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Effect of Axial Length on Laser Spot
Size During Photodynamic Therapy:
An Experimental Study in Monkeys

Mineo Kondo, MD, Yasuki Ito, MD,
Kentaro Miyata, MD, Nagako Kondo, MD,
Kohei Ishikawa, MD, and Hiroko Terasaki, MD

PURPOSE: To investigate the effect of shorter axial length
on the laser spot size and laser energy during photody-
namic therapy (PDT) in monkeys.

DESIGN: Experimental study with four rhesus monkeys.
METHODS: PDT was performed on the normal retina of
monkeys whose ocular axial lengths are shorter (19.55 to
20.25 mm) than that of humans. After the PDT, the eyes
were enucleated, and the diameter of the irradiated laser
spot was measured with a microcaliper.

RESULTS: The area of actual laser spot was only 0.56 to
0.61 times of the planned area, which indicated that the
laser energy/area was 1.64 to 1.78 times more intense
than planned initially.

CONCLUSION: These results are the in vivo demonstration
that the diameter of PDT laser spot is smaller for eyes
with shorter axial lengths. (Am J Ophthalmol 2006;
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PHOTODYNAMIC THERAPY (PDT) IS A VERY EFFECTIVE
treatment for subfoveal choroidal neovascularization
that is associated with age-related macular degeneration
and other retinal diseases.!? In this procedure, an indirect
condensing laser lens with a magnification factor >1.0 is
used commonly. The magnification factor is not constant
and changes according to the axial length of the eye.
The results of a past study with a calibrated Gullstrand-
type model eye* showed that, as the axial length of the
eye shortened, the size of the laser spot on the retina
decreased, and the laser energy/area increased signifi-
cantly. However, there is no in vivo study to demonstrate
the effect of axial length on the laser spot size and laser
energy.

We have performed PDT on the normal retina of
monkeys whose ocular axial lengths are shorter than that
of humans. Four rhesus monkeys were studied under
protocols that were approved by Nagoya University School
of Medicine, and all experiments were conducted in
accordance with National Institutes of Health guidelines
on animal use and with the ARVO statement on the Use
of Animals in Ophthalmic and Vision Research.

The axial length of four eyes ranged from 19.55 to 20.25
mm, as measured by A-scan ultrasonography, compared
with 24 to 25 mm in humans. PDT was performed under
the same conditions as those for patients, according to the
guidelines of the Treatment of Age-related Macular De-
generation with Photodynamic Therapy (TAP) and Verte-
porfin in Photodynamic Therapy (VIP) studies.!?
Verteporfin (6 mg/m? of body surface area; Novartis, Basel,
Switzerland) was administrated by intravenous infusion
over 10 minutes. Fifteen minutes after the start of the
infusion, a laser at 689 nm and intensity of 600 mW/cm?
with an irradiation time of 83 seconds was used to irradiate
the retina (Visulas 690s; Zeiss, Jena, Germany). The spot
sizes were set at 5000, 4000, and 3000 pm for the three
monkeys. An indirect condenser laser lens (Quad Pediatric
Lens; Volk Optical Inc, Mentor, Ohio, USA) was used,
with a magnification factor of 1.82.

One week after PDT, an intense retinal whitening was
seen that coincided with the site of the PDT (Figure, left).
To examine the cause of this strong effect of PDT, the eyes
were enucleated, and the diameter of the irradiated laser
spot was measured with a microcaliper. The results
showed that, despite the laser being set to irradiate a
spot of 5000 wm, the actual spot size was only 3900 pm.
Similarly, a spot size that was set at 4000 pm resulted in
an actual spot size of 3000 pm, and a spot size for
monkey set at 3000 wm resulted in an actual spot size of
2300 pm. Thus, we found that the area of actual laser spot
was only 0.56 to 0.61 times of the planned area (Table).
These results also indicated that laser energy/area was 1.64
to 1.78 times more intense than initially planned (Table).
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FIGURE. (Left) Fundus photographs of a rhesus monkey retina 1 week after photodynamic therapy (PDT). Despite the laser being
set to irradiate a spot of 5000 um, the actual spot size was only 3900 wm. (Right) Fundus photograph of rhesus monkey retina 1
week after PDT, after the correction of the laser diameter (5000 pum).

TABLE. Changes in Spot Size of Photodynamic Therapy
in Three Rhesus Monkeys

Monkey 1 Monkey 2  Monkey 3  Average

spot size setting (A) 5000 wm 4000 pm 3000 pm
actual spot size B) 3900 pm 3000 pm 2300 pm
relative size of actual

spot (B/A) 0.78 0.75 0.77 0.77
relative area of actual

spot (B%/A?) 0.61 0.56 0.59 0.59
relative energy/area of

actual spot (A%2/B2) 1.64 1.78 1.70 1.71

These values are in agreement with the previous data that
were obtained with a model eye.#

In the fourth monkey, the magnification factor was
changed from 1.82 to 1.40 (1.82 X 0.77), based on the
results from the other three monkeys (Table). One week
after PDT, we noted that the size of PDT spot was larger
and that the retinal color change was milder (Figure,
right).

These results show in the in vivo demonstration that the
diameter of PDT laser spot is smaller for eyes with shorter
axial lengths when an indirect laser lens (magnification
factor, >1.0) is used. The results also suggest that, when
PDT is performed on patients with shorter axial lengths,
the effects of PDT will be stronger. Although we have not
performed PDT on patients with very short axial lengths,
a reduction of the spot diameter should be considered for
such cases.*
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