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Corneal Xerophthalmia and Keratofnala;cié _

Alfred Sommer, MD, Tjakrasudjatma Sugana, MD

e Detailed examinations were con-
ducted on 162 consecutive children with
nutritional keratopathy. Surface changes
ranged from mild haziness through gener-
alized xerosis and formation of thickened
keratinized plaques. Diffuse stromal ede-
ma occurred early in the disease. Stfomat
loss took two forms: relatively small,
sharply demarcated, eccentric, noninfil-
trated cylindrical ulcers of varying depth;

and localized or generalized, usually full- .

thickness necrosis. All forms of invoive-
ment were sometimes present in the
same individual or even the same eye.
Traumatic separation of a Keratinized
plaque, or decompensation of a dellen,
accounted for some instances of stromal
baring. In other cases, stromal melting
appeared to progress helow an intact
epithelium. Focal areas ot necrosis
healed rapidly, as adherent_leukomas;
larger lesions sloughed, forming exten-
sive descemetoceles. With therapy, the
vast majority of children retained central
corneal clarity.
{Arch Ophthalmol 1982;100:404-411)

Xerophthalmié probably affects 5

million Asian children every
year! In half a million, substantial
corneal involvement develops, a
quarter of a million going blind. Cor-
neal manifestations, recognized for
hundreds of years?®.were recently
classified as follows.

With a classification of X2 the sign was
corneal xerosis, with X3A, corneal ulcera-
‘tion with xerosis; with X8B, keratomalacia;
and, with X8, corneal scars.

Precise descriptions of these changes,
their cause and pathogenesis, have
been limited by the absence of careful-
ly correlated clinical, bacteriologic,
histopathologie, and  biochemical
studies on large numbers of very
young children, Such studies, recently
carried out in Indonesia, resulted in
the recognition of punctate keratopa-
thy as an early manifestation of
vitamin A deficiency.>® In the present
report we describe more severe forms
of corneal involvement.

SUBJECTS AND METHODS

A detailed description of subjects and
methods appears elsewhere.! In brief, all
individuals with active corneal disease who
came to. the Cicendo Eye Hospital, Ban-
dung, Indonesiz, between June 1977 and
September 1978, underwent detailed oph-
thalmic and pediatric examinations. The
ocular examination was carried out in the
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following order: the eye was examined with
a hand light and a slitlamp, first without
and then with sterile Auorescein; the cor-
nea and conjunctiva were swabbed, and, if
an ulcer was present, seraped for bacterial
and fungal studies; sterile lissamine green
was placed in the cul de sac and the degree
of staining was assessed; a Schirmer test
was carried out in both eyes after topical
application of proparacaine hydrochloride
and drying of the conjunctiva and inferior
cul de sac; 1% tropicamide and 10%
phenylephrine hydrochloride were placed
in both eyes, and scotopic vision was tested
after 30 minutes dark adaptation™'; final-
ly, the fundus was examined by indirect
ophthalmoscopy, and, when abnormalities
were noted and the cornea was sufficiently
clear and intaet, with the slitlamp and
contact lens.” All lesions were drawn and
photographed.

Three mulliliters of wenous blood was
collected and immediately spun. The clear
supernatant was separated and stored at
=20 °C. Vitamin A determinations were
carried out by the method of Neeld and
Pearson,” usually within one week but
never more than two weeks after collec-
tion The serum holoretinol-binding pro-
tein (HHRBP) level was determined by the
method of Glover et al,'® usually within
two months and never more than eight
months after collection. Transferrin levels
were determined by the technique of Man-
cini et al.'® All laboratory investigations -
were carried out in masked fashion.
Because of equipment failure, vitamin A
determinations were not available from
July 16, 1977, through Jan 14, 1978, and
HREBP after May 15, 1978

After receipt of informed consent from
an accompanying parent or guardian, sub-
jects with abnormal conditions {and
matehed control subjects) were enrolled in
one of several treatment trials. All
received one or more massive doses of
vitamin A'" and were offered free hospi-
talization. Those accepting hospitalization
received a high-protein diet, and appro-
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priate therapy for any systemic illnesses
present (respiratory tract infection, gas-
{roenteritis, etc). Every attempt was made
{o reexamine the children daily until heal-
ing of their lesions, and monthly there-
after. Corneal material was available for
histopathologic examination in a limited
number of cases where the patients either
died or required enucleation.

