulent exudate
(hemaloxyln rosm. <50 Top nghl. Phase contrast microscopy resolves clusters of bactenal forms
(circled) within polymorphonucte.. neutrophit-intiltrated stroma (paraphenylenediamine, X850} Bot-
tom, Transmission electron ntcroscopy of this area shows namerous diplococci within degenerating
inflammatory cell. Other polyiorphonuclear neutrophils are adjacent. Stroma remains as degraded
flamentary aggregates. Rerians of stromal collagen appear as dispersed filamentous aggregates
(X9,000).
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Fig 8.—Case 3, left eye. Left, Enucleated globe exhibits only peripheral cornea (at
arrowheads) remaining. Iris is prolapsed ¢~ trally and covered by fibrinopurulent exudate.
Retina, choroid, and ciliary body are greut'y detached. Extensive abscess is present in
collapsed and partially prolapsed vitreous (asterisks) (hematoxylin-eosin, X5). Right,
Higher-magnification light microscopy chows numerous Gram-positive cocci within vitreous
abscess (Brown and Hopps, X 1,100).

again  showed a distinet  delineation
between the normal and affected area (Fig
3). Hypercellularity due to an increased
number of polymorphonuclear neutrophils
was noted superficially. Bacteria were not
present in any of the sections.

The right cornea showed total dissolu-
tion of corneal stroma and consisted of
keratinized epithelium, a fibrinous materi-
al with fibroblasts, macrophages and neu-
trophils, and iris adherent to the posterior
corneal surface (Fig 4). No bacteria were
seen,

Case 2.—During the ten days preceding
admission, an 8-year-old girl had a rise in
body temperature, a hemorrhagic rash of
her face and extremities, and “white spots”
on both corncas. On admission, she was
moderately ill and mildly malnourished.
Serum atbumin level was 2.2 g/dlL and
transferrin level was 58 mp/dL. Although
vitamin A levels were determined during a
period of equipment malfunction  that
tended 1o inflate values, hers, all run on
the same day, were low: 13 ppe/dl, on
admission, 21 gp/dlL four hours after her
first oral dose of vitamin A, and 9 pg/dL
two days (and an atditiona! oral dose)
later.

The appearance of both eyes was similar:
the conjunctivae were injeeted; the corneas
were hazy, especially inferiorly, and both
contatned a 2- to 3-mm oval, sharp-mar-
gined shallow uleer 1 to 2 mm above the
inferior limbus (Color Figure, top center
and top right). Gentamicin sulfate and
polymyxin-neomycin-bacitracin  ointment
(Myeitracin) were administered five times
a day to the right eye. The lids remained
well upposed, and by the second hospital
day, the eyes displayed minimal improve-
ment. On day 3, she became comatose, The
lower hialves of both eyes were noted to be
exposed and the conjunctivie were white
and quiet. The lower two thivds of the right
cornea was vellow, opaque, and neerotic in
appearance (Color Figure, bottom Jeft).
The left cornea was gelatinous eentrally
(Color Figure, hottom center). She died
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within a few hours, and hiopsy specimens
were taken from the nasal quadrants of
both corneas.

Histopathologic  examination of the
right cornea showed extensive necrosis
(IFigr 5) and foei of Gram-negative rods. The
peripheral stroma was densely infiltrated
by polymorphonuctear neutrophils. Cen-
trally, neerotic stroma  was relatively
devoid of inflammatory cells.

The left cornea showed a central ulcer-
ated aren with near total loss of stroma.
The superficia! margin of the uleer showed
prominent necrosis. An intense infiltration
of polymorphonuclear  leukoeytes  was
present throughout the involved stroma
{Iigg 6). Thinned, keratinized epithelium
lined the cornea peripheral to the uleer.
Actinemyees-like organisms were present
in the superlicial portion of the uleer near
the margin (Iig 6).

Case 3.—This patient was a d-year-old
boy with a history of measles, fever, and
diarrhea one month earlier, and a red,
tearing, photophobic left eye of two weeks’
duration for which he had received antibi-
otic evedrops and unknown pills and injee-
tions. Serum vitamin A level was 6 pg/dL
and albumin level was 2.4 g/dL.

On admission, the conjunctiva and cor-
nea of the right eve were xerotic. The
conjunetivii of the left eye was injected,
and the cornea was yellow, soft, necrotie,
and bulging, with a gelatin-like central
protrusion of vitreous or lens (Color Fig-
ure, bottom right). The peripheral 1-mm
corneal-limbal ring was normal. A small
hiopsy specimen was tuken of the centrally
perforated cornea with the use of a strict
sterile technique; 100,000 1T of water-
miscible vitamin A was given intramuscu-
larly, and preparations were made for enu-
cleation. By the next day, a purulent exu-
date had developed in the left eve, which
wits then enueleated.

FHistopathologic  examination of the
hiopsy specimen revealed a fibrinous exu-
date with innumerable polymorphonuelear
neutrophils, plus a segment of Descemet’s

Xerophthalmic Ulceration-—~Sommer et al

membrane and iris (Fig 7). Some areas
contained moderate numbers of Gram-pos-
itive cocei.

