
1 j

• • • % # •



THE 32P TEST AND OTHER
METHODS IN THE DIAGNOSIS OF

INTRAOCULAR TUMOURS

I--.

PROEFSCHRIFT

TER VERKRIJGING VAN DE GRAAD VAN

DOCTOR IN DE GENEESKUNDE,

AAN DE RIJKSUNIVERSITEIT TE LEIDEN,

OP GEZAG VAN DE RECTOR MAGNIFICUS DR. D, J. KUENEN

HOOGLERAAR IN DE FACULTEIT DER WISKUNDE EN NATUURWETENSCHAPPEN

VOLGENS BESLUIT VAN HET COLLEGE VAN DEKANEN TE VERDEDIGEN

OP WOENSDAG 13 SEPTEMBER TE KLOKKE 15.15 UUR

I-
I',
f'"
r:

door
RENÉ ANDRÉ VAN DIJK

geboren te 's-Gravenhage in 1947

DR. W. JUNK B.V. -PUBLISHERS -THE HAGUE
1978



Promotor: PROF. DR. J. A. OOSTERHUIS

Co-referenten: PROF. DR. G. M. BLEEKER

PROF. DR. A. E. v. VOORTHUISEN

iï

E-

.1

%

1= Dit proefschrift werd bewerkt in de Oogheelkundige Kliniek
(Prof. Dr. J. A. Oosterhuis) van de Rijksuniversiteit Leiden.

Het Engels werd verzorgd door Mevr. I. Seeger-Wolf
en Mr. J. Ayoub, M.D.



I

f'.

! • • ' •

s il

"'è

'M
Aan Leonore, Maarten, Steven en Wouter
Mijn ouders en schoonouders



u

CONTENTS

Chapter 1 Introduction 1
Chapter 2 Basic principles of the 32P test 3

Physical aspects 3
Biochemical aspects 3
Biological aspects 5

Direct radiation effects 5
Late radiation effects , 6

Chapter 3 Review of the literature on the 32P test 7
Methods 7

Dose, mode of administration, interval between administration and
determination 7
Counting technique 8

Apparatus 10
Geiger-MiiUer probes 11
Semiconductor probes 11

Results 12
Posterior segment 12

Malignant tumours 12
Benign lesions i5

Anterior segment 19
Malignant tumours 19
Benign lesions 20

Chapter 4 Evaluation of the 32P test: methods and material 21
Methods 21

32P test 21
Dose, mode of administration, interval between administration
and determination, precautions 21
Counting technique 22

Anterior approach 23
Posterior approach 23

Measurements 27
Apparatus .' 28

Material 31

\i\



Chapter 5 Evaluation of the 32P test: results . . 38
Results obtained with the 32P test 38

Melanomas of choroid and/or ciliary body . 38
Positive results . . , . v . . . . . . . 41
Negative results. 45
Anterior versus posterior approach , . , 46

Other malignant lesions in the posterior segment 47
Benign lesions in the posterior segment 48

Naevus . . . 48
Haemangioina. 50
Other benign lesions 52

Malignant lesions in the anterior segment . 54
Benign lesions in the anterior segment, 55

Deagnostic value of the 32P test 56
Posterior segment 57
Anterior segment 58

Threshold value. , 59
Pathology and 32P test results 61
Prominence and 32P test results 67
Influence of measurements in both eyes on the 32P test results 68
Complications associated with the 32P test procedure 70

Chapter 6 Evaluation of other diagnostic methods 73
Scintigraphy 73
Fluorescein angiography 77

Choroidal melanoma 78
Choroidal naevus. 84
Cavernous haemangioma of the choroid 88
Lesions in the anterior segment 91

Perimetry 94
Melanoma . . . 94
Naevus 95

Transilluminaiion 99
Ultrasonography 100
Orange areas 103
General examination 105

Chapter 7 The value of fluorescein angiography, perimetry and the
32P test . 108
Melanoma 108
Naevus 110
Haemangioma • 110
Small choroidal tumours I l l
Tne therapeutic assessment of small choroidal tumours 117

I
•1

'ij

1

. ;*?,



Chapter 8 The 32P test at extraocular lesions 121
Chapter 9 Indications for the 32P test 122
Summary 123
Samenvatting 125
References 127
Stellingen 133

SB

I

1 'A



CHAPTER 1

INTRODUCTION

It is sometimes difficult to arrive at the correct clinical diagnosis in cases of
intraocular melanoma, as shown, for instance, by Shields & Zimmerman
(1973). They reported a retrospective study in which it was found that
lesions simulating a melanoma had led to the enucleation of 41 (20%) out of
208 eyes removed between 1962 and 1970 because of an ophthalmoscopi-
cally visible lesion diagnosed clinically as a posterior uveal melanoma. It is
striking that as far as could be determined, only one of these 41 patients
had been investigated by fluorescein angiography, one by a 32P test, and 4
by transillumination. The 208 eyes originated from patients enucleated in
both large and small hospitals. Another study (Shields & McDonald, 1974)
showed a lower incidence of incorrect diagnoses. Only 7 (3,7%) out of 188
eyes enucleated between 1962 and 1972 because of a lesion thought to be a
melanoma, proved to contain a lesion simulating melanoma. All of the 188
eyes had been enucleated in a single large hospital. The use of repeated
fundus photography, fluorescein angiography, transillumination, and even
the 32P test in the last few years covered by the study must have contributed
to this better diagnostic result as compared with the other study.

The uncertainty in the diagnosis of intraocular melanomas led the Depart-
ment of Ophthalmology of the Leyden University Medical Centre to reintro-
duce the 32P test into The Netherlands. As early as 1962, the Dutch ophthal -
mologist Dekking published a report on the use of 32P in the diagnosis of
malignant tumours located in the posterior pole of the eye. Developed for
ophthalmology by Thomas et al. (1952), the 32P test fell into disfavour after
some years, despite attempts to surmount the problems encountered in its
application.

After promising results were reported for 32P testing based on reliable
methods and instruments (Hagler et al., 1970; Lommatzsch & Guntermann,
1971; Vogel & Strötges, 1971), in 1973 the Netherlands Ophthalmic
Research Institute (Director: Prof. Dr. G.M. Bleeker, M.D.) started a
research project to evaluate 32P testing as part of the investigation of intra-
ocular tumours. The patients, so kindly referred by most of all the Dutch
ophthalmologists, were examined with the 32P test in the Leyden University
Medical Centre, Department of Ophthalmology (Head: Prof. Dr. J.A. Oos-
terhuis, M.D.), where the present study was performed.

The members of the committee formed to supervise the isotope diagnosis
of ocular tumours were: Prof. Dr. G.M. Bleeker, M.D., Prof. Dr. LJ. van der
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Tweel, Ir. K.M. van den Berge, all of the University of Amsterdam; Prof. Dr.
A.Th.M. van Balen, M.D., Erasmus University, Rotterdam; G.M. Smit, M.D.,
Vrije Universiteit, Amsterdam; and Prof. Dr. J.A. Oosterhuis, M.D., Dr.
J.G. Eemisse, M.D., Dr. E.K.J. Pauwels, Dr. Ir. W. Herstel, Ing. R.B. Bakker,
and the present author, all of the University of Leydcn. This research pro-
ject was supported by the Netherlands Ophthalmic Research Institute and
grants from the Netherlands Organisation for Health Research T.N.O.

The material in which the present study was performed comprised 211
patients examined with the 32P test between March of 1973 and January of
1977, all of whom had an intraocular lesion thought to be malignant. Most
of these patients were examined with radioactive technetium, fluorescein
angiography, and perimetry. In addition", transillumination and ultrasono-
graphy were sometimes performed. The ophthalmoscopic aspect of the
various lesions presented in this report will not be described, because excel-
lent descriptions of intraocular tumours are available in the current litera-
ture, e.g. in 'Differential Diagnosis of Intraocular Tumours' (Gass, 1974)
and 'Tumours of the Eye' (Reese, 1976). Each of the enucleated eyes in the
present series was investigated by one of the following ophthalmo-patholo-
gists: Dr. W.A. Manschot, M.D., D. de Wolff-Rouendaal, M.D., Dr.
A. Hasnburg, M.D., G.M. Smit, M.D., and L.E.M. Valk, M.D.

The results obtained with the various methods used in this study were
reviewed to assess their relative value for the diagnosis of intraocular
tumours. As could be expected, the combined results of different types of
examination were found to permit correct diagnosis, but broad clinical ex-
periance also proved to be essential.
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CHAPTER 2

BASIC PRINCIPLES OF THE 32PTEST

PHYSICAL ASPECTS

32P is a radioactive isotope of the element phosphorus. It has a half-life of
14.3 days and emits beta particles (electrons) from the unstable nuclei.
These beta particles show an energy of maximally 1.7 MeV (mean:
0.6 MeV) (Lange, 1973) and a maximum tissue penetration of 7 to 8 mm
(mean: 2 to 3 mm) (Leopold et al., 1964).

BIOCHEMICAL ASPECTS

For the 32P test use is made of disodium phosphate (Na2HPO4) labelled with
32P. In the present study 32P was administered by intravenous injection, The
dose was at most about 1 mg phosphate, which is too small to interfere with
the normal inorganic phosphate plasma level, which ranges from 2.S to 4.5
mg/100 ml. Variations in the plasma phosphate concentration are normally
due to changes in the tubular reabsorption activity of the kidneys, endogen-
ous phosphate production, and phosphate absorption from the gut (Bijvoet
& van der Sluys Veer, 1968). Within a few hours, most of the labelled
phosphate diffuses from the blood into the extra- and intracellular body
fluids and then tends to accumulate in the various tissues according to their
metabolic turnover of phosphate. Two-thirds of the injected activity is
deposited in a compartment comprising the bones, liver, and spleen, from
which the assimilated 32P is lost at a rate corresponding with a biological
half-life of 49 days (Seltzer et al., 1964). Spiers et al. (1976) found a 32P
whole-body biological half-life of about 40 days.

The loss of 32P from the body occurs mainly via the kidneys. Urinary ex-
cretion accounts for about 20% of the 32P dose in the first week (Masouredis
etal., 1950). r

Of a given dose of 32P labelled phosphate, only 0.05 to 0.005% is assimi-
lated in the human eye (O'Rourke et al., 1957; Parker & Lange, 1973). The
uptake of this labelled phosphate is higher in well-vascularised ocular tissues,
such as the uvea, retina, conjunctiva, and extra-ocular muscles, than in
tissues with few or no blood-vessels, such as the sclera, cornea, lens, and
vitreous body. This difference leads to differences in radioactivity between
the various ocular structures during the first few days after 32P administra-
tion, but after a week most of this divergence disappears due to the excre-
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tion of 32P from the weü-vascularised tissues and some accumulation of 32P
in the poorly or non-vascularised tissues (Dunphy & Selverstone, 1953; Bett-
man & Fellows, 1954; Dejean et al., 19S4; Packer et al., 1977).

After administration of 32P-labelled phosphate melanomas of the choroid
show a radioactivity which, at least during the first few days, is about 5 to
10 times higher than that in the adjacent ocular structures, such as the
sclera, choroid, and retina (O'Rourke et al., 1957; Packer & Lange, 1973).
This difference in the concentration of 32P is due to the mitotic activity of
the cells of the neoplastic tissue, which show a rapid and high phosphate
uptake and retain more of the isotope for a longer period than those of
non-neoplastic tissues, at least up to the fifth day after administration.

Jones ct al. (1940) used "P labelled phosphate for metabolism studies in mice inoculat-
ed with lymphoma, lymphosaicotna and mammary carcinoma. The "P uptake of these
neoplastic tissues resembled that of the non-ncoplastic tissues with an active meta-
bolism, such as the liver, kidney, and small intestine, but the neoplastic tissues retained
much more of the "P than the healthy tissues for at least five days after administra-
tion. Maishak (1941), who performed studies on MP uptake by hepar cells in mice and
by lymphoma and sarcoma tumours implanted in rats, found 90 to 95% of the accumu-
lated 3 T in the nucleoprotein fraction of the nuclei of the lymphoma cells 1 hour to
5 days after administration, whereas in the nuclei of healthy liver cells this percentage
was only 60 to 70: However, the nuclei of the neoplastic cells and those of regenerat-
ing liver cells showed the same degree of assimilation of labelled phosphate. Therefore,
the assimilation of "P by cell nuclei must be attributed mainly to mitotic activity.

Haye et al. (1950) offered two other explanations for the difference in 32P
assimilation between neoplastic and non-neoplastic tissues, i.e. that 32P accu-
mulation depends solely on either the vascularization level in the tissue, or
the blood-tissue barrier. Both of these possibilities seem highly improbable
or at least imcomplete, however. In the former they assume that only the
rich vascularization of neoplastic tissue is responsible for a strong 32P assimi-
lation, but in well-vascularized corneal inflammatory lesions the level of
radioactivity is only higher than that in healthy corneas during the first 20
minutes after 32P administration, being due to the presence of 32P in the
blood (Thomas et al., 1959). On the other hand, compared with non-hyper-
aemia, the hyperaernic state does allow more blood and blood cells with
32P to circulate through the tissue and thus may contribute to the radio-
activity emitted by that tissue. In their second hypothesis, Haye et al
assume that an alteration in the bloodtissue barrier makes it easier for the
32P to share the inorganic phosphate pool of the intercellular spaces. How-
ever, most of the 32P is found in the inorganic phosphate fractions only dur-
ing the first few hours after administration, and after 24 to 96 hours the
greater part has already been assimilated by organic tissue compounds
(Thomas et al., 1959). It is therefore clear that extensive vascularization and

M



an altered blood-tissue barrier can supply neoplastic tissue with an appreci-
able amount of injected 32P but that neither can account completely for the
difference between neoplastic and non-neoplastic tissue in 32P assimilation.

During the present study an attempt was made to demonstrate the assimi-
lation of 32P in ocular melanoma by means of autoradiography. In two of
our patients with a positive 33P test, autoradiography of a choroidal mela-
noma was performed by Dr. O.M.J. Driessen of the Department of Pharma-
cology and Dr. C.W. Thesingh of the Department of Cell Biology, both in
the University of Leyden. It proved impossible to obtain any sign of 32P
assimilation in these tumours with the current dry and wet autoradiography
techniques described by Stumpa (1970) and Rogers (1967). These negative
results were probably due to the low concentration of 3ÏP in the tumour
c e l l s . " : . • . ' - - . - • . ' . - . - ' : - • •••.'- ••'•- - • " ' • • • • •

I

BIOLOGICAL ASPECTS

Direct radiation effects

Interaction between ionizing radiation and living organisms can result in a
wide range of biological effects, such as damage to organs, cells, or even
genes. In this study the patients were given a 33P dose of maximally 700
microCi intravenously. The radiation burden of this dose, related to a 70-kg
man, is given in Table 2.1, which is based on publication No. 17 of the
International Commission on Radiological Protection as well as on Coggle
(1971), Boyd & Dalrymple (1974), and van Putten (1974).

Table 2.1. Radiation burden of an intravenous dose of 700 microCi" P.

Whole body
Critical organ:
Bone
Gonads:

Testes
Ovaries

Eye lens
Gestation

Maximal harmless
dose

(iniads)

200

200

10
150-200

200
10-50

Dose at 700
microCi MP

(iniads)

7

25

10
10
K?)

10(?)

Effects

None

None
Possibly: temporary
oligospermia
None'
None .
Possibly: lethaloi
oigan damage

(?): Calculated estimate of dosage



An intravenous dose of 700 microCi 32P leads to (Table 2.1) a safe radia-
tion burden for the whole body amounting to only 7 rads (radiation ab-
sorbed dose). The trabecular bone, marrow, and cortical bone together
receive a burden of about 25 rad, which is a higher dose than any other
organ receives. Since, in addition, Ihs rapidly dividing bone marrow is sus-
ceptible to radiation, bone is called the critical organ for 32P. A dose of
700 microCi 32P, however, does not cause a depression of bone marrow
activity. The radiation dose received by extra-medullary haemopoietic
tissues, such as the liver and spleen, also amounts to a safe burden of prob-
ably about 20 rads (Spiers et al., 1976), With respect to the gonads, it is not
likely that ovarian follicles will be damaged, but it seems possible that a
temporary oligospermia will occur during the first few months after 32P
administration. Of ophthaimologic interest is the radiation burden to the
lens, which is the eye tissue most susceptible to radiation. However, even in
cases of protruding intraocular tumours the lens will receive a very small
radiation burden amounting to only about 1 rad (van Putten, 1974). Since
the usual dose of 700 microCi 32P can be injurious to a foetus, this test
should not be used in pregnant women.

Late radiation effects

With the generally used dosage of about 10 microCi 32P per kilogram body
weight and a maximum dose of about 700 microCi, cancer induction and
gene mutation are highly improbable (van Putten, 1974; Sobels, 1974).
Nevertheless, it must be kept in mind that performance of the 32P test in
individuals in the fertile period may hive consequences for future genera-
tions. To minimize these highly improbably consequences, for instance in
the form of hereditary diseases, fertile patients were advised, on the basis of
the suggestion made by Sobels (1974), not to impregnate or become preg-
nant during the first 6 months after 32P administration.
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CHAPTER 3

REVIEW OF THE LITERATURE ON THE 32P TEST

The 3ÏP test was first performed in ophthalmology by Thomas, Krohmer &
Storaasli (1952) to measure the 32P uptake in seven eyes with an elevated
fundus structure. In five of these eyes the counts over the lesion were signi-
ficantly higher than those made over other parts of the eye, and four of
these proved to contain a melanoma. In the fifth eye the lesion was diagnos-
ed as a metastatic tumour. In the two remaining eyes a detached retina did
not show an elevated 32P uptake.

In the early use of this test the problems encountered included the in-
ability to place the probe over lesions in the posterior segment cf the globe
and the ignorance of the best interval between 32P administration and the
determination of radioactivity levels. After the introduction of curved
probes and conjunctival incision to gain access to the posterior lesions and
the adoption of an interval of at least 48 hours between administration and
determination, the 32P test became reliable, as shown by the series published
by, for instance, Goldberg et al. (1961), Lommatzsch & Guntermann
(1971), Vogel & Strötges (1971), Ruiz & Howerton (1975), Jarrett II
(1976), and Shields et al. (1976). The results of these and other studies are
discussed in detail in the following sections, with special attention to the
methods and apparatus used.

METHODS

Dose, mode of administration, and interval
between administration and determination

Usually, 10 microCi 32P per kg body weight, up to a total dose of 500-750
microCi, was injected intravenously as an isotonic labelled phosphate solu-
tion. Some authors (Psdin & Tudway, 1955; Lommatzsch & Guntermann,
1971; Ruiz & Howerton, 1975) administered the 32P orally in a slightly
higher total dose (700-1000 microCi) to compensate for the incomplete
absorption from the gastrointestinal tract, which for dietary phosphate is
normally around 70 per cent.

The smallest feasible dose of 33P is difficult to determine. Snpdgrass et al.
(1954) obtained negative 32P results in 3 choroidal melanomas at a dose of
only 180-230 microCi 32P, but the fact that the measurements were made
within 2 hours after 32P administration may have contributed to these
results. Distinctly higher doses of 32P, e.g. 10 times the currently accepted
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amount of 700 microCi, may have harmful effects on the bone marrow and
gonads. Such high dosages as SO, 100, or 200 microCi of 32P per kg have
been given to rabbits with a melanoma implanted into the uvea by Ruiz &
Pernoud (1976). They found the highest uptake of 32P for the largest dose,
but the difference in assimilation between the implanted tumour and the
rest of the eye was clearly equal for all three dosages and was the same on
the second, fifth, and ninth days after 32P administration.

The time at which the measurements are performed after administration
of the 32P has varied since the test was introduced. Originally, an interval
varying between 1 hour and 48 hours was used (see Table 3.1), but at
present 48 hours is recommended as maximum (e.g. Ruiz & Howerton,
197S; Jarrett II, 1976; Shields et al., 1976). This is in accordance with
ocular tissue analysis in hamsters, where the difference in 32P concentration
between an implanted choroidal melanoma and the adjacent choroid and
the blood showed a maximum from 24 to 48 hours after the administration
of 32P (Packer et al., 1977). However, when 32P uptake is only measured in
ths first 24 hours after administration, 32P can still be present in the extra-
cellular inorganic phosphate pool (Thomas et al., 19S9), where it interferes
with the test result. This was demonstrated by Goldberg et al. (1961) who
found a shift from a negative 32P test result at an interval of 24 hours to a
positive result after 48 hours S times in 17 choroidal melanomas. The use of
a longer interval than 48 hours, e.g. 72 hours as used by Lommatzsch &
Guntermann (1971), has the disadvantage of adding a day hospitalization
without making the 32P test more reliable as compared with the results of
series published by authors who applied a 48-hour interval (Table 3.1).

Counting technique

Since 32P beta particles show an average tissue penetration of 2 to 3 mm,
radioactivity emitted by lesions located slightly posterior to, at, or anterior
to the equator of the globe can be measured without a conjunctival incision.
This anterior or transconjunctival approach to the tumour can be carried
out under local anaesthesia by instillation of a local anaesthetic agent into
the conjunctival sac.

The examination of lesions located posterior to the equator requires an
incision of the conjunctiva as well as sometimes the detaching or retraction
of extraocular muscles. This method permits precise localization of the
lesion and accurate placement of the counting probe over it. This posterior
or transscleral approach is carried out under local or general anaesthesia.

Usually, the localization of the lesion is performed by indirect ophthalmo-
scopy combined with scleral transillumination. Eyes with opaque media

8



have been investigated by a combination of ultrasonography or transiliumi-
nation and the 32P test, or simply by moving the probe of the 32P test
apparatus over the sclera to detect an area of high activity (Lommatzsch &
Guntermann, 1971; Shields et al., 1974).

The surgical method with the posterior approach makes it necessary to
perform the measurements at the tumour and control sites on the same eye.
To obtain a test result that will be as representative as possible for the 32P
uptake in the suspected lesion, the control and tumour sites must be corres-
pond as much as possible. The intensity of radiation originating from the
inside of the globe is reduced during passage through the sclera by about 25
per cent over each O.S mm. The thickness of the sclera increases, from the
lintbus to the posterior pole, from about 0.5 mm to 1.0-1.5 mm (Duke-
Elder & Wybar, 1961). This means that the control site must be at about the
same distance from the limbus as the tumour site, and that the thinning of
the sclera underlying the extraocular muscles must be taken into account.

With the anterior approach, control sites have been used on both eyes. At
present, tumour and control measurements are preferentially performed on
the same eye to avoid the unknown difference in 32P uptake between the
two eyes. More is known about the variation in 32P uptake between the
various quadrants of one eye. In 45 eyes the variation from the average
amount of the emitted radioactivity between the four quadrants of each eye
was maximally 30% when measured at the limbus and 1 hour at»- 32P
administration (Eisenberg et al., 1954).

The measurements were usually performed in an alternating pattern of
tumour and control sites, generally 3 times at each site, with a counting
time per reading ranging from 60 to 100 seconds. With this alternating
counting pattern any additional registrations evoked by cosmic rays, back-
ground contamination, or generated spontaneously in the 32P test instru-
ments, are divided over the tumour and control measurements. The random
disintegration of 32P can be averaged by making at least 3 measurements at
each site. An empirically determined threshold value was usually applied for
the distinction between a positive test result suggesting a malignant tumour
and a negative result suggesting a benign lesion. In the literature this thres-
hold value ranges from 30 to 150% difference in 32P uptake between the
tumour and the control sites (see Table 3.1). Initially, a threshold value of
30% was applied for measurements made 1 hour after 32P administration
and a higher limit for the 24-hour value. At present this composite threshold
value has become rather obsolete, because in practic measurements are only
made after 48 or 72 hours. However, Shields et al. (1976) still use such a



threshold value for lesions measured with the anterior approach 1 hour and
48 hours after 32P administration. As more experience was obtained with
the 32P test, the purely empirical threshold value between a positive and a
negative result was shifted to higher values to avoid inconect positive results
in benign lesions.

In recent years there has been a tendency to increase the threshold value
to the high percentage of 100. This implies on the one hand that the
number of benign lesions with a positive test result will decline, and on the
other that the number of malignant tumours with a negative result will in-
crease.

The composite threshold value was based on two facts: first, that the
variation in the average emitted radioactivity between the various quadrants
of a normal eye is 30% and secondly, that both malignant tumours and in-
flammatory lesions were known to give a test result of more than 30%
1 hour after 32P administration. However, it was found that 24 hours after
33P administration higher values were given by malignant tumours and lower
values by inflammatory lesions as compared to the 1-hour values (Eisenberg
et al., 19S4).

Warnings have been published with respect to the performance of a 32P test
after ocular surgery. For about two months after an operation the 32P test is
influenced by the regeneration of damaged tissue and hyperaemia.

Solomon et al. (1970) performed the '*P test on 66 tumourfree eyes several weeks
after ocular surgery and 24 hours after "P administration. The results were positive in
about 30% of 32 eyes, on the basis of a threshold value of 60% and a 6 to 8 weeks
interval between surgery and the test. After an interval of 10 weeks the result was still
positive in 6% of the other 34 uyes. However, in 16 eyes the number of positive results
decreases to 6% when a threshold value of 100% was applied at an interval of 6 weeks,
whereas all the results were negative in the other SO eyes after an interval of 8 to 10
weeks.

A confirmation of these warnings has been described by Shields et al. (1976). They
obtained a positive 'aP test performed on a rase of presumed spontaneous choroidal
haemorrhage 4 days after cataract surgery. The test result was negative, however, when
repeated 6 weeks after the surgery.

APPARATUS

An excellent review of the various radiation detection devices and systems
used in ophthalmology is given by Harris in the book 'Nuclear Ophthal-
mology' (1976). Here, only some remarks concerning the instrumentation
used by various investigators will be given.
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Geiger-Müller probes

The first counter probes used for the 32P test in ophthalmology contained a
Geiger-Müller tube consisting of a negatively charged cylinder filled with a
gas mixture and with a positively charged wire in its centre. Ionization of
the gas mixture, initiated by ionizing radiation, gives rise to easily recordable
electrical pulses. The Geiger-Müller probe is highly efficient for the record-
ing of beta particles, but it requires a voltage supply of at least several
hundred volts (e.g. 400 volts for a halogen-quenched tube), which is a rather
high voltage in view of the risk of direct contact between the probe and the
patient.

The first Geiger-MüUer probe used in ophthalmology was straight with a round window
at the end to admit radiation. This type, model 322, was made by the Anton Elec-
tronic Laboratory, Brooklyn, U.S.A., and could only be used with the anterior
approach (Thomas et al., 19S2). This end-window probe was later replaced by one with,
an oblique window (Anton Electronic Laboratory, model 224) set at an angle of 45
degrees tc the axis of the probe, which enabled the examiner to reach more posteriorly-
located areas (Thomas et al., 1954). For the posterior approach a curved probe ending
in a lateral window (Anton Electronic Laboratory, model 225) was designed (Thomas
et al., 1954), to which a transilluminator could be attached to facilitate localization
(Thomas & Krohmer, 1956).