Fifteen cases of corneal disease were
excluded from the series: four with bacteri-
ologically confirmed gonococcal ophthal-
mia (all under 3 weeks of age with grossly
purulent eyes); three with phlyctenulosis;
two with epidemic keratoconjunctivitis;
one mild case of measles keratoconjuncti-
vitis; one case of multiple small peripheral
uleers of classic staphyloeoceal hypersensi-
tivity that cleared with topical steroids
and antibioties; four with presumed
xerophthalma who had already received
antibioties and vitamin A before the first
observation by us; and two with aciive
measles and atypical stromal lesions who,
in retrospect, probably represented xe-
rophthalmic corneal involvement modified
by the viral illness*

Statistical analyses included % with the
Yates’ correction and tests for finear trend
in proportions,'® "

RESULTS

One hundred sixty-two consecutive
cases of presumed corneal xerophthal-
mia were eclassified by the clinical
severity of the worst affected eye into
one of eight files, grouped into three
categories (Table 1). Fifty-three per-
cent of cases were male, 47% female,
the distribution being independent of
the severity of disease. Subjects
ranged in age from 1 month (an infant
with severe bilateral xerosis and uni-
lateral limbal-limbal necrosis, said to
have been born with Bitot's spots) to
12 years (median, 3 years) (Table 2).
The severity of disease was inversely
related to age (Table 3).

Clinical Appearance

X2 (Corneal Xerosis).—The mildest
clinical change apparent by hand light
was a slight haziness, or loss of luster,
adjacent to the inferior limbus, repre-
senting numerous fluorescein-positive
punctate lesions and mild, localized
stromal edema. With more severe
involvement, more or all of the cor-
neal surface was hazy, representing
increased density and extent of the
punctate lesions and severity and
extent of accompanying stromal ede-
ma (Fig 1 and 2). Dense aceumulation
of healed, residually pigmented
intraepithelial and subepithelial
specks accounted for persistence of
inferior haziness in treated cases. In
an occasional case, nonstaining, fine
epithelial microcysts were initially
present. These were often extremely
water repellent and appeared less
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Table 1 —Chnical Classification of Gorneal Gases in Study*
. Cases
Class File Clinical Description {No.)
Xz 1 Mild xerosis haziness and loss of luster 24
2 Moderate xerosis surface has dry, peau d'orange 24
appearance
3 Severe xerosis: presence of keratinized plaques S
X3A 4 Small ulcer(s) sharply demarcated, 1-3 mm 45
n diameter, superficial or deep
] Large ulcer usually full-thickness, may be 5
" vanant of file 4 or & lesion
XsB 6 Localized stromal necrosis o 34
7 Complete corneal necrosis® unilateral 13
8 Complete corneal necrosis. bilateral 12
* Glassified by most severe lesfon in worst eye
Table 2.—Age Distribution of Corneal Cases
Age, yr'
Total
File {No.) Q 1 2 3 4 5 =6
i 24 Q 8 21 33 21 8 8
2 24 0 13 42 17 17 8 4
3 5 0 0 60 20 20 0 8]
4 45 4 11 42 16 13 9 4
5 5 0 0 B0 40 0 0 0
5] 34 15 24 29 15 15 3 0
7 13 23 31 23 g 13 0 0
8 12 17 25 8 17 8 8 17
Total 162 7 15 a3 19 15 g 4
*Percent of total in row
Table 3 —Proportion of Subjects Less Than 2 Years of Age
% of Total in File
Seventy of {Age, yr)
Corneal Lesion
{File) s) 1 Total < 27
1-3 ¢ 2] 2]
4-5 ) 4 10 14
6 15 24 38
7-8 20 28 48

*P < 001 by linear trend for proportions

fluorescent than the background tear
film. They usually disappeared within
one to two days of vitamin A therapy,
sometimes heing replaced by typically
staining punctate lesions.

