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The Development of Distribution System for Medical Laser
and its Clinical Application

Shunji Okae, Tsuneo Ishiguchi, Takeo Ishigaki and Sadayuki Sakuma
Department of Radiology, Nagoya University School of Medicine
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Clinical application

We developped a new laser beam generator system which can deliver laser beam to multiple
terminals in distant clinical therapy rooms. The system posesses the distribution equipment by which
Nd-YAG laser power is distributed to 8 output terminals under the computer control. Distributed laser
beam is delivered to each distant terminal with clinical informations through the optical fiber. In the
fundamental studies, possibility of distant transportation of laser beam (30 m) only with 10% loss of
energy and without dangerous heating at the connection parts was shown. There seems to be no
disadvantage associated with distribution laser beam. In the clinical study, the system was applied to
five patients with the symptoms including hemosputum, esophageal stenosis, hemorrhage, lip ulcer
and pain. Clinical usefulness of the system was proved.

The advantages of the system are as follows: 1. Benefit of cost reduction due to multiple use of
single laser source. 2. No necessity of transport of the equipment. 3. No requirement of a wide space to
install the equipment in the distant room. 4. Efficient management and maintenance of the system by
centralization. Further improvements, e.g., simultaneous use at multiple terminals and elongation of
transportation up to 340 m, make the system more useful for clinical application.
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Table 1 Tissue characterization of laser beam

in rat
Nd-YAG laser Ar-dye laser
organ
Thick 1/1, L  Thick /1, L Refl
Liver 4.5 0.14 5.27 1.8 0.27 3.17 0.16
Skin 1.2 0.54 4.48 1.2 0.35 2.63 0.38
Trachea 1.2 0.53 4.3 0.7 0.43 1.90 0.17
Esophagus 0.5 0.58 2.11 0.5 051 L1.70 0.19
Heart 2.4 0.39 5.87 2.4 0.36 5.41 0.16
Lung 3.0 0.21 4.43 3.0 0.10 3.00 0.34
Spleen 3.7 0.20 5.29 3.7 0.05 2.8 0.15
Kidney 2.9 0.30 555 2.9 0.11 3.03 0.14
Testis 2.5 0.49 8.07 2.5 0.10 250 0.45
I/I, ; Transmissivity
L ; Extinction length (mm)
Refl : Rate of reflection

Thick ; Thickness of organ (mm)

Table 2 Tissue characterization of laser beam
in human arterial blood with 8.9 mm thickness

Patient Nd-YAG Laser Ar-dye Laser
Number Po, Hb
1/1, L (mm) 1/1, L (mm)

1 0.13 10.0 0.34 19.0 94.3 13.1
2 0.11 9.28 0.26 15.2 90.8 16.6
3 0.001 2.97 0.003 3.53 81.2 9.1
4 0.01 4.45 0.11 9.28 86.0 11.8
5 0.02 5.24 0.09 8.51 95.7 16.8

Po, ; Partial pressure of oxygen
Hb ; Volume of hemoglobin
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Table 3 Case performed by laser beam irradiation

Primary disease

Patient and target Symptom Laser dose Efficacy

1) H.N. 60y F. Uterine cancer Hemosputum from 20W 200] Effective
Lung metastasis rt. main bronchus

2) H.M, 82y M. Esophageal cancer Dysphagia due to 20W 250] Effective
Esophageal tumor esophageal stenosis

3) T.M., 46y M. Rectal cancer (post Hemorrhage from 20W 1,500] Effective
operation) artificial anus i
artificial anus

4) S.A, 41y F. Stevens-Johnson's Lip ulcer 0.1W 72] No change
syndrome, Lip

5) K.Y, 54y M. Recurrence of Buttock pain <0.1W <72] Effective
rectal cancer
Buttock
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Fig. 3 The transmitting experiment of optical
fiber. In experiment B, two connectors were used
to elongate the optical fiber. The output power
was lower in experiment B than in experiment A.
In addition, the temperature of the connector in
experiment B was higher than that in experiment
A.
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