Another curved! probe having a lateral window with a diameter of 5 mm, manufac-
tured by the EON Corporation, Brooklyn, U.S.A., has been described by Ruiz (1972).
In addition, a probe consisting of a small curved Geiger-Müller counter, made by VEB
Vakutronik, Dresden, DDR, to be used in combination with an ultrasonic system, was
designed for opaque media and small choroidal tumours with considerable retinal
detachment (Lommatzsch et al., 1969).

Semiconductor probes

About IS years ago, the semiconductor detector was introduced, and this
instrument is now widely used in radiation-detection eye probes for the 32P
test. When ionizing radiation enters such a probe, ionization is initiated in a
semiconductor, e.g. the semimetals silicon or germanium, combined with,
for instance, lithium. These probes are very efficient for the recording of
beta particles.

The systems used in the present study operate at a potential of about 20
volts, which is completely acceptable with respect to patient safety. The
energy of the evoked electrical pulse is only a few microvolts, which means
that elaborate electronic amplifiers are required to record these pulses. The
types of probe used in this study will be discussed in Chapter 4.

The 32P test results obtained with a Geiger-Müller or a semiconductor probe
are rather similar (Jarrett II, 1976; Shields et al., 1976). A Geiger-Müller as

.1
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well as a silicon probe combined with lithium have been used in a series of
IS eyes (Larose et al., 1971). These probes gave the same results in 9 eyes,
and a higher reading was obtained with either probe in three of the other
tests.

RESULTS

Posterior segment

Malignant tumours

The data in the literature cover 32P tests performed on at least 930 eyes in
which histological investigation showed a malignant tumour in the posterior
segment

In melanomas of the choroid and/or ciliary body the test gave positive
results 811 times and negative results 81 times (see Table 3.1). However, it
must be kept in mind that the technical performance of the test and the
criteria for evaluation of the results differ from author to author.

Melanomas of the choroid and ciliary body often showed more than 100%
difference in 32P uptake between the tumour and the control site 48 hours
after 32P administration (Goldberg et al., 1961; Chua, 1974; Ruiz & Hower-
ton, 1975; Jarrett II, 1976). In 152 melanomas with a positive 32P test
Lommatzsch & Guntermann (1971) found values ranging between 48 and
557% with a mean percentage of 230. Of the 81 melanomas with a negative
result, this was probably due in 46 cases to the tumour localization in the
posterior pole, which is inaccessible with the anterior approach used for
these eyes (e.g. Dunphy et al., 1957; Leopold et al., 1964; Thomas et al.,
1965), Further, 5 melanomas with a negative test result in vivo gave a
positive result after enucleation, which suggests that during the test the
probe was not placed accurately over the lesion (Owens et al., 1956; Vogel
AStrötges, 1971).

In four melanomas located around the optic disc, the test result was also
negative (Lommatzsch & Guntermann, 1971; Shields et al., 1976). This is
probably ascribable to interference by the optic nerve with precise place-
ment of the probe over the tumour, since the diameter of the nerve
posterior to the globe is about 3 mm and that of its disc only 1.5.

Four other melanomas showed a test value ranging between 88 and 99%
48 hours after 32P administration and were interpreted as positive, although
the threshold value applied was 100% (Ruiz & Howerton, 1975). In 7 addi-
tional tumours described by Ruiz & Howerton (1975) the 32P test value

-I
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Table 3.1. "P test data on melanomas of choioid and/or ciliary body in the literature.

Authors

Palin&

luflway
Owens et al.Donn&
McTigue
Dunphy
etal.
Shapiro
DoUfus
etal.
Kleifeld&
Hockwin
O'Rourke &
Collins
Goldberg
etal.
Leopold
etal.
Thomas
etal.
Jutte
Meyerratken
Gailloud
etal.
Lommatzsch
Guntermann
Vogel &
Strötges
Chua
Axelsson
Ruiz&
Howerton
Char etal
Jarrett II
Shields et al.

Year

1955

1956
1957

1957

1957
1958

1959

1960

19<;i

1964

1965

1966
1966
1971

&1971

1971

1974
1975
1975

1976
1976
1976

Interval between
31P administration
and measurement
of radioactivity

(inhr)

24

24
land 24

24

48
48

1 and 24

24

a: 1 and 24
b: 48 (later)
24-48

24-72

24
24

72

24

48
48
48

48
48
48

Threshold value
(in%)

40

50
A 1 = 30 and
A 24 > A 1

30

30
30

A 24 =30 and
A 24 > 2/3 A 1
40

a: A 24 = 30 and
A24>Al;b:65
30

50

100
150
30

40

30

100
60

100

60
65
50

Results*
positive

4( 80)

6( 67)
17 ( 85)

15 ( 71

8( 80)
8( 62)

9( 75)

6( 86)

28 ( 93)

36 ( 69)

34 ( 74)

36 ( 88)
16 (100)
4 (100)

152 ( 99)

88 ( 97)

15 ( 79)
7( 87)

36 ( 90)

25 ( 86)
156 (100)
105 ( 96)

negative

K 20)

3( 33)
3( 15)

6( 29)

2( 20)
5( 38)

3( 25)

K 14)

2( 7)

16( 31)

12 ( 26)

5( 12)
0( 0)
0( 0)

2( 1)

3( 3)

4( 21)
K 13)
4( 10)

4( 14)
0( 0)
4 ( 4)

* Values between parentheses give percentages
A Result" P test after... hours.

ranged from 60 to 88% and the lesions were considered to be small, flat,
low-grade melanomas; enudeation was withheld.

An explanation for the negative test result of the remaining 22 melanoma
in the literature cannot be given, because too few data have been given.
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In metastatic tumours the 33P test was positive 20 times and negative
twice (Table 3.2). The test results varied between 38 and 357%, which is
similar to the range found in melanomas of the choroid and ciliary body. It
is therefore clear that the differentiation between metastases and mela-
nomas cannot be made with the 31P test. In one of the two eyes with a
negat" o test the result was 64% (Chua, 1974), a percentage which would be
considered positive according to the criteria used by others (see Table 3.2).
The other eye with a negative test result of only 38% concerned a metastatic
tumour of a mammary carcinoma that contained a large amount of connec-
tive tissue.

Table 3.2. **P test data on metastatic turnouts in the literature.

Authors

Palin&
Tudway
Goldberg
At ai
61 at.
Lommatzsch&
Guntermann
Chua
Ruiz&
Howerton
Jarrett II
Shields et al.

Year

1955

1961

1971

1974
1975

1976
1976

Interval between
83 P administration
and measurement
of radioactivity.

(inhr)

24

48

72

48
48

48
48

Threshold value
(in%)

40

65

40

100
100

65
50

Results"
positive negative

1 (100)

2 (100)

9 (100)

2 (100;
1 (100)

5 (100)
2 (100)

* Values between parentheses give percentages

For retinoblastomas the test result was positive 9 times and negative 12
times (Table 3.3). The negative result obtained in 5 of these eyes was prob-
ably caused by the localization of the tumours in the posterior pole, which
is inaccessible with the anterior approach used in these eyes (Thomas et al.,
1965). Two tumours showed a positive test result only after the enuclea-
tion, so it may be assumed that the probe was not placed accurately over
the lesion (Dunphy et al., 1957). The negative test result of the 5 other
retinoblastomas (Temer et al., 1956) cannot be explained, but it is conceiv-
able that the necrotic areas frequently observed in this type of tumour
(Hogan & Zimmerman, 1962) may have contributed. In any case, 3 of these
5 tumours were only measured 1 hour after 32P administration and showed

14



percentages of 27, 22, and 1. The other two tumours were measured after 1
and 24 hours and all values were lower than 30%.

Table 3.3. n P test data on retinoblastomas in the literature.

Authors

Owent
etaL
Temet
et al.
Dunphy
etaL
Thomau
etal.

Year

19S6

19S6

1957

1965

Interval between
n P administration
and measurement
of radioactivity

(into)

24

1 and 24

24

24-72

Threshold value
(in%)

50

A 1 = 30 and
A 24 > A 1

30

50

Results*
positive

2 (100)

K 17)

K 33)

S ( 50)

negative

_

5(83)

2(67)

5(50)

* Value:; between parentheses give percentages
A Result:n P test after... hours

Because of this doubtful reliability of the 3aP test in cases of retinoblas-
toma, it must not applied to children with a lesion suspected to be a retino-
blastoma, to avoid unnecessary exposure to radiation.

Benign lesions

The data collected from the literature cover 32P tests performed in 79 eyes
shown histologically to have benign lesions in the posterior segment.

In 9 cases ?£ haemangioma (see Table 3.4) the results were negative 7
times. Only 2 cases showed a positive test result (70 and 118%).48 hours
after 33P administration (Cox, 1975). No explanation can be given for these
positive results, but they seem exceptional on the basis of the negative 31P
test result in 27 presumed choroidal haeraangiontas (Jarrett II et al., 1976).

In 18 cases of inflammatory lesions, such as scleritis and uveitis, the test
result was negative 13 times and positive 5 times (see Table 3.5). In two of
these 5 positive eyes the determination was performed within an hour after
3aP administration (Eisenberg et al., 1954), and the still high 32P concentra-
tion in the blood may explain the positive result. No values were given for
the positive results in the other three eyes, but hyperaemia could have been
a contributory factor. Blodi (1977) and Shammas et al. (1977) each report-
ed a 3JP test performed on the same patient with a choroidal tuberculoma,
simulating clinically a melanoma, whereby a result of 106% was achieved.

•A
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Table 3.4. "P test data (in choroidal haemangiomas in the literature.

Authors

Owens
etal.
Donn&
McTiguc
Goldberg
et al.
Vogel &
Strötges
Cox
Ruiz&
Howerton
Shields
etal.

Year

1956

1957

1961

1971

1975
1975

1976

Interval between
"* P administration
und measurement
of radioactivity

(inhr)

24

1 and 24

24

24

48
48

48

Threshold value
(in%)

50

A 1 - 30 and
A 24 > A 1
30

30

60
100

50

Results*
positive

0 ( 0)

0 ( 0)

0( 0)

0 ( 0)

2 (100)
0 ( 0)

0 ( 0)

negative

1 (100)

1 (100)

1 (100)

2 (100)

0 ( 0)
1(100)

1 (100)

* Values between parentheses give percentages
A ResultM P test after... hours.

Table 3.5. **P test data on inflammatory lesions in the literature.

Authors

Eisenberg
Gl itl.

Thomas
etal.
Temer
etal.
Shapiro
Lommatzsch
&
Guntermann
Vogel &
Strötges
Blodi
Shammas
etal.

Year

1954

1954

1956

1957
1971

1971

1977
1977

Interval between
MP administration
and measurement
of radioactivity

(in hr)

1

1 and 24

48
72

24

48

Threshold value
(in%)

30

40

A 1 = 30 and
A 24 > A 1

30
40

30

100

Results*
positive

2 (100)

K 14)

_
1 (100)

1 (100)

1 (100)

negative

-

2 (100)

6 ( 86)

5 (100)

_

-

:|

* Values between parentheses give percentages
A Result "P test after... hours
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The histologic examination showed infiltration of the sclera by the inflam-
matory mass.

In the other benign lesions the negative test results obtained in 41 eyes are
shown in Table 3.6 and the positive results for 12 eyes in Table 3.7. The
fact that benign lesions too often showed a higher 32P uptake than the con-
trol site but nevertheless clearly not high enough to lead to a positive test
result, can be explained by the absence of growth and the presence of a
thicker metabolically active tissue layer at the tumour site as compared with
the control site, with its metabolically inactive vitreous body.

The high threshold value of 150% used by Meyerratken (1966) was based
on a test result of 144% 24 hours after 32P administration in a case of senile
macular degeneration and of 148% in a case of retinal detachment. The
values obtained in these two lesions were still high 48 hours after 32P
administration, namely 94 and 106% respectively. These high values found

ill

Table 3.6. Published data on non-inflammatory benign lesions with a negative
B P test result.

Authors

Teiner
etal.
Donn&
McTigue
Shapiro
O'Rourke &
Collins
Goldberg
etal.
Leopold
etal.
Meycrratkcn

Gailloud
etal.
Lommatzsch
&
Guntermann
Vogel &
Strötges

Year

1956

1957

1957
1960

1961

1964

1966

1971

1971

1971

Interval between
91P administration
and measurement
of radioactivity

(in hr)

1 and 24

1 and 24

48
24

a: land24
b: 48 (later)
24-48

24

f
72

24

Threshold value
(in%)

A l = 30
A 2 4 > A 1
A l = 30
A 24 > A 1

30
40

a: A 1= 30 and
A 2 4 > A l ; b : 6 5

30

150

30

40

30

Diagnosis

glaucoma, 14 cases

not specified,
1 case
retrolental fibroplasia
senile macular
degeneration
not specified,
8 cases
not specified,
lease
retinal detachment,
senile macular degen.
corpus vitreum
haemorrhage
not specified,
10 cases

melanoma, 2 cases
treated with light
coagulation

A Result 31P test after... hours.

17
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Table 3.7. Published data on non-inflammatory benign lesions with a positive
MP test result.

Authors Year

Carmichael&1960
Leopold

Goldberg
etal.
Leopold
at alCl Hi-

Lommatzsch
AOb

Guntermann
Jarrett H

Shammas
etal.

1961

1964

1971

1976

1977

Interval between
M P administration
and measurement
of radioactivity

(inhr)

1 and 24

24-48

24-48

72

48

48

Threshold value
(in%)

A 1 = 30
A 2 4 > A 1

65

30

40

65

60

Diagnosis

granulation tissue,
adenoma of ciliary
body, macular
haemorrhage
granulation tissue,
staphyloma
staphyloma

choroidal haemorrhage

4 cases

adenoma of retinal
pigment epithelium
choroidal naevus

A Result n P test after... hours

after both 24 and 48 hours cannot be explained, but seem to be excep-
tional. In another case of senile macular degeneration the result was lower
than 40% (O'Rourke & Collins, 1960) and in all of the 64 non-enudeated
eyes with a detached retina, below 30% 24 hours after 32P administration,
while no tumour was found after surgery (Temer et al., 1956).

In the two reported cases of staphyloma, the positive test result (83%
after 24 hours in one, Goldberg ëtal., 1961), might have been due to the
locally decreased ssleral thickness, and the positive resultin the 2 eyes con-
taining granulation tissue, (146% after 48 hours in one, Goldberg et al.,
1961) might be explained by growth and hyperaemia in this tissue. In the
remaining 7 eyes with benign lesions, no explanation can be given for the
positive test results, which in 5 eyes ranged between 50 and 120%
(Lommatzsch & Guntermann, 1971; Janet II, 1976). For the two other
eyes with positive results, no values were given. Finally, a positive test result
of 207% has been obtained at a histologically verified choroidal naevus
(Shammas et al., 1977).
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.Anterior segment

Malignant tumours

The data on 33P tests collected from the literature concern 38 malignant
tumours of the iris, which were histologically demonstrated to be a mela-
noma. Only 20 of these tumours showed a positive test result, the other 18
being negative (see Table 3.8). .

Table 3.S, "P test data on iris melanomas in the literature,

ÏV

ï-§"'

1
f;

1.
1'
V-'

£'•

&
L

f'

&"

k
|;
1

Authors

Palin&
Tudway
Fry

Donn&
McTigue
Dunphy

Shapiro
Carmichael
& Leopold
Goldberg
etal.
Jtttte
Hagler
etal.
Lommatzsch

&
Guntermann
Shields
at al
Cl ai.
Lommatzsch
&Klug

Year

1955

1956

1957

1957

1957
1960

1961

1966
1970

1971

1976

1977

Interval between
MP administration
and measurement
of radioactivity

(inhr)

24

1 and 24

1 and 24

24

48
1 and 24

48

24
1 and 24

72

1 and 48

72

Threshold value
(in%)

40

A1 =; 30 and

A 1 = 30 and
A 24 > A1

30

30
A 1=30 and
A 24 > A 1
65

100
A 1 = 30 and
A 24 > A 1
40

A 1 = 30 and

40

Results*
positive

-

4 ( 80)

1 (100)
11 (100)

1 (100)

_
3 ( 43)

-

-

2 ( 50)

negative

1 (100)

1 (100)

1 (100)

K 20)
_
_

—

1 (100)
4 ( 5 7 )

6 (100)

3 (100)

2 ( 50)

p

Ï

•Values between parentheses give percentages
A Result " P test after... hours

These negative results, shown in Table 3.8, might be explained as follows.
First, iris melanomas are often flat and show few mitoses (Offret & Haye,
1971), as a result of which the 3aP uptake is low compared with most of the
choroidal melanomas, and turnout radioactivity will probably not rise suffi-
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ciently above the background activity to produce a positive result. Second-
ly, in cases of melanoma located in the peripupillary area the distance
between tumour and probe is at least about 3 mm, which is too much to
expect positive results. In contrast with these dubious results, a large series
published by Shields et al. (1976) showed a positive 32P test result in 56
melanomas of the iris and/or ciliary body. However, no mention is made of
how many, of the cases were pure iris melanomas.

Benign lesions

The literature yielded 32P test results for 23 benign lesions of the anterior
segment, all with histological studies. The result was positive for a growing
xanthogranuloma of the iris, with a value of 114% at 72 hours after 32P
administration (Goder et al., 1975) and negative for the other 22 lesions
(see Table 3.9).

Table 3.9. Published data on benign iris lesions with a negative 31P test result.

Authors

Temer
et al.
Dunphy
et al.
Shapiro

Kleifeld &
Hockwin
Carmichael
& Leopold
Goldberg
et al.
Meyerratken

Year

1956

1957

1957

1959

1960

1961

1966

Interval between
32 P administration
and measurement
of radioactivity

(inhr)

1 and 24

24

48

1 and 24

1 and 24

48

24

Threshold value
(in%)

A 1 = 30 and
A 24 > A 1

30

30

A 24= 30 and
A24 2/3A1
A 1 = 30 and
A 24 > A 1

65

150

Diagnosis

leiomyoma

leiomyoma, 3 cases
cyst, 2 cases
naevus,
post-traumatic iris
degeneration
neurinoma

cyst, 7 cases

leiomyoma,
atrophic area
naevus, 3 cases,
fibro-epithelioma

A Result31P test after... hours
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CHAPTER4

EVALUATION OF THE 32P TEST: METHODS AND MATERIAL

The study described in this chapter was performed in a scries of 211
patients presenting an intraocular lesion strongly suspected of being a
malignant tumour. These patients were investigated with the 32P test in the
Leyden University Medical Centre, Department of Ophthalmology (head:
Prof, Dr. J.A. Oosterhuis) between March, 1973, and January, 1977. In this
series the diagnostic protocol was applied in 34 patients in 1973, 52 patients
in 1974, 67 patients in 1975, and 58 patients in 1976. The 32P test was not
performed to sxclude malignancy in obviously benign lesions.

METHODS

Besides the 32P test, the patients were given a general ophthalmological
examination, including determination of visual acuity and intra-ocular
pressure, and examination of the anterior segment, media, and fundus.
Direct, indirect, and biomicroscopical examination of the fundus was per-
formed, with special attention to the area of the suspected lesion and con-
trol sites for the 33P test, which must have a healthy appearance. In
addition, a detailed fundus drawing was made for localization of the sus-
pected lesion during the 32P test procedure. On this fundus picture impor-
tant features of the lesion were noted, such as the precise location of the
tumour, its prominence, diameter, colour, degree of pigmentation, visibility
of blood vessels near the surface, and the presence of orange areas overlying
the tumour. Usually other diagnostic methods were performed such as
scintigraphy, fluorescein angiography, perimetry, transillumination, and in
incidental cases, ultrasonography. These methods are described in
Chapter 6. Other methods as e.g. computerized tomography and the deter-
mination of the tumour antigenicity were not used and will therefore not be
discussed.

The 32P test

Dose, mode of administration, interval between administration and determi-
nation, precautions

32P was obtained via Phiiips-Duphar, Holland, and prepared according to the
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manufacturer's directions as a sterile, isotonic solution of sodium phos-
phate. This solution (DRN 1503 Sodium orthophosphate (P32) injection)
contained about 0,2 mg phosphate and 1 milliCi 3 2P per ml at date of
delivery. It was stored in a lead safe at the Bloodbank of the Leyden Univer-
sity Hospital. The head of this department, Dr. J.G. Eernisse, was so kind as
to calculate the dose of 33P and to administer it intravenously to the
patients. Before 32P was administered, various haematological control deter-
minations were carried out in view of its depressive action on the haemc-
poietic activity of bone marrow. These determinations concerned haemo-
globine, reticulocytes, thrombocj ces, and leucocytes. In spite of the expec-
tation that the dose of 32P used in this study would not cause inhibition of
bone marrow activity, these haematological determinations were repeated
about 8 weeks after 3aP administration to be on the safe side.

Initially, up to September 1975, patients received 10 microCi 32P per kg
body weight, with a maximum of 700 microCi, except for one patient for
whom only 8 microCi 33P per kg was available in that month. The positive
result obtained with this dose lay in the same range as before. From that
time r •:.. all patients received a dose of 8 microCi 32P per kg, but the
maximum dosage was not altered. Occasionally, when little 32P was avail-
able, even a dose of about 6 microCi per kg was given.

Usually, the test was performed about 48 hours after administration of
the 32P. In occasional cases, e.g. when a weekend fell between administr-
ation and counting, the measurements were performed after an interval of
about 60 hours. It may be assumed that this longer interval did not in-
fluence the reliability of the test.

The patient's urine was collected for 48 hours after the administration of
32P, which means that, according to Masouredis et al. (1950), almost 90% of
the 32P excreted in the urine was recovered. The collected urine was stored
for several months at the Bloodbank, and had hardly any radioactivity,
when it was disposed of via the sewer system.

Patients in their fertile period were advised not to become pregnant or to
induce pregnancy during the first 6 months after 32P administration (see
Chapter 2, under Biological aspects).

Counting technique

Because the average depth of tissue penetration of 32P beta particles is only
2 to 3 mm, it is essential that the probe be placed accurately on the sclera or
cornea overlying the tumour. The following counting techniques, with and
without surgical intervention, were used in this study.
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Anterior approach

Radioactivity emitted by tumours located in the anterior segment of the
globe or in the anterior part of the posterior segment, was measured without
opening the conjunctiva. With this anterior approach, tumours can easily be
located with the aid of a source of strong 'cold' light, shown in Fig. 4.1,
placed on the eye at a site opposite the tumour. When the tumour is less
diaphanous than adjacent ocular structures, it is observed as a dark spot in a
red field. To measure tumours of the iris, the pupil was dilated to bring the
tumour as close as possible to the cornea. Initially, control measurements
were performed at the corresponding site in the other eye, but later, to
avoid the unknown difference in 32P uptake between the two eyes, the
sector of the globe opposite the tumour was used as control site. In addition
the sectors adjacent to the tumour were often used. When, however, the
tumour was very prominent, control areas were only taken opposite the
tumour, sometimes even in the uninvolved eye, to avoid the inclusion of
radioactivity emitted by the tumour. The difference in 33P uptake between
the two eyes found in several patients during this study is discussed in
Chapter 5.

When a 32P test result in tumours situated in the anterior part of the
posterior segment was negative with the anterior approach, which could be
due to inaccurate placement of the probe over the tumour (e.g. due to a
shallow conjunctival sac), the measurements were repeated with the poste-
rior approach.

For the anterior approach, adequate anaesthesia was obtained with only
local anaesthesia in the form of eye drops of benoxinate-HCL 0.4%. When
enucleation was to be performed after the 3 ¥ test in our department,
general anaesthesia was used.

Posterior approach

Radioactivity emitted by tumours in the posterior segment of the globe
could generally only be measured after a surgical procedure. Initially, this
posterior approach was performed under general anaesthesia. Later, the
measurements were usually performed under local anaesthesia, and general
anaesthesia was only used when the eye was to be enucleated in our depart-
ment after the 3aP test.

The surgical procedure started with a conjunctival incision, usually along
the limbus. In most cases this incision was lengthened by a horizontal radial
incision in the temporal and/or nasal direction. This created a sufficiently
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large conjunctival opening for an easy approach to the tumour area and if
necessary, after additional lengthening of the conjunctival incision, for
enucleation of the globe after performance of the 32P test. Next a wide
pathway was created to permit placement of the counting probe, under
visual control, en the bare sclera overlying the tumour. Tumour areas just
behind the equator of the globe could often be reached easily by rotating
the eye with a suture placed on the limbus only, or with sutures looped
behind rectus muscles. For tumours situated more posteriorly, the rectus
muscles were detached and the globe was rotated, by means of sutures
through the muscle ir?ertions. Tumours with a central position in the
macular area prove., .o be reached most easily after detachment of the in-
ferior rectus muscle. If the tumour was located just under a muscle inser-
tion, the muscle was detached to permit measurement on the bare sclera.

Localization of tumours was performed by indirect ophthalmoscopy with
the aid of a transilluminator, shown in Fig. 4.1. This instrument is a curved
fibreoptic transilluminator designed and constructed by Mr. J. Fakkel of our

b

Fig. 4.1. Fibre-optic transilluminator, for anterior tumour approach (a) and for poste-
rior tumour approach (b).
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department. Models with various curvatures were made for localizations in
more posterior or more anterior areas of the eye. A small needle (0.5 mm
long) projecting from the end of the transilluminator is inserted into the
sclera to prevent the instrument from slipping along the bulbus.

Under visual control, the transilluminator was placed on a dot made with
India ink on the border of the presumed tumour area, as shown in Fig. 4.2.
By indirect ophthalmoscopy, the light from the transilluminator was
observed via the dilated pupil to determine whether the instrument had
been placed correctly. If not, the transilluminator was moved, until it lay at
the right place and the tumour could be clearly distinguished from the
adjacent tissue, after which the translucence of the tumour was evaluated
and the tumour area marked on the sclera with India ink dots. One or more
additional dots were placed on the sclera outside the tumour area, such that
during a measurement they lay just beyond the rim of the probe. This made
it easy to correct the position of the probe if it slipped during the measure-
ment.

Fig. 4.2- Counting technique in posterior approach.

Fig. 4.2.1. The transilluminator (a) is placed on the ink-dot (b), set on the presumed
border of the tumour. In this example the eye is fixed at the insertion of the inferior
rcctus muscle (c).

I
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Fig. 4.2.2. By transillumination and ophthalmoscopy the exact border of the
tumour is determined and marked on the sclera.

Fig. 4.2.3. Counting probe (d) placed on the tumour area. An ink-dot (e) has been
placed outside the tumour area in order to be able to notice slipping away of the
probe.