With more severe involvement, the
corneal surface assumed z dry, granu-
lar peau d'orange appearance, most
prominent inferiorly adjacent to the
limbus, or as a horizontally oval area
2 to 3 mm abhove it (file 2) (Fig 3). The
frankly =xerotic nature of these
changes was often apparent, even on
hand-light examination. In some,
fluorescein stained or pooled in
“cracks” in the cornified surface,
forming a tree-bark appearance. Fol-
lowing therapy, the cornified layer
eventually peeled off (Fig 4).

The most severe surface change was
a thick, heavily xerotic plaque, gener-
ally located in the interpalpebral zone

(file 3) (Fig 5). These were foamy or
amorphous in nature, suggesting that
they are composed of bacterial and
keratin debris as observed in thick
Bitot’s spots.»®

Several distinctive forms of stromal
loss were observed, although one
small group of patients (file 5) was
difficult to categorize.

X3A (Ulceration).—Classic, uncom-
plicated ulceration (file 4) consisted of
one (91% of cases) or more sharply
demarcated ulcers of varying depth
{Fig 6 through 8). In more than 70% of
affected eyes, the ulcers had a
punched-out, smooth-walled, eylindri-
cal appearance, as if a trephine had
been applied to the eye. The margins
were usually regular, and in only a
small minority, swollen. Infiltration,
present in a mincrity of cases, was
usually slight and confined to the
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Figure 1.

Figure 4.

Figure 7.

Figure 10.
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Figure 2. Figure 3.

Figure 5. Figure 6.

Figure 8. Figure 9.

Figure 11. Figure 12.
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Fig 1.—Corneal xerosis (files 1 and 2 sever-
ity). Bilateral inferior corneal haze in 4-
year-old girl. Serum vitamin A level, 4 ug/dL;
holoretinal-binding protein, O ug/mL.

Fig 2.—Corneal xerosis (file 2 severity).
Punctate keratopathy, densest inferiorly, in
xerotic right eye of 2-year-old girl. Left eye
contained inferior ulcer. Serum vitamin A
level, 13 pg/dL; holoretinol-binding protein,
0 ug/mL.

Fig 3.—Corneal xerosis (files 2 and 3 sever-
ity). Peau d'orange (file 2) and xerotic
plaque (file 3) bilaterally in 3-year-old boy.
Holoretinol-binding protein, 1 ug/mL.

Fig 4.—Peeling of keratinized surface. Two
days following systemic vitamin A therapy,
patch of xerotic surface of eye in Fig 2
peeled inferiorly, forming scroll below, and
leaving xerosis-free island of clear cornea.

Fig 5.—Corneal xerosis (file 3). Thick amor-
phous plaque, resembling Bitot's spot,
adherent to cornea of severely malnou-
rished 2'%-year-old girl.

Fig 6.—Xerophthalmic ulcer (file 4 type).
Typical “punched-out™ ulcer, three fourths
of corneal depth, in left eye of 4-year-old
boy. Other eye contained area of localized
necrosis. Serum vitamin A level, 4 ug/dL;
holoretinol-binding protein, 1 ug/mL.

Fig 7.—Xerophthalmic ulcer (file 4 type).
Typical ‘‘punched-out” ulcer, one fourth
corneal depth, in right eye of 3-year-old girl.
Although anterior chamber was formed, pig-
ment was present on posterior surface of
cornea, left behind by iris torn free during
dilation, Other eye contained descemeto-
cele (Fig 19). Serum vitamin A level,
4 ug/dL.

