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ABSTRACT

Copper vapour/dye systems are used for Photo Dynamic Therapy because they can produce several Watts
of light at 630 nm with high efficiency. In contrast to continuous wave Argon/dye laser systems, the pulsed
Cu/dye systems have a peak power 10,000 higher than the average power. Because no commercial spherical
diffusing fibers guaranteed at these peakpowers were available to us, we developed high power diffusers ourself.
The probes with diameters up to 3.7 mm on 600 tm fibers, have an improved thermal behavior. The output is
50-60 % of the laser beam input. Tested with input powers up to 6 W no damage occured for exposure times
over 15 minutes. The isotropy of the probes varied between within I % and 25 % (sd) on average. We have
succesfully started Photo Dynamic Therapy in patients with carcinoma in situ in the bladder using these probes.

1. INTRODUCTION

In the field of Photo Dynamic Therapy (PDT) the dosimetry of the light fluence in the target tissue is very
important . Dueto the still poor selectivity ofthe second generation photosensitizers being evaluated clinically,
the activation threshold of the photosensitizers in carcinogenic tissues is still close to the threshold in normal
tissues. For optimal treatment, the control of the light dose for large surface areas depends on the uniformity
of the light distribution 2 For the treatment of carcinoma in situ in the bladder, spherical diffusers are used to
create a circumferential uniform light distribution . These diffusers usually consist of a sphere of highly
scattering material connected on the tip of a fiber. Generally, the probes have a uniformity of the angular light
distribution within 10 %. These probes are mainly used in combination with Argon/dye laser systems up to 2
Watts ofthe therapeutic wavelength near 630 nm. Presently, also copper vapour/dye lasers are attractive to use
for PDT because the systems can produce several Watts at 630 nm with high efficiency The energy of Cu/dye
systems is generated in 10 ns pulses at 10 kHz resulting in a peak power 10,000 higher than the average power.
Since there were no spherical diffusing probes guaranteed at these peak powers commercially available, we
developed high power diffusers ourseif. The aim was to reduce thermal effects in the probe while preserving a
uniform distribution and a high output efficiency.

2. METHODS

2.1 Production of the probes
The tips of 600 m fibers were prepared to improve heat dissipation and were additionally coated using a

Uv light curing polymer with a highly scattering material4. The probes were either ball shaped or pear shaped
(Fig. 1). The probes were produced with various diameters.

2.2 Probes testing

2.2.1 Uniformity of angular distribution
The isotropy of the probes was tested in a goniometric setup using a photodiode which was translated circular

around the probe during an output of several hunderds of mW of 630 nm Cu/dye light. The measurements were
performed in the polar and equatorial plane with respect to the fiber axis. The output of the photodiode was
registered by a personal computer.

200/SPIE Vol. 1645 Optical Methods for Tumor Treatment and Detection (1992) O-8194-0791-7/92/$4.OO
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 11 Mar 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



'\ I
scattering PEARUV cured,W,
polymer

Figure 1.. The high power diffu-
sers are bail shaped (left) and
pear shaped fright,).

2.2.2 Output Efficiency
The efficiency of the probes was determined by measuring the output of the probe relative to the input

power of the dye laser at 630 nm and relative to the output of a bare fiber. The power output was measured
using an integrating sphere power meter (United Detector Technologies).

2.2.3 Maimuin ouiputpower and duration test
The probes were coupled to a 25 W copper vapour/dye laser system (CVL25/DL3O, Oxford Lasers, UK)

producing up to 7 W at 630 urn. During the maximum input of the laser, the output of the probe was measured
in a water environment. At powers just below the maximum output of the laser, the probes were exposed for
30 minutes while submerged in water. A videocamera was used to film the probe in close-up during the test, to
record the mechanism of failure, if happening.

2.3 Ordinary probes
The output efficiency and isotropy of two types of ordinary probes used in clinical trails were measured for

comparison to the high power diffusing probes. Earlier experience showed that these ordinary probes failed
during exposure with an input power above 2 W Cu/dye at 630 nm.

3. RESULTS

After initial experience in the production of the probes, the latest 15 probes are being evaluated in this
report. The probes have been divided in two categories: pear shapes (n=8) and ball shapes (n=7). The
dimensions of the probes and the test:ing results are presented in tabel 1.