'1
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Control sites were selected only on the involved eye, i.e., to avoid surgery
in the uninvolved eye and any difference in 32P uptake between the two
eyes. Usually, the control site was chosen opposite the tumour and at a
equal distance from the limbus to ensure measurement through the same
scleral thickness at both places. Often, additional control sites were chosen
in the sectors adjacent to the tumour (but not when the tumour was very
prominent) to make it possible to average the 32P uptake in the various
sectors. When the probe was placed under an extra-ocular muscle, where the
sclera is thin, the control measurements were also performed under
extra-ocular muscles.

After the 32P measurements, the detached muscles were carefully re-
attached with 5 x 0 silk sutures and the conjunctiva closed with 8 x 0 virgin
silk sutures. On the day after the 32P test, the patient was discharged unless
enucleation of the globe had been performed. After enucleation, an Allan's
implant was placed in the muscle conus and carefully covered by muscles,
Tenon's Capsule, and conjunctival tissue in separate layers to prevent extru-
sion of the implant.

Measurements

As a rule, measurements were only performed when visual control allowed
accurate placement of the probe on the sclera or cornea overlying the
tumour and when slipping of the probe from the tumour site could be
observed and corrected. A counting time of 100 seconds was used for each
measurement. The counts were performed alternately at the tumour and
control sites, and usually repeated twice to permit averaging of the random
decay of 32P and additional counts. During measurement, the number of
recorded counts was monitored continuously to see whether the signals
were regular. When it appeared that additional counts generated by the
apparatus were being recorded, the measurement was repeated, if necessary
with a higher discriminator value (see below under Apparatus).

When the 32P test result was negative the entire suspected area was re-
examined with measurements at 30-second intervals to try to find a spot
with a higher activity. If such a spot was found, the test was repeated with
100-second measurements. For both approaches to the tumour the 32P test
result was calculated according the formula:

c t-cc

in which

X 100 s . . . . %

Ct is the average of the counts over the tumour site and
Cc the average of the counts over the control site.
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The product of this calculation presents the percentage difference in 32P up-
take between the tumour and the adjacent ocular structures.

During this study, a 32P test result of at least 60% was considered positive
and suggestive of a malignant tumour, a result of less than 60% as negative
and suggestive of a benign lesion. This threshold value of 60% was adopted
from Hagier et al. (1970), together with other features of their approach to
the 32P test, such as the dose, the interval between administration and
measurement, and the counting method.

The measurements on the tumour and control site have been performed,
generally, 3 times. The measuring results obtained on one site varied usually
only little. A few times, however, large differences were present between the
measurements performed on one site, probably caused by not placing the
counting probe exactly on the previous measuring point, whether by tilting
or slipping away of the probe during a measurement. Counting showed usu-
ally values of SO to 500 counts in 100 seconds.

Apparatus

AU measurements were made with a semiconductor detector manufactured
by Solid State Radiations Inc., Los Angeles, Calif. U.S.A., and briefly
described by Friedland et al. (1972) and Harris (1976). In addition, several
counts were performed with a semiconductor detector made by VEB
Messelelektronik 'Otto Schön', Dresden, D.D.R., and described by
Lommatzsch et al. (1975). Both detectors are shown in Fig. 4.3.

Both systems had to be handled with care to avoid spurious counts evoked
by tilting or shaking of the apparatus and by loose or dirty connections
between the detachable parts. Contact between the probe and surgical in-
struments during a measurement can also lead to erratic counts. To avoid
this contact and ensure correct placement of the probe under visual control,
the pathway to the tumour area should be wide.

Only a few patients of this study were measured with both detectors, by
which no differences in test results were obtained.

Counting system manufactured by Solid State Radiations

This American counting system has three separate parts: a probe, a handle,
and, in a single unit, amplifying and recording instruments. The probe,
which is 6 cm long and curved in the middle (angle: 15 degrees to the axis),
is highly suitable for both the anterior and the posterior approaches to the
tumour area. The tip of the probe carries a lithium-drifted silicon detector.
The lateral entrance window to this detector consists of a smooth round
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Fig. 4.3. Counting apparatus. Cm the left the counting system made by VEB Mess-
elelektronik; on the right the counting system manufactured by Solid State Radiations.

stainless steel foil 5 mm in diameter. Opposite this entrance window, the
probe is covered with a coat of black pigment to allow its use in the light. In
one of our probes this pigment became detached after some years and
counts could be evoked by light. To prevent the probe from slipping along
the eye Solid State Radiations designed a model with a serrated rim, but this
type was never used in our study.

The sensitivity of the with lithium combined silicon detector is 14,000
counts per minute per microCi 32P per ml (Friediand et al., 1972). The
probe has to be screwed to the handle, which contains, according to the
manufacturer, a preamplifier with a low power dissipation, so that little, if
any, heat reaches the surrounding media. A cable running from the handle
has to be screwed to the housing of the amplifying and recording apparatus.
The connections between the probe and the handle and between the cable
and the housing sometimes loosened during counting, what produced
spurious counts.

The case holding the amplifying and recording instruments measures 30 x
20 x 15 cm and weighs about 3 kilograms. On the front panel, there are
sockets to connect six interchangeable modules.

Our method called for a counting system comprising an amplifier-discrimi-

I
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nator module, a time-base module, a sealer module, and a powersupply
module. (Other modules, e.g. for counting gamma rays, were not used in
this study). The signal from the preamplifier was amplified in the amplifier-
discriminator module. For the discriminator, a threshold had to be chosen
to exclude counts originating from electrical noise generated by the
apparatus, from cosmic rays, and from background contamination. Since
the electrical noise level of a solid-state instrument tends to increase as the
operating temperature increases, the discriminator threshold level was select-
ed for the probe at body temperature, obtained by holding the probe in the
hand for a while. In any event, a safety margin between the noise-triggering
level and the operating level should be introduced via the discriminator to
avoid spurious counts. In the present study measurements were usually
performed at a discriminator threshold level ranging between 200 and 350,
calibrated on the tentum potentiometer situated in the front panel of the
amplifier-discriminator module. It was often possible to make sensitive
measurements with a low discriminator threshold level of 200 or 2S0, but
sometimes the threshold had to be raised to 300 or 350 to avoid
spontaneous generation by the apparatus.

The time-base module could provide predetermined time intervals of 1,
10, and 100 seconds as well as 0.3 multiples of these values. Single cycles
with external initiation and continuous recycling could be obtained. We
generally used single cycles of 100 seconds.

The sealer module consisted of a five decimal digital indicator with a start
signal to activate the time base and a manual reset. Together with the digital
recording of a count an audio signal was produced, which is useful for
screening a tumour area or an entire globe with opaque media. Since in this
study the 32P test was often performed under local anaesthesia and we did
not want to have the patient guessing the result, this screening method was
rarely used.

The four nickel cadmium batteries of the power supply module were
capable, when completely charged, of operating the counting system for a
full eight hours at a potential of 20 volts. The batteries could be charged by
a battery charger. To insure maximum patient safety, measuring was only
done when the counting system was disconnected from other power
sources.

The probe, handle, and cable leading to the counting system had to be
sterilized with gas, keeping the temperature at or below 45°C. For steriliza-
tion we used ethylenoxide in a Sterifac gas sterilizer. The sterilization time
was 3 hours, during which the temperature did not rise over 32°C. Because
gas sterilization tended to produce corrosion of the mating connector sur-
faces, these were inspected from time to time prior to sterilization, and the

I
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connector pin in the connection between probe and handle was burnished
with a pencil eraser to maintain a good, low-noise contact.

Counting system manufactured by VEB Messelelectronik

This counting system from Eastern Germany also has a with lithium com-
bined silicon detector, which is built into the tip of a small, curved, and
rigid probe, that cannot be disconnected from the handle. The tip of this
probe is thicker than the American one (5 mm against 3.5 mm), which made
measuring on the sclera overlying the macular area somewhat more difficult.
The lateral entrance window is 5 mm in diameter. The probe is S cm long
and curved (angle: 45 degrees to the axis), which hampered counting in
lesions situated in the anterior part of the globe.

The sensitivity of the detector is 17,500 counts per minute per microCi
32P per ml.

A cable connected to the handle, which contains a preamplifier, has to be
screwed to the amplifying and recording instruments, whose case measures
25 x 18 x 30 cm and weighs 8 kg.

The system has a discriminator, audio signal, time base, and sealer, which
are as easy to handle as the Solid State Radiations counting system, and
operates on a line voltage of 220 or 110 volts transformed to a working
potential of 12 volts. (With this counting system too it is possible to count
gamma rays.)

Sterilization of the probe, handle, and connecting cable has to be per-
formed with gas, and the temperature should not rise over 45° C.

MATERIAL

The present series comprises 211 patients with an intraocular lesion, present
in the right eye 112 times and in the left one 99 times. The distribution of
the patients according to age and sex is shown in Table 4.1.

In 80 out of the 211 patients the lesion investigated was not removed.
This group, included several diagnoses, each with a small number of cases.
Enucleation or excision of intraocular tissue was performed on the other
131 patients, either in our Ophthalmic department or by the ophthalmo-
logist who had referred the patient. Of these 131 eyes, 124 showed at the
histologic investigation a melanoma of the choroid and/or ciliary body. The
7 other eyes showed various lesions.

Uveal melanoma is a disease of occurrence almost exclusively in the white
race (Hogan & Zimmerman, 1962). An anual incidence of about
0.5/100,000 persons was estimated in Finland (Raivio, 1977) and among
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Table 4.1. Distribution of 211 patients according to age and sex.

Age (in years)

0 - 9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80-89

males

1
2
7
7

19
26
27
17
2

females

1
3
4
7

18
24
25
20

1

total

2
5

11
14
37
50
52
37

3

108 103 211

whites in Iowa, U.S.A. (Shammas & Watzke, 1977). So, we may assume that
in Holland with its 13 million inhabitants, about 65 uveal melanomas will be
discovered annually. The present study includes 29 melanomas of the
choroid and/or ciliary body examined in 1973,26 in 1974,42 in 1975, and
27 in 1976. This means that about the half of the melanomas discovered
annually in the Netherlands were included in the present study.

The distribution according to age and sex of the 124 patients with a histo-
logically verified melanoma in the present study is shown in Table 4.2.

Table 4.2. Distribution according to age and sex of 124 patients with a melanoma of
the choioid and/or ciliary body.

Age (in years)

10-19
20-29
30-39
40-49
50-59
60-69
70-79

males

2
4
4

10
17
15
14

females

3
4
4

13
11
11
12

total

5
8
8

23
28
26
26

66 (54%) 58 (46%) 124 (100%)

It can be seen from Table 4.2 that the melanomas were present in 66
males (54%) and 58 females (46%). This slight male preponderance was also
found by others (Jensen, 1963, and Mosselman, 1975). Raivio (1977)
observed a somewhat higher incidence in females (54%). The age distribu-
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tion of the patients with a melanoma in the present study shows, in general,
a pattern usually found in the literature, as shown in Table 4.3. However, as
compared with the epidemiologie studies of Jensen (1963) and Raivio
(1977), more patients below the age of 30 were included in our series. The
risk of this disease increases with the increase in age. About two thirds of
the patients are above the age of 50 at the time of diagnosis.

The intraocular localization of the 124 melanomas of our study, present
in a right eye 63 times and in a left one 61 times, is shown in Table 4.4,
together with literature data. A distribution was made in localization ante-
rior to, at, or posterior to the equator of the globe.

The distribution of the melanomas in the posterior segment of the eye is
similar in the reviewed literature and in the present study. About 15% of the
tumours were located anterior to the equator, 30% at the equator and 55%
posterior to it. An exception to this is the series of McLean et at. (1977).
The large diameter of many melanomas in their study, shown in Table 4.5,
must be the explanation of the large number of melanomas crossing the
equator of the eye.

The size of the 124 present study melanomas, expressed as largest dia-
meter and prominence, shown in Table 4.5 and 4.6, differs from some other
series. There are in our study more small tumours, 70 (56%) with a diameter
of maximally 10 mm and 53 (43%) with a prominence of maximally 3 mm,
especially as compared with the series of Hagler et al. (1977) and McLean et
al. (1977). The latter authors selected 217 of the only 291 small melanomas
(volume less than 1,400 cu mm) present among 3,852 melanomas of the
choroid and/or ciliary body in the files of the U.S. Armed Forces Institute
of Pathology. However, a similar distribution of small and large tumours is
present in our study, when compared to the series of Jensen (1963) and
Raivio (1977), who described a slight preponderance (52% and 63%) of
tumours with a size less than 75 square mm, values more or less comparable
to the incidence (56%) of melanomas with a diameter of less than 10 mm
found in our series.

Finally, the distribution of the melanomas of our study by cell type is
shown in Table 4.7, together with literature data.

Comparisons between the various studies reviewed are difficult due to the
possible different classification of the various cell types. Difficulties in
identical interpretation of a melanoma cell type by different ophthalmo-
pathologists was mentioned by Gass (1977). Besides, the tumours included
in the present study were not classified by a single examiner. Still, it can be
seen from Table 4.7 that, in general, 40-60% of the melanomas contained
predominantly spindle cells, that 30-50% were mixed cell type tumours,

4
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Table 4.3. Distribution according to age of patients with a melanoma of the coroid and/or ciliary body in the literature and
the present study.

Age
(in years)

Authors:
Jensen

(1963)

Mosselman

(1975)

Raivio

(1977)

Hagler et al.

(1977)

McLean et al.

(1977)

Shammas
& Blodi
(1977)

, Present
study

0 - 9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80-89

Total

1(0.5)*
1(0.5)
5( 2)

22 ( 10)
48( 22)
62 ( 26)
59 ( 25)
28 ( 12)
4( 2)

230 (100)

_
—
—

3 (
10 (
27 (
25 (
BC
7 (

4)
12)
32)
29)
15)
8)

85 (100)

_
—

<29: 4( 2)
23 ( 10)
37 ( 16)
66( 29)
60 ( 26)

>70: 39( 17)
-

229 (100)

—
K 1)
6( 7)

10 ( 11)
18 ( 20)
21 ( 23)
23 ( 26)
11 ( 12)

-

90 (100)

—
—

10 ( 6)
35 ( 16)
46 ( 21)
66 ( 30)
48 ( 22)

12 ( 6)

217 (100)

145 ( 49)
« 6 0 )
148 ( 51)
( >60)

293 (100)

—
5
8
8

23
28
26
26
-

124

—
( 4)
( 6)
( 6)
( 19)
( 23)
( 21)
( 21)

-

(100)

* Values between parentheses give the percentages.
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Table 4.4. Localization of melanomas of the choroid and/or ciliary body in the literature and the present study

Localization

Anterior to
equator
At equator
Posterior to
equator

Total

Author:
Jensen

(1963)

27 ( 11)X

70 ( 30)
137 ( 59)

234 (100)

Mosselman

(1975)

8 ( 10)

25 ( 32)
45 ( 58)

7 8 + (100)

Hagler et al.

(1977)

18 ( 20)

30 ( 33)
42 ( 47)

90 (100)

McLean et al.

(1977)

34 ( 16)

135 ( 62)
48 ( 22)

217 (100)

Shammas &

(1977)

111 ( 39)

172 ( 61)

283* (100)

Present

study

15

44
65

124

( 12)

( 36)
( 52)

(100)

* 10 melanomas, which filled the whole vitreous cavity, were excluded.
+ 6 melanomas, which grew diffusely through the choroid, and one melanoma in an eviscerated eye were excluded
X values between parentheses give the percentages.
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Table 4.5. Largest diameter of melanomas in the literature and the present study

Diameter
(in mm)

< 5

> 5 - < 1 0
>10

Total

Author:

Hagler et al.

(1977)

19 ( 21)X

71* ( 79)

90 (100)

McLean st al.

(1977)

46

171*

217

( 21)

( 79)

(100)

Shammas &
Blodi
(1977)

129

164

293

(44)
( 56)

(100)

9

61

Present
study

70

54

124

( 56)

( 44)

(100)

X values between parentheses give the percentages
* melanomas with a diameter of exactly 10 mm were included

Table 4.6. Prominence of melanomas in the literature and the present study.

Prominence
On mm)

< 2

>2-<3

> 3

Total

Author:

McLean et al.
(1977)

22 ( 10)X

195* ( 90)

217 (100)

Shammas & Blodi
(1977)

81 ( 28)

212 ( 92)

293 (100)

Present study

33 ( 27)

20 ( 16)

71 ( 57)

124 (100)

X values between parentheses give the percentages
* melanomas with a prominence of exactly 3 mm were included

and that 10-20% contained predominantly epithelioid cells. The com-
position of our material was not exceptional in this, only, as compared with
the studies of Jensen (1963) and Raivio (1977), somewhat more spindle-cell
type tumours were found.

M
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Table 4.7. Distribution of melanomas according to cell type in the literature and the present study

•1
1

Cell type

Spindle A
Spindle B
Mixed
Epithelioid
Necrotic
Unknown

Total

Author:
Jensen
(1963)

13 ( 4)*
105 ( 36)+

141 ( 48)
34 ( 12)
_
-

293 (100)

Mosselman
(1975)

51 ( 61)

19 ( 22)
14 ( 17)

-

84* (100)

Hagler et al.
(1977)

6
39
26
11
_
8

90

( 7)
(43)
( 29)
( 12)

( 9)

(100)

McLean et aL
(1977)

11
113
91

2
_
-

217

( 5)
( 52)
(42)
( 1)

(100)

Raivio
(1977)

86

100
43
_
-

229

(38)°
(44)
( 19)°

(100)

Shammas &
Blodi(!977)

135 ( 46)
158 ( 54>

_
-

293 (100)

Present
study

1
60
47

8
1
7

124

( 1)
(48)
(38)
( 6)
( 1)
( 5)

(100)

* a) one melanoma in an eviscerated eye was excluded
b) mixed cell type melanomas contained less than 75 per cent of spindle as well as epithelioid cells.

X Values between parentheses give the percentages
+ spindle B cell type and fascicular type were taken together
o predominantly spindle- or epithelioid-type cells.



CHAPTER 5

EVALUATION OF THE 32P TEST: RESULTS

RESULTS OBTAINED WITH THE ̂ P TEST

The 32P test was performed in 211 patients, 192 with a lesion in the poste-
rior segment (including the ciliary body) and 19 with a lesion in the anterior
segment (including the iris). All lesions located in the anterior segment were
measured without opening the conjunctiva. This anterior approach was also
used for 55 lesions located in the posterior segment. For the remaining 137
lesions in the posterior segment, the posterior approach was applied.

The distribution of the 211 32P test results, which were positive 136 times
and negative 75 times at a threshold value of 60%, over the various diag-
noses (histologically verified or presumed), is shown in Table 5.1 according
to the localization of the lesion and approach to the tumour area. The test
results are shown according to score, localization, and nature in Table 5.2,
together with the results obtained in the 124 histologically verified
choroidal and/or ciliary body melanomas. The test results will be discussed
separately for the various lesions.

Melanomas ofchoroid and/or ciliary body

The 31P test results obtained in the 124 patients with a histologically con-
firmed choroidal and/or ciliary body melanoma are shown in Table 5.2.
They are similar to those of recently published large series, as can be seen
from Table 5.3. In all of these series there were few negative results, and in
one case even none. A positive test result was obtained also in 34 patients
examined in 1977, all with a histologically verified melanoma. Among the
latter group was a 5-year-old girl.

Table 5.3. Accuracy of "P test results in histologically verified choioidal and/or
ciliary body melanomas in the literature and in the present study.

Author

Lommatzsch &
Gunteimann (1971)
Vogel AStiötges
(1971)
Jarrett II (1976)
Shields et al. (1976)
Present study

Number

154

91

156
109
124

MP test result
positive

152

88

156
105
122

negative

2

3

0
4
2

%of correct diagnoses

99

97

100
96
98
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Table 5.1. Distribution of the ** P teat results of the 211 lesions in the present study over the various diagnoses.

Diagnosis:

Localization
Approach
Test result
histologically verified

Anterior segment
Anterior

positive negative
yes no yes no

Posterior segment
Anterior

positive negative
yes no yes no

Posterior
positive negative
yes no yes no

number
Melanoma 133
Metastatic tumour 4
Retinoblastoma 1
Naevus 27
Haemangioma 13
Macular degeneration 6
Retinal detachment 3
Choriodialysis 3
Scar tissue 3
Retinal pigmentation 3
Iris pigmentation 2
RPE hyperplasia 2
Phacomatosis 2
Senile retinoschisis 2
Iris: scar tissue 1
Iris cyst 1
Juvenile xanthogranuloma 1
Retinal angioma 1
Subchoroidal haemorrhage 1
Staphyloma 1
Uveitis 1

Total 211

1 1 2 40 -
1 - - - 1

13 40

1
2
2
3

82

12 83

4 1
2

2 17
12
6
2
1
1
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Table 5.2. 3aP test results of the 211 lesions in the present study, according to score class

Localization

Score class

Anterior segment
Number malignant benign

Posterior segment
malignant benign

124 melanomas of the choroid and/of
ciliary body {histologicaUy verified)
Anterior approach Posterior approach

-40/-21
-20/- 1

0- 19
20- 39
40- 59

60- 79
80- 99
110-119
120-139
140-159
160-179
180-199
200-219
220-239
240-259
260-279
280-299
300-319
>320

13i
29
18
13

6
10
18
11
13
12
14
13
13
8
3
6
4
5

-
-
2
1
-

_

1
_
1
_
—

_
_
_
_
_
_
1

-

6
4,
_2
~-

_
_
_
1
_
_
_
_
_
_
_
_
-
-

1
-
2
_
-

5
8
17
9
13
12
14
13
13
8
3
6
4
4

1
7
21
15
13

1
1
1
_
—
—
_
_
_
_
_
_
_
-

-
-
1
_
-

2
3
5
3
7
4
3
4
4
3
1

_
-
-

1
-
-
_
-

3
4
9
5
5
7
11
9
9
5
2
6
4
4

Total 211 13 132 60 41 83



Positive results

Of the 124 patients with a histologically verified melanoma of the choroid
and/or ciliary body, 122 had a 32P test result of at least 60%. A score of at
least 100% was reached 110 times (88%). A similar incidence of scores
amounting to at least 100% has been reported by Lommatzsch & Gunter-
mann (1971), i.e., 140 times (86%) for 163 malignant choroidal tumours
(154 melanomas and 9 metastatic tumours), by Shields et al. (1975), i.e., 91
times (91%) among 100 choroidaV melanomas, and by Ruiz & Howerton
(1976), i.e., 36 times (90%) in 40 melanomas.

A test value in the range of 60 to 100% was found for 12 (10%) of the
124 melanomas in the present study. A similar incidence of such scores in
melanomas has been reported by the above-mentioned authors. Our evalua-
tion of results in this range is given in the section on the threshold value of
the MP test (see p 59).

The histories of three melanoma patients with a positive 32P test result are
illustrated here.

f

Case histories

Patient 1: The most important findings in this case were a small pigmented
choroidal tumour, typical melanoma results of the various examinations,
and a histological picture of the epithelioid cell type melanoma.

A 22-year-old man presented with a grey tumour with a diameter of 6 mm and a
prominence of about 1 mm in the posterior pole of OS. The visual acuity had rapidly
deteriorated to 1/60. Perimetry revealed an absolute scotoma. In het tumour area
fluorescein angiography showed early hyperfluorescence with small dots of strong
fluorescence surrounded by a non-fluorescent halo, and a late diffuse fluorescence (see
Fig. 5.1.). The scintigraphy with radioactive tcchnetium was negative, the "P test was
positive (82%). The counts obtained via the posterior approach with detachment of the
inferior rectus muscle, were 126, 148, and 113 over the tumour area and 63, 75, and
74 over the control site, which was situated about 8 mm from the tumour on the
temporal side of the globe. The eye was enucleated, and histological examination
showed an epithclioid cell type choroidal melanoma with a thickness of 2.5 mm. The
explanation for the difference between the clinical prominence of 1 mm and the real
tumour thickness of 2.5 mm is that the sclcra overlying the tumour showed an indica-
tion of a staphyloma.

Patient 2: The most important findings in this case were a small amelanotic
tumour located near the optic disk, typical melanoma results of the various
examinations, and a histogical picture of spindle A cell type melanoma.

i
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Fig. S.I. Fluorogram of patient 1: in this late phase fluorogram, there is some accu-
mulation of fluorcscein overlying the centre of the tumour, surrounded by a zone of
pinpoint dots of strong fluorescence. The border of the tumour blocks the background
fluorescence.

A 54-ycar-old woman presented in her left eye, which had a visual acuity of 1.0, an
amelanotic mushroom-shaped tumour near and overlying the optic disk. Blood vessels
were visible in the tumour, which had a diameter of 5 mm and a prominence of 3 mm.
Perimetry showed an absolute scotoma both with and without additional correction
(S+6.0) for the tumour's prominence (see Fig. 5.2). Fluoresccin angiography showed
the tumour vessels clearly, whereas the tumour itself stained only in the late phase (sec
Fig. 5.3). The 3JP test result obtained via the posterior approach with detachment of
the inferior rcctus muscle, was 119%. The counts over the tumour area were 166, 217,
and 211, and over the control site, which was situated about 1 cm away on the tem-
poral side of the globe, 87, 105, and 78. Histological examination showed a spindle A
cell type choroidal melanoma with tumour penetration into the optic nerve.
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Fig. S.2. Kinetic perimetry study in patient 2: an absolute scotoma is present at the
site of the tumour, larger without than with additional glasses (S + 6.0) to compensate
the prominence of the tumour.

Patient 3: The most important findings in this case were a large partially
amelanotic tumour, a positive 32P test, and a histological picture of spindle
B cell type melanoma.

This 79-year-old man had a grey tumour with a diameter of 10 mm and a prominence
of 4 mm situated near the optic disc of OD. Part of the tumour was amelanotic and
showed tumour vessels. Visual acuity had deteriorated gradually to 0.2. Perimetry
showed a large absolute scotoma. The fluoroangiogram was difficult to evaluate
because of the tumour's prominence. It showed early hyperfluorescence of the tumour,
and blood Vessels were clearly visible in the amelanotic part. Scintigraphy with radio-
active technetium was positive (Fig. 5.4), as was the MP test with a result of 256%
obtained via the posterior approach with detachment of the inferior rectus muscle. The
counts over the tumour area were 288, 284, and 286, and over the control site (about
1 cm away on the temporal side of the globe) 78, 75, and 88. The histological examina-
tion showed a spindle B cell type choroidal melanoma.
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Fig. 5.3. Fluorogram of patient 2: bloodvessels are clearly visible in the amelanotic
part of the tumour.



Fig. 5.4. •tmTc-fenous-ascoibate complex scintigraphy in patient 3: more accumula-
tion is present in the right orbit (arrow) than in the left.

