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Quantification of lacrimal function after D-shaped
field irradiation for retinoblastoma

S M Imhof, P Hofman, K EW P Tan

Abstract
To study the quantitative effects of mega-
voltage external beam irradiation in a D-shaped
field in patients with retinoblastoma, biomicro-
scopy was performed in 61 patients and tear
function tests (Schirmer-lactoferrin and
lysozyme tests) on 45 eyes in 34 irradiated
patients. The results were compared with
those obtained in 25 non-irradiated control
eyes. The Schirmer test was significantly
diminished (p<0001) in irradiated eyes, as
were the lactoferrin and lysozyme values
(p<O0OOl). A mild to severe keratitis was found
in 17 of the 61 patients (28%). A significant
correlation (p<0005) was found between the
severe keratitis and the mean Schirmer values;
the mean lactoferrin and lysozyme values were
diminished in all patients but did not correlate
significantly with the corneal abnormalities.
These quantitative data, obtained in patients
treated for retinoblastoma, affirm the qualita-
tive data found in patients irradiated for other
reasons such as orbital or sinus tumours.
Irradiation for retinoblastoma is not a harm-
less treatment and serious late side effects
have to be considered.
(Br3 Ophthalmol 1993; 77: 482-484)
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In the past two decades the general treatment for
children with retinoblastoma is megavoltage
irradiation with a D-shaped field.' If there is any
question about the residual tumour activity,
irradiation is followed by light coagulation and/
or cryotherapy. The tumour control of children
thus treated is more than 90%.21 However, the
late side effects of irradiation of young growing
tissues such as orbital growth retardation,
second primary tumours, cataract, radiation
retinopathy, and tear dysfunction are quite
severe."9 With megavoltage external beam
irradiation in a D-shaped field these late side
effects could theoretically be reduced,'"° but
until now the late side effects of irradiation for
retinoblastoma have never been recorded
quantitatively. We therefore performed a retro-
spective study to evaluate the quantitative late
effects of megavoltage external beam radio-
therapy in a D-shaped field in patients with
retinoblastoma.

Patients and methods

PATIENTS
From 1971 to 1988, 96 retinoblastoma patients
were treated with radiotherapy in a D-shaped
field at the Utrecht University Hospital. Of these
96 patients, eight died of a second primary
tumour, 17 patients were not reached for follow

up, and 10 very young children who needed
examination under anaesthesia were excluded.
Examination was not performed on orbits with a
prosthesis after primary or secondary enuclea-
tion. Secondary enucleation has never been
performed because of corneal problems after
irradiation, so 61 patients were examined with
biomicroscopy, of whom 34 patients underwent
tear function tests in 45 irradiated eyes. The
remaining 27 patients were excluded because of
non-cooperation with the tear function tests.
As a control we used nine non-irradiated

fellow eyes and 16 eyes in eight patients with
ocular motility disorders.
The age of the retinoblastoma patients ranged

from 3 5-24 years (mean 9 5), and of the control
group from 6-17 years (mean 11). Thirty six
patients were treated for bilateral and 25 for
unilateral retinoblastoma. The follow up time
varied from 34 months to 209 months (mean 86).

METHODS

Irradiation technique
Radiation therapy is carried out on a 6 MV or
8 MV linear accelerator using a lateral D-shaped
field of 26x 32 mm. This D-shaped field is
especially contoured to irradiate the entire retina
with sparing of the radiosensitive lens as much as
possible. Accurate positioning of the eye in the
sharply collimated treatment field is easily per-
formed by magnetic fixation of the eye to the
beam defining collimator by use of a low vacuum
contact lens. The axial dimensions of each eye
are determined by ultrasonic biometry before
treatment to ascertain the exact volume to be
irradiated. The applied radiation dose is nor-
malised at a minimum tumour dose of 45 Gy
given in 15 fractions of 3 Gy at three fractions a
week. ' 10

STATISTICAL METHODS
To compare the outcome of the tear function
tests and the biomicroscopy findings we used the
two sample t test, the multivariate analysis, and
the Mann-Whitney U test.

