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Fig. 5 Areas ofmalignant cells
with necrosis and haemorrhage in a
non-responsive eye. (H and E,
x20).

non-responsive eyes (Fig. 5). This was probably due
to the presence of the implantation tract. There was
no histological evidence of damage to the cornea,
iris, or lens in any of the 23 eyes treated with either
the 42 or 82 mm transducer which did not develop
immediate post-treatment problems (vide infra).
Four eyes developed complications from the treat-

ment resulting in inability to evaluate the effect of
treatment and are not included in Fig. 3. The most
serious complication was orbital oedema with
secondary proptosis and lagophthalmos, noted 24
hours after treatment. Comeal exposure with
resultant ulceration and/or opacification was the
outcome in each of these cases. In seven phakic
animals with high-temperature short-duration treat-
ment (>49°C, 5-15 min) scleral thinning was
observed. In one case scleral melting was seen in the
region where the ultrasound beam exited from the
eye. Two types of retinal detachment were seen after
UIH. In the majority of animals a localised exudative
detachment either developed or increased during the
first week after treatment. This resolved in the cases
where the tumour regressed but increased in eyes
containing non-responsive tumours. Seven of the
treated phakic eyes developed a rhegmatogenous
retinal detachment. As discussed in the next section,
these complications were associated with a set of
experimental conditions peculiar to the rabbit model.

Discussion

These findings indicate that UIH alone can be an
effective local treatment of this intraocular tumour
model. It must, however, be noted that this rapidly
growing strain of hamster melanoma with its propen-
sity for sarcomatous change is pathologically differ-
ent from the slow growing human choroidal
melanoma. Initial tumour regression was observed at
temperatures of 45°C for one hour. Complete regres-
sion was most frequently observed at treatment
temperatures of 49°C for one hour. Other workers
have reported that temperatures of 42°C to 47°C
maintained for one hour have resulted in irreversible
damage in rodent and rabbit tumours. 13 Several
factors may account for the higher temperatures
required to obtain total tumour regression in this
work. Most recurrences were observed at the border
of the tumour. It is possible that the choroid adjacent
to the margin of the tumour could allow greater heat
dissipation and establish a temperature gradient
between the core of the tumour and its periphery.
Thus a subtherapeutic temperature would be present
at the tumour borders. Secondly, in our study the eye
was proptosed and surrounded by a saline bath
initially heated to 37°C but allowed to cool during the
procedure. The thin sclera of the rabbit may also
allow excessive heat dissipation into the adjacent

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 



Effect ofhyperthermia on experimental choroidal melanoma

waterbath medium. Marginal recurrence of tumour
may also be related to inaccurate beam orientation
resulting in an edge of the tumour being inadequately
heated.
The complications of UIH seen in this study were

primarily related to beam orientation. The occa-
sional severe orbital swelling and secondary propto-
sis were probably a consequence of the anatomical
location of the proptosed globe, with subsequent
difficulty in the accurate and perpendicular position-
ing of the ultrasound beam in some animals. Specific-
ally, the proptosed rabbit eye rests against the bony
orbital rim, which can result in very high local
temperatures for several reasons. Firstly, the orbital
bone will reflect virtually all the incident ultrasound,
doubling the local intensities and temperature eleva-
tions. Secondly, bone, unlike soft tissue, can support
ultrasonic shear waves, and the incident compres-
sional ultrasonic wave can be converted to shear
waves at the bone surfaces. These shear waves are
strongly absorbed by adjacent soft tissues causing
very high local temperatures. In the human, acoustic
attenuation within the orbital fat will greatly reduce
the intensity levels at the orbital wall, and such
phenomena should be negligible. Subretinal
haemorrhage and exudative retinal detachment,
which were observed after treatment in most
animals, may have been the result of vascular damage
produced by the relatively high temperatures used in
this study. The rhegmatogenous retinal detachments
seen in seven phakic eyes most likely resulted from
inadvertent perforation of the retina by the thermo-
couple.

It is believed that hyperthermia has multiple
actions at a cellular level and on tumour microcircula-
tion. Histologically, tumours treated with hyper-
thermia show hypertrophy of the Golgi apparatus
and an increase in acid-phosphatase-positive
lyzosomes six hours after treatment.'5 Later this
destruction becomes more widespread, as evidenced
by derangement of the cytoplasm and rupture of
plasma membranes. In addition there is denaturation
of enzymes necessary forDNA repair as well as direct
inhibition of DNA, RNA, and protein syntheses.'6
The tumour microvasculature also has an

important. role in the heat sensitivity of malignant
cells. Charateristically the centre of the tumour mass
has a sluggish blood flow, whereas in the periphery it
may be rapid owing to low tissue pressure and short
capillary lengths. Song et al. demonstrated that in
normal tissues (skin and muscle of rats) the blood
flow increased three- to four-fold when heated to
43°C for one hour. 17 At higher temperatures vascular
breakdown occurred. However, tumours heated to
these temperatures showed no increase in blood flow
but more often a decrease in perfusion. At 45°C stasis

of blood flow within tumours is observed, with
infarction and coagulative necrosis.'8 Reduction of
blood flow may reduce the supply of nutrients to the
tumour and slow the egress of cellular breakdown
products after hyperthermia. As a secondary effect
there is an increase in aerobic glycolysis and lactic
acid production. The resulting decrease in' intra-
cellularpH within the tumour may result in activation
of lyzosomal enzymes which damage membranes of
organelles within the cell.
While this work has evaluated hyperthermia as a

sole form of treatment, in current medical practice
heat treatment is usually given in combination with
radiation therapy. The rationale behind this is the
well known synergistic effect between radiation and
hyperthermia in the treatment of malignant disease.'9
This synergism is of potential benefit in ophthal-
mology, where the most common intraocular
tumour, choroidal melanoma, is relatively radio-
resistant. Focal hyperthermia supplied by ultrasound
energy might thus be particularly useful when com-
bined with localised radiation-for example, cobalt
plaque to achieve tumour regression with reduced
radiation dosage. Initial studies in our laboratory
with ophthalmologically relevant human tumour
xenographs in athymic nude mice confirms this
synergistic effect."'
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