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Background:   Microsurgery of blood vessels is a very difficult task and procedures such as the suturing of small blood vessels require great surgical skills. One of the methods that had been proposed is to use laser soldering.  Our group has developed a unique bonding system that was based on two AgClBr, infrared transmitting fibers and on a CO2 laser.  Using this system it was possible to apply albumin solder on the approximated edges of an incision and then heat the albumin, spot by spot, under a close temperature control.  Best results were obtained when each spot was heated to 60C for 10Sec.  This system worked well for bonding of incisions in many types of tissues, including skin, dura, intestines etc.   However, the smallest spot that could have been heated was of diameter 2mm.   We have tried many modifications of the system but have not been able to controllably heat spots of smaller diameters.   We hypothesized that temperature controlled laser tissue soldering using a single IR fiber is the only method that will provide an accurate control of such small heated spots and that this will enable the bonding of small and delicate blood vessels.
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Progress report:   As a first step we developed a single fiber, temperature controlled laser bonding system. It was capable of stabilizing the temperature of a spot of diameter 1mm on tissue to a desired value. As a second step, we carried out detailed simulations of the expected temperature distribution in the heated tissue. We compared the results  with thermal camera measurements on a thin plastic film, to prove that the simulation correctly predicts the temperature at every point on (or inside) the tissue. We achieved a perfect agreement between the measured results and the simulation results.  As a third step, before attempting to use the system on small blood vessels, we used the system for bonding of incisions in the cornea – which is very sensitive to overheating. The corneal structure and composition makes it ideal to understand temperature distribution and to assess thermal damage generated.  The system was used to bond incisions of length 2.8mm in bovine corneas of thickness 1mm, as shown in the figure.  The pressure inside the eye was gradually increased and the burst pressure was measured to be 100 ± 33 mmHg, which is three times higher than the required pressure. The thermal damage that was observed was very small, and agreed with the simulation results that showed a severe thermal damage to the albumin layer but not to the underlying tissue.  This paves now the wave for the fourth step – soldering of small blood vessels.
Summary and Future Plans:   The excellent results mentioned above, clearly indicate that the system would be extremely useful for the anastomoses of small blood vessels.   These will start soon with Dr. Eyal Gur, the Head of the Department of Plastic Surgery at the Ichilov Hospital, Tel Aviv.    
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