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Table 1 Limboconjunctival degenerations (LCD) and
calcifications (LCC) in patients with renal failure (RFSH ),
in patients with renal fatlure and tertiary
hyperparathyroidism (RFTH), in patients with primary
hyperparathyroidism (PH), and in healthy controls (CO)

RFSH RFTH PH Cco
(n=47) (n=17) (n=7) (n=150)
LCD + + + +
LCC + + - -
BSK - + + -

BSK =band-shaped keratopathy; + =present; — =absent.

and C score, the limbal degeneration was masked
to a varying degree by the calcification of the
limbal area but it was assumed that, also in these
patients, an accompanying limbal degeneration
was present. In a healthy control group of 150
patients only 45% showed these degenerations.

The degenerative opacities were located
immediately beneath the epithelial surface,
usually without a clear interval with the corneo-
scleral border. On the central edge radiating
curved, off-white lines were present with a
chalky aspect that appeared to be related to the
terminal parts of the pallisades and limbal capil-
laries. In these deposits no holes were observed.
These lesions are indistinguishable from the type
II white limbus girdle of Vogt.

LIMBAL CALCIFICATION

In addition to the limbal degeneration, in all
patients a mild or moderate calcification was
present, even in the early stages of renal disease.
This calcification was located in or rather over the
area of degeneration. Limbal calcium salts were
visible as a semilunar arc of delicate crystalline
deposits adjacent to the scleral border. As the
disease progressed, the degree of limbal calcifica-
tion increased with the formation of coarse to
very coarse amorphous plaques in some cases.
Table 2 gives the degree of limbal calcification at
the initial assessment, after 3, and after 6 years
for patients.

In two cases of marked limbal calcification, the
amorphous plaques extended on to the corneal
tissue just beyond the central limbal rim. The
calcific precipitates, fading in the central direc-
tion of the cornea, were shown biomicro-
scopically to be situated between the basal layers

of the epithelium and the membrane of Bowman.

These concretions occasionally flake, leaving
painful corneal erosions that stained with fluores-
cein and a localised area of hyperaemia.’

Table2 Limbal calcification in 47 patients with renal
failure and on regular haemodialysis but without tertiary
hyperparathyroidism, at the initial evaluation, and after 3
and 6 years, graded according to the system proposed by
Porter and Crombie. The scores were averaged over the right
and left eye and over the nasal and temporal corneal section

Grade of calcification
Assessment 1 2 3 4 s
Initial 21 15 8 3 0
After 3 years 10 18 12 S 2
After 6 years* 5 14 15 8 4

*One patient died before the final assessment.
¥ [81=20, p=0-01.
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DEGREE OF CALCIFICATION

There is a clinical impression that the intensity
and the coarseness of the calcification was related
to the calcium and phosphorus product. How-
ever, no association could be demonstrated
between the degree of calcification expressed in
the P and C grading system and the serum
calcium levels (r=+0-02), the serum phos-
phorus levels (r=+0-17), or with the serum
calcium and phosphorus product (r=+0-20) in
47 patients with renal failure without tertiary
hyperparathyroidism. .

PROGRESSION OF THE LIMBAL CALCIFICATION

The progression of the limbal calcification was on
average slow but statistically significant .
(p=0-01). Three years after the initial assess-
ment, the limbal calcification had increased by
slightly more than one half grading point on
average. However, in some patients a rather
rapid progression was noted that could be as
much as three grading points in the final assess-
ment; conversely in some other patients the
progression was almost imperceptible.

The association between the degree of calci-
fication and the duration of dialysis (years) is
statistically significant (p<0-05), but this
association is weak: the product moment correla-
tion coefficient is +0:30.

BAND-SHAPED KERATOPATHY

In 15 of 17 patients with renal failure and tertiary
hyperparathyroidism, 'in addition to calcific
deposits in the limbus, calcification of a different
type and localisation was observed. In two of
these 15 patients the opacity was unilateral. This
type of calcification presented itself as opacities
with a soft grey colour showing bio-
microscopically a subtle granular structure.
They were visible approximately 1 mm from the
corneoscleral junction on both the nasal and
temporal side of the cornea and extended axially
with an ill defined central border. In the greyish
area dark round holes were distinguishable (Fig
1).