Negative results

Of the 124 patients with a histologically verified melanoma of the choroid
and/or ciliary body, two had a negative 32P test result. One of these patients
had a necrotic tumour. That absence of metabolic activity influences the 33P
test result has also been reported by others. Vogel & Strötges (1971)
described variable results, both positive and negative, in a partly necrotic
melanoma, and Robertson (1976) obtained a result of only 60% in a large
necrotic melanoma. The other negative 32P test in a melanoma in our series
was due to inaccurate placement of the counting probe over the tumour; a
similar experience has been described by Vogel & Strötges (1971). Negative
test results have also been reported for small melanomas located around and
protruding anteriorly over the optic disc (Lommatzsch & Guntermann,
1971; Vogel & Strötges, 1971; Shields et al., 1976). In our series there were
two such small melanomas, both of which gave a positive test result as
illustrated by the history of patient 2.

The histories of the two patients with melanoma and negative 32P test
result are relevant here, since they underline the importance of active
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tumour metabolism and exact localization of the lesion with respect to in-

correct negative results.

Case histories

Patient 4: The most important findings in this case were a brown tumour

first noticed after a trauma, the negative 32P test, and its histological picture

of necrotic melanoma.

A /6-year-old woman had substained trauma to her right eye, in which visual acuity
was now limited to light perception. Examination showed a large, non-diaphanous,
dark-brown mass, filling about a third of the globe just behind the ciliary body. Eclio
graphy. perimetry, and fluorescein angiography studies were not performed. The "P
test result, obtained via the anterior approach, was only 3%. The counts over the
tumour were 144 and 73, over the other side of the globe 85 and 124, and over the
other eye 102 and 96. The clinical diagnosis was choroidal haemorrhage broken into
the vitreous body. A week later, the eye became blind and painful due to an un-
treatabte glaucoma, was enucleated, and on histological examination showed a totally
nccrotic choroidal melanoma. The negative "P test result in this case must be
attributed to the absence of metabolic activity in the tumour.

Patient 5: The most important findings in this case were a large tumour, a
32P test negative twice in vivo, but positive in vitro, and a histological
picture of mixed cell type melanoma.

This 79-year-old man presented with a dark tumour in OS extending from the posterior
pole to the equator with a prominence of 4 mm and a diameter of 11 mm. Visual
acuity was 0.2. Perimetry showed a large absolute scotoma. Scintigraphy with radio-
active technetium was negative, as was the "*P test twice. The first result, obtained via
the anterior approach, was 15%; th^ second, obtained after opening of conjunctiva and
detachment of all rectus muscles but without exact localization of the tumour, showed
a 23% higher uptake compared with the control site. The tumour counts were 220, 80,
and 104, the control counts 209, 187, and 131. The eye was enucleated and 'die 31P.
test repeated after precise localization of the tumour. The test result was now 200%.
Histological examination showed a mixed cell type choroidal melanoma.

Anterior versus posterior approach

The distribution of the 124 histologically verified melanomas according to
the approach used, is shown in Table S.2. The anterior approach was used
41 times, the posterior 83 times. The test results obtained with the anterior
approach varied between 3 and 283% (mean: 163%). The results obtained
with the posterior approach varied between - 2 3 and 470% (mean: 194%).
The difference between these mean percentages indicates, thai the thicker
tissue layer between the couting probe and tumour, where the conjunctiva
is intact, influences the test result. In addition, placement of the probe over
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the tumour area is less accurate with the anterior than with the posterior
approach. However, it must be kept in mind that the mean test results for
both approaches to the tumour area were obtained in two different groups
of patients. That higher 32P test results can be obtained with the posterior
approach than with the anterior approach is illustrated by 7 patients
measured via both approaches. The test results are shown in Table 5.4.

Table 5.4. "Ptest results (in%) obtained in 7 malanomas via the anterior and
posterior approaches. - ,• . •
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Anterior approach

93
83
62
52
40
25

-52

Posterior approach

470
285
190
174
198
440
204

Patient

i
2
3
4
5
6
7

If

Other malignant lesions in the posterior segment

This small group comprises only four tumours, i.e. three metastatic tumours
and one retinoblastoma.

The three presumed metastatic tumours, which were located in the
choroid, were found in women with a carcinoma of the breast as primary
tumour. They showed a positive 32P test result of 100, 105, and 107%.
These values are similar to the published data (tabel 3.2, page 14), and do
not differ from those obtained in choroidal melanomas (Table 5.2). This
is consistent with the fact that the 3 2 P test does not differentiate between
melanomas and secondary tumours located in the posterior segment of the eye.

The présent study includes one 32P test performed in a patient (No. 6)
with a retinoblastoma. The negative result confirms the inaccuracy of the
32P test in this kind of tumour, as already concluded from the literature
shown in Table 3.3 (page 15).

11

Case history

Patient 6: The most important findings in this case were a large tumour, a
negative 32P test, and the histological picture of retinoblastoma.
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A 4-year-old girl presented with a tumour filling most of her blind left eye. The 3SP test
result was only 8%. The tumour counts were 127, 207, and 69, the control counts over
the other eye were 181,99, and 90. The eye was enucleated, and histological examina-
tion showed a retinoblastoma with many necrotic areas. Since the " P test was perform-
ed via the anterior approach, it is likely that the counting probe was not placed over
the same area for the various measurements. This, together with the necrotic areas, can
explain the differences between the various tumour measurements. It is possible that
during the first control measurement the probe was placed over a extraocular muscle
and that this thick layer of metabolically active tissue was responsible for the high
value.

Benign lesions in the posterior segment

The 32P test results obtained in 60 patients with a benign lesion located in
the posterior segment are shown in Tabel 5.5. The tests were performed
with the anterior or the posterior approach. As this Table shows, values
below 60% were obtained 57 times and above 60% only 3 times. The various
lesions will be discussed separately.

Naevus

In 17 (89%) of the 19 patients with a choroidal naevus the 32P test result
was negative. Even a 100% incidence of negative results in naevi has been
reported, e.g. by Goldberg et al. (1961) for 6 patients, by Jarrett II (1976)
for 5, and by Shields et al. (1976) for 18. In our series only 2 of the patients
with a naevus had a positive test result (75% and 93%). It is possible that
these naevi should be considered melanomas with a low grade of
malignancy, as assumed by Ruiz & Howerton (1975) for 7 unexcised small
flat pigmented choroidal tumours with 32P test results ranging from 60 to
80%.

The histories of our two patients (Nos. 7 and 8) with naevus in whom
positive 32P test results were obtained, illustrate this problem. Both patients
are observed frequently to detect any alteration of the fundus aspect
immediately.

Case histories

Patient 7: The most important findings in this case were a small lesion, a
fluorescein angiography pattern typical of a naevus, and a positive 32P test.

This 57-year-old woman showed a grey tumour with a diameter of 5 mm and a
prominence of 2 diopters situated near the optic disc of OS. Visual acuity was 1.0.
Static perimetry showed a relative defect, fluorescein angiography a mosaic pattern of
non-fluorescence and a fluorescence typical for drusen in the area of the lesion (see
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Table 5.5. Distribution of M P test results (in%) obtained in 60 benign lesions located in the posterior segment.

Diagnosis Number Score classes
-30/-21 -20/-11 -10/-1 0/9 10/19 20/29 30/39 40/49 50/59 > 60

Naevus
Haemangioma
Macular degeneration
Retinal pigmentation
Choriodialysis
Retinal detachment
Scar tissue
Senile retinoschizis
Benign pigment hyperplasia
Phakomatosis
Subchoroidal haemorrhage
Staphyloma
Retinal angioma
Uveitis

19
13
6
3
3
3
3
2
2
2
1
1
1
1

—
1
_
1
1
_
1
1

4
4
1
1
1
2
1
1

Total 60 15 15
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Fig. 5.5). Scintigraphy with radioactive technetium was positive, the 3JP test result
obtained via the posterior approach was 75%. Thé tumour counts were 191, 190, and
217, and the control counts 120, 107, and 113. The clinical diagnosis was choroidal
naevus, and enucleation was withheld, The patient has been followed for \lhyears
since the 3JP test, and has shown no changes in the ophthalmoscopic picture, the pori-
metry studies, or the fluorescence pattern of the lesion.

Patient 8: The most important findings in this case were a small lesion, a
fluorescein angiography pattern typical of a naevus, and a positive 32P test.

A 49-year'old man had a pigmented lesion with a prominence of 1 diopter and a dia-
meter of 5 mm in the temporal periphery of his only functioning, eye with a visual
acuity of 1.0. The other eye was amblyopic. Static perimetry showed a relative defect,
fluorescein angiography a non-fluorescent lesion with a mottled fluorescence typical
far drusen, and the 3JP test (pcifotmed by thé posterior approach with detachment of
the lateral rectus muscle) gave a result of 93%. The tumour counts were 93, 87, and 93,
and the control counts (over the underside of the globe) 52, 46, and 43. The clinical
diagnosis was choroidal naevus. However, in this young patient the diagnosis melanoma
could not excluded, and destruction of this small peripherally located lesion by photo-
coagulation was performed. Two years after the last coagulation the coagulated fundus
area showed no signs of recurrence of the lesion.

Haemangioma

This group comprises 13 patients with choroidal haemangioma in whom 32P
tests were performed. The test results lay below 60% in 12 cases (92%), and
above 60% only once. In 9 histologically verified haemangiomas collected
from the literature (see Table 3.4, page 16), the test results were negative 7
times (77%). Only Cox (1975) described 2 patients with positive test results
(90 and 118%). Like us, he was unable to explain the high test results in
these benign lesions.

Two additional patients with haemangioma were examined in 1977. In
both, the test results were negative (21 and 4%).

From the patients in our series with haemangioma, only one eye was
enucleated. This case concerned the patient (No. P) with a positive test
result. Her history is presented below.

Case history

Patient 9: The most important findings in this case were a small lesion, a
fluorescein angiography pattern typical for a melanoma, a 32P test which
was negative the first time and positive the second time, and a histological
picture of haemangioma.

This 50-year-old woman presented with a scantily pigmented and orange-coloured
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Fig. 5.5a

Fig. 5.5b

Fig. 5.5. Fluorogram of patient 7: in the early phase (a) a mosaic pattern of non-
fluorescence is present, while in the late phase (b) some drusen, overlying the non-
fluorescent lesion, stain with fluorescein.

if
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lesion with a diameter of 5 mm and a prominence of about 2 diopters situated in the
posterior pole of OS. Visual acuity had declined during the preceding two years from
1,0 to 0.5. Repeated fluoresccin angiography during that period revealed a slight en-
largement of the area with abnormal fluorescence, which was characterized by early
hyperfluorescence with pinpoint spots of strong fluorescence and a late diffuse
fluorescence (Fig. S.6). The visualfield studies showed a relative scotoma.

Scintigraphy with radioactive technctiui.i was positive. A "P test gave a result of
27%. During the following year the relative defect deepened and the abnormal area in
the fluorogram became larger. The MP test was repeated, and showed a result of 113%.
The tumour counts obtained after detachment of the inferior rectus muscle were 248,
238, and 237 and the control counts over the nasal under sector of the globe were 10S,
114, and 119. This is the only case in this study where the measurements were not
performed in an alternating pattern, but this probably does not explain the positive
test result. The eye was enucleated under'the suspicion of melanoma, but the
histological examination demonstrated a choroidal haemangioma. The choriocapillaris
had disappeared and the retinal pigment epithelium had been destroyed.

Other benign lesions

The remaining cases form a rather heterogenous group of 28 lesions (see
Table 5.5), all with test results lying below 60%. This group includes lesions
such as benign retinal pigment epithelium hyperplasia, phakomatoses, sub-
choroidal haemorrhage, choriodialysis, and retinoschisis.

In addition, 6 patients with a presumed senile disciform macular degenera-
tion had a test result below 60%, which is in accordance with the experience
of O'Rourke & Collins (1960) and Ruiz & Howerton (1976). These authors
both obtained a value below 40% in cases of histologicaUy verified macular
degeneration. Shields et al. (1976) described 4 patients with presumed disci-
form macular degeneration and test results lying below 50%. Meyerratken
(1966), however, obtained a result of 94% in one case of histologically
verified macular degeneration.

In our patient with a staphyloma, the test result was only 21%, a low
value compared with the 83% obtained in a staphyloma by Goldberg et al.
(1961) and the more than 30% obtained by Leopold et al. (1964). Our low
result can be explained by the small dimensions of the staphyloma, which
measured only a few millimetres.

In 1977, 6 more patients with benign lesions were given the 32P test. Five
of these (2 with senile macular degeneration, 2 with choriodialysis, and 1
with choroidal pigmentation) showed results below 60%. In the sixth, a
patient with scleritis, the result was 124%, presumably due to the thickened
sclera with signs of chronic inflammation. Lommatzsch & Guntermann
(1971) as well as Vogel & Strötges (1971) described patients with scleritis
and 3 2 P test values between 30 and 100%, i.e., positive results according to
their criteria.
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Fig. 5.6 a

Fig. 5,6b

Fig. 5.6. Fluorogram of patient 9: the tumour area showed in 1972 (a) fluorescence
Vö .??,ïïe8ü l a r C O a K e p a t t e r n w i t h m u l t i P ' e Pinpoint dots of strong fluorescence. In
1974 (b), the area of pathologic fluorescence has extended.
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In contrast with the positive test result obtained in the patient with
scleritis in our series (No. 10, see history below), a negative result of only
34% was found in a patient with a chronic uveitis. According to the histolo-
gical results in this case, the thick inflamed uvea had not assimilated enough
32P to produce a positive test result via the non-inflamed sclera. That a
choroidal inflammation can cause a positive 32P test has been found by
Blodi (1977) with a tuberculoma.

Case history

Patient JO: The most important findings in this case were persistently red
eye, secondary uveal effusion, a positive 32P test, and a histological picture
of chronically inflamed sclera.

A 25-year-old woman had suffered for 3 years from (epi) scleritis nasal and inferior to
the limbus of OD. In that period the visual acuity of the affected eye decreased from 1.2
to 0.6 due to macular oedema. An extensive general examination revealed no cause of
the inflammation, which hardly responded to locally or generally administered
steroids. In the inferior periphery of the fundus a diaphanous brown lesion with a
diameter of 6 mm and a prominence of 3 mm developed. Ultrasonography showed a
pattern similar to that of a haemangioma or mctastatic tumour. Because of the
peripheral localization and the prominence of the lesion, the fiuorogram was almost
impossible to interpret. Only an early hypcrfluorescence was visible. The 3JP test result
obtained after opening of the conjunctiva was 124%. The tumour counts were 161,
162, 155 and the control counts (superior sector of the other globe) 66, 76, and 71.
During the 33P test, the sclcra at the site of the lesion was observed to have a glassy
appearance. Histological examination of two biopsies taken from that part of the sclera
showed signs of chornic, nonspecific inflammation. The thickened chronically inflamed
sclera was thought to have been responsible for the positive "P test result. The fundus
lesion was interpreted as exudative choriodialysis due to the scleritis, and cnucleation
was withheld. One year after the 31P test, 'the appearance of the fundus lesion was
unchanged.

Malignant lesions in the anterior segment

In the present series there was only one patient with a tumour located in the
chamber angle due to metastasis of breast carcinoma. The test result was
520%. Further, the 32P test was performed in 5 only slightly prominent but
pigmented tumours with a localization in or near the chamber angle. Two of
these 5 tumours, one with a test result of 14% and the other 138%, proved
at histological examination to be a melanoma. The other 3 were clinically
considered to be melanomas, but the test results were only 14,30, and 80%.
Excision of these lesions was not performed. In 1977 another case, pro-
visionally diagnosed as iris melanoma, showed a 32P test result of 36%.
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The iris melanomas of the present study and the 42 tumours collected
from the literature (see Table 3.8, page 19) led to positive test results in
about half of the cases. Negative results have been obtained, even with thres-
hold values as low as 30%. However, the fact that a result of more than
100% can be found, as in the present study, means that not all iris mela-
nomas have a low metabolic activity.

The history of one of the patients in the present study with an iris mela-
noma is presented below. The negative 32P test result in this case was prob-
ably caused by low metabolic activity of the tumour, which corresponds
with the low growth rate observed clinically and the histological finding of
a low grade of malignancy indicated by the cell type and the number of
mitoses.

Case history

Petient 11: The most important findings in this case were a pigmented iris
lesion, a low growth rate of the tumour, a negative 32P test and the histo-
logical picture of an iris melanoma with a low grade of malignancy.

This 44-year-old man had a dark lesion on the iris of OS, known to have been present
for at least 20 years. The lesion was localized on the 9 o'clock position, extending from
the chamber angle to the pupil, was hardly elevated over the surface of the iris, and
may have shown some growth during the preceding years. The visual acuity of the eye
was 1.0. Fluorescein angiography showed some abnormal blood vessels at the margin of
the non-fluorescent lesion. The scintigraphy with radioactive tcchnetium was positive,
the "P test result only 14%. The counts over the tumour side were 145,133, and 133
and over, the control area (opposite the tumour on the same eye) 128, 119, and 112.
The eye developed glaucoma, probably due to tumour obstruction of the trabecular
meshwork, that did not respond to drug thurapy. The lesion was resected and a filter-
ing procedure was carried out. Histological examination showed an iris melanoma with
a low grade of malignancy, as indicated by the limited poly morphia of the
spindle-shaped cell nuclei and the absence of mitotic activity.

Benign lesions in the anterior segment

The 32P tests were performed in 13 benign lesions located in the anterior
segment. The test results are shown in Table 5.6, from which it can be seen
that in 12 of these 13 benign lesions the test results were negative. This is in
accordance with the published findings shown in Table 3.9 (page 20). In
1977 another iris naevus and cyst were tested, both with negative results.

Only one patient in the present study with a benign lesion located in the
anterior segment, a xanthogranuloma, had a positive result. The rapid
growth of the lesion, indicating high metabolic activity, had probably been
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Table 5.6. ̂  test results obtained in 13 benign lesions located in the anterior segment.

Diagnosis Number Score classes
-10/-1 0/9 10/19 20/29 30/39 40/49 50/59 > 60

Naevus
Iris pigmentation
Iris cyst
Juvenile
xanthogranuloma
Scar tissue in the
iris

8
2
1

1

1

2
2
1

1

responsible for the positive 32P test result of 126%. Goder et al. (1975) re-
ported a test result of 66% for an iris xanthogranuloma.

A brief history of our xanthogranuloma patient, already extensively
described by Hamburg (1976), is presented below.

Case history

Patient 12: The most important findings in this case were the rapidly
growing lesion, the positive 32P test, and the histological picture of xantho-
granuloma.

This 22-year-old man had a light-brown tumour with a diameter of 5 mm and a promi-
nence of about 1 mm situated at the 6 o'clock position in the chamber angle of OD.
The visual acuity cf the eye was 1.0. The tumour had grown noticeably during the
preceding weeks. Fluorescein angiography showed the presence in the tumour area of
many vessels from which fluorescein started to leak in the early phase. Scintigraphy
with radioactive technetium was positive, as was the MP test with a result of 126% The
counts on the tumour area were 209, 184, and 221, and on the control site (the
6 o'clock position on the limbus of the other eye) 85, 102, and 84. The eye was
enucleated under the diagnosis amelanotic iris melanoma, but proved at histological
examination to contain a juvenile xanthogranuloma of the iris and ciliary body. A
number of Touton's giant cells were present,

DIAGNOSTIC VALUE OF THE 3 2 P TEST

The 32P test results obtained in this series of 211 patients, which are shown
in Table 5.7, will be discussed according to the localization, and the nature
of the lesions.
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Table S.7. "P test results obtained in the 211 lesions of the present series according
to localization and nature of lesion.

Localization

Posterior segment
malignant lesion
benign lesion

Anterior segment
malignant lesion
benign lesion

Positive

129
_ 3 °

132

?°
4

Negative

3 +

SI
60

3X

11
15

Number

132
60

192

6
13

19

192

19
211

e.

1 necrotic melanoma (case 4)
1 procedure error (case 5)
1 retinoblastoma (case 6)
2 presumed naevi (cases 7 and 8)
1 haemangioma (case 9)

j-I*. 3 iris melanomas (case 11)
: 1 xanthogranuloma (case 12)

Posterior segment

As Table 5.7 shows, a correct result was obtained with the 32P test 129
times (97%) in 132 malignant lesions and 57 times (95%) in 60 benign
lesions. The 3 incorrect diagnoses made in both groups have already been
discussed above. Among the 127 histologically verified malignant and
benign lesions the result was correct in 123 cases (97%). Similar incidences
of correct 32P test results have been reported by others, as shown in
Table 5.8, the data deriving from Tables 3.1-3.7.

It is therefore concluded that benign and malignant lesions in the poste-
rior segment of the eye can be distinguished with the 32P test. There are,
however, phenomena - also seen in this study - which interfere with a
reliable result. These phenomena include incorrect localization of the lesion,
absence of metabolic activity in a malignant tumour (necrosis), presence of
active metabolism in a benign lesion (inflammation), and unknown factors
(e.g., sometimes present in haemangiomas and retinoblastomas). Further-
more, positive test results have been described in eyes with only a locally
very thin layer between the counting probe and the healthy but nieta-
bolically active tissue (staphyloma).
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Table 5.8. Number of correct M P test results in histologicaUy verified
malignant and benign lesions located in the posterior segment, as reported
in the literature and found in the present study.

Authors

Goldberg et at. (1961)
Lommatzsch & Guntermann (1971)
Vogel AStrötges (1971)
Ruiz & Howerton (1976)
Jarrett 11 (1976)
Shields etal. (1976)
Present study

Number of lesions

43
178
94
43

162
112
127

Number of correct results*

39 ( 91)
171 ( 96)
90 ( 96)
43 (100)

161 ( 99)
108 ( 96)
123 ( 97)

* Values between parentheses are percentages for the various series

Anterior segn.snt

Positive 3SP test results were obtained in half of the 6 malignant lesions
located in the anterior segment. In the 13 benign lesions the results were
correct in 12 cases (92%). Only in half of the 4 histologically verified
malignant and benign lesions were correct diagnoses reached. Our results
and these reported by others are shown in Table 5.9 (data deriving from
Table 3.8 and 3.9).

On this basis, despilé the limited experience, it may be concluded that the
32P test does not permit differentiation between malignant and benign
lesions located in the anterior segment. Although the test result will be
negative in almost all benign lesions, many iris melanomas will give similar
results due to their low metabolic activity and their small tissue mass. There

Table 5.9. The number of correct MP test results in histologically verified
malignant and benign lesions located in the anterior segment, as reported in
the literature and found in the present study.

Authors Number of lesions Number of correct results

Goldberg etal. (1961) 3
Hagler et al. (1970) 7
Lommatzsch & Guntermann (1971) 6
Shields etaL (1976) 3
Lommatzsch & Klug (1977) 4
Present study 4
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are, however, iris melanomas as well as benign iris lesions with an active
metabolism (e.g. xanthogranuloma) that are expected to give results of
above 60%.

THRESHOLD VALUE

The 33P test is based on 32P assimilation. This means that the test result is
dependent on the metabolic acitivity of the tissue under study. The thres-
hold value between a positive and a negative test result determines whether
the result points to malignancy or non-malignancy. In the present study a
threshold value of 60% was applied. This led to incorrect negative as well as
to incorrect positive results 3 times, as shown in Table 5.10.

It can be seen from Table 5.10 that the number of incorrect results in-
creases if the threshold value is raised or lowered. In the present study test
values lying below 60% and above 100% were correct in almost all cases.
However, it is clear that problems can be encountered in the interpretation
of test results in the range between 60 and 100%. The 15 lesions with such a
result in this study are shown in Table 5.11. In this group there are 2
presumed benign lesions (described in case histories 7 and 8), 1 presumed
melanoma, which was treated with photocoagulation, and 12 histologically
verified melanomas. The 5 largest tumours in this group (Nos. 3, 5, 8, 11
and 14), should be excluded from the comparison between benign and
malignant lesions because the anterior approach was used. It is possible that

Number of
32P tests

Postertor segment
« - benign lesions (H - to)
a - malignant lesions (N • 132)

260 300 1 320

"P telt
result (*)

Table 5.10. Distribution of the 192 "Ptest values of the 132 malignant and
60 benign lesions located in the posterior segment.
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Table 5.11. Relevant data of 15 lesions with a "P test result ranging between 60 and 100%

Patient

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

Diagnosis

naevus
naevus
melanoma
melanoma
melanoma
melanoma
melanoma
melanoma
melanoma
melanoma
melanoma
melanoma
melanoma
melanoma
melanoma

Test result
(in %)

75
93
66
74
76
77
78
81
82
89
89
93
93
99
99

Approach to the
tumour area

anterior
(A)

_
_
A
—
A
_
—
A
_
-
A
_
—
A
—

posterior
(P)

P
P
—
P
—
P
P
_
P
P
—
P
P
—
P

Diameter
(in mm)

5
5
8
4

14
6
7

12
6
5

16
6
8
7
3

Prominence
(in mm)

2 diopters
1 diopter
7
1

12
3
2
5
2
1
7
2
1.5
4
1

Cell type

_
—

epithelioid
mixed
spindle A+B
mixed
spindle B
mixed
epithelioid
spindle B
spindle B
unknown
spindle B
spindle B
photocoagulation

Invasive growth
in sclera

_
_

half-way
slight
slight
none
slight
slight
total
slight
half-way
unknown
half-way
slight

—
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if the posterior approach had been used for these 5 tumours, the result
would have been higher than 100%. _ . . .

The 2 benign lesions and the 8 remaining melanomas dc not differ as to
test result or diameter. Only the prominence of the presumed naevi is lower
than in the melanomas. However, the real thickness of these benign lesions
is unknown. Further, it can be seen from Table 5.11 that 1 of the 3 small
melanomas composed solely of spindle cells showed invasive growth reach-
ing the middle of the sclera. Three other small melanomas contained epithe-
lioid cells. One of these tumours showed perivascular growth reaching the
outer layers of the sclera.

It is therefore concluded that small tumours with a 32P test performed
with the posterior approach and giving a result ranging between 60 and
100%, are not always melanomas with a low grade of malignancy. To avoid
such weakly positive test results, the whole tumour area must be measured
to find the highest possible result, i.e. over 100% if possible. Furthermore,
the posterior approach to the tumour area must adopted if the anterior
approach gives a test result lying below 100%.

I

i

PATHOLOGY AND **P TEST RESULTS

k

An attempt was made to find correlations between histological factors and
the 3aP test results. This study was supervised by Mrs. M.L. Bouwhuis-
Hoogerwerf, M.E., of the Department of Medical Statistics (Head: Mr. H. de
Jonge) of Leyden University, and was based on the histological investigation
of eyes with a choroidal melanoma, selected from the files of the Depart-
ment of Ophthalmopathology (Head: Mrs. D. de Wolff-Rouendaal, M.D.) of
the Leyden University Medical Centre. The only selection criterion applied
was performance of the 32P test by the posterior approach to the tumour
area, which gives more precise: results than the anterior approach.: Only
44 eyes satisfied this criterion. The examinations were performed with the
skilful help of Mr. T. Jansen. The histological factors examined to have a
correlation with the3 2P test results are given in Table S.12. The investigated
factors include the metabolic activity of the tumour (expressed in number
of mitoses and cells per area), the cell type, the diameter of the tumour
along the sclera, the prominence, the thickness of the sclera in the tumour
area (i.e., the layer between tumour and counting probe), and the pigment
content of the tumour (graded as scarcely or not pigmented, pigmented, and
heavily pigmented). The number of tumour cells and degree of mitotic
activity were determined along the sclera because that part of the tumour
was closest to the counting probe.

