










Post-traumatic hyperlipofuscinosis in the human retinal pigment epithelium
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the present case according to current opinion
which holds that lipofuscin granules in the RPE
represent the degradation products of shed
photoreceptor discs,'-7 though lipofuscin is also
derived from the breakdown of endogenous
cytoplasmic lipid-containing membranes such as

mitochondrial products. In the normal RPE the
number of lipofuscin granules per cell increases
from the periphery to the posterior pole, and
there is a measurable increase with age through-
out the monolayer."'2'3 Because there are no

absolute standards for the microscopic measure-

ment of lipofuscin, it is not possible to make
direct comparison from our data to previously
published work." 13 However, our qualitative
and quantitative estimates of lipofuscin auto-
fluorescence in control tissue correspond in
relative terms with information already avail-
able, and this strengthens the data obtained from
the traumatised eye.
Our arbitrary value of 50 (SD 25) units for

lipofuscin in the RPE of a 19-year-old was about
20% of that obtained from the 73-year-old eye,

namely 250 (SD 50) units, which is not too far

from the 50% difference reported by Wing et al'
in a comparison between 30 years and 80 years.
Feeney-Burns et all'3 gave estimates of 88
granules per cell in the 1-20 age group and 208
granules per cell for the 61-100 age group, that
is, about 40% lower in the younger age group.

Accordingly we were encouraged that the mean
values obtained from eyes (c) and (d) (Table 1) in
which there was pathology which could have
interfered significantly with the function of the
RPE photoreceptor complex did not fall outside
the upper and lower limits of the two controls.
The value of 600 (SD 170) ([tm)2/50 ,um for

lipofuscin autofluorescence in a 55-year-old
patient with post-traumatic RPE therefore
reinforces the light microscopic and electron
microscopic findings.

In our search of the literature relevant to RPE
hyperlipofuscinosis we gained the impression
that the condition was most commonly associ-
ated with photoreceptor atrophy and degenera-
tion, which is in contrast to the good preservation
of the photoreceptors observed in the case of
traumatised eye under discussion.

Figure 7 Toward the
equator the photoreceptor
cells are replaccd by glial
cells (G). MigratingRPE
cells are linked by numerous
interdigitations
(arrowhead). A macrophage
(M) containing
melanophagosomes is present
in the gliotic retina. Melanin
granules and lipofuscin are
sparse within the RPE.
(x5600.)
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Hyperlipofuscinosis in association with photo-
receptor degeneration has been described by
Weingeist et all4 as a feature of Best's macular
dystrophy, but those authors' electron micro-
graphs do not demonstrate a concentration of
lipofuscin as excessive as that described in the
present case. As case of retinitis pigmentosa
(complicated by angle closure glaucoma surgery
and aphakia) has been reported by Kolb and
Gouras,' and in their case the retinal pigment
epithelium appeared to contain large quantities
of lipofuscin at the light microscopic level. More
recently large quantities of lipofuscin were
demonstrated in clusters of RPE cells in a
choroideraemia carrier.9 The closest approach to
the massive accumulation ofRPE lipofuscin seen
in the present case has been demonstrated in
experiments on rats to study the effect of hypo-
vitaminosis A and E.1'17 These experiments were

designed to interfere with the mechanisms
known to be involved in photoreceptor disc
lipoprotein maintenance and in protection from
peroxidation. Large quantities of lipofuscin
accumulate in human ceroid lipofuscinosis'° and
in animals similarly affected," 1'19 but the ultra-
structural characteristics of ceroid lipofuscin are

dissimilar to the lipofuscin seen in normal aging
and in the present case.

In contrast to hyperlipofuscinosis described
above it was of interest that, when the RPE
contained demonstrable iron, lipofuscin was not
demonstrable. This was also a feature observed
in the siderotic eye used for the present study
(Table 1, case d). There was a similar dearth of
lipofuscin in the RPE of the present case, in
which iron and blood breakdown products were

identified at the retinal periphery. The mecha-
nisms by which soluble toxic iron salts interfere
with RPE and photoreceptor metabolism are not
known. However, at the posterior pole of the
present specimen iron was not demonstrable
histologically, and, since there was acceptable
photoreceptor preservation, siderosis is an

unlikely explanation for hyperlipofuscinosis.
It is worth reiterating that our patient has not

suffered from familial or acquired systemic
disease relevant to the changes in the enucleated
eye in the period 1982-90 and his opposite eye

has been normal. The pathological findings in
the enucleated eye suggest that there was retinal
detachment and widespread fragmentation of
outer segments at the time of initial injury and
that subsequently the retina reattached. The
effect ofthe trauma may have been similar to that
described in the pig model for blunt trauma.20 In
this model the acute dissolution and fragmenta-
tion of photoreceptors is followed by a gradual
recovery, with restoration of inner and outer

segments. In the present case there was an

apparent recovery in the ability of the photo-
receptor layer to produce outer segments at the
posterior pole, with a failure at the mid periphery
and the far periphery.
The RPE lipofuscin content appeared to

mirror the status of the photoreceptors, but
whether or not the accumulated lipofuscin was a
manifestation ofa single insult or a persisting low
grade dysfunction in degradation remains open

to conjecture. The morphology of the accumu-
lated materials within the RPE at the posterior
pole was identical to that seen in the aging
process361213 and differed only in the greatly
increased number of the particles. The identifi-
cation of structures assumed to be photoreceptor
phagosomes at various levels in the RPE cells
points to some blockage of the degradative
system at an early stage. We had anticipated
some manifestations of disturbance in RPE
exocytosis, which is a feature of normal aging7
and is recognised by the presence of curvilinear
bodies in Bruch's membrane. It was of interest
that Bruch's membrane and the choriocapillaris
were totally unaffected by the excess of lipo-
fuscin in the RPE monolayer, which contrasts
with Best's macular dystrophy.'4 Even though it
is difficult to explain the pathogenesis, it seems
justifiable to add this variant of hyperlipo-
fuscinosis to the list of post-traumatic abnormali-
ties which can occur in the human neural retina
andRPE.
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