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Laser Irradiation Control of Fetal Endoscopic Surgery for Twin-twin Transfusion Syndrome

Verification of blood-flow interception by in vivo experiment

Takeshi SEKT*, Akihiro NAGANAWA™,
Kiyoshi OkA** and Toshio CHIBA***

Fetoscopic laser photocoagulation (FLPC) of chorionic plate anastomoses is the main treatment for severe

previable twin-twin transfusion syndrome (TTTS). However, this treatment requires the use of highly advanced
endoscopic technologies that enable the measurement of parameters such as blood flow and distance between
the placental vessels and irradiation fiber tip. However, a clear protocol of this treatment procedure has not yet
been determined. In this study, we developed a composite-type optical fiberscope (diameter, 2.2 mm) that has
a centrally located laser cautery made of fiber and is surrounded by fiberglasses for viewing. The transmitting
efficiency of the laser in our fiberscope was very high (84.7 %). A certain degree of cauterization could be per-
formed with 20 W-40 W laser power when the distance between the irradiated area and the fiber tip was 10
mm. In a previous study, as a basic research for placental blood-flow interception, we emitted the irradiation
laser to a porcine liver to test laser power control, and using a thermocouple, we found the temperature of the
irradiation spot to be within £ 0.3 O error. In this study, we irradiated a porcine mesenteric vessel with blood
flow in vivo with a laser beam to test laser power control while monitoring the temperature.The experimental
results were as follows: target temperatures of 60 0 and 70 O were controlled by a feedback control system using
a thermocouple at a low power of approximately 17 W. The target temperature was maintained within 00 —2.0 O
error. In addition, we measured the blood flow by a laser Doppler blood-flow meter before and after the laser
irradiation and quantitatively confirmed the blocking of blood flow.

Key Words: Fetal surgical treatment, Composite-type optical fiber, Laser power control, Temperature mea-

surement, Blood flow measurement
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Fig.2 Composite-type optical fiberscope
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Fig.5 Overview of experiment
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Fig. 6 Experimental results of irradiation control
(Target temperature 60 O, irradiation time 15 sec.)
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Fig.7 Experimental results of irradiation control
(Target temperature 70 O, irradiation time 10 sec.)

Table 1 Results of Laser irradiation control

Object | T3 [O] | TL [sec] | Tr [sec] | Ly [W] | € [O]
porcine 60 0.55 2.0 3.8 +0.3
liver 70 0.45 3.4 4.3 +0.3
mesenteric 60 0.50 3.4 12.9 od —2.0
vessel 70 0.70 4.0 16.7 |00 —2.0

Table 2 Thermal conductivity of experimental object

Object A [W/(mK)]
porcine liver 0.746
human blood 0.506
human skin 0.480
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(b) Target temperature 70 O, irradiation time 10 sec.

Fig. 8 Results of blood-flow measurement

Table 3 Results of blood-flow measurement

Ty Fbefore Fafter Fratio
[0] | [ml/min/100g] | [ml/min/100g] | [%)]
60 45.0 21.3 47.3
70 31.9 11.0 34.5
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Fig.9 The mesenteric vessel’s macrophotographs at laser ir-
radiation spot
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