,;$
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Table 5.12. Factors investigated with respect to correlation with the "P test result
in cases of melanoma.

Histological features of the tumour
cell type
diameter
prominence
number of mitotic figures
number of cells
pigment content

Thickness of the sclera overlying the tumour

1
I

The histological nitrocellulose slides were stained with haematoxylin eosin
and examined with a Zeiss binocular microscope (magnification: x 600) and
a Miller's counting square consisting of a large rectangle (area 27,225 n2)
with a small rectangle (area 9,073 n*) in one corner. The nuclei of the
tumour cells vrere counted in the small rectangle. Nuclei cut by the lines of
the rectangle but lying mainly within the lining were included. The number
of mitotic figures per area was estimated from counts made in the large
rectangle. Doubtful structures, e.g. possibly reflecting karyorrhexis, were
not included.

The methods used for the determination of the number of mitoses and
cells per area of the tumour derived from those developed by Ruiter (1976)
of the Department of Pathology (Heads: Prof. Dr. Th.G. van Rijssel, M.D.
and Prof. Dr. A. Schaeberg, M.D. of the Leyden University Medical Centre).
According to him, the mitotic activity and tiL tumour cell density can be
determined by counts in 10 to 15 adjacent high-power fields in four cellular
areas. On this basis, four slides of each of 15 randomly chosen eyes were
examined, i.e. 5 with a 32P test result of at least 300%, 5 with about 200%
and 5 with about 100%. Two of the sections belonged to the most promi-
nent part of the tumour, as it can be expected that there the 32P testing has
been performed. The other two sections originated from other parts of the
tumour. Fifteen adjacent high-power fields (HPF x 600) were counted in
each slide. The results of the investigation of these 15 eyes are shown in
Table5.13.

Since the factors under study hardly differed in the four slides of each
eye, it was considered justifiable to examine only one slide taken from the
most prominent part of the tumour, for each of the remaining 29 eyes. It is,
however, not certain that the 32P test measurements were performed on the
most prominent tumour area. It is only certain that the measurements were
made on the tumour and that for positive test results no further attempt
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Table 5.13. Results of histological review of 15 randomly chosen eyes:

File
number

6157

6359

6556

6390

6676

6374

6316

6344

6462

6371

slide
number

280
320
330
370

20
80
90

150

100
ISO
170
220

220
292
350
360

120
160
170
210

110
270
280
440

150
240
260
350

90
150
170
230

100
150
170
220

190
240
252
300

scleral pigment
thickness content
(mm)

0.7
0.8
0.8
0.8

0.4
0.5
0.5
0.5

0.3
0.3
0.3
0.3

0.4
0.4
0.5
0.6

0.5
0.6
0.6
0.6

0.4
0.5
0.5
0.4

0.5
0.6
0.6
0.6

0.5
0.5
0.5
0.5

0.4
0.4
0.4
0.4

0.7
0.7
0.7
0.8

+ +

++
++
++

++
++
++
++

+

+
#

++
+++
+++
+++

+ +

++
++
++

++
+
-4-
++

+ +

++
++
++

++
++
++
++

++
++
++
++

++
++
++
++

cell*
type

sp.
sp.
sp.
sp.

Sp.
sp.
sp.
sp.

ep.
ep.
ep.
ep.

mixed
mixed
mixed
mixed

sp.
sp.
sp.
sp.

sp.
sp.
sp.
sp.

mixed
mixed
mixed
mixed

sp.
sp.
sp.
sp.

sp.
sp.
sp.
sp.

sp.
sp.
sp.
sp.

number of
cells/15
small HPF»

628
644
753
602

598
743
783
846

688
687
700
712

813
834
848
831

766
735
767
782

744
694
698
727

701
664
719
633

765
706
688
733

746
720
722
703

701
664
694
633

mitoses/
15 large
HPF

1
1
2
0

1
1 .
0
0

0
1
1
0

0
2
0
0

0
0
1
2

1
0
1
0

0
1
0
0

0
1
0
1

1
0
0
0

0
1
0
0

"Ptest
result
(%)

341

300

440

305

352

183

183

213

198

217
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Table 5.13. Continued

File
number

6174

6194

6594

6532

6332

slide
number

60
100
no
150

110
160
170
220

30
70
80

120

140
200
270
280

250
290
300
340

scleral pigment
thickness content
(mm)

0.8 +++
0.7 +++
0.8 +++
0.8 +++

0.8- , . ++
0.7 +++
0.7 +++
0.9 +++

0.8 ++
0.8 ++
0.8 ++
0.8 ++

0.4 ++
0.3 ++
0.4 ++
0.4 ++

0.6 ++
0.6 ++
0.6 ++
0.6 ++

* Symbols and abbreviations
Pigment content

+ •

++
+++ •

= not or scarcely pigmented
= pigmented
= heavily pigmented

'cell*
type

sp.
sp.
sp.
sp.

sp.
sp.
sp.
sp.

sp.
sp.
sp.
sp.

sp.
sp.
sp.
sp.

sp.
sp.
sp.
sp.

sp.

number of
cells/1,5
small HPF*

951
935
951
969

720
677
690
661

501
553
562
583

724
732
682
712

518
596
594
580

mitoses/
15 large
HPF

0
1
0
1

0
1
1
0

1
0
1
0

0
0
0
0

0
1
1
1

= spindle cell type
mixed = mixed cell type
ep.
HPF

= epithelioid cell type
= high power field

3 1P test :
result
(%) .;

105 'i

93 ;

89 • ;

78 <

123 •

was made to obtain a higher test value, e.g. by measuring another part of the
tumour.

The cell type of the melanomas was determined according to the classifi-
cation of Callender described in the textbook 'Ophthalmic Pathology' by
Hogan & Zimmerman (1962). Because of the small number of eyes (44) in
our series this classification was reduced to spindle, epithelioid, and mixed
cell type melanomas. Because of the improbability that some cells of a
different type influence the 32P test result, melanomas of the spindle and
epithelioid cell type were considered to consist of at least about 75 per cent
spindle or epithelioid cells, respectively, and those of the mixed cell type to
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have at least about 25% of both cell types. In all 44 cases more than one
slide was examined to establish the cell type of the melanoma. The sclera in
the tumour area sometimes showed local perivascular and perineural pene-
tration by tumour cells. This penetration of tumour cells into the sclera was
not included when the scleral thickness in the tumour area was measured.
The results obtained in the 44 eyes are shown in Table 5.14. The correlations
found between the factors under study and the 32P test result are shown in
Table 5.15.

Table 5.15. Correlation between various histological factors and the "P test result.

Factor Correlation (r)

Prominence
Pigment
Scleral thickness
Diameter
Number of cells
Cell type
Number of mitotic figures

0.45
0.39

-0.37
0.36
0.18
0.17
0.03

It can be seen from Table 5.15 that between the dimensions of the
tumours and the 32P test result there was a small degree of correlation
(r = 0.45 for prominence and r = 0.36 for length). This means that the larger
the tumour volume the more 32P is assimilated and the more radioactivity is
emitted by the tumour. The thickness of the sclera overlying the tumour
showed a small negative correlation with the test result (r = -0.37). Since the
sclera serves as a radioactivity-absorbing layer between counting probe and
tumour, a thinner or thicker sclèra results in a higher or lower test result.
The thickness of the sclera at the control site was not included in this study.
The control measurements were performed over a part of the globe with
roughly the same scleral thickness as the tumour site, without taking into
account the possible presence of invasive tumour growth. The pigment con-
tent of the tumours also showed a small correlation (r= 0,39) with the 32P
test result. Higher test results were obtained more often for scarcely or non-
pigmènted melanomas, lower results were more frequent for heavily pig-
mented tumours.

The mean 32P test result was 196% for the 34 spindle cell type melanomas,
202% for the 5 mixed cell type tumours, and 241% for the 5 epithelioid cell
types. Char etal. (1976) and Hagler et al. (1977) also found in melanomas
of the choroid and/or ciliary body that mixed and epithelioid cell tumours
had a higher mean 32P test result than those with spindle cells. In both their
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Table 5.14. Results of the investigation of various factors in 44 eyes with a choroidal
melanoma, listed according to ascending order of "P test results.

31P test maximal
result diameter
(%)

78
82
89
93

105
109
119
119
120
121
123
128
162
163
165
168
180
180
183
183
189
198
200
204
212
213
214
217
221
223
225
237
239
247
256
281
285
286
300
305
317
341
352
440

(mm)

07
06
05
08
07
04
04
05
08
15
09
07
07
08
11
06
12
09
17
11
07
13
07
06
12
10
14
08
13
15
11
07
09
07
13
13
07
16
08
21
10
06
08
12

maximal
prominence
(0,1 mm)

20
22
10
14
08
09
15
08
55
60
35
31
50
09
80
70
28
17
70
45
20
70
18
80
12
18
45
13
24
23
10
11
25
16
45
50
i5
90
65
60
80
50
80
70

* Symbols and abbreviations:
Pigment content
1 =
2 =
3 =

not or scarcely pigmcnted
pigmented
heavily pigmented

pigment*
content

2
3
2
3
3
2
2
2
2
3
2
2
1
2
2
2
3
2
Ï
2
1
2
1
2
2
2
2
2
3
2
2
2
2
3
2
1
i
2
2
2
1
2
2
1

Cell type

sclcral
thickness
(0,1 mm)

04
10
08
07
08
05
07
10
08
07
06
06
07
06
08
08
06
07
05
06
08
04
09
09
07
05
04
07
04
05
06
06
09
06
07
04
04
08
05
05
06
08
06
03

cell* number of
type celie/ 15

;
;
;

i
i

1 = spindle cell type
2 = mixed cell type

small HPF*

682
238
562
690
951
692
811
705

> 462
( 755

594
672
775
739

I 920
I 784
I 617
2 609
1 698
2 719
1 630
I 722
1 777
1 564
1 1090
1 688
1 750
1 694
1 397
1 721
2 731
1 781
3 567
1 502
1 706
1 677
i 594
3 657
1 783
2 848
1 909
1 753
1 767
3 700

HPF = high

3 = epithelioid cell type

number of
mitoses/15
large HPF

00
01
01
01
00
01
00
00
01
02
01
00
00
00
00
01
00
03
01
00
03
00
00
00
15
00
01
00
01
01
00
00
00
00
01
00
Oi
02
00
00
00
02
01
01

power field



series and ours, however, no correlation could be demonstrated between cell
type and test result (r = 0.17 in the present study) because of the wide range
of the test results.

Rao et al. (1977), who measured the 32P activity in 9 melanomas, found
rather good correlation between the 32P test results obtained in vivo and
amount of radioactivity emitted by the tumour samples which was
measured in vitro. Furthermore the percentage of epithelioid cells in
20 high-power fields (x 400) and the number of mitotic figures per milli-
gram of tissue both showed strong correlation with the activity measured
in vitro. In 29 melanomas Char et al. (1976) found more mitoses per high-
power field the higher the 32P test result. This is in contrast with the absence
of any correlation (r = 0.03) between the number of mitotic figures and the
32P test result in our study, and is possibly to be ascribed to the use of only
1 to 4 slides per tumour for the mitosis counts. The number of cells did not
correlate (r=0.18) with the test results either. Only one of the 44 mela-
nomas, which had a value of 212%, showed a distinctly higher mitotic
activity (15 mitoses/15 HPF) and number of cells (1,090/15 HPF). This case
concerned a propably fast-growing melanoma, as indicated by the many
mitotic figures and necrotic areas. It seems likely that the necrosis, too, in-
fluenced the 32P test result.

Thus, little or no correlation was found between the 32P test results and
the factors in question. This can only partially be explained by supposing
that the test measurements were not always performed on the most promi-
nent part of the tumour cr the tumour area with the most 32P assimilation.
To a considerable extent, differences in metabolic activity between the
various types of melanomas must have been responsible. An indication for
this is provided by the above-mentioned findings of Char et al (1976) and
Rao et al. (1977). In agreement with these authors, however, our final con-
clusion is that 32P test results cannot be used to predict histopathological
features of a given melanoma.

rl

PROMINENCE AND "P TEST RESULTS

The question of whether the small positive correlation between tumour
prominence and tl e 32P test result, described above, was valid for all of the
124histologically verified melanomas and the 60 benign lesions located in
the posterior segment was investigated. These results are shown in
Tables 5.16 and 5.17, according to the approach to the lesion.

It can be seen from Table 5.16 that the mean 32P test result obtained via
the anterior approach was similar for melanomas with a prominence above
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Table 5.16. WP test results of the 124 histologically verified melanomas of the
choioid and/or ciliary body according to prominence.

Prominence (mm) < 2
Approach * A

Number of tests -
Mean test value -
Range cf the test
values -

•A = anterior
P = posterior

P

33
173

74/299

> 2
A

3
165

107/229

- <3
P

17
202

77/470

A

38
163

3/283

• 3

P

33
211

-23/440

if

and below 3 mm. The melanomas with a prominence above 2 mm measured
via the posterior approach had a slightly higher mean value than those with
a prominence below 2 mm. However, the variation of the 32P test results was
so wide that this difference is irrelevant.

In the benign lesions (Table 5.17) the highest mean 32P test result (29%)
was found for the least prominent lesions, probably because this group of
flat lesions included massive tumours (e.g. naevi) and the group of promi-
nent lesions included metabolically inactive lesions (e.g. retinal detachment
and choriodialysis). On these grounds it is concluded that the prominence of
a lesion cannot be used to predict the 32P test result.

Table 5.17. w P iest results of the 60 benign lesions located in the posterior segment
according to prominence.

Prominence (mm)
Approach *

Number of tests
Mean test value
Range of the test
values

A

5
8

•5/21

P

24
29

-23/93

>2/3-<2
A P

18
17

-19/113

>2-<3
A

-

P

1
22

>3
A

7
15

-5/38

P

5
7

-4/20

* A - anterior
P = posterior

INFLUENCE OF MEASUREMENTS IN BOTH EYES
ON THE3aP TEST RESULTS

During the 33P test, both eye» were measured in 11 patients. The results of
these measurements, which were made via the anterior approach, ••.*•* .own
in Table S.I 8, according to eye segment.
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Table 5.18. M P test results obtained via measurements on both eyes

Diagnosis

Lesions located in
posterior segment

Choriodialysis
Subchoroidal
haemorrhage
Melanesia
Melanoma
Melanoma
Melanoma
Melanoma
Melanoma

Lesions located in
anterior segment

Naevus
Naevus
Melanoma

Prominence
(nun)

3
5

3
3
4
9

13
15

< 1
< 1

1

Counts over
affected side

216
578

1185
548
717

1109
661
982

475
286
421

Control counts
over affected
eye (1)

217
455

360
275
308
346
273
293

373
247
322

Control counts
over unaffected
eye (2)

236
328

363
271
284
321
198
224

374
212
257

MP test result
(1)

0
27

229
99

132
220
142
235

27
15

(2)

-8
76

226
102
152
245
233
338

27
34

30(15)* 63(15)*

Difference
between' '
(1) and (2)

- 8
- 49

3:
- 3
- 2 0 !
- 2 5 I
- 91
-103

0
- 19
- 33(0)*

• WP test repeated one year later •



These data show only a small difference between the 32P test results of the
two eyes when one of them had a lesion in the posterior segment with a
prominence of less than 10 mm. The only exception was the patient with a
subchoroidal haemorrhage after lens extraction Vh weeks before the
32P test, and here the operation must have caused the higher 32P uptake in
the eye with the tumour. In the 2 patients with a very prominent mela-
noma, a large difference (91% and 103%) was revealed between the test
results of the two eyes. Here it seems probable that, due to the prominence
of the tumours, tumour 32P beta rays, which have a maximal tissue penetra-
tion of 8 mm, crossed the eye and were counted over the control site.

As far as the lesions located in the anterior segment are concerned, the
difference in the counts was greatest for an iris melanoma extending from
the chamber angle to the middle of the iris. In this case the 32P test result
was even positive for the control site on the other eye. A year later,
however, no difference was found between the two values.

In conclusion it may be said that even though control measurements made
on the tumour eye maybe influenced to some degree by a very prominent
lesion, tumour and control measurements should first be performed on the
same eye. Only when a negative test result has been obtained in such a prom-
inent lesion should a site on the unaffected eye be chosen for control meas-
urements via the anterior approach.

COMPLICATIONS ASSOCIATED WITH THE 32P TEST PROCEDURE

As already mentioned (Chapter 2) the bone marrow is the critical organ
with respect to complications after the administration of 32P. Therefore, all
the patients in this study were investigated to determine whether normal
numbers of red and white blood cells and thrombocytes were present before
they received 32P. As could be expected, none of the 25 patients followed
up in our department showed a decrease in the number of blood cells about
8 weeks after administration of the 32P. The remaining patients returned
within 8 weeks to their own ophthalmologists, who had agreed to cooperate
in this respect. No reports of bone marrow anomalies have been received,
and there is no mention of such complication in the literature.

Performance of the 32P test can cause haemorrhages on the surface of the
tumour and ruptures in Bruch's membrane through which blood and
tumour cells can reach the retina or even the vitreous body, as has been
described for 3 choroidal melanomas (Burton, 1976). Subretinal haemorrha-
ges after the 32P test were observed in 2 eyes during the present study, as
shown in Fig. 5.7. The number of iatrogenic haemorrhages and ruptures of
Bruch's membrane was net systematically determined, however.
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Fig.5.7.al

Fig. 5.7.a2

-if

Fig, 5.7.a. Photograph of a choroidal tumour before (1) and after a 3aP tat c?\
morrhages (arrows) are visible overlying the tumour in picture 2 ( 2 ) '
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Fig. 5.7.b. Histology (x 10) of a tumour aftei the performance of a "P test. A hae-
morrhage is visible in the superficial layers of the tumour and in the vitreous.

Since enough force to disrupt the vascular system of a lesion is sometimes
used during a 3JP test, the possibility of iatrogenic tumour seeding via blood
vessels due to the test has been considered possible (Burton, 1976). It is
therefore essential to perform the test and subsequent enucleation with the
least possible pressure of instruments on the globe. That use of the 32P test
does not increase mortality due to metastatic disease has been shown by
Hagler etal. (1977), who reported a 5-year mortality of only 14% in
19 patients, all given the 32Ptest for a choroidal melanoma. The authors
state that this is the lowest mortality rate in the literature, which they
ascribe to their general policy for the treatment of melanomas, i.e., enuclea-
tion as soon as the diagnosis is established by a positive test.

Lastly, one patient in the present study developed thrombophlebitis at the
site of the injection of the 32P solution into a antecubital vein, probably due
to damage to the vessel wall.
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CHAPTER 6

EVALUATION OF OTHER DIAGNOSTIC METHODS

SCINTIGRAPHY

The use of photon-emitting radionucleides makes direct measurement of
radioactivity emitted by the eye possible without surgery. Since this proce-
dure can provide diagnostic information about intraocular tumours (Boyd
etal., 1971; Verin et al., 1973), it was performed a few days before the
32P test. In view of the possible need for enucleation of the globe, it was
necessary to use a radionucleide with a short half-life and also emitting hard-
ly any or no beta rays to avoid interference with the 32P test. Furthermore,
a low radiation exposure was desirable to add as little radiation as possible
to the burden of the 32P dose. The radionucleide technetium-99m (99mTc),
which can be recorded efficiently with the gamma camera, met these re-
quirements. The compound wmTc-pertechnetate, which is frequently used
for scintigraphy proved, however, to accumulate in orbital and ocular
malignant lesions and benign ones as well (Grove, 1975; Blanquet
etal., 1976).

Because carrier-free metal ions may accumulate in malignant tumour
tissue (Packer etal., 1975), a trial was set up to evaluate the use of the
metal-containing complex 99mtechnetium-ferrous ascorbate, which has also
shown affinity to brain tumours (Stapleton et al., 1967; Mamo &
Clay, 1972). Due to the presence of 9 9 m T c , the physical half-life of this
radiopharmaceutic agent is 6 hours (Grove, 1976). After intravenous
administration it shows a biphasic blood-disappearance curve, with a half-
life of 3 minutes over most of the curve and of 70 minutes over the re-
mainder (Nouel et al., 1972). Excretion occurs mainly via the kidneys.

The short half-life of " m Tc made it necessary to perform the ocular scin-
tigraphy within a few hours after administration. However, the rapid decline
of radioactivity in the blood may have enhanced the activity accumulated in
the eye lesion relative to the vascular background activity.

Ocular scintigraphy was performed in the Division of Nuclear Medecine
(head: Dr. E.K.J. Pauwels) of the Department of Diagnostic Radiology
(head: Prof. Dr. A.E. van Voorthuisen) of the Ley den University Medical
Centre. The radioactive technetium-ferrous ascorbate complex was obtained
from Philips Duphar, Holland. The radiopharmaceutic agent (Labelaid
DRN 4334) was prepared according the manufacturer's directions. Four to
five hours after the intravenous administration of 10 mCi of this agent, a
frontal view of the head was obtained with a Toshiba 202 gamma camera
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with a high resolution collimator. The resolution of this collimator was
estimated to be 5 mm for this type of study. A technical improvement of
the gamma camera, made in February of 1975, increased the estimated reso-
lution from 5 to 4 mm. A visual evaluation of the scintigram indicating in-
creased accumulation in the involved eye relative to the uninvolved eye was
called a positive result, as shown in Fig. 6.1; equal or less accumulation was
taken as a negative result. The dose of the radiopharmaceutic agent
administered in this study gave a very low radiation exposure, a total body
radiation of 0.3 rad, and a radiation burden to the kidneys, the critical
organ, of about 1 rad (Kazem & Gelinsky, 1966), which is virtually
negligible compared with the burden of about 3000 rads necessary to cause
irreversible damage to the kidneys.

Scintigraphy was performed in 128 of the 211 patients in this series, all
with an intraocular lesion of at least S mm in diameter. Of the remaining
83 patients, those in whom scintigraphy was performed showed a lesion
with a diameter of less than 5 mm. The others were not investigated with

Fig. 6.1. mTc-ferrous-ascorbatc complex scintigraphy showing more accumulation
in the left orbit (arrow) than in the right.
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this method. The results are given in Table 6.1 for lesions located in the
posterior segment and in Table 6.2 for those in the anterior segment. Both
Tables comprise lesions with either a histologically verified or only a ten-
tative diagnosis.

As can be seen from Table 6.1, Si (54%) of the 95 melanomas showed a
positive result and 41 (43%) a negative. A result giving difficulties in inter*
pietation occurred 3 times (3%), One of the 3 metastatic tumours gave an
incorrect negative result. For the 24 benign lesions, the result was positive in
IS (62%) and negative in 9 (38%). A correct result was obtained in 63 (51%)
out of 123 patients. For the few lesions located in the anterior segment, a
more or less similar percentage (40) of correct results (2 out of 5) was
obtained, as shown in Table 6.2.

These results do not confirm the supposed preferential accumulation of
the"mTc-feiTOus ascorbate complex in neoplastic tissue, which means that

Table 6.1. The results of 99mTc-Fe-ascorbate complex scintigiaphy in lesions with
a diameter of at least 5 mm located in the posterior segment.

Diagnosis

Malignant lesions
Melanoma
Metastatic tumour
Retinoblastoma

Benign lesions
Haemangioma
Macular degeneration
Naevus
Choriodialysis
Retinal detachment
Retinosthisis
Scar tissue
Subchoioidal haemonhage
Uveitis

Scintigiaphy result
positive

51 (50)*
2
K 1)

54

5 ( 1)
2
1
2
1
1
1
1
1 ( 1 )

15

dubious

3(3)
0
0

3

0
0
0
0
0
0
0
0
0

0

: negative

41 (40)
1
0

42

4
1
2
0
1
1
0
0
0

9

Lesions examined
Lesions not included

Number of lesions located in poteiioi
segment

Number

95
3
1

99

9
3
3
2
2
2
1
1
1

24

123
_69
192

''•'•3
'S) -

u

* Values between parentheses give the number of histologically verified diagnoses.
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Table 6.2. The results of 99mTc-Fe-ascorbate complex scintigraphy in lesions with a
diameter of at leat 5 mm located in the anterior segment.

Diagnosis

Melanoma
Iris pigmentation
Juvenile xanthogranuloma
Naevus

Scintigraphy
positive

KD*
0
KD
1

result
negative

1(1)
1
0
0

3 2
Lesions nog included

Lesions located in anterior
segment

Number

2
1
1
1

5
14

19

* Values between parentheses give the number of histologically verified diagnoses.

this radiopharmaceutical agent cannot be used to differentiate between
malignant and benign intraocular lesions.

The literature contains no reports on ocular scintigraphy performed with
the radiopharmaceutical agent used in the present study. A different tech-
netium compound, """Tc-pertechnetate, has been used by Blanquet et al
(1976), who obtained positive results in S haemangiomas aad 35 melanomas
and hardly any or no uptake of the agent in 40 benign lesions such as
naevus, chorioretinitis, and retinal detachment. Also, no uptake was found
in 8 metastatic tumours. According to these authors positive scintigraphy
results must be attributed to the degree of vascularization of the lesions.
Therefore, "mTc-pertechnetate is not able to distinguish between malignant
and benignlesions either.

Cappin & Greaves (1972) performed eye scanning with 197Hg chlormero-
drin. This heavy-metal complex gave a positive result in 19 out of 24 proven
malignant intraocular tumours, a suggestive result in 3, and a negative result
in 2. A negative result was also obtained in 6 benign intraocular lesions] but
4 inflamed eyes gave positive results. Another radiopharmaceutical agent
with a heavy metal, :67gallium citrate, has been used by Wilson & Boyd
(1976). Tissue analysis revealed a higher uptake of the 67Ga by malignant
melanoma tissue than by adjacent ocular structures. However, extraocular
tissue, especially the lacrimal gland, also showed a high uptake, which inter-
fered with the eye scanning. Negative results were obtained in 5 melanomas.

Better results might be expected from the use of chloroquine derivatives,
because of their specific affinity for melanin (Beierwaltes et al., 1968; Blois,

I
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1968). In hamsters subcutaneously inoculated with Greene's melanoma
positive results have been obtained with the use of a chloroquine analog
bound to 123I (Packer etal., 1975). In man, scintigraphy performed with
131I-chloroquine showed a distinct uptake in 35 melanomas, but none in
non-pigmented malignant lesions (5 retinoblastomas and 8 metastatic
tumours) or in 45 benign lesions, including haemangiomas and naevi
(Blanquet etal., 1976).