Fig 8.—Xerophthalmic ulcer (file 4 type).
Unusually central ulcer in left eye of 2-
year-old boy. Dense inferior hypopyon pres-
ent. Right cornea xerotic. Serum vitamin A
level, 5 ug/dL.

Fig 9.—Localized necrosis (file 6 type).
Typical focal necrosis in 2-year-old severely
malnourished boy. Other eye severely xerot-
ic. Corneal problem first noted three weeks
after measles.

Fig 10.—Healed necrosis. Same eye as Fig
9, one month after isolated vitamin A thera-
py (parents refused to permit hospitaliza-
tion). Note clear pupillary zone.
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Fig 11.—Localized necrosis (file 6 type).
Typical localized necrosis in otherwise
healthy, well-nourished 2-year-old boy.
Temporal and nasal conjunctival xerosis/
Bitot's spots in both eyes. Corneal abnor-
mality in other eye limited to dense punctate
keratopathy. Serum holoretinol-binding pro-
tein, 1 ug/mL.

Fig 12.—Healing necrosis. Same eye as Fig
11 two weeks after single oral dose of
200,000 IU of vitamin A.

base, inner wall, or a thin rim about
the surface of the ulcer. In a small
percentage of cases, ulcers were
smooth, saucer-shaped depressions,
otherwise identical in appearance to
those above. In 9% of affected eyes,
the worst lesion was a mild, seemingly
transitional stage, in which a large
subepithelial bulla, sometimes en-
countered in cases of X2 (files 1
through 3), had ruptured, resulting in
a densely staining erosion or superfi-
cial ulcer.

More than three fourths of all ul-
cers were located in the inferior and/
or nasal quadrants. The vast majority
were round and 1 to 2 mm in diameter.
Those in the inferior quadrant were
more often horizontally oval, 1 to 3
mm in length and at least 1 to 2 mm
above the limbus. Most ulcers were
one-fourth to one-half corneal thick-
ness in depth. When ulcers were pres-
ent bilaterally, their location, size,
shape, and depth were extraordinarily
symmetrical. Conjunctival injection
(of varying severity) was present in
79% of ulcerated eyes, and a hypo-
pyon, in 32%.

File 5 consisted of five cases of
large, full-thickness stromal ulcera-
tion (reaching to or beyond Desce-
met's membrane), similarly localized
and sharp margined. They probably
represent a modification or advanced
stage of surface ulceration (file 4), or
full-thickness  stromal  necrosis
(file 6).

X3B (Necrosis).—Except for the size
of the area of involvement, lesions in
files 6 to 8 were similar in appearance
and readily distinguishable from
those in file 4.

Patients in file 6 had localized,
opaque, gray to yellow, deep stromal
necrosis, ranging in size from
3 mm to involvement of almost the
entire cornea (Fig 9 through 13) (by
definition the cutoff for files 7 and 8).
Grayish lesions were generally edem-
atous and cystic. Often level with, or
protruding above, the corneal surface,
they collapsed with treatment, assum-
ing the appearance of sharply demar-
cated stromal defects. These were

often considerably smaller than
expected from their initial appear-
ance, as if reversible changes had
originally surrounded the central area
of dissolution. Occasionally the edem-
atous tissue sloughed. Deep stromal
loss was sometimes followed by desce-
metoceles, rupture, perforation, and
iris prolapse.

Yellowish lesions suggested heavy,
focal inflammatory infiltration. In a
number of instances these formed
protuberant, dome-shaped lesions,
sometimes with smooth, glistening
surfaces that failed to stain with
fluorescein. Staining usually ap-
peared, however, within one to three
days of vitamin A therapy. Small
descemetoceles (less than one fourth
of the corneal surface) reepithelial-
ized rapidly (two to five days) and
scarred quickly. Larger descemeto-
celes scarred extremely slowly, those
covering three fourths or more of the
corneal surface commonly eventuat-
ing in anterior staphylomas and ulti-
mately phthisical globes.

Generalized stromal edema was
extremely common. Corneal thickness
sometimes reached three to four times
normal with marked shallowing of the
anterior chamber in the absence of
demonstrable perforation.