Tabel 1. Dimensions and results of high power diffusing probes

diameter fiber:
diameter probe:

output efficiency:
output efficiency:

Maximum power output:
% failure after 30 mm:

600 im
2.1 -.3.7 mm
46 - 62 % (compared to laser output)
62 - 82 % (compared to fiber output)
3.9 W
20 (2of 10)

SPIE Vol. 1645 Optical Methods for Tumor Treatment and Detection (1992) 1 201

BALL

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 11 Mar 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



0
0)

0>

0

0
C-)
C

•0

202 1 SPIE Vol. 1645 Optical Methods for Tumor Treatment and Detection (1 992)

3.1 Isotropy
Scanning in the polar plane (zero at the tip of the probe and fiber end at +1—180 degrees), the high power

probes have a maximum irradiance near +1-90 degrees and a minimum near 0 degrees as illustrated in the figure
2 (top). Figure 3 shows that the ball shaped probes are more isotropic (sd 1-10 %)compared to the pear shaped
probes (Sd 20-35 %). Someof the ordinary probes have a high isotropy (Sd 3-26 %). Scanningin the equatorial
plane, all the probes were isotropic within a few procent (Fig.2, bottom right).
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Figure2: Typicalisotropy ofballshaped andpearshaped highpowerdiffusers (top).. Forcomparison, the isotropy
oftwo ordinary diffusers (bottom left) and the isotropyforalltypes ofprobes in the equatorialpiane (bottom right).
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3.2 Output efficiency
The output efficiency of the probes varied from 46 to 63 % compared to the direct output of the dye laser

and 62 to 82 % compared to the output of a bare fiber (75 % efficiency, tabel 1). No correlation was found
between output efficiency and probe diameter.

3.3 Maximum output power and duration test
Most probes could withstand an input power of 6 W at 630 nm of the Cu/dye system resulting in an output

of the probe up to 4 W.
Eight out of ten probes (80 %)survived the duration test of 30 minutes at 6 W input submerged in water.

The failures occurred after 20 and 27 minutes.

4. DISCUSSION

4.1 Probe design
The design of the high power spherical diffuser is based on the theoretically expected improvement of the

thermal characteristics. The isotropy of the probe came second place but turned out to be satisfying.

4.2 Thermal characteristics
Basically the high power diffuser has its greatest advantage in the improved heat dissipation of probe

compared to the ordinary . The build-up of thermal energy, which is generated by light absorption within the
probe, is reduced, resulting in lower peak temperatures inside the probe. Probes of the ordinary design failed
due to too high temperatures. The diffusing material inside the probe degraded and burned, resulting in an
explosive escape of gaseous products. Either a crack was formed in the probe surface or the probe was blown
off of the fiber.

Sometimes tiny bubbles were observed during the duration testing at the surface of the high power probe,
indicating temperatures near 100 °C. From the transmission data compared to the bare fiber (tabel 1), it can
be estimated that 10 to 20 % of the input power is absorbed in the probe. Calculation shows that probe
temperatures near the boiling point of water can be expected using these absorption data.

4.3 Isotropy
The high power diffusers showed to have a dip centered around angle zero (Fig.2, top). This dip is attributed

the shape of the probe. The total surface area as seen by the photodetector measuring the irradiance, is largest
from a sideview (900). Especially the surface area of pear shaped probes is larger from a side view, explaining
the large variation in isotropy. The isotropy of ball shaped probes varies also because they are not perfectly
spherical but slightly ellipsoidal.

4.4 Output efficiency
No correlation is found between the output efficiency and the diameter of the probe. Assuming that light

absorption by the scattering coating is small, it is hard to distinguish differences in absorption within the accuracy
of the measurements. The efficiency of the high power diffusers is similar to the efficiency of the ordinary
diffusers.
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4.5 Maximum output power and duration test
The input power used to test the probes was several times higher than the therapeutic power level used in

clinical 2 Still 80 % of probes survived an exposure time of 30 mm At a probe output between 3 to 4 W,
the time of treatment could be reduced to below 15 minutes. All probes survived this length of exposure time.
At levels of 3 W input none of the probes tested failed during an one hour exposure.

4.6 Aging
Exposed probes which were tested again several days to weeks later, showed a decrease in output efficiency

and some of them failed during additional duration testing These results indicate that the coating of the probes
is degrading. This can either be due to the high power exposures or to aging.

4.7 Mechanical properties
The pear shaped probes showed to be less fragile than the ball shaped probes which have a fragile 'naked'

neck (Fig.1). The isotropy ofthe pear shapes is inferior to the ball shapes. Instead ofusing the scattering coating
to protect the naked fiber neck, a transparant coating might enhance the support and would less interfer with
the isotropy of the ball shaped probes. The neck of these probes remains a weak spot.

4.8 Patient treatment
During the development of the probes, one patient has been treated using the high power diffuser. At that

moment no other probes were guaranteed at therapeutic power levels in combination with copper vapour /dye
systems.

5. CONCLUSIONS

The high power spherical diffusers can be used safely at therapeutic power levels in combination with the
high peak powers of the copper vapour/dye laser.

The isotropy and transmission of the high power spherical diffusers is comparable with similar probes used
in combination with continuous wave laser systems .The ball shaped probes have a better isotropy compared
to the pear shaped.
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