Thus, the results obtained so far are not so satisfactory that ocular scinti-
graphy can be considered suitable at this stage as a diagnostic method. How-
ever, the low radiation burden of gamma detectors and the non-invasive
method of examination justify continued research on scintigraphy in intra-
ocular lesion.

••I

4
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FLUORESCEIN ANGIOGRAPHY

In the- past ten years fluorescein angiography has become an essential part
of the diagnostic investigation of intraocular lesions raising suspicions of
malignancy. The technique used in our department for fluorescein angio-
graphy of the fundus of the eye has been described by Oosterhuis
& Lammens (.1965). The highly selective combination of the Baird Atomic
B-4 broad-band interference filter for excitation of fluorescence and the
3 mm Schott GG-14 absorption filter was applied. As a rule, Kodak Tri-X
film was used. The pupil was dilated by instillation of two drops of Mydria-
ticumR (Chibret) and two drops of phenylephrine 5%. In most cases this
gave adequate mydriasis. Fluorescein was injected rapidly into an ante-
cubital vein in a dosage of 3 to 5 ml of a 20% solution.

Gastro-intestinal side-effects were occasionally observed, but the quiet
atmosphere in the photographic unit may have helped to keep the incidence
of nausea and vomiting low.

In a number of cases the fluorescein angiography studies were performed
in the Oogziekenhuis in Rotterdam, the Koninklijk Nederlands Gasthuis
voor Ocglijders in Utrecht, the Oogziekenhuis in The Hague, and in the
Departments of Ophthalmology of the Sint Radboud Hospital in Nijmegen,
the Vrije Universiteit Hospital in Amsterdam, and the Amsterdam University
Hospital, as well as by some ophthalmologists not attached to a university
hospital.

Fluorescein angiography was performed in 169 of the 211 patients of this
study. The fluoroangiography failed in 34 patients due to technical
problems, for instance excessive prominence of the lesion or localization of
the lesion in the periphery of the fundus. Fluoroangiograms of 8 patients
made elsewhere were not obtainable.
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The fluorescein angiograms of the lesions will be discussed on the basis of
8 features (see Table 6.3) selected from the following fluorescence patterns.

.1

Table 6.3. Main features of the fluorescein angiogram.

1. hyperfluorescence in the tumour area starts in:
A. the arterial phase of the retina fluorescence
B. the arterio -venous phase of the retina fluorescence
C. the venous phase of the retina fluorescence

2. no fluorescence in the tumcur area throughout the course of the fluoroangiography
3. halo of non-fluorescence along the margin of the tumour
4. blood vessels visible within the tumour
5. pinpoint dots of hyperfluorescence
6. late, diffuse fluorescence
7. fluorescence representing drusen
8. secondary retinal changes

Choroidal melanoma

The pigmented and amelanotic melanomas show different fluorescein pat-
terns. In the pigmented melanoma the typical fluorescein angiogram shows,
according to Oosterhuis (1977), a number of zones (see Fig. 6.2).

The outermost zone (B) forms a margin with low-level choroidal back-
ground fluorescence caused by the pigment-bearing melanoma cells, which
invade the normal choroid without destruction of the overlying pigmented
epithelium. The next zone (C) shows many small, sharply demarcated dots

Fig. 6.2. Schematic representation of the fluorescence pattern of a melanoma.
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of intense fluorescence giving a picture highly characteristic of melanoma.
These dots of hyperfluorescen.ce are sometimes observed also in the peri-
pheral zone. They may be distributed over the entire tumour area, but
generally most densely in a band-shaped zone along the margin of the
tumour. The central part of the tumour (zone D) shows an irregular coarse
pattern of gradually increasing and long-lasting diffuse fluorescence.

Recently McMahon etal. (1977) described histological localization of
intravenously injected fluorescein in 7 cases of melanoma. The staining of
the tumour stroma with fluorescein varied, but was generally weaker than
that of the adjacent choroidal stroma. The fluorescein accumulated in
extracellular spaces, but these were rare in the cohesive, well-structured
melanomas. Areas filled with blood also showed hypofluorescence. Hyper-
fluorescence during the course of fluorography was sometimes caused by the
presence of fluorescein in necrotic areas and in parts of the tumour consist-
ing of less cohesively packed epithelioid cells. The main cause was, however,
alterations in Bruch's membrane and the retinal pigment epithelium over-
lying the tumour, which led to the diffusion of fluorescein into subretinal
fluid and retina. These authors also attributed the pinpoint dots of intense
fluorescence, starting in the arterio-venous or venous phase and becoming
gradually more pronounced in the late phase, to drusen and small focal areas
of elevation and/or destruction of the retinal pigmented epithelium. Accord-
ing to Gass (1977), angiographic evidence of wide-spread destruction of the
pigmented epithelium, accompanied by multiple pinpoint areas of dye
leakage, may point to tumour growth.

Bloodvessels within pigmented tumours often cannot be demonstrated
angiographically, but if present it may point to an actively growing tumour
(Gass, 1977).

Secondary changes in Bruch's membrane (e.g. drusen) and in the retina
overlying the tumor (e.g. alteration of the vascular permeability and dilata-
tion of capillaries) can be seen in the fluorogram (Gass, 1974; Oosterhuis
&Scheffer, 1976; McMahon etal., 1977). The orange patches often seen
overlying melanomas, block the fluorescence in the early and venous phase
of the fluorogram, but sometimes show slight staining in the late phase
(Shields etal., 1976).

Amelanotic melanomas show bloodvessels from which fluorescein diffuses
into the tissue. This causes a diffuse fluorescence in the venous phase. In the
late phase of the fluorogram the vessels devoid of fluorescein stand out as
dark strands (Scheffer, 1973)

In rare cases a more or less normal background fluorescence is present in
the tumour area, as described by Shields et al. (1975) in a small melanoma
(3 mm in diameter and 1 mm high) located in the posterior pole: histolo-
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gical examination revealed an undamaged Bruch's membrane and pigmented
epithelium lying over the choriocapillaris showing very little encroachment.
The pigmented tumour consisted of cohesively packed spindle B type
melanoma cells.

An example of a fluoroangiogram of a melanoma is shown in Fig. 6.3.
In our study only 103 of the 124 choroidal and/or ciliary-body mela-

nomas with a histologically verified diagnosis were investigated by fluores-
cein angiography. The fluoroangiogram was not obtainable in 7 cases, and
difficult to interpret in 31 cases (due to peripheral localization or excessive
prominence of the tumour). Also, in three cases the cell types of the mela-
nomas were not obtainable. The results obtained in the remaining 62 mela-
nomas are shown in Table 6,4 according to cell type, degree of pigmenta-
tion, and size. The borderline between small and large tumours was taken at
2 mm for the prominence and 7 mm for the diameter, because these were
the largest values found in 18 patients with a choroidal melanoma among
whom no deaths due to metastatic disease occured during a 5-year follow-
up period after enucleation (Davidorf & Lang, 1975). Furthermore, a thres-
hold value of about 7 mm between small and large melanomas is of im-
portance with respect to survival prognosis (McLean et al., 1977).

Fig. 6.3a
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Fig. 6.3b

Fig. 6.3c
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Table 6.4. Fluorescein angiography features of 62 choroidal melanomas according to cell type, pigment content, and size

A. Cell type

Spindle
Mixed
Epithelioid

B. Pigment

Present
Absent of
scarcely
present

C. Size

Small (dia-
meter <7mm
+prominence
<l mm)
Large (all
others)

Number
of
cases

37
22

3

62

38

24

62

19

43

62

Features
Onset of
hyperttuorescence
arterial art.-ven.
phase phase

18(48)*
15(68)
2(67)

35

23(61)

12(50)

35

16(85)

19(44)

35(56)

7(19)
1(5)

8

5(13)

3(12)

8

1(5)

7(16)

8(13)

venous
phase

12(33)
6(27)
1(33)

19

10(26)

9(38)

19

2(10)

17(40)

19(31)

nofluor- halo of
escence non-fluor

escence

14(38)
4(18)
1(33)

19

14(37)

5(21)

19

11(58)

8(19)

19(31)

visible
blood-
vessels

17(46)
11(50)

28

9(24)

19(79)

28

2(10)

26(60)

28(45)

pinpoint late
dots of diffuse
strong flu-fluor-
orescence escence

20(54)
10(45)
2(67)

32

23(60)

9(37)

32

17(89)

15(35)

32(51)

37(100)
22(100)

3(100)

62

38(100)

24(100)

62

19(100)

43(100)

62(100)

fluor-
escence
repre-
senting
drusen

1(1)

1

1(1)

1

1(5)

1(1)

secondary
retinal
changes

25(67)
15(68)

1(33)

41

20(53)

21(87)

41

9(47)

32(74)

41(66)

* Values between parentheses are percentages
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As can be seen from Table 6.4, all 62 melanomas showed hyperfluores-
cence in the tumour area. This fluorescence started in the arterial phase of
retinal circulation fluorescence in 35 cases (56%), in the arterial-venous
phase in 8 cases (13%), and in the venous phase in 19 cases (31%). Thus, the
onset of fluorescence in the tumour area is not specific for the melanoma
fluorescence pattern.

The cell type and pigment content of the 62 melanomas had hardly any
influence on the onset of fluorescence in the tumour area. Small mela-
nomas, however, showed fluorescence predominantly in the early phase of
the fluoroangiogram, whereas in more than half of the large tumours
fluorescence started later. This might be explained by the longer interval
required for diffusion of the fluorescein in the larger tissue mass of large
tumours as compared to small tumours.

A band-shaped zone of blocked background fluorescence was present in
31%(n = 19) of the 62 melanomas, but was especially visible (in 58%) in the
small tumours. The explanation for the lower incidence (1S%) of such a
zone in large melanomas is that in these tumours the margin of the lesion
often could not be distinguished on the fluoroangiogram.

Tumour vessels were fiuoroangiographically demonstrable in 28 (45%) of
the 62 melanomas. Oosterhuis & Scheffer (1976) found a lower percentage
of visible bloodvessels (21%), presumably due to a lower percentage of mela-
nomas with little or no pigment in that series. In our study 19 (79%) out of
24 of such melanomas showed bloodvessels on the fluoroangiogram. They
were present in similar percentages in melanomas of the spindle and mixed-
cell types (46 and 50, respectively), but were more visible in large than in
small tumours.

Multiple small dots of strong fluorescence were present in 32 (51%) of the
62 melanomas. Oosterhuis & Scheffer (1976) found an incidence of only
32%. In the present study spindle, mixed, and epithelioid cell melanomas
showed a more or less similar percentage of these fluorescence dots (54,45,
and 67, respectively), In the small melanomas, however, this kind of
fluorescence occurred more frequently (89%) than in the large tumours,
(35%) presumably because the retinal pigmented epithelium Is only damaged
locally in the former tand undergoes much more destruction in the latter.
Gass (1977) stated that the presence of multiple small dots of strong
fluorescence points to a high probability of tumour growth. It is, however,
not pathognomonic for a malignant tumour, because it was also present on
the fluoroangiogram of a patient in our series with a haemangioma (see case
history 9, page 50).

A late, diffuse hyperfluorescence was present on the fluoroangiogram of
all the 62 melanomas, the area varying between the entire surface of the
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tumour and a few spots. Although not seen in this study the absence of such
fluorescence in small melanomas might point to the absence of subretinal
fluid overlying the tumour. The absence of a late, diffuse fluorescence in
large melanomas may point to the absence over the tumour of retina under
which the fluorescein can accumulate (Flindall &Gass, 1971). This latter
phenomenon also did not occur in our series.

A fluorescence typical for drusen was recorded in only one of the
62 cases, probably because in other cases it was interpreted as part of the
pinpoint dots of hyperfluorescence.

Secondary retinal changes were fluoroangiographically demonstrable in 41
(66%) of the 62 melanomas. There was no difference in frequency between
the spindle and mixed-cell types of melanoma (67 and 68%, respectively).
Large and scarcely or not pigmented tumours showed retinal changes more
often than small and pigmented tumours did. Oosterhuis & Scheffer (1976)
found an incidence of 43% for retinal changes.

Thus, the frequency of the selected fluoroangiographic features is more or
less the same for melanomas of the spindle and mixed-cell types. A halo of
non-fluorescence was an exception to this. It was recorded appreciably more
often in spindle-cell tumours. This is attributable to the fact that 16 of the
19 small tumours (which showed this feature more often than large
tumours) were of the spindle-cell type. The group of the small tumours also
had 3 melanomas of the mixed cell type. The fluoroangiograms of these
lesions were indistinguishable from those of the spindle-cell melanomas,
showing the early onset, the pinpoint pattern, and a late diffuse
fluorescence. It may therefore be concluded that the fluoroangiographic
pattern of a melanoma, including the small ones, cannot be used to
determine the cell type. The fluoroangiograms of small and large melanomas
differ as to the onset of hyperfluorescence in the tumour area, the visibility
of bloodvessels, the incidence of areas of pinpoint hyperfluorescence, and
the visibility of secondary retinal changes. Further, the presence or absence
of the blocking effect of melanin influences the visibility of tumour vessels.
Finally, it should be mentioned that none of the 62 melanomas showed a
fluoroangiographic pattern with all of the described features.

Choroidal naevus

The pigment occurring in choroidal naevi blocks the choroidal fluorescence
during the course of fluorography. This blocking effect can be absent in the
early phase of the fluorogram if the choriocapillaris overlying the tumour is
free of naevus cells (Oosterhuis & Scheffer, 1976). A mosaic pattern of non-
fluorescence is sometimes seen in the tumour area in the early phase. This
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pattern represents the pronounced normal segmental distribution of the
terminal vascular segments of He choriocapillaris (Oosterhuis, 1977) and
may be the result of the compressing effect of the naevus on the chorio-
capillaris (Deutman & Lion, 1977). Secondary alterations such as drusen are
often present. A serous retinal detachment or even subretinal neo-
vascularization can sometimes be demonstrated fluorographically
(Gass, 1974). An example of a fluoroangiogram of a naevus is shown in
Fig. 6.4

The fluorescein angiographic features of 12 naevi are shown in Table 6.5,
from which it can be seen that all 12 blocked the choroidal fluorescence.
Eleven (92%) of the 12angiograms showed the fluorescence typifying
drusen. The number of drusen varied between a few and so many that al-
most the entire tumour area was covered. Naumann et al. (1971) found
drusen with fluoroangiography in 35 (66%) out of 53 naevi, whereas
ophthalmoscopically they observed them only in 63 (51%) out of 124 naevi.
Thus, drusen overlying naevi are easier to demonstrate with fluoro-
angiography than with the retinoscope. Secondary retinal changes, such as
dilatation of capillaries and pinpoint defects in the pigment epithelium, were
present in the fluoroangiogram of one patient with a naevus.

Fig. 6.4a
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Fig. 6.4. Representative fluorogram of a naevus: in the early phase (a) the tumour is
visible as a dark disc in the background fluorescence. Later on (b), the choriocapillaris
and druscn overlying the naevus stain with fluorescetn, while in the late phase (c) the
tumour area is dark again with still some staining dtusen.
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Ij Table 6.5. Fluorescein angiogiaphy features of 23 lesions located in the posterior segment

Diagnosis Number Features
of :

cases Hyperfluorescence no flour- halo of visible pinpoint late fluor- secondary
starting in escence non-fluor- blood- dots of diffuse escence retinal
arterial art.-ven. venous escence vessels strong flu- fluor- represen- changes
phase phase phase orescence escence ting

drusen

Naevus 12
Haemangioma 11

12
11

11
10

1
9

00
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Cavernous haemangioma of the choroid

The fluorogram of choroidal cavernous haemangioma"shows a coarse
vascular pattern of fluorescence in the early phase. The fluorescein diffuses
rapidly from the surface of the tumour to form widespread areas of hyper-
fluorescence. A circular zone of hypofluorescence can he present at the
margin of the tumour, possibly due to proliferation of the retinal pigmented
epithelium (Gass, 1974). When Bruch's membrane and retinal pigmented
epithelium overlying the tumour are not damaged, fluorography reveals only
hyperfluorescence in the tumour area during the first minutes after the
administration of fluorescein (Gass, 1974). Pinpoint areas of hyperfluores-
cence, due to alterations in the pigmented epithelium, can be present
(Oosterhuis & Schetter,- 1976). On the fluorogram the overlying retina
usually shows dilatation and increased.permeability of the capillaries. A
typical feature is the presence óf cystoid oedema in the retina, which is still
visible on the fluorogram an hour after fluorescein administration (Ooster-
huis, 1977). An example of a fiuoroangiogram of a haemangioma is shown
in Fig. 6.5.
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Pig. 6.5. Representative fluorogram of a haemangioma: in the early phase (a) some
bloodchannels in the tumour area stain with fluorescent. Later on (b), an irregular
strong fluorescence pattern is visible, with dilation of overlying retinal capillaries. In the
late phase (c), a strong, diffuse fluorescence is visible.
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The 11 choroidal haemangiomas of our series showed, as can be seen in
Table 6.5, an early onset of fluorescence in the tumour area, corresponding
with the angiography data of 9 haemangiomas described by Norton
& Gutman (1967). With only one exception the haemangiomas showed a late,
diffuse fluorescence and, with the exception of two cases, secondary retinal
changes. One fluoroangiogram showed a typical pattern indicating large
bloodvessels in the tumour area. One patient — with a histologically verified
haemangioma — showed a fluoroangiogram suggestive of melanoma. In this
case, besides early starting of the fluorescence in the tumour area, other
features usually found in melanomas were present, such as a halo of non-
fluorescence along the margin, pinpoint areas of hyperfluorescence, and a
late, diffuse fluorescence. Histologjc investigation revealed a severely
damaged retinal pigmented epithelium overlying the tumour, localized just
beneath Bruch's membrane. The history of this patient can be found in the
preceding observations on the 32P test (case No. 9).

The features of the fluorescein angiograms of melanomas, naevi, and
haemangiomas located in the posterior segment are shown in Table 6.6.

Table 6.6. Fluorescein angiography features of 85 lesions located in the posterior seg-
ment*.

Features

Hyperfluorescence in tumour area
— arterial phase
— arterial-venous phase
- venous phase

Absence of fluorescence
Halo of non-fluorescence
Bloodvessels visible
Pinpoint dots of hyperfluorescence
Late, diffuse fluorescence
Fluorescence representing drusen
Secondary retinal changes

62 melanomas

35
8

19
-
19
28
32
62

1
41

( 56)
( 13)
( 31)
_

( 31)
(45)
( 51)
(100)
( 1)
(66)

12

—
—
-
12
—
_
-
-
11
1

naevi

—
-
-

(100)
-
_
—
—

( 91)
( 8)

n
11
—
-
_
1
1
1

10
—
9

jiaemangiomas

(100)
_

1
— *

( 9)
( 9)
( 9)
( 91)

—
( 81)

* Values between parentheses are percentages

It is clear that the lesions mentioned in this table have a characteristic
fluorescence pattern. Therefore fluorescein angiography is very valuable for
the differentiation of choroidal melanomas, naevi, and haemangiomas. It
must be mentioned, however, that the statement of Oosterhuis &van
Waveren (1968): 'The same fluorescence pattern can be obtained in different
choroidal lesions, so that the value of fluorescein angiography is restricted
and should be seen as an additional help in establishing the diagnosis', has
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remained valid ten years later, even though progress has been made in the
interpretation of fluorescein-angiographic patterns.

Lesions in the anterior segment

Fluorescein angiography was performed in all 5 cases of melanoma of the
iris and in 7 of the 8 naevi with this location. The fluorescein angiographic
features are shown in Table 6.7.

Table 6.7. Fluorescein angiography features of 12 lesions located in the anterior
segment.

Diagnosis Number Fluorescein angiography features
of
cases Diffuse fluorescence No fluorescence Visible vessels

Iris melanoma 5
Iris naevus 7

Of the 5 iris melanomas, 3 had a tentative and 2 a histologically verified
diagnosis. On the angiogram, 4 of these melanomas showed bloodvessels
from which fluorescein diffused into the tumour tissue, causing a diffuse
fluorescence in the tumour area on the late angiogram. These findings
correspond with the description of the fluoroangiograms of 2 iris mela-
nomas given by Gass (1974). One iris melanoma in our series, however, did
not show any fluorescence in the tumour area except for some vessels at the
margin of the heavily pigmented lesion, from which some leakage of
fluorescein was detected. This patient has been described in Chapter 5 (case
No. 13).

The 7 cases with fluoroangiographically examined iris naevi did not show
any fluorescence at all (see Table 6.7). These naevi blocked fluorescence of
the normally vascularized stroma of the iris.

In conclusion it can be said that fluorescein angiography is helpful for the
differentiation between melanomas and naevi located in the iris. An
example of a fluorogram of a melanoma and of a naevus is shown in
Fig. 6.6.
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Fig. 6.6.1a

Fig. 6.6.1b
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Fig. 6.6.1c

Fig. 6.6.1. Representative fluorogram of an iris melanoma: in the early phase (a),
vessels are visible ii; the tumour. Later on (b), fluorescein diffuses from the vessels into
the tumour, causing a diffuse fluorescence in the late phase (c).

Fig. 6.6.2. Representative fluorogram of an iris naevus: the tumour blocks the fluor-
escence of the vascularized iris stroma.
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PERIMETRY

Since the features of and/or alterations in a visual field defect may facilitate
the diagnosis of intraocular lesions (Harrington, 1976; Hogeweg et al.,
1976), perimetry was performed in 159 patients in this study. The visual
field was determined with a Goldmann or Tiibinger perimeter, to evaluate
perception down to the weakest light intensity perceived. As a rule, kinetic
perimetry studies were made. When a visual field defect was difficult to
determine with this technique, for instance in small and very slightly
elevated choroidal tumours, static perimetry studies were performed.
Special attention was given to compensation for a refractive error of the eye
or one caused by prominence of the tumour, in both cases to avoid refrac-
tion scotoma. Most of the visual field examinations in this study were
performed by Mrs. H.S. Graniewski-Wijnands and Mrs. R.A.M. Post-
Nieuwenhuyzen.

Melanoma

According to Harrington (1976), patients with a choroidal melanoma have
severe visual field defects, often for maximal light intensity, and with steep
margins. If there is subretinal fluid overlying the melanoma, the defect may
take on some of the features of a retinal detachment, such as sloping edges
and varying intensities of the defect. Visual field defects are caused by
degeneration of the retina overlying the tumours. Karickhoff (1976)
reviewed the histologic results obtained in 600 consecutive eyes with both a
choroidal melanoma and a defect in the visual field. Forty of the 600 eyes
showed degeneration only of the external nuclear layer of the retina, but
restricted to the area where the tumour had encroached on the chorio-
capillaris. The remaining 560 eyes showed more advanced retinal degenera-
tion. However, a normal visual field can occasionally be found in a patient
with a choroidal melanoma, as demonstrated by Shield et al. (1975). Their
kinetic perimetry examination of a choroidal melanoma with an elevation of
1 mm and located in the posterior pole, did not show a visual field defect.
Histologically, this eye showed an undamaged retina pigmented epithelium
overlying the tumour which was of the spindle B-cell type, and the chorio-
capillaris was only slightly attenuated.
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Perimetry was performed in 94 out of our 124 patients with a histologically
verified melanoma. Kinetic techniques were used in all cases, and additional
static perimetry was performed in 6. The results are shown in Table 6.8,
according to cell type and prominence of the melanomas. The limiting value
between flat and prominent tumours applied was 2 mm. Subdivision accord-
ing to prominence was chosen, because an increase of the prominence leads
to encroachment on the overlying choriocapillaris. The resulting nutrional
insufficiency leads to damage of the retinal pigmented epithelium and
retinal receptor cells, which in turn results in visual field defects. If an area
of the visual field did not show light perception of the maximal intensity, it
is called an absolute defect in contrast with a relative defect when only a
partly decreased light perception is present.

The data in Table 6.8 show that all the patients with a melanoma had a
defect in the visual field, as also found by Karickhoff (1967) and Aulhorn
(1966). The latter author found an absolute defect in 11 (58%) out of
19 patients.

A defect of this kind was present in 81 (86%) out of the 94 patients with
a melanoma in our series. It occurred particularly (94%) in the 66 tumours
with a prominence of more than 2 mm, as compared with 68% of the
28 tumours with a prominence of less than 2 mm. A relative defect was
present more frequently in flat melanomas (9 cases or 32%) than in
prominent tumours (4 cases or 6%).

It can also be seen from Table 6.8 that absolute and relative visual field
defects were present in both spindle and mixed-cell type melanomas, the
small and large ones as well.

In conclusion it can be said that a perimetry result reflects the degree of
damage to the retinal receptor cells, but does not indicate the cell type of a
melanoma.

Naevus

Patients with a choroidal naevus have either no changes in the visual field or
defects with sloping margins and considerable variation in intensity. This
depends on the degree of secondary retinal involvement, which is, however,
usually minimal (Naumann et al., 1966). These authors found discrete
changes in only 41 out of 100 consecutive eyes with a choroidal naevus, the
alterations being present in the choriocapillaris, Bruch's membrane, and
retina. These visual field defects are more readily detected with static than
with kinetic perimetry, due to the usually small size of naevi. A Friedmann

95
l»i



Table 6.8. Results of peiimetry examinations performed in 94 patients with a choioidal and/or ciliary body melanoma.

Cell type
Visual field defect

Prominence (in mm)
< 2
> 2

Spindle
Relatively Absolute

6
2

8

16
28

44

Mixed
Relatively

3
2

5

Absolute

3
27

30
Lesions not

Epithelioid
Relatively Absolute

7

7
included

Number of cases

28
66

94
30

124



visual field analyser can often be used to determine the correct meridian for
static perimetry. It is extremely rare for a naevus to cause an absolute visual
field defect. Such a defect has been described in a patient with a juxta-
papillary choroidal naevus (Naumann etal., 1966). In this case the histolo-
gical examination showed changes in the retina and the retinal pigmented
epithelium overlying the tumour, and the choriocapillaris was attenuated.

The results of the visual field examination in 14 patients with a choroidal
naevus are shown in Table 6.9 together with data from the literature. The
perimetry studies were performed with kinetic techniques in all cases and
8 times additionally with static techniques.

Table 6.9. Results of perimetry studies performed in patients with a choroidal naevus
as reported in the literature and obtained in the present study.