In the most severe form of disease,
all but a thin rim of limbal tissue was
destroyed in one (file 7) or both (file 8)
eyes (Fig 14 through 18). In some the
cornea initially appeared firm, yel-
lowish-white, but intaet, while in oth-
ers it was clear and gelatinous. In all
instances the stroma sloughed with-
in one to three days, leaving a to-
tal descemetocele (Fig 19 through
21). The peripheral 1- to 2-mm cor-
neal-limbal zone, usually opaque and
edematous on admission, remained
vital.

The prevalence of binocular stromal
loss (files 4 through 8) increased with
the severity of loss in the worst affect-
ed eye (Table 4, P <.001 by linear
trend).

Intermediate and
Transitional Lesions

A variety of intermediate, poten-
tially transitional lesions were ob-
served. These are described in greater
detail elsewhere.!

1. As already indicated, xerotic cor-
neas occasionally contained nonstain-
ing, water-repellent intraepithelial
microcysts. These disappeared within
a few days of vitamin A therapy, often
being replaced by fluorescein-positive
punctate epithelial defects.

2. Some xerotic (X2) corneas con-
tained multiple small bubble-like

Keratomalacia— Sommer & Sugana 407




408

Figure 13.

Figure 19.

Figure 22.
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Figure 14.

Figure 20.

Figure 23.

Figure 15.

Figure 18

Figure 21.

Figure 24
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Fig 13.—Healed necroses. Residual adher-
ent leukoma in same eye as Fig 11 and 12,
one month after single oral dose of vitamin
A. Note clear pupillary zone.

Fig 14.—Complete corneal necrosis (files 7
and 8 type). Complete corneal necrosis in
right eye of 10-month-old severely malnou-
rished boy. Other cornea xerotlic. Serum
vitamin A level, 6 ug/dL; holoretinol-binding
protein, 1 ug/mL.

Fig 15.—Phthisical globe. Eye in Fig 14,
three months after presentation.

Fig 16.—Complete corneal necrosis (files 7
and 8 type). Complete necrosis of left cor-
nea of malnourished 2-year-old boy. Other
eye contained inferior area of focal necro-
sis. Serum holoretinol-binding protein,
1 ug/mL.

Fig 17.—Complete corneal necrosis (files 7
and 8 type). Complete necrosis of left cor-
nea in youngest child in series: 1-month-old
boy allegedly born with Bitot's spots. Con-
junctiva of both eyes severely xerotic.
Serum vitamin A level, & ug/dL; holoretinol-
binding protein, 2 pg/mL. Mother's serum
vitamin A level, 13 ug/dL.

Fig 18.—Right eye of child whose left eye is
shown in Fig 17.

Fig 19.—Descemetocele (files 7 and 8).
Sloughing of necrotic stroma results in total
descemetocele of left cornea of child whose
right eye is shown in Fig 7.

Fig 20.—Descemetocele (files 7 and 8).
Total descemetocele in severely malnour-
ished 4-year-old girl. Conjunctivae of both
eyes were severely xerotic (not well appre-
ciated in photographs because of tearing).
Serum holoretinol-binding protein, 2 pg/mL.

Fig 21.—Descemetocele (files 7 and 8).
Other eye of subject shown in Fig 20,

Fig 22.—Transitional lesions. Reasonably
well-nourished 1-year-old boy, with serum
vitamin A level of 4 ug/dL. Right eye (not
shown) contained punctate keratopathy and
conjunctival xerosis. Left eye had two infil-
trated, saucer-shaped depressions (one
inferiorly, the other inferotemporally). Stain-
ing was limited to cancer of each depres-
sion, where it was deep and cylindrical.
Nasally there was a large, focal area of
surface irregularity, composed of superficial
stromal blisters, each surrounded by a
depression, but in the area was zero. Entire
stroma was edematous, being three times
normal thickness.
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Fig 23.—Same eye as Fig 22, two days
after 200,000 IU of oil-miscible vitamin A
intramuscularly, but still zero in nasal area
of irregularity; inferior depression (with cen-
tral ulceration) is unchanged; ulceration in
temporal lesion is enlarged.