Slit-lamp biomicroscopy
Objectively, extensive slit-lamp biomicroscopy
provided information on corneal epithelial
scarring, punctate keratitis, and filamentosal
keratitis. We divided our findings into mild
keratitis (mild punctate keratitis and conjunc-
tival redness) and severe keratitis (keratopathy
and/or large epithelial punctate and/or filamen-
tosal keratitis).
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Tearfunction tests
All tear function tests were performed without
anaesthetic eye drops and with both eyes closed.

Schirmer tear test strips. Those used were from
- Clement Clarke International Ltd (London),44

11io normal values >15 mm/5 minutes.1 1-3 In
7 Schirmer's blotting paper test one end of a strip61
- of filter paper, 0 5 cmx3 5 cm, is inserted into

the lower conjunctival fornix folded at right
angles over the ciliary body of the lid where it is
left in position: the normal secretion ought to
moisten at least 1-5 cm of the strip as measured
from the fold in 5 minutes. The test is rough, but
it provides an indication, at least, of excessive
lacrimation or of marked hyposecretion or
absence of tears.11

Lactoplate. The one used was from JDC,
Culemborg (The Netherlands). Lactoplate con-
tains a tear lactoferrin immunoassay test with
rabbit antiserum to human lactoferrin in an
agarose gel. It quantifies the lactoferrin concen-
tration in tear fluid by radial immunodiffusion
(Mancini test). Normal values are > 1 0 mg/ml.'2
A small round filter paper is placed in the lower
conjunctival fornix. After 5 minutes the filter
paper is taken out and put on the special test
agarose gel. The Lactoplate is kept for 48-72
hours at a temperature of 21°C when the diffu-
sion circles are measured. The lactoferrin con-
centration is measured by extrapolation of the
diameter on the Lactoplate.

The Iysozyme test. This is performed in the
same way as the lactoferrin, with a round testing,
filter paper in the lower conjunctival fornix. It is
then sent to the microbiology department. The
patient's filter paper is put on a DST (diagnostic
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Table 2 Biomicroscopyfindings and mean tearfunction
values

No comeal Mild Severe
Mean values abnormalities keratitis keratitis

Schirmer (mm) 16 14 4-6
Lysozyme (mg/ml) 1 185 0-860 0-620
Lactoferrin (mg/ml) 0-6 0 5 05

sensitivity test) agarose gel with a testing
microbe (Micrococcus lysodeikticus). The con-
trol is done with lysozyme extracted from
'Huehnereiweiss' which is put on DST agar gel
to make a standard curve. Normal values are
1-425mg/ml.' 14

Results

SLIT-LAMP BIOMICROSCOPY
This was performed on 61 patients and the
results are given in Table 1. Of 61 patients, 44
did not have corneal abnormalities, 10 patients
had a mild keratitis, and seven had a severe
keratitis.

Table 2 shows the findings of the slit-lamp
biomicroscopy related to the mean values of the
Schirmer and laboratory tests (the tests could not
be performed in every patient). In five patients
(seven eyes) with a severe keratitis Schirmer tests
were performed and the mean Schirmer values
were significantly diminished (Mann-Whitney U
test, p<0 005). In 27 patients (32 eyes) without
corneal abnormalities or a mild keratitis the
mean Schirmer values were within the lower
normal range and did not significantly correlate.
In all investigated patients the mean lactoferrin
and lysozyme concentrations were diminished
but no significant correlation was found with the
corneal abnormalities.

SCHIRMER TEST
The Schirmer values measured in 39 irradiated
eyes (31 patients) ranged between 0 and 35 mm
in 5 minutes, mean value 14 mm. In 25 non-
irradiated eyes (17 patients) the Schirmer values
ranged between 3 and 40mm in 5 minutes, mean
23 mm. The difference between irradiated and
non-irradiated patients was significant (two
sample t test, p<0 001) (Fig 1).
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LACTOFERRIN CONCENTRATION
In 31 patients with 41 irradiated eyes the lacto-
ferrin concentration ranged between 0 and 1-3
mg/ml, mean 0-6 mg/ml. In 18 non-irradiated
eyes (14 patients) the lactoferrin concentration
ranged from 0 4 to 2'2 mg/ml, mean 1-3 mg/ml.
The difference in the lactoferrin concentrations
between irradiated and non-irradiated eyes was
significant (two sample t test, p<0 001) (Fig 2).

