
 

Description 

Title of Invention 

MICROWAVE PROVIDING DEVICE AND MICROWAVE SURGICAL DEVICE 

PROVIDED WITH SAME 

Technical Field 

 The present invention relates to a microwave providing device for providing 

microwaves for realizing hemostasis, coagulation, excision, or the like of