Fig 24.—Same eye as fig 22 and 23, five
days afterinitial therapy. Nasal irregularities
gone; inferior ulcer healed as clear, saucer-
shaped depression considerably larger than
original area of frank ulceration; temporal
lesion now localized area of necrosis.

mounds: sharply demarcated, clear,
cystie swellings within the superficial
stroma. In some instances, but not all,
their surface stained with fluorescein.
Within a few (one to five) days, these
were often replaced by classie, sharply
demarcated, noninfiltrated, intensely
fluorescein-positive ulcers. In other
cases they simply disappeared.

3. One case (200/160) was particu-
larly revealing and will be described
in detail. A 1%-year-old male infant
had a serum vitamin A level of 4
ug/dL, but was otherwise reasonably
well nourished (albumin level, 3.2 g/
dL; weight for height, 90% of Harvard
standard). The right eye was white
and quiet, with conjunctival xerosis
inferiorly for 180°. The cornea was
clear by hand-light examination but
covered by dense punctate keratopa-
thy. The conjunctiva of the left eye
was injected, not xerotic. Its central
corneal surface was sharply irregular,
with alternating mounds (eclear epi-
thelial or thin-walled superficial stro-
mal vesicles) and depressions, none of
which stained, sitting atop deep stro-
mal edema (two to three times normal
corneal thickness) (Fig 22 and 23).
Inferior to this irregular patch were
two saucer-shaped ulcers of peculiar
appearance; for half their depth (the
superficial one fourth of the corneal
thickness), the walls were gently slop-
ing and failed to stain with fluores-
cein; this was followed by an abrupt
transition, the deeper half having a
classic, eylindrical-shaped, punched-
out, intensely staining ulcerated
appearance. After the patient re-
ceived vitamin A therapy, one of these
ulcers healed uneventfully, becoming
a clear, saucer-shaped corneal depres-
sion. The other did not fare as well: by
day 2 it had become a deeper, V-
shaped gutter depression, the entire
depth staining from edge to edge. By
day 5 the area was opaque, its surface
a fluorescein-positive, bulging mass,
like an abscess typical of file 6 (Fig

Table 4.—Active Binocular Stromal
Loss* in Corneal Cases

Severity

of Worst Bilateral

Lesion in Total Stromal Losst

Worst Eye Cases,

(File) No. No. %

4 44% a 18
B 5 4 80
6 34 15 44
7-8 25 23 92

* Ulceration or necrosis.

tDitference in prevalence, files (4 and 5):6, and
6:(7 and 8), P < .01.

$+Omits one case with healed staphyloma in the
fellow eye.

24). It eventually healed as a dense
leukoma. This poor response may
have been related to the use of a
massive, but oil-miscible injection of
vitamin A (serum vitamin A level still
only 4 ug/dL the day following thera-
py).! This eye, therefore, contained a
continuous and potentially related
spectrum of changes from dellen-like
depressions containing central sub-
epithelial clefts and erosions-ulcera-
tions through classic, deep, sharp-
margined stromal loss.

4. Foeal infiltration was occasion-
ally present early in the course of
stromal involvement. Both corneas of
one subject were heavily xerotic and
twice normal thickness. A perfectly
round, 1- to 2-mm, superficially fluo-
rescein-positive, yellowish infiltrate
was present superonasally in the right
cornea. A classic punched-out perfo-
ration occupied the identical position
in the other eye. Despite routine ther-
apy, by the next day, the shallow
infiltrated lesion of the right eye had
become a densely staining, sharp-
margined, punched-out ulcer (one
third of the corneal depth), sur-
rounded by only a tiny rim of infil-
trate.