LYSOZYME CONCENTRATION
In 29 patients with 39 irradiated eyes lysozyme
concentrations ranged from 0-20 to 2-40 mg/ml,
mean 1X02 mg/ml. In 14 patients with 19 normal
eyes the lysozyme concentrations were greater,
with values between 0-8 and 3-6 mg/ml, mean

Table I Biomicroscopy
findings in irradiated
patients

Slit-lamp examination

No corneal abnormalities
Mild keratitis
Severe keratitis
Total

Schirmer values (mm in 5 minutes)
Figure I Schirmer testfindings in number ofirradiated and non-irradiated eyes.
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Lactoferrin values (mg/ml)
Figure 2 Lactoferrin testing values in number ofirradiated and non-irradiated eyes
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Lysozyme values (mg/ml)
Figure 3 Lysozyme testing values in number ofirradiated and non-irradiated eyes

2-2 mg/ml. With respect to the lysozyme concen-
tration the difference between irradiated and
non-irradiated eyes was significant (two sample
t test, p<OOOl) (Fig 3).

Discussion
Late effects on the eye and orbit after ocular or
orbital irradiation are well known.9 '516Compli-
cations may arise with all forms of radiotherapy,
but vary with the different ocular tissues
involved and the form of irradiation used.7'516
Serious sequelae of external beam radiotherapy
applied for retinoblastoma in often very young
children are: radiation-induced orbital growth
retardation, retinopathy, cataract, corneal
damaging, and dysfunction of the lacrimal
gland.56915 16

Lateral D-shaped external beam irradiation in
the treatment of retinoblastoma reduces cataract
formation.' 10 In addition, lateral D-shaped
external beam irradiation is expected to spare the
main and accessory lacrimal glands, because of
their position just outside the field of irradia-
tion.'10 To investigate this hypothesis, we
evaluated the quantitative effects on tear
function of megavoltage external beam radio-
therapy with a D-shaped field in patients with
retinoblastoma.
The main and accessory lacrimal glands (of

Wolfring and Krause) contribute to the formation
of the middle aqueous tear film layer, consisting
of water, electrolytes, enzymes, and proteins,
such as lactoferrin and lysozyme.1I12 1719 The
watery component, lactoferrin and lysozyme,
plays an important role in keeping the precorneal
tear film stable and preventing the corneal
epithelium drying up.'21318 Lacking of these
components will thus result in instability of the
tear film and damage to the corneal epithelium,
as can be seen in keratitis sicca.I'"3 1718

In our patients, treated with external beam
irradiation with a D-shaped field, we found a

significant lessening of tear production (as
measured with the Schirmer test) and a

significant reduction in tear protein production
when compared with a control group (Figs 1, 2,
and 3). Although the patient group and the

control group are not identical or randomised
(which is extremely difficult in this group of
patients), we can conclude that the quantitative
lacrimal function tests are significantly disturbed
in children treated with external beam irradia-
tion as a result of irradiation damage to the
main lacrimal gland and, possibly, the accessory
glands of Klause lying in the upper conjunctival
fornix. 19 As a consequence, these children
have a diminished stability of the tear film and
thus may be prone to (sub) epithelial kerato-
pathies.I" 13151719 In almost 30% of them these
(sub) epithelial keratopathies were found and
these lesions appeared to correlate significantly
with decreasing Schirmer values. No such a
significant correlation was found between the
mean lactoferrin and lysozyme concentrations
and the presence and severity of the corneal
abnormalities, but this may be explained by the
fact that the sample size ofthe patient group with
mild or severe keratitis was too small.
We conclude that, although irradiation in

patients with retinoblastoma has proved to be a
valuable tool in tumour control with excellent
survival rates, side effects are still considerable.
In evaluating these late side effects we are
convinced that a search for irradiation tech-
niques which are as effective in tumour control,
but less damaging, should be stimulated.

We acknowledge the help ofDr M Ph Mourits.
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