The enucleation specimen showed pres-
ervation of oniy the peripheral corneal
stroma (Fig 8). The central 7 mm of cornea
was absent and replaced by ectatic tissue
consisting of [ibrinopurulent exudate and
iris. Epithelium was present only in the
periphery of the cornea and was keratin-
ized. There was an abrupt transition
between the peripheral, relatively intact
cornea and the fibrinopurulent exudate in
the dissolved area of cornea centrally (Fig
9). An intense polymorphonuclear leuko-
eytic infiltration in this area accompanied
numerous diplococeal bacteria. A virtreous
abscess also contained G ram-positive cocei
(Fig 8).

COMMENT

Our data confirm, histologically,
unique aspeets of corneal di¢solution
in human xerophthalmia. Ore of the
most striking characteristics of
xerophthalmic ulceration is its sharp-
ly focal nature.* In each of the five
specimens studied histologically, the
transition between normal and abnor-
mal stroma was remarkably abrupt.

Clinical reports suggest that xe-
rophthalmic dissolution may proceed
beneath an intact epithelium
Wason' reported similar changes in
the vitamin A-deficient rat. Histo-
pathologic changes in one of our sub-
jects support these clinical observa-
tions. Areas of stromal dissclution of
both the ulcerated left cornea and
necrotic right cornea of the first case
were covered by epithelium. Since
healing had already begun before the
biopsy specimens were obtained, it is
possible that in areas where the epi-
thelium is thinned, it had been absent
when necrosis originally occurred. In
other areas, however, it is thickly
keratinized. In at least one area of the
ulcerated left cornea, destruction was
more severe posteriorly than anteri-
orly, with rupture of Descemet’s
membrane despite the clinical appear-

“ance of a deep, intact anterior cham-

ber. Collagenases released by regener-
ating epithelium?* would not explain
this pattern of stromal loss, suggest-
ing that interruption of the epithelial
layer may not be essential to initia-
tion of corneal melting in xerophthal-
mia.

Pirie’ has suggested that collagen-
ases and othey proteinases released by
infiltrating leukocytes*”*® may be
responsible for corneal melting in
xerophthalmia. Seng and co-workers™
recently demonstrated that when cor-
neas are exposed to a thermal hurn,
those from vitamin A-deficient ani-
mals became more heavily infiltrated
by polymorphonuclear neutrophils,
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Fig 9 -~Case 3, left eye. Top left, Light microscopy of enucleation specimen shows intact peripheral
cornea (asterisk) that is covered by epithelium. Fibrinopuruient exudate (between arrowheads)
replaces central cornea and is lined posteriorly by iris (hematoxylin-eosin, X 100). Top right, Phase
contrast microscopy of peripheral cornea confirms keratinized epithelium and inflammatory cells
within disorganized stroma (paraphenylenediamine, X750). Bottom, Transmission electron microsco-
py discloses active polymorphonuclear neutrophil containing numerous phagocytosed dipiococci.
Diplococci are also evidenl extracelilularly (X 13,000).
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produced more collagenase, and were
more likely to ulcerate than those
from pair-fed control animals. Al-
though several clinical observers have
reported corneal infiltration early in
xerophthalmic keratopathy,”* they
may have confused stromal edema®’
with true inflammatory infiltration.
Other clinical reports sugpested that
corneal infiltration is a relatively late
change.***** Histopathologic studies
of corneal necrosis in vitamin A-defi-
cient animals revealed intense inflam-
matory infiltration,”* but ocular and
periocular inflammation, early and
prominent manifestations of xeropl -
thalmia in rats, are often minimal or
absent in the human condition.*'**
Smith et a.* noted a lack of inflam-
matory cells in their relatively fresh
case of keratomalacia. In our four
eyes demonstrating recent, active
necrosis, acute inflammatory cells
were prominent, particularly at the
periphery of the lesions. Two of these
eves, however, contained areas of
necrusis relatively devoid of inflam-
matory infiltrate.

Valenton and Tan' found a direct
correlation between the severity of
corneal involvement and the frequen-
¢y with which pathogenic organisms
were recovered. Necrotie corneas of
vitamin A-delicient rats often con-
tain large numbers of bacteria.”’ How-
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ever, in several clinical studies, posi-
tive cultures were not substantially
more frequent from ulcerated than
nonulcerated eyes, > and healing was
unrelated to the rse of antibiotics.” Of
the two early cases of necrosis in the
present series, one (case 1) received
systemic doses of antibiotics. Both
eyer of this patient and one eye of the
other patient (case 2) received topical
doses of antibiotics. However, the
course of treatment was short and
unlikely to account for the absence of
organisms from both eyes of the
furmer patient. No doubt secondary,
potentially contributory infections do
vecur, accounting for the panophthal-
mitis in the most long-standing case
(case 3).

The roles of inflammatory cells and
hacterial infection in the keratomala-
cin-like ulceration of the vitomin A-
deficient rat cornea following epithe-
lial abrasion have been recently
emphasized."" Studies of human non-
infected corneal ulcers have demon-
strated the correlation between col-
lagenolytic enzymes and polymorpho-
nuclear neutrophils in tears.” The
ability of a glued-on contact lens or
tissue adhesive alone to prevent stro-
mal uleeration in the chemically or
thermally burned rabbit cornea is
related to the exelusion of acute
inflammatory cells.” The presence of
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