5. Two forms of corneal erosion-
uleceration were observed in associa-
tion with surface cornification. As the
cornified layer lost its attachment to
deeper, normal epithelium following
vitamin A therapy, abrasive lid action
caused premature, traumatic separa-
tion. Sudden, complete sloughing
sometimes left a focal area of erosion-
superficial ulceration at the firmest
point of attachment. Typical ulecers
were also observed within, and often
at, the receding edge of thick keratin-
ized corneal plaques.

Final Vision

The prospects for a clear, central
cornea zone in one or both eyes were
good in all cases except those with
total bilateral necrosis (file 8). De-
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Table 5§ —GCentral Corneal Clanty
Final Visual Acuity”
% of Cases
No. of Cases —_———
Original = 6/6

Classification No. ot 6/6 6/6 < 6/60 QOne or Both
{File) Casest ou Better Eye ou Eyes
X2 (i-34 51 50 1 .. 100
X3A (4-5) 46 36 10 - 100
X3A/B (6) 7 13 12 2 93
X3B (7) 11 9 2 82
X3B (8) 12 12 0
Total 147 89 a2 16 89

* As estimated from central corneal clarity No cases resulted 1n central opacification compatible with

acuity of the better eye between < 6/6 and = 6/60

+0f all subjects in the 162 cases, seven did not have a follow-up exammation, of those that did, nine
died within one month, leaving 147 (91%) potential survivors wn whom final corneal clanty was

assessed

$One patient, listed as 6/6 OU, muhally had cleanng bul bilateral ulgeration developed between days
15 and 25 and death occurred after one month The single case with less than 6/6 in ene eye contained a

staphyloma from old, healed keratomalacia

spite bilateral stromal loss in 18% to
92% of the cases of ulceration-necro-
sis (files 4 through 8), between 82%
(file 7) and 100% (files 4 and 5) of the
patients with stromal loss who sur-
vived at least one month retained a
clear pupillary zone in at least one eye
{Table 5).

COMMENT

Confusion over the classification,
cause, and pathopgenesis of corneal
abnormalities in malnourished, sick-
1y, and xerophthalmie children largely
stems from the absence of standard-
ized, detailed, clinical desecriptions
and correlative studies covering the
full spectrum of disease. The present
study provides such data on changes
ranging from mild epithelial haze
through frank limbal-limbal dissolu-
tion of the stroma.

Disturbed vitamin A metabolism
appears to lie at the heart of the
problem. In the accompanying article
{see p 399) it is demonstrated that
severity of corneal involvement in
these children is directly related to
vitamin A status, and that the ade-
guacy of vitamin A metabolism is
influenced by protein status. Vitamin
A alone! or in combination with sup-
portive therapy,” almost invariably
results in healing of viable corneal
tissue.

The corneal changes appeared to
represent a continuum, with all forms
frequently present in the same indi-
vidual and oceasionally in the same
eye. The mildest alterations are pri-
marily epithelial: punctate erosions
through frank keratinization of the
entire surface, usually accompanied
by diffuse stromal edema. Several
mechanisms may be responsible for
epithelial loss and stromal baring.

Traumatie sloughing of cornified epi-
thelium at a site of firm adhesion
appears capable of removing a deep
epithelial plug. The same mechanism
may account for erosions or ulcers
located within, or at the edge, of thick
keratinized plagues. Alternatively,
these miay be decompensated deilen,
caused by their proximity to steep-
margined plaques®™ and exacerbated
by the already reduced wettability of
the xerotic corneal surface and
decreased tearing consequent fo
vitamin A deficiency, protein defi-
ciency, and dehydration! The case
reported in detail, with an irregular,
intaet corneal surface, was especially
informative. Stromal vesicles were
interspersed among areas clearly
depressed below the level of the sur-
rounding, normal surface. If the
depressions indeed represent areas of
stromal desiccation,® they are of a
meost unusual sort, sitting atop deeper
stromal edema that increased corneal
thickness to twice normal. This suspi-
cion was heightened by the presence
of peculiar uleers in the adjacent (in-
ferior) area: saucer-shaped, sloping,
epithelialized depressions with cen-
tral eylindrical ulceration, as if a stro-
mal vesicle within a dellen had rup-
tured.