Authors Number of Relative visual No visual field
cases field defect defect

Flindall & Drance (1969)
Tamler (1970)
Naumann etal. (1971)
Present study

21 18 (85%) 3 (15%)
28 8 (29%) 20 (71%)
84 20 (24%) 64 (76%)
14 4 (28%) 10 (72%)

As table 6.9 shows in the present study, 4 (28%) of the 14 patients
had a relative defect in the visual field, and 10 (72%) no defect at all.
Similar percentages have been reported by Naumann etal. (1971) and
Tamler (1970). Naumann found defects only in patients with an elevated
lesion. These defects were present in all patients with naevi elevated 1 to
2 diopters, even after application of a positive correction, which only
partially reduced the defects. Tamler found no relative visual field defects in
patients with an elevated lesion alone. Seven of his 8 naevi with a scotoma
did not show prominence. In the present study, 13 of the 14 naevi showed
some prominence (maximally 2 diopters), but only 4 had caused a relative
defect in the visual field.

A very high incidence of visual field defects, i.e. 85% of 21 flat naevi, was
found by Flindall & Drance (1969), probably due to the consistent use of
both kinetic and static perimetry methods. In our study, both methods were
used in 8 patients with a naevus, a relative defect being found in only 2
(25%). It is possible that this low percentage is explained by the inclusion of
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patients in whom the naevus was only found at routine ophthalmoscopic
examination in the absence of eye complaints.

The perimetry results in the patients with a melanoma or a naevus are
shown in Table 6.10, together with those of patients with a metastatic
tumour or a haemangioma.

Table 6.10. Results of perimetry studies in 122 patients with a lesion located in the
posterior segment.

Diagnosis Visual field showing:
absolute defect relative defect no defect number

Melanoma
Metastatic turnout
Naevus
Haemangioma

81 ( 86)*
3 (100)

9 ( 81)

93

13 (14)

(28)
(19)

10 (72)

19 10
Lesions not included

Total

94
3

14
11

122
70

192

' Values between parentheses give percentages

The data in Table 6.10 show that both malignant and benign lesions, con-
sidered in the differential diagnosis of a uveal tumour, can cause absolute
visual field defects due to encroachment on the choriocapillaris. Such
defects are, however, strongly against the diagnosis of naevus. If the layers
overlying the lesion are not damaged very badly, a relative defect will be
present, but the tumour can still be either malignant or benign. It is there-
fore advisable to perform static perimetry in cases with a relative visual field
defect found with kinetic perimetry, because the detection of an absolute
defect rules out the diagnosis naevus. Only the absence of a defect in the
visual field provides a basis for the tentative diagnosis of naevus with ex-
clusion of the other conditions mentioned in Table 6.10.

In summary, perimetry is a useful method, in cases where an absolute
visual field defect or no defect at all has been found, for the differentiation
between a melanoma and a naevus. It has a restricted value if a relative
visual field defect has been found, since in these cases perimetry does not
make it possible, as reported by Gass (1977), to differentiate between
retinal damage caused by either a non-expanding or a growing tumour.
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TRANSILLUMINATION

A solid intraocular tumour may create a shadow under transillumination. In
the present study for tumours situated in the anterior part of the posterior
segment of the globe, transillumination was performed by placing the Zeiss
diaphanoscope light source on the conjunctiva overlying the tumour. If the
amount of light passing through the globe and the pupil was diminished due
to total or partial absorption by the tumour, this was called absent or
reduced diaphany, respectively. A diaphanous tumour was present when it
did not absorb any light.

For tumours situated posterior to the equator of the globe, transillumina-
tion was performed with our specially designed and constructed fibre-optic
transilluminator (see Chapter 4, page 24) after the tumour had been
localized during the 32P test procedure. After the transilluminator had been
placed on the sclera overlying the tumour, the diaphany was estimated
visually by ophthalmoscopy and classified as normal, reduced, or absent.

The results of the transillumination examinations performed in 81 of the
124 patients with a choroidal and/or ciliary body melanoma, are shown in
Table 6.11 together with data from the literature. Transillumination was not
performed in the other 43 patients.

Table 6.11. Results of transillumination performed in cases of melanoma as tepoited
in the literature and obtained in the present study.

Authors
decreased

non-diaphanous diaphanous diaphanous

Number
of
cases

Jensen f 1963)
Mosselman (1975)
Present study

40
60

(82%)
(73%)

217 (91%)
4 ( 8%)

21 (27%)

20 ( 9%)
5 (10%)

237
49
81

Fifty-nine (73%) of our 81 melanomas blocked all the light, but the other
22 melanomas (27%) only blocked it partially, especially the flat and lightly
pigmented tumours. Jensen (1963) and Mosselman (1975) found similar
percentages, and both also described some melanomas that did not give any
blocking at all. The partial blocking effect found in melanomas in our series
took the form of either a diffuse decreased diaphany as compared with the
adjacent ocular tissues or a mottled blocking due to irregularly distributed
pigment. Both of these patterns were often indistinguishable from patterns
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seen in other lesions localized in the posterior segment, such as naevi and
haemangiomas, as shown in Table 6.12.

Table 6.12. Results of transillumination performed in various lesions located in the
posterior segment.

Diagnosis

Melanoma
pigmented
scarcely pigmented

Naevus
Haemangioma

non-diaphanous

45
15
8

(78%)
(62%)
(57%)

decreased
diaphanous

12(22%)
9 (38%)
6 (43%)
4'(30%)

diaphanous

_
-
_

9 (70%)

Lesions not included

Total

Number
of
cases

57
24
14
13

108
84

192

The transillumination results obtained in the 14 naevi were more or less
similar to those obtained in the 24 poorly pigmented melanomas. It is
possible that many naevi are too thin to block all the light from the trans-
illuminator, which would give the same pattern as that caused by a thicker
but poorly pigmented tumour. In contrast with the blocking effect of
melanomas and naevi, haemangiomas often create a red glow at trans-
illumination due to their high blood content.

Thus, transillumination cannot be used to differentiate a melanoma from
a naevus. The method has a distinct value with respect to haemangiomas,
but there is generally no need to perform it to establish that diagnosis. The
specific value of transillumination is the indispensable help it provides in
localizing lesions as part of the 32P test procedure. Therefore, diagnostic
transillumination with opening of conjunctiva is only permissible in cases
where a 32P test or surgery is to be performed.

On the other hand, transillumination without opening of conjunctiva can
be helpful in the diagnosis of prominent lesions located anterior to the
equator of the globe, i.e., to differentiate between a massive and a
non-massive tumour, e.g. in choroidodialysis.

ULTRASONOGRAPHY

In this series ultrasonography studies were performed in the Oogziekenhuis
in Rotterdam, the Koninklijk Nederlands Gasthuis voor Ooglijders in Utrecht,
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and in the Departments of Ophthalmology of the Sint Radboud Hospital in
Nijmegen, the Vrije Universiteit Hospital in Amsterdam, and the Amsterdam
University Hospital. A few echography studies were performed in our de-
partment with an Ultraschall-Diagnostikgerat 7100 MA manufactured by
Kretz-technik (Austria).

B-scan ultrasonography is a valuable method for establishing the presence
of a tumour in an eye with opaque media, whereas histologic information is
provided by the A-scan. Lesions located in the posterior segment of the eye
can only be detected with ultrasonography if the prominence is at least
1 mm. Histologic differentiation is possible if the prominence is at least
2.0 mm (Freyler, 1975) or 2.5 mm (Ossoinig et a',., 1975).

Coleman et al. (1974), who used both the A- and the B-scans, could
differentiate between malignant and benign choroidal tumours in 95% of
the cases (101 and 9 cases, respectively). Tissue differentiation was attempt-
ed in 46% of the echograms, but only one correct histologic diagnosis was
made on the basis of exclusion of other possibilities. Ossoinig et al. (1975)
reached a correct ultrasonographic diagnosis in 134 (96%) out of
139 patients with a choroidal melanoma, and could exclude such a tumour
in 288 (98%) out of 294 patients with a clinically suspected melanoma.
However, these authors were unable to confirm or exclude the diagnosis of
melanoma in 26 other eyes showing an intraocular lesion with little pro-
minence. Schwab & Nover (1976) obtained a correct tissue diagnosis with
an A-scan in only 14 (40%) out of 36 melanomas. These variations iUustrate
the difficulties often encountered in the interpretation of an echogram.

The most important A-scan ultrasonographic features of choroidal
melanomas are, according to Ossoinig et al. (1975) and Hodes (1977), first:
a low-to-medium reflectivity of the echosignals. Due to the densely cellular
masses of melanomas containing few echo-producing structures, the height
of these signals on the echogram amount to 10 to 60% of the maximal
obtainable height. Secondly, because melanomas have a solid consistency,
the surface signal from the tumour does not change with very small move-
ments of the patient's eye. Thirdly, the echogram shows well-defined
tumour borders expressed as a high and sharply-rising echo signal produced
by the retina and sclera. Finally, rapid spontaneous movements in single
tumour echo signals can occur due to blood flow within vessels of the
tumour. Other lesions, such as choroidal haemangiomas, metastatic
tumours, and disciform macular degenerations, produce strong echo signals
with a height of 80-100% on the echogram, due to the presence of many
echo-producing structures such as large bloodvessels and large connec-
tive-tissue septae. The B-scan provides mainly topographic information, for
instance as to borders and solidity, that is difficult to obtain with the
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A-scan, but this method cannot be used to differentiate between the various
types of lesions (Hodes, 1977).

Because the ultrasonography equipment of our department was not of the
best, this kind of examination was not performed routinely in the present
study. A-scan ultrasonography was performed in only 42 of the patients.
The results obtained in 9 lesions will not be discussed; the prominence of
these lesions was less than 2 mm, the minimal elevation permitting histo-
logic differentiation (Freyler, 1975). The results obtained in the remaining
33 lesions, all located in the posterior segment and with a prominence of at
least 2 mm, are shown in Table 6.13. Tissue differentiation was attempted
14 times; in the other 19 patients, only an estimate of the solidity of the
tumour was given.

Table 6.13. Ultrasonography results of 33 lesions located in the posterior segment
and with a prominence of at least 2 mm.

Diagnosis Ultrasonography diagnosis Number
Histologic differentiation Only estimation of solidity of
conect incorrect correct incorrect cases

26
3
2

1
1

5 19 33
Lesions investigated but not included 9
Lesions not investigated 150

Total 192

Table 6.13 shows that a correct tissue differentiation was made 9 times
and an erroneous diagnosis 5 times. The solidity of 19 massive lesions was
estimated correctly. Our results are less satisfactory than those of, for
instance, the already mentioned study done by Ossoinig etal. (1975).
Because the ultrasonograpgy was performed in several hospitals and because
of the small number of patients, it is impossible to evaluate the reliability of
ultrasonography in intraocular tumours on the basis of the present study.
The fact remains, however, that ultrasonography has the disadvantage that
tissue differentiation cannot be made in lesions with an elevation of less
than 2 mm, i.e., just the group where the establishment óf a conect

Melanoma
Haemangioma
Retinal detachment
Subchoroidal
haemorrhage
Choriodiaiysis

7
1
1

—
_

2
0
1

1
1

17
2
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diagnosis presents most difficulties. For the present, the main value of ultra-
sonography in the diagnosis of intraocular tumours is that it provides infor-
mation about the inside of an eye with opaque media.

ORANGE AREAS

Orange areas are sometimes found over a uveal tumour, especially in, but
not restricted to cases of melanoma (Smith & Irvine, 1973; Gass, 1974).
These areas contain lipofuscin pigment located within proliferated retinal
pigmented epithelium cells and in macrophages (Font et al., 1974), and are
formed as a response of the pigmented epithelium to the gradual encroach-
ment of a choroidal tumour on the choriocapillaris (Barker-Griffith
etal., 1976). Histologic examination of 100choroidal melanomas showed
some degree of lipofuscin pigment accumulation in 90 of these tumours
(Shields etal., 1976). These authors also found such accumulation in
5 metastatic tumours, one choroidal haemangioma, and one benign reactive
lymphoid hyperplasia located in the choroid. According to their report, the
ophthalmoscopic colour of lipofuscin-containing areas overlying pigmented
melanomas is orange; in non-pigmented melanomas and metastatic tumours,
the colour is, however, brown to reddish-brown, and in haemangiomas a
reddish-orange.

The ophthalmoscopic presence or absence of orange areas was investigated
in our series in 73 out of the 192 lesions located in the posterior segment.
The results are shown in Table 6.14, together with data from the literature.

It is evident that the orange dots occur almost exclusively in choroidal
tumours, which can encroach on the overlying choriocaoillaris and retinal
pigmented epithelium. In 100melanomas, Shields etal. (1976) found a
higher percentage of orange areas (80%) than that reported by Smith and
Irvine (1973), i.e., 48 (48%) out of 98 melanomas, and in our series i e. 13
(25%) out of 53 melanomas, possibly because Shields saw both orange and
brown patches. In the present study, reddish-orange geographic areas, which
according to the histologic finding of Shields etal. (1976) may contain
lipofuscin, were present in 9 (90%) out of 10 haemangiomas. Among the
176 choroidal naevi investigated by Smith & Irvine (1973) and the 9 naevi
in our series, only two lesions (with only a tentative diagnosis), showed
orange areas. Gass (1974) also mentioned the presence of these areas lying
over choroidal naevi.

An attempt was made to determine whether the orange areas over
melanomas provide information about cell type of the tumour (see
Table 6.15). For this purpose, a subdivision was made into flat (elevation of
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Table 6.14. Ophthalmoscopic presence of orange areas overlying lesions located in the posterior segment, according to the
literature and obtained in the present study.

Melanoma Metastatic tumour Haemangioma Naevus
Authors number present number present number present number present

of cases of cases of cases of cases

Smith & Irvine (1973)
Shields et al. (1976)
Present study

98
100
53

48 (48)*
80 (33)
13 (25)

2
5
1

5
—
(100)
_

16
1

10
1 (100)
9* ( 90)

176

1 (11)

* Values between parentheses are percentages
x Reddish-orange geographic areas



maximally 2 mm) and prominent (elevation of more than 2 mm) tumours.
It is evident from Table 6.15 that orange areas occur especially in flat
melanomas, probably because the pigmented epithelium is less damaged
than in prominent tumours, but in both spindle and mixed-cell types. How-
ever, other flat melanomas of the spindle and mixed-cell type did not show
these areas. Therefore, the presence or absence of orange areas does not
indicate the cell type of a melanoma. Their presence is even not pathog-
nomonic, but only suggestive, for such a tumour.

Table 6.15. Ophthalmoscopic presence of orange areas in melanomas.

Cell type
Orangeareas:

Promenence
(in mm)
< 2
> 2

Spindle
present absent

6 8
3 15

9 23

Mixed
present

2

2

absent

4
12

Epithelioid
present absent

2 1

16 2 1
Lesions not included

Total

number

20
33

53
71

124

GENERAL EXAMINATION

A complete general examination was performed in almost all of the patients,
in most cases by Dr. K. Meijer, M.D., the consulting internist of our depart-
ment. Special attention was given to the possible presence of metastasss of
primary intraocular melanomas, which are usually found in the liver
(Reese, 1976). In many cases a dermatological examination with special
search for the presence of a melanoma was also performed in the Depart-
ment of Dermatology (head: Prof. Dr M.K. Polano, M.D.) of the Leyden
University Medical Centre.

In only one of the patients with a histologically verified intraocular
melonama, was evidence found of metastatic disease or malignant tumour
elswhere. The one exception, a 52-year-old man, was found at the time of
examination to have not only a pigmented choroidal tumour measuring
5 x 5 x 1.5 mm but also a pigmented tumour with a diameter of 5 mm in
the skin of his right arm. Two years earlier a mole had been excised from
the same spot, but it had recurred within a short time. There were no other
signs of a possible metastatic tumour. A 32P test performed on the intra-
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ocular tumour gave a value of 104%. Histologic investigation of both
tumours revealed a spindle B choroidal melanoma and a melanoma of the
skin with a cell type resembling that of the eye tumour. It is therefore
possible that the skin lesion was a metastatic tumour secondary to the
choroidal melanoma, although the liver, the preferred localization for such
metastasos was healthy. Another, but also unlikely, possibility is that the
eye tumour was a metastasis of the skin melanoma. Such cases are rare.
Font et al. (1976) reported only 5 such cases on file at the U.S.A. Armed
Forces Institute of Pathology, all of them concerning patients with a
disseminated skin melanoma. The metastatic melanomas in the uveal tract
were multiple, flat lesions almost always of the epithelioid cell type. Similar
findings made at autopsy in 15 consecutive patients with a generalized
metastatic skin melanoma have been reported by Fishman etal. (1976).
Five of these patients showed microscopic ocular metastases, all of the
tumours being composed of epithelioid cells and containing a small amount
of melanin. The third possibility, which is also rare, that both tumours were
a primary melanoma, probably applies to this patient.

In the present study one case of skin melanoma was found among
80 patients with a choroidal melanoma, who were examined by a dermato-
logist. This only supports advisability of asking for a dermatological consul-
tation for patients with a skin anomaly presumed to be a melanoma. It does
not point to an increased suspectibility to cancer in eye melanoma patients.

With respect to blood and urine chemistry, special attention was given to
anomalies associated with metastases of an intraocular melanoma, such as
changes in liver functions and meianuria (defined as the presence of mela-
nogen in the urine, determined according to the qualitative method of
Thormahlen, or a urinary melanogen content of more than 1 mgr % accord-
ing to the quantitative method of Pechan). Melanin, a pigment derived from
tyrosine, normally is hardly present in urine. Meianuria only develops in some
cases of melanotic tumour, especially those with metastatic tumours in the
liver, and is associated with a poor prognosis (Crawhall et al., 1966). The
freshly passed urine contains the colourless precursor melanogen, which is
oxidized to black melanin when exposed to the air.

Ninety-one patients with a histologically verified intraocular melanoma
were investigated with respect to meianuria. The results are shown in
Table 6.16, and are based on an examination according to Thormihlen or
Pechan, as described in 'Klinische Diagnostiek' (Gorter & de Gmff, 1955)
and by Pechan (1959), respectively.

Two patients, both with a large melanoma just invading the deeper layers
of the sclera, had meianuria, and in one patient with only a small choroidal
melanoma, the outcome of the test was dubious. In these 3 patients as in
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Table 6.16. The presence of melanuria in 91 patients with an intraocular melanoma.

Melanutia Number of cases

present
dubious
absent

Determination not performed

Total

2
1

88
91
33

124

the 88 other patients without melanuria, there was no further evidence in-
dicating metastases. Jensen (1963) not only described melanuriain 8 out of
13 patients with a metastatic choroidal melanoma, but also in 2 out of
7 patients with an intraocular melanoma and no evidence of metastatic
disease. The absence of metastases was verified in one of these patients at
autopsy a year later.

We may assume that a substantial percentage of our patients with a
melanoma will in time develop metastases in spite of enucleation being per-
formed. It must be concluded from the findings in this series that the
determination of melanuria is useless for the detection of metastases of
melanoma in an early stage. The determination can therefore be omitted in
patients suspected of having an intraocular melanoma from the diagnostic
point of view.
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CHAPTER 7

THE VALUE OF FLUORESCEIN ANGIOGRAPHY,
PERIMETRY AND THE 32P TEST

Ophthalmoscopic findings suggesting the presence of a tumour led us to use
the diagnostic mothods described in the two preceding chapters, especially
fluorescein angiography, perimetry, and the 32P test. For the diagnosis of an
intraocular lesion, the results of these examinations supplement each other.
Retinoscopy shows the surface and the size of the tumour; fluorescein
angiography gives information on the retina, pigmented epithelium, and on
the surface of the tumour itself; perimetry shows the damage to the retina
overlying the tumour; and the 32P test indicates its metabolic activity.

The results of these examination methods, valuable in the differential
diagnosis of a choroidal tumour, will be discussed separately for melanomas,
naevi, and haemangiomas.

MELANOMA

The results obtained with fluorescein angiography, perimetry, and the
3zPtest in the 124 histologically verified melanomas, are shown in
Table 7.1.

Fluorescein angiography was usually performed first. Out of 96 mela-
nomas, a clearly distinguishable fluorescence pattern supporting the diag-
nosis was obtained in 65, and in 31 cases with peripherally located or
extremely prominent tumours the pattern was difficult to interpret or was
not technically possible. In the latter group, however, the aspect and
especially the prominence of the tumour provided strong support for the
diagnosis melanoma.

Perimetry was performed in 94 patients, and revealed a visual field defect
in every case. An absolute defect, seen in 81 cases, was in itself strong
support for the diagnosis of melanoma. A relative defect (13 cases) could,
however, only be considered to support the diagnosis if it was consistent
with the results of other examination methods.

The decision to perform the 32P test was generally made when the results
of other tests indicated malignancy and enucleation was considered. The
surgical technique required by the 32P test is such that this test must be per-
formed last in the series of examination methods. The results confirmed the
malignancy in 122 of the 124 melanomas.

The combination of a typical fluorescein angiography pattern, a visual
field defect, and a positive 32Ptest result, was obtained in 58 of the
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Table 7.1. Results obtained with three diagnostic methods in lesions located in the posterior segment.

Diagnosis Numb.:
of
cases " P test fluorescein angiography perimetry

o
VO

positive negative typical for no diagnostic not obtainable absolute relative no not
lesion value or not defect defect defect performed

performed

Melanoma

Naevus

Haemangioma

65
31
26
2

124

12
2

14

to
2
1

13

65
31
26

122

-

-

1

1

2

2
to

 t
o

14

1 
to

o

12

65

65

12

12

10

10

31

31

-

-

1

1

26
2

28

2

2

2

2

46
22
12

1

81

-

-

7
1
1

9

12

1

13

3
1

4

2

2

1 
1 

1 
1

-

9
1

10

-

-

7
9

13
1

30

-

-

1
1

2



124 melanomas. However, all but one of the 66 cases examined with only
one or two of the three methods were also diagnosed correctly, the excep-
tion being a necrotic melanoma.

NAEVUS

The results obtained with the three methods in the 14 naevi are also shown
in Table 7.1. Twelve cases showed a typical combination of results
consisting of a characteristic fluorescein pattern, the absence of a visual field
defect (9 times) or the presence of only a relative defect (3 times), and a
negative 32Ptest result. The absence of a visual field defect constituted
strong support for the diagnosis of naevus. A relative defect, however, could
only considered to support the diagnosis when it was consistent with the
other results. The presence of drusen overlying the naevi and leakage of
fluid in the retina, as seen on the fluorogram, explained the occurrence of
the defects.

Knowlegde of the various ophthalmoscopic pictures shown by naevi
(Oosterhuis & von Winning, 1978) means, however, that for such lesions a
32P test is only indicated if other diagnostic methods do not confirm the
tentative diagnosis. Photographic documentation, especially pictures
obtained with the use of a red filter to determine the pigment distribution,
provides a reliable follow-up of a naevus. If growth occurs, a 32P test is in-
dicated to demonstrate or exclude malignancy.

HAEMANGIOMA

The sometimes inconspicuous aspect and the rare occurrence of choroidal
haemangioma makes the ophthalmoscopic picture as a rule difficult to inter-
pret for the ophthalmologist not familiar with it. Furthermore, the fluoro-
grams of melanoma and haemangioma may show a considerable degree of
similarity. In 10 of the 13 haemangiomas in the present study fluoroangio-
graphy provided support for the diagnosis in combination with the presence
of a visual field defect (absolute: 9, relative: 2). Perimetry alone, however,
cannot be used to differentiate a haemangioma from a melanoma. But, in
general, the combination of a typical ophthalmoscopic picture, a characte-
ristic fluorescence pattern, and to a lesser extent the presence of a visual
field defect, is sufficient to diagnose a haemangioma. In doubtful cases a
32P test is indicated and in most cases the result will be below 60% (in our
series in 12 of the 13 haemangiomas).
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SMALL CHOROIDAL TUMOLRS

Diagnostic problems were encountered in 5 patients with a small choroidal
tumour whose ophthalmoscopic appearance was not sufficiently convincing
for a certain diagnosis. In each of these cases one of the results of the three
examinations tests was conflicting with the other two. These 5 lesions are
listed among the naevi in Table 5.1. Their clinical features and the examina-
tion results are shown in Table 7.2. The differences and similarities observed
in these 5 lesions (which we will call dubious naevi), the 14 naevi (shown in
Table 7.3), and the 10 smallest melanomas in our series (Table 7.4) warrant
discussion. Nearly all of these tumours, both naevi and melanomas, were
located at or near the posterior pole. The features of the three groups of
lesions are summarized in Table 7.5.

Four of the 5 dubious naevi were discovered at a routine ophthalmoscopic
examination. Only one of the patients had complained about the function
of his eye. Such eye complaints as the development of a spot in front of the
eye, a decreased visual acuity, or both, were mentioned by only 4 of the
14 patients with a naevus but by all patients with a melanoma. The com-
plaints reflect development or increase of degeneration of the outer layers
of the retina overlying the tumour, and consequently are not necessarily
correlated with tumour growth. The absence of eye complaints, on the
other hand, points to the absence of growth of tumours located at the
posterior pole and therefore is strongly indicative of benignity of the
tumour.

The mean size of the dubious naevi was similar to that of the naevi but
smaller than that of the melanomas. The dimensions of the largest tumours
among the dubious naevi were, however, the same as those of the smallest
melanomas. Therefore, the size of a small choroidal tumour is not indicative
of its nature.

In all 5 patients with a dubious naevus, the result of only one of the three
examination methods (fluorescein angiography, perimetry, or the 32P test,
as shown in Table 7.2), was not consistent with the diagnosis of naevus. In
contrast to this finding in the dubious naevi, in all patients with either a
small melanoma or a naevus the results of all three examination methods
were completely consistent

Refraining from enucleation in the cases of dubious naevi seems to have
been correct, since no growth was observed in the follow-up period after the
performance of the 32Ptest. However, the mean observation period of
2.1 years is of course too short to rule out malignancy with certainity. The
histories and salient points of the patients with dubious naevi (see
Table 7.2) were as follows:
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Table 7.2. Features of S dubious naevi.

1

2
3
4
S

eye
complaints

no

yes
no
no
no

localization

posterior pole

posterior pole
posterior pole
posterior pole
equator

diameter
(disc
diameter)

3

1*
3
2
2*

clinical
prominence
(diopter)

2

2
2
2
1

M P test
result
(%)

25

39
57
75
93

fluoroangiogram
suggestive of

amelanotic
naevus
melanoma
naevus
naevus
naevus

visual
fields
defect

relative

relative
absolute
relative
relative

duration of stability
of lesion after
33 P test(yr)

2

3
2
If

coagulation, no
recurrence in 2 years



Table 7.3. Features of 10 small choroidal melanomas.

I
2
3
4
5
6
7*

8
9

10

eye
complaints

yes
yes
yes
yes
yes
yes
yes

yes
yes
yes

localization

equator
posterior pole
posterior pole
posterior pole
posterior pole
posterior pole
posterior pole

equator
posterior pole
posterior pole

diameter
(mm)

7
5
7
4
5
7
7

7
7
7

elevation
(mm)

2.0
1.0
0.8
0.9
0.8
2.0
1.8

1.1
1.6
1.5

"Ptest
result

78
89

105
109
119
189
200

237
247
285

fluoroangiography
suggestive of
melanoma

yes
yes
yes
yes
yes
yes

not performed

yes
yes
yes

visual cell type
field
defect

absolute spindle B
absolute spindle B
relative spindle B
relative spindle B
relative mixed
absolute spindle B

not spindle B
perfonned
absolute spindle A+B
absolute spindle B
absolute spindle B

degree of invasive
growth in the
sclera

slight
slight
total
half-way
no
total
half-way

slight
half-way
slight

' In this case some growth had occuned the 4 f years of observation before the 3a P test was perfonned.



Table 7.4. Features of 14 choroidal naevi.

eye localization
complaints

diameter
(disc
diameter)

prominence
(diopters)

32 P test
result
(%)

fluorogram
suggestive
of naevus

visual
field
defect

duration of
stability of
lesion after
MPtest(yr)

1 no posterior pole 1 0
2 no periphery 4 1

3 no posterior pole 1 1
4 no posterior pole 1 1
5 yes posterior pole/equator 6 2
6 no equator 3 2
7 yes posterior pole/equator 2 2
8 yes posterior pole/equator 4|- 2
9 yes posterior pole 2 1

10 no equator 2 1
11 no equator 2 1
12 no posterior pole 2~ 2
13 no equator j 2f 2

14 no equator

23
4

6
6
8

13
24
25
26
28
41
43
45

52

yes
fluoroangiography not
possible due to the
localization

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

not performed, due
•;?to the presence of

cataract
yes

no
no

no
no
no
no
no
no

relative
no
no

relative
relative

relative

4
3f

3
1
2*
1

31-
3
If
2
2

3



Table 7.5. Features of small choroidal tumours.

diagnosii

dubious
naevus

naevus

small

s number
of
cases

5

14

melanoma 10

eye
com-
plaints

1

4

10

diameter

l j -3DD x

(2.4DD)*
1-6 DD
(2.7 DD)

4-7 mm + "
(6.3 mm)

prominence

1-2 D x

(1.8D)
0-2 D
(1.3D)

0.8-2mm
(1.3 mm)

fluorogram

'-'typ. atyp.

3 2

12

9

visual field
defect
absol.

1

_

6

reL

4

4

3

abs.

10

_

31P test

pos. neg.

2 3

- 14

10

enu-
cleation
yes no

5°

- 14

10

duration
of obser-
vation
(yr)

1J-3
(2.1)
1-4
(2.5)

_

absence
of
growth

5

14

_

* values between parentheses are means
DD = disc diameter

D = diopter
° one tumour coagulated

measured in the histologic specimen

u typ.
atyp.
absol.
rel.

= typical
= atypical
= absolute
= relatively
= absent

pos. = positive
neg. = negative



Case histories

Patient 14: The most important findings in this case were a small pale

choroidal lesion with a fluorescein angiography pattern possibly typical for

a hypopigmented naevus, a relative visual field defect, and a negative 32P test

result.

This patient, a 59-year-old woman, was found to have a pale lesion in the posterior
pole of OD at a routine ophthalmological examination. The visual acuity was 1.0.
Fluorescein angiography (see Fig. 7.1), showed an early onset of hyperfluorescencc in
the tumour area and a mosaic patte::i of non-fluorescence. Later, drusen overlying the
tumour stained with fluorescein, whereas, the fluorescence in the tumour area dis-
appeared gradually. Perimctry showed a relative visual defect. The lesion has not
changed during the two years since the 3IP est, which gave a negative result of 25%.
No evidence of a primary tumour or metastases was found. The tentative diagnosis was
choroidal hypopigmented naevus.

Patient 15: The most important findings in this case were a small pigmented
choroidal lesion with a fluorescein angiography pattern typical for a mela-
noma, a relative visual field defect, and a negative 3 2P test result.

This patient, a 69-year-old man, noticed a decrease in visual acuity (OD to 4/60)
caused by a small pigmented tumour in the posterior pole. Fluorescein angiography
revealed a pattern typical for a melanoma, with pinpointing and a faint, late, diffuse
fluorescence. Perimetry showed a relative visual field defect. The 3aP test was nega-
tive (39%). It is possible that this choroidal lesion is a naevus overlain by a damaged
retinal pigmented epithelium, which created a fluorescence pattern simulating a
melanoma. It is, however, also possible that the lesion is such a small melanoma that
the tumour's radioactivity was not sufficiently higher than the background activity to
create a positive result. The clinical findings and the fluorographic appearance did not
show any alteration in the course of 3 years after the performance of the 3ZP test.

Patient 16: The most important findings in this case were a small pigmented

choroidal lesion with the typical fluorescein angiography pattern of a nae-

vus, an absolute visual field defect, and a negative 3 2P test result.

This patient, a 54-year-old woman, was found to have at a routine ophthalmoscopic
examination a small pigmented iesion in the posterior pole of OD, located just above
and temporal to the macular area. The visual acuity was 1.0. Fluorescein angiography
showed a pattern typical for a naevus with drusen and subretinal neovascularisation.
A large absolute visual field defect was present. This defect was larger than the naevus,
and coincided with the tumour area and an area of retinal pigmented epithelial
atrophy extending beyond the tumour. Repeated fluorescein angiography did not show
any change of the pattern during a 2-year period after the negative "P test. Presum-
ably, this choroidal lesion is a naevus with subretinal neovascularization, from which
fluid has leaked towards the temporal site and beneath the macular area. This leakage
probably caused the atrophy of the pigmented epithelium and resulted in the absolute
visual field defect.
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Fig. 7.1. . Fluorogram of patient 14: the tumour area shows fluorescence with the
staining of overlying drusen.

The histories of the fourth and the fifth patients in Table 7.2 have already
been described (case histories 7 and 8, page 48). In both of these patients a
naevus was suggested by the fluorescein angiography pattern and the perim-
etry result, but the 32P test was positive.

THE THERAPEUTIC ASSESSMENT OF SMALL
CHOROIDAL TUMOURS

Prolonged observation of a small choroidal tumour, in combination with
repeated fluoroangiography and perimetry, can be necessary to diagnose a
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melanoma, as has been described for two such lesions by Hogeweg et al.
(1976), but delay in the diagnosis of a melanoma may lead to metastatic
disease.

Studies on the survival rates of patients with confirmed choroidal mela-
noma indicate that there is less danger of death from metastatic disease if
the tbmours are small rather than large ones. Shammas &Blodi (1977)
found a mortality rate of 13% for melanomas with a diameter of 10 mm or
less and of 70% when the diameter exceeded 12 mm. Davidorf &Lang
(1975) reported that 5 out of 22 patients with small melanoma (less than
10 mm in diameter and 3 mm in elevation) died of metastatic disease during
a 10-year follow-up. These deaths concerned one patient with a spindle A, 3
with a spindle B, and one with a mixed cell type melanoma. No deaths
occurred among the patients with melanomas less than 7 mm in diameter
and 2 mm elevation. In contrast with these authors' view that size is a more
important prognostic factor than the cell type in patients with small
melanomas, McLean et al. (1977) found in a series of 46 melanomas with a
diameter of less than 10 mm that the mortality rate was 47% for mixed or
epithelioid cell tumours as against only 6.5% for spindle cell melanomas.
Furthermore, death tended to occur after a longer post-enucleation interval
in patients with small melanomas than in those with large tumours.

We may therefore conclude that it is to the patient's advantage not to let a
small melanoma become a large one. However, it is not known whether a
short observation time - applied to find out if a small tumour suspected of
being a melanoma shows growth - influences its relatively good prognosis.
Such a tendency can be deduced from the literature indicating that enuclea-
tion should only be elected when growth of a small tumour suggesting
melanoma has been established (Gass, 1977). Gass also based this opinion
on the occurrence in the files of the pathology laboratory of eyes with
spindle cell naevus enucleated because of a suspected melanoma without
clinical evidence of growth. Char & Hogan (1977) observed, during a mean
period of 7 years, 9 patients with a small choroidal tumour suspected to be
a melanoma, and enucleated 9 other patients on account of such a lesion.
None of the 18 patients developed metastases. The unoperated patients did
not show tumour growth; in 2 of them the 33Ptest had been performed,
with a result of 20 and 90% respectively. Curtin «fcCavender (1974) re-
ported one death due to metastatic disease among 5 patients enucleated on
account of a small choroidal melanoma. Nine other patients with probably
such a lesion were not enucleated and showed neither tumour growth nor
evidence of metastatic disease during a 5-year follow-up. It is possible that
the observation period was so short that fatalities will occur in the future.

The lesions included in these retrospective studies of Char and Curtin were
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more or less systematically investigated with fiuorescein angiography and
perimetry. The diagnostic value of the 32Ptest in such cases of small
tumours suggestive of melanoma on ophthalmoscopic grounds is doubted
(Gass, 1977; McLean et al., 1978). The latter authors described 8 cases of
spindle cell naevi, classified as spindle A type melanoma cells according to
Callender, in which the 3ZP test result was invariably higher than 60% and in
4 cases even more than 100%. All 8 tumours had a diameter of less than
10 mm and an elevation of less than 1 mm, dimensions which corresponded
with the size of the dubious naevi of the present study (Table 7.2). The
authors considered these 8 tumours to be benign lesions. In a series of
15 patients, many of whom had good visual acuity but had been enucleated
because of such a lesion, the same authors found that there had been no
deaths due to metastatic disease during a 15-year follow-up after enuclea-
tion. However, they did not mention fluorograms or perimetry studies for
these lesions or the way in which the 32P test had been performed.

Our data of small melanomas are not similar to those of McLean. Of the
10 smallest choroidal melanomas in the present study (Table 7.3), not asingle
tumour had only spindle A type cells. One tumour even contained epithe-
lioid cells, which, according to McLean et al. (1977, & 1978) and Shammas
&Blodi (1977), have an unfavourable influence on the patient's survival.
Furthermore, 5 melanomas showed invasive growth reaching the middle of
the sclera or further. Scleral invasion is known to be associated with a
poorer prognosis as compared with tumours without it (Mosselman, 1975;
McLean etal., 1977; Shammas &Blodi, i977). It is likely that further
growth, of these small tumours would eventually have led to extrascleral
extension. It is therefore essential that small choroidal melanomas be diag-
nosed before they become large and without the delay involved in an obser-
vation period to establish growth. The very low mortality rate (14% after a
5-year follow-up) of patients with a choroidal melanoma enucleated
immediately after a positive 32Ptest (Hagler etal., 1977), underlines the
importance of early diagnosis and immediate enucleation.

The results of the present study show that when a lesion, suggestive of
melanoma in its ophthalmoscopic aspect, creates a triad of examination
results consistent with the diagnosis melanoma, e.g. a typical fluorescence
pattern, a visual field defect and a 33P test result of more than 60%, histo-
logy will confirm the diagnosis. It is therefore not justifiable in such a
situation to introduce an observation period to establish tumour growth
before therapy is elected. If all results point to the diagnosis melanoma, the
eye should enucleated, generally, immediately following the 3 Z P test. With
this approach not a single eye containing a naevus rather than a melanoma

k *
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was enucleated, nor a spindle A cell type lesion present among the small
melanomas of the present series.

The situation in which a melanoma does not create the triad of examina-
tion results is very exceptional. An example was described by Shields et al.
(1975), who reported on a small melanoma with a normal fluorogram, a
visual field without a defect, but with a positive 32P test. In the present
study only one patient had the fluorogram typical of a melanoma (patient 2
of Table 7.2) not consistent with the negative 32P test result, and in two
patients (4 and 5 of Table 7.2) the positive 32P test results were not con-
sistent with the fluorograms, while the visual fields showed only relative
defects, a finding fitting the diagnosis of naevus and melanoma as well. In
such rare situations in which the various examination results cannot be
matched with each other to establish one final diagnosis, the decision to
enucleate or to introduce an observation period should be made for each
patient individually.
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CHAPTER 8

THE 32P TEST IN EXTRAOCULAR LESIONS

Only a few patients with extraocular lesions have been examined with the
32P test in our department. The measurements were performed 48 hours
after the intravenous injection of 32P in a dose of 8 to 10 microCi per kilo-
gram body weight, with a maximum of 700 microCi. The control site was
chosen to correspond as much as possible with the tumour area. The results
obtained in 12 patients are shown in Table 8.1. AU but one of the diagnoses
were histologically verified.

The data show that the 32P test permitted good differentiation between
extraocular malignant and benign lesions, on the basis of a threshold value
of 60%. A positive test result was obtained in the S malignant tumours, and
a negative result in the 7 benign lesions. Similar findings were obtained by
Lommatzsch &Guntermann (1971), i.e., a test result of more than 75% in
5 patients with a malignant epibulbar tumour and a result of less than 75%
in 8 patients with a benign epibulbar lesion.

Nevertheless, because of the radiation burden, a 32P test is not indicated
for easily excisable lesions of the conjunctiva or skin. Use of the 32P test to
determine whether the lesion is malignant, is only justifiable when in toto
excision of an epibulbar lesion is difficult and a diagnostic biopsy is not desir-
able, e.g. in cases of melanoma. In cases of conjumctival melanoma it is also
possible to perform a cytologic examination in a smear obtained by
swabbing the surface of the tumour.

Table 8.1. Results of 3IP test in 12 patients with an extraocular lesion.

Diagnosis

Malignant lesions:
Extraocular extension of a choroidal melanoma
Epibulbar lymphosarcoma
Conjunctival melanoma
Conjunctiva) melanoma
Melanoma on the surface of the sclera
Benign lesions:
Conjunctival naevus
Conjunctival naevus
Conjunctival naevus
Conjunctival melanosis (tentative diagnosis)
Conjunctival melanosis
Conjunctival lipo-lymphangioma
Kerato-acanthoma

Result (in %)

810
595
400
400
139

59
14
13
10
1

26
17

r »
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CHAPTER 9

INDICATIONS FOR THE 32P TEST

The 32P test is an accurate method for differentiation between a malignant
tumour and a benign lesion located in the posterior segment of the eye. A
correct diagnosis can often be made, however, with the aid of non-surgical
methods such as ophthalmoscopy, fluorescein angiography, perimetry, and
ultrasonography.

A 32P test should be performed in all small lesions in which other diag-
nostic methods suggest or cannot exclude malignancy. A 32Ptest is not
strictly required for large lesions (e.g. with a prominence of at least 3 mm
and a diameter of at least 1S mm), when other examinations have already
indicated malignancy. If, however, the examination results are contradictory,
a 32P test is essential to establish or exclude malignancy.

Lesions suggesting metastasis of a known primary tumour should not be
investigated with the 32P test, but if the primary tumour cannot be found, a
32P test should performed to confirm the presumed malignancy.

Lesions suggesting retinoblastoma should not be examined with the
32Ptest because of the occurrence of misleading results due partly to
tumour necrosis and additional retinal detachment, which interferes with
precise localization of the tumour. The clinical characteristics of a retino-
blastoma are generally sufficient to establish the diagnosis.

Because results of the 32P test can be incorrect in lesions located in the
anterior segment of the eye, as reported in the literature and found in our
series, this test should not be performed in such cases. Clinical features, such
as growth behaviour, and fluorescein angiography can be used to establish
the diagnosis.

Finally, the 3ZP test should generally be withheld for lesions located out-
side the globe, as shown in Chapter 8.
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SUMMARY

Chapter 1 explains why the 32P test was reintroduced into The Netherlands
for the diagnosis of intraocular tumours and how the present study was
started.

In Chapter 2 the physical features of 32P and the biochemical behaviour of
radioactive phosphate in healthy and neoplastic tissue are described. The
complications, which can be encountered after the administration of 32P, are
mentioned.

Chapter 3 gives a review of the 3ZP test in ophthalmology, with special
attention to the methods used and the development of instruments for the
measurements. The 32Ptest results published in the literature show when
correct c.q. inaccurate results were obtained.

In Chapter 4 the way in which the 32P test was performed in this study is
described. The different counting techniques used according to the localiza-
tion of the tumour under study, are given. The apparatus used to localize
the lesions and to measure the radioactivity are described. Finally, features
of the 211 patients in this series are given. Characteristics of the melanomas
of 124 patients are compared with data in the literature.

In Chapter 5 the 32P test results obtained in the patients of this study are
described. A good diagnostic accuracy of the 32Ptest was present in the
192 lesions located in the posterior segment, with a correct result obtained
in 186 patients. Only three malignant and three benign lesions showed an
incorrect test result. The inaccuracy of the 3 2 P test in the 19 anterior
segment lesions is in accordance with published data. A study was perform-
ed to investigate the presence of correlations between histologic features of
melanomas and the 32P test results. The small correlations found, mainly a
positive with the tumour-mass (r = 0.4) and a negative with the thickness of
the sclera overlying the tumour (r=— 0.3), are compared with literature
data. The influence of the threshold-value on the number of positive and
negative 32P test results and the influence of differences in the control sites
on the value of the test result are mentioned briefly. Finally, the few compli-
cations encountered with the use of the 32P test are discussed.

In Chapter 6 the results obtained with scintigraphy, fluorescein angio-
graphy, perimetry, transillumination, and ultrasonography are given and
compared with data in the literature. In contrast with scintigraphy and
transillumination, fluorescein angiography and to a lesser extent perimetry
proved to be valuable methods for the diagnosis of intraocular tumours.
Ultrasonography was not used systematically for each tumour of this study.
In addition, the occurrence and significance of orange areas overlying the
tumours under study are discussed. The results of the general examination
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and the occurrence of melanuria in the patients of this series are given.
In Chapter 7 the value of fluorescein angiography, perimetry, and the

32P test for the diagnosis of various lesions, with relevance to the differential
diagnosis of a choroidal tumour, is described. These three methods provide
information about different aspects of the tumour under study which, in
combination with the ophthalmoscopic features, permit good evaluation of
the nature of the lesion.

Three groups of small choroidal tumours are compared. Both melanomas
and naevi showed specific characteristics and examination results. There
remained, however, a small group of 5 lesions for which the results of
the different examinations did not give clear diagnoses. This might justify
observation in which tumour-growth can be established before enucleation
is elected. The literature indicates that there is a tendency to use observa-
tion for every small tumour with ophthalmoscopic features suggesting
melanoma. A review of the literature on the survival rate of melanoma-
patients is given. The existing difference in prognosis between small and
large tumours is mentioned. On this basis and on the basis of the histologic
features of the smallest melanomas in our series, a proposal is put forward
for the investigation and treatment of small choroidal tumours. If the results
of fluorescein angiography, perimetry and the 3ZPtest point towards
melanoma, enucleation should elected immediately. Observation should be
restricted to those lesions which show an examination result inconsistent
with malignancy.

In Chapter 8 the 3 2 P tests performed in 12 patients with an extraocular
lesion are mentioned. The results, in every case correct, are compared with
data in the literature.

In Chapter 9 the indications for the 32P test are summarized.
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SAMENVATTING

In hoofdstuk 1 wordt uitgelegd waarom de 32P test opnieuw in Nederland
werd geïntroduceerd voor de diagnostiek van intraoculaire tumoren en hoe
de voorliggende studie werd begonnen.

In hoofdstuk 2 worden de fysische eigenschappen van 32P beschreven
evenals het biochemische gedrag van radioactief fosfaat in gezond en tumor-
weefsel. De complicaties, die kunnen optreden na het toedienen van 32P,
worden aangegeven.

In hoofdstuk 3 wordt een overzicht gegeven van de 32P test in de oogheel-
kunde, waarbij speciaal aandacht wordt besteed aan de gebruikte methoden
en de ontwikkeling van de meetinstrumenten. De in de literatuur vermelde
32P test resultaten tonen wanneer juiste dan wel onnauwkeurige metingen
bereikt werden.

In hoofdstuk 4 wordt de wijze aangegeven waarop de 32P test in deze
studie werd uitgevoerd. De verschillende meettechnieken, gebruikt afhanke-
lijk van de lokalisatie van de tumor, worden beschreven, evenals de appara-
ten waarmee de lesies gelokaliseerd werden en de radioaktiviteit gemeten
werd. Tenslotte worden gegevens van de 211 patiënten van deze studie ver-
meld. Kenmerken van de melanomen, zoals geconstateerd bij 124 patiënten,
worden vergeleken met gegevens uit de literatuur.

In hoofdstuk 5 worden de 32P test resultaten beschreven, die verkregen
zijn bij de patiënten van deze studie. Een goede diagnostische nauwkeurig-
heid van de test werd bereikt bij de 192 tumoren in het achtersegment,
waarbij een juist resultaat werd verkregen bij 186 patiënten. Slechts
3 maligne en 3 benigne tumoren toonden een onjuist testresultaat. De er.'
nauwkeurigheid van de 32P test bij de 19 afwijkingen in het voorsegment is
in overeenstemming met gegevens uit de literatuur. Er werd een studie ver-
richt om de aanwezigheid van correlaties te onderzoeken tussen histolo-
gische kenmerken van melanomen en de 32P test resultaten. De gevonden
kleine correlaties, voornamelijk een positieve met de hoeveelheid tumor-
weefsel (r = 0,4) en een negatieve met de dikte van de sclera aanwezig tussen
tumor en meetsonde (r= - 0 , 3 ) , worden vergeleken met literatuur gegevens.
De invloed van de drempelwaarde op het aantal positieve en negatieve test-
resultaten wordt kort vermeld, evenals de invloed van verschillende controle
plaatsen op het testresultaat. Tenslotte worden de weinig talrijke complica-
ties besproken, die opgetreden zijn bij het gebruik van de 32P test.

In hoofdstuk 6 worden de resultaten vermeld, die verkregen zijn met scin-
tigrafie, fluorescentie angiografie, perimetrie, transilluminatie en ultrasono-
grafisch onderzoek. Zij worden vergeleken met gegevens uit de literatuur. In
tegenstelling tot scintigrafie en transilluminatie bleken fluorescentie angio-
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grafie en in mindere mate perimetrie waardevolle onderzoeksmethoden bij
intraoculaire tumoren. Ultrasonografie werd niet bij elke tumor systema-
tisch gebruikt. Verder worden het voorkomen en de betekenis besproken
van oranje vlekjes die soms aanwezig waren op het oppervlak van de onder-
zochte tumoren. Tenslotte worden de resultaten vermeld van het algemene
onderzoek bij de patiënten van deze studie. Het aantal patiënten met
melanurie wordt aangegeven.

In hoofdstuk 7 wordt de waarde besproken van fluorescentie angiografie,
perimetrie en de 32P test voor de diagnostiek van afwijkingen die belangrijk
zijn in de differentiaal diagnose van een chorioidea tumor. Deze drie onder-
zoeksmethoden geven informatie over verschillende aspecten van de onder-
zochte tumor, zodat in combinatie met het ofthalmoscopisch beeld een
goede evaluatie van de aard van de lesie mogelijk is.

Drie groepen kleine choriodea tumoren worden vergeleken. Zowel melano-
men als nevi tonen specifieke kenmerken en onderzoeksresultaten. Er bleven
echter 5 tumoren over, waarbij met behulp van de verschillende onderzoeks-
methoden niet goed tot een duidelijke diagnose kon worden gekomen.
Zo'n situatie kan het invoeren rechtvaardigen van observatie, waar-
bij pas tot enucleatie wordt besloten als tumor-groei is aangetoond. In de
literatuur is een tendens aanwezig om zo'n observatie te gebruiken bij elke
kleine chorioidea tumor die ofthalmoscopisch doet denken aan een mela-
noom. Een overzicht van de literatuur over het overlevingspercentage van
melanoom-patienten wordt gegeven. Geconstateerd wordt een verschil in
prognose tussen kleine en grote tumoren. Hier op gebaseerd en vanuit de
histologische kenmerken van de kleinste melanomen in deze studie, wordt
een voorstel gedaan met betrekking tot het onderzoek en de behandeling
van kleine chorioidea tumoren. Als de resultaten van fluorescentie angio-
grafie, perimetrie en de 32P test duiden op een melanoom, dan moet het oog
zo gauw mogelijk geënucleëerd worden. Observatie moet beperkt blijven tot
die lesies waarbij een onderzoeksresultaat niet wijst op de aanwezigheid van
een maligne tumor.

In hoofdstuk 8 worden de 32P test resultaten vermeld die verkregen zijn bij
12 patiënten met een extraoculaire afwijking. De resultaten, in alle gevallen
juist, worden vergeleken met gegevens uit de literatuur.

In hoofdstuk 9 worden de indicaties voor een 32P test aangegeven.
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STELLINGEN

1. Het is mogelijk om met de 32P bepaling onderscheid te maken tussen
maligne en benigne tumoren in het achtersegment van het oog.

2. Het is niet mogelijk om met de 32P bepaling histologische kenmerken
van chorioidea melanomen te bepalen.

3. Bij een chorioidea tumor, verdacht voor een melanoom, zal histologisch
onderzoek de diagnose bevestigen, wanneer een bij een melanoom pas-
send fluorescentie-angiografisch patroon, een gezichtsvelddefect en een
positief 32P test resultaat zijn verkregen.

4. Elke kleine tumor in het achtersegment van het oog moet met de 32P
bepaling onderzocht worden, wanneer maligniteit door andere onder-
zoeksmethoden niet uitgesloten kan worden.

5. Het regelmatig uitvoeren van de 32P bepaling verhoogt de betrouwbaar-
heid van het resultaat.

6. De therapie voor chorioidea melanoom is, in het algemeen, nog steeds
enucleatie.

7. Het toedienen van oogdruppels aan kinderen kan het beste gebeuren
terwijl ze de ogen gesloten houden.

(Fleming A.W., J. of Pediatrie Ophthal 10:296,1973)

8. De in handboeken nogal eens vermelde aanwijzing om slijmvlies te
gebruiken voor orbita-socket (re)constructie geldt slechts voor kleine
transplantaten. Indien een groter oppervlak door weefsel bedekt moet
worden, verdient een vrije huidtransplantatie de voorkeur.

9. Het in één zitting uitvoeren van een corneatransplantatie en lensextrac-
tie, eventueel gecombineerd met implantatie van een kunstlens, heeft de
voorkeur boven het uitvoeren van deze ingrepen in twee tempi.

10. Scheelzienscorrectie door middel van horizontale oogspier chirurgie be-
reikt haar effect door het creëren van een mechanische weerstand.

11. De in literaire overzichten veelvuldig voorkomende splitsing in Vestdijks
functionele prozawerk, waarbij de historische romans c.q. verhalen
geïsoleerd worden van de rest, is uiterst misleidend.

12. De instanties die uiteindelijk beslissen over het wel of niet afgraven van
het Plateau van Margraten dienen te beseffen dat na bijna 40 jaar het
gezegde van Dr. Jac. P. Thftsse (1939) 'De zorg voor het behoud van
natuurruimte is een maatschappelijke plicht van hooge orde' nog niets
aan waarde heeft ingeboet.

(Vijftig jaar natuurbescherming in Nederland, bh. 213. Amsterdam
Herengracht 540,1956)
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