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SUMMARY

The presence of fine epithelial deposits in a whorled pat-
tern (cornea verticillata) as a consequence of treatment
with amiodarone is well documented. We present a case
of amiodarone keratopathy in a grafted cornea which is
atypical in that the orientation of the pattern is rotated
through nearly 90° to that normally observed. This obser-
vation runs counter to the hypothesis that cornea ver-
ticillata is a manifestation of the line of lid closure. We
speculate on the mechanism directing the migrational
pathways of epithelial cells.

CASE REPORT

A male (born 1915) presented in 1985 with recurrent
herpes simplex keratitis in the left eye (visual acuity 6/6).
He also had bilateral chronic open angle glaucoma, con-
trolled by topical beta-blockers. The left cornea became
progressively thin, vascularised and had recurrent epi-
sodes of ulceration over the ensuing years; the best vision
deteriorated to 6/60. In 1986 he lost useful vision in the
right eye after a central retinal vein occlusion with sub-
sequent cystoid macular oedema.

In 1989 he underwent a left penetrating keratoplasty.
The donor was a 57-year-old woman whose left eye was
enucleated for achoroidal malignant melanoma with asso-
ciated retinal detachment. She had never suffered from
cardiac disease or taken amiodarone. An 8 mm button was
trephined from the whole donor eye (after epithelial
debridement) within an hour or so of enucleation. Histo-
logical examination of the remnants later showed no evi-
dence of scleral invasion or extension into the anterior
chamber. An 8 mm button was trephined from the host
and the donor material was fixed by four cardinal sutures
and a continuous 10-0 nylon suture. Post-operative notes
record a clear graft, but no documentation on the re-
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epithelialisation process. At 6 weeks the vision was 6/12
(-5.50DS/+6.50DC axis 115).

In August 1991 the patient was admitted with chest pain
and a supraventricular tachycardia of 190 beats/min which
was eventually brought under control with amiodarone
after several attempts with other anti-arrhythmic agents
and cardioversion. At this stage a resting bradycardia was
observed and topical beta-blockers were stopped. In June
1992 he underwent right trabeculectomy. His maintenance
dose of amiodarone is 200 mg once daily. In August 1992
he was noted to have bilateral amiodarone keratopathy.
This was typical in the right eye, but in the grafted eye the
spindle was roughly perpendicular to the normal orien-
tation (Figs. 1, 2).

DISCUSSION

Amiodarone is a class III anti-arrhythmic agent effective
against a wide range of arrhythmias. Its catalogue of side
effects includes dysthyroid disease, interstitial pneumon-
itis, peripheral neuropathy, pigmentation and photosensi-
tivity, hepatitis and bilateral corneal deposits.'

The incidence of amiodarone keratopathy is variously
estimated to be between 60% and 98%. The presentation is
normally occult, but a fraction of patients (less than 12%)
report mild lid irritation, photophobia, haloes and blur-
ring. The degree of keratopathy is variable and although
there is a small correlation with dose and duration, this is
not conclusive.”®

Fig. 1. Schematic representation of the vortex keratopathy in
the patient’s two eyes. Left: Right eye, normal orientation.
Right: Left eye, orientation in graft.
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Fig. 2. Anterior segment photograph showing the atypical
orientation of the amiodarone keratopathy.

Epithelial vortex patterns are only visible on biomicro-
scopy. They are found in Fabry’s disease, Hudson—Stahli
lines of iron deposition, the striate melanokeratosis of pig-
mented patients with resolving keratitis, and as a side
effect of amiodarone, anti-malarials, phenothiazines7'8 and
other drugs (see Table I). Two mechanisms have been pro-
posed for production of the pattern. The first is that the
predominant horizontal line across the lower two-thirds of
the cornea corresponds to the line of lid closure and that
the deposits result directly from the concentration of the
drug in the tears.”'” An alternative proposal is that the lines
are a manifestation of the centripetal trajectory of migrat-
ing epithelial cells from a non-uniform distribution of
stem cells at the limbus. The direction of movement is
thought to follow a pattern similar to that of water flowing
down a plug hole, with the point of the vortex in the mid-
line at the junction of the lower and middle third of the
cornea.*®

Since the clinical appearance of the drug-induced
deposits is indistinguishable from that of Fabry’s disease
(alpha-galactosidase A deficiency) it has been suggested
that these drugs produce an iatrogenic sphingolipido-
sis.'" Histological studies of amiodarone keratopathy
show that the deposits are in the epithelium, where 0.2—
0.5 wm lamellated cytoplasmic inclusion bodies are
found. The precise position within the epithelium is a
matter of debate,'*'® but in Fabry’s disease the predom-
inant position is in the basal layers.'' The appearance on
light microscopy of the deposits secondary to anti-malar-

Table I. Medications implicated in the production of cornea
verticillata

Amiodarone ]
Phenothiazines ¢ See text
Anti-malarials |
Clofazimine Ohman and Wahlberg®
Walinder®®
Monobenzone Hedges et al.”’
Tilorone Weiss et al.™®
Suramin Teich et al.?’
Naproxen Szmyd and Perry*
Indomethacin Bernstein®'
Pethidine Hobbs et al.*
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ial use is identical, but electron microscopy does not
reveal lamellation of the inclusion bodies."'

The molecular mechanism of production of these
deposits is a matter of some conjecture. One possibility is
that the drug forms a complex with the lipid substrate of
the enzyme and renders it unacceptable to the enzyme. As
more of the drug—lipid complex accumulates in the cells it
is incorporated into lysosomal inclusion bodies.''* An
alternative is that the drug interacts with alpha-galactosi-
dase A or arelated enzyme and alters its specificity for the
normal lipid substrate, which is consequently deposited in
the cells. It has been shown that whereas chloroquine is an
inhibitor of alpha-galactosidase A, amiodarone is not," so

_it may be that different mechanisms are at work producing

the same clinical appearance.

Centripetal migration of epithelial cells is certain in the
traumatised cornea as evidenced by the common clinical
appearances of healing corneal wounds.""® Such move-
ment has also been established in epithelial responses to
keratoplasty by observing the migration of epithelial
microcysts'” and the distribution of sex chromatin after
graft swapping between male and female rabbits.”’ In this
latter experiment, donor epithelium was shown to be
gradually replaced by that of the host and there was no evi-
dence of donor-to-host (i.e. centrifugal) migration. The
same process has been postulated in normal epithelium'®?'
and the concept of a limbal stem cell has been invoked to
account for cell proliferation providing a supply of cells to
maintain the corneal epithelium.”” The presence of a
reproducible pattern of corneal epithelial deposits, but in
an altered orientation, suggests to us that the movement of
epithelial cells is not a random two-dimensional Brownian
diffusion process but is directed by some underlying
mechanism, presumably at the level of Bowman’s mem-
brane. Organised migration of differentiating cells is a
well-documented phenomenon in the histogenesis of the
neural tube.” A similar mechanism could be envisaged
directing the movement of differentiating ectodermal
derivatives (corneal epithelial cells) over mesenchymal
tissue (corneal stroma).

CONCLUSION

To our knowledge there has been only one other report of
amiodarone keratopathy in relation to a corneal graft, and
that related its disappearance from the donor button post-
operatively.* This case runs counter to the supposition
that this condition is determined by the line of lid closure.
Furthermore the presence of the typical vortex pattern in
the graft, but in a different orientation, suggests that there
might be some histoarchitectural substrate at the level of
Bowman’s membrane that determines the trajectory of
epithelial cells.
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