Typical xerophthalmie corneal ul-
cerations had a characteristic appear-
ance: sharp-margined, -ecylindrical-
shaped ulceration of varying depth
without thickened or undermined
margins and little if any evidence of
infiltration. In one instance, however,
the ulceration clearly began as a yel-
lowish, staining, heavily infiltrated
lesion that soon sloughed, leaving a
classie, noninfiltrated ulcer behind.
Superficial, shallow uleers healed rap-
idly by reepithelialization. These

410  Arch Ophthalmol—Vol 100, March 1882

could easily be missed at follow-up
examination. Careful slitflamp exami-
nation, however, revealed a persistent
superficial depression.

In at least one instance, a typical,
noninfiltrated ulcer progressed fo a
heavily infiltrated, yellowish, opaque
bulging mass typical of severe, full-
thickness corneal necrosis seen in
more advanced disease. It is uniikely,
however, that all forms of xerophthal-
mic neerosis proceed in this fashion.
In many instances, these bulging
necrotic masses had smooth, glisten-
ing surfaces that failed to stain with
fluorescein, suggesting that the epi-
thelium was still intact. In one case,' 2
deep, clear, wide stromal cleft was
present below an obvicusly intact epi-
thelial surface, as if dissolution hegan
deep to the epithelial surface. Histo-
pathologic material from another
case,’™ to bhe reported in greater
detail, demonstrated fragmentation
and collagen loss deep to an intact
epithelium, in the absence of substan-
tial numbers of inflammmatory cells.
Deep epithelial or superficial stromal
hullag have been observed in vitamin
A-deficient rabbits.®

Collagenases and other proteases®
known to be released by regenerating
epithelium,®* keratocytes,®® and
infiltrating leukocytes,®* and con-
trolled by epithelial changes,® might
account for eylindrical anteroposteri-
or ulcers and sharply demareated (lo-
calized) full-thickness necrosis. How-
ever, these mechanisms fail to explain
rapid stromal necrosis deep to an
intact epithelium, observed in several
of our cases, those reported previous-
ly,™¢ and oceasionally observed in the
vitamin A-deficient rat? They also
fail to explain the absence of substan-
tial numbers of inflammatoery cells in
histopathologic material from one of
our cases of advanced collagen frag-
mentation and dissolution®

It would appear that unique
mechanisms, in addition to the more
obvious surface changes, account for
some of the corneal alterations ob-
served in vitamin A-deficient chil-
dren. Despite reports to the econ-
trary,® primary or secondary infec-
tion appears to play little role in the
course of events.!

With appropriate therapy, visual
outcome appears to be reasonably
good. The vast majority of subjects
retained at least one structurally
intact globe containing a clear pupil-
lary zone. This favorable course is
largely related to the focal, eccentrie
nature of early stromal loss. Full-
thickness defects were rapidly
plugged with iris, preserving the
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anterior chamber. Administration of
vitamin A then results in rapid reepi-
thelialization and peripheral scar-
ring!? In many cases the area of
irreversible stromal destruction is
often more limited than suggested by
initial appearance. Among subjects
who have complete, bilateral corneal
necrosis (file 8), of course, the outlook
is dismal. The anterior chamber is
invariably lost and scarring proceeds
extremely slowly. Loss of intraocular
contents frequently supervenes.

The Nutritional Blindness Prevention Project
is a joint undertaking of the Ministry of Health,
Government of Indonesia, and Helen Keller
International, with substantial funding from the
Office of Nutrition, US Agency for International
Development (USAID).

This 1nvestigation was supported by Coopera-
tive Agreement AID/DSAN-CA-0267-331-0045
between the Office of Nutrition, USAID, and the
International Center for Epidemiologic and
Preventive Ophthalmology
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