These axial corneal degenerations were indis-
tinguishable from band-shaped keratopathy.
Also all seven patients with primary hyper-
parathyroidism showed identical corneal cal-
cifications. Band-shaped keratopathy was

Figure 1  Early band-shaped keratopathy. In this stage the
calcium and phosphorus product is markedly elevated
because of tertiary hyperparathyroidism. Note also the coarse
white limbal calcification.
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Table3 The average values and the standard deviations of serum calcium and the serum
phosphorus concentration as well as their product in patients with renal failure and secondary
hyperparathyroidism (RFSH), with renal failure complicated by tertiary
hyperparathyroidism (RFTH ), with primary hyperparathyroidism (PH ), and in

controls (CO)
Serum calcium Serum phosphorous
Average SD
No Average SD Average SD Ca*P Ca*P

RFSH 47 2:46 0-23 1-87 0-64 4:52 1-33
RFTH 17 2:70 0-28 2:17 0-68 5-82 1-78
PH 7 3-33 0-48 0-96 0-17 319 0-77
CcO 50 2:41 0-10 1-30 0-17 3-13 0-46

observed in only two of the 47 patients with
secondary hyperparathyroidism and renal
failure. One of these two patients suffered from
long standing renal insufficiency complicated by
amyloidosis and the other patient had a serious
diabetic nephropathy.

The serum calcium concentrations differed
significantly between the patients of the various
groups but not between those with renal failure
complicated by secondary hyperparathyroidism
and the controls. The serum phosphorus concen-
trations also differed significantly between
patients and controls but not between patients
with secondary and tertiary hyperparathy-
roidism (Table 3).

Discussion

There have been different interpretations of the
similarity and the relationship between Vogt’s
white limbus girdle and the limbal calcification in
renal failure.'*" In patients in which the effects
of renal failure in one eye or in one part of the eye
preceded the contralateral side, our observed
sequence of events was the development of
degeneration, indistinguishable from the white
limbus girdle type II, followed by calcification,
initially as the deposition of a semicircular zone
of delicate crystals and later as coarse amorphous
calcific plaques as the metabolic situation deteri-
orated. The deposition of lime salts in the
conjunctiva and the limbus may be related to the
ability of these tissues to react with elastosis to
uraemia."

Calcium salts can be deposited in a suitable
matrix if the concentration of calcium and phos-
phorus exceeds the in vivo solubility product.
This form of calcification in undamaged tissues is
referred to as metastatic calcification. There is an
increasing body of experimental evidence, how-
ever, summarised and amplified by Scarpelli,"
that demonstrates that tissue damage always
precedes calcification. Also clinically® it has to be
remembered, that in healthy persons there is no
calcium deposition in spite of the fact that the
interstitial fluids are supersaturated with calcium
and phosphorus." In healthy persons the precipi-
tation of calcium salts is usually prevented by
protective serum proteins.

The production of a calcifiable matrix is neces-
sary for the deposition of calcium salts. " Elastosis
which precedes calcification could induce the
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formation of a calcifiable matrix but it is not in
itself a matrix, as calcification has never been
reported within the elastotic tissue itself.”"
Calcification of the outer eye has a predilection
for the immediate subepithelial site as it is
believed that loss of carbon dioxide to the
atmosphere occurs rapidly on the surface of the
eye in the interpalpebral area.® The fall in pCO,
results in a rise of pH. Hydroxyapatite is less
soluble in an alkaline environment so that these
lime salts are precipitated in areas with a rela-
tively high alkalinity.

In renal failure there is a rise in the serum
phosphorus concentration because of decreased
reabsorption causing the serum calcium concen-
tration to fall reciprocally. The net result, how-
ever, is an increase of the product of the serum
calcium and phosphorus concentration. Under
these conditions there is a chalky white precipita-
tion of lime salts in the conjunctiva and limbus.
As the disease progresses there is increased
activity of the parathyroid glands that can result
in an increase in serum calcium levels leading to a
different type of calcification. This corneal cal-
cification is very similar to the band-shaped
keratopathy of primary hyperparathyroidism. In
primary hyperparathyroidism band-shaped
keratopathy seems to be associated, among other
things, with high serum calcium concentrations.
In patients with renal failure complicated by
tertiary hyperparathyroidism the serum calcium
concentrations are significantly higher than in
patients with renal failure and secondary hyper-
parathyroidism and this may be responsible for
the development of band-shaped keratopathy in
patients with tertiary hyperparathyroidism.

We are grateful to Dr ] Vos, nephrologist in the Foundation for
Home Dialysis in Utrecht, for permission to examine patients
under his care and for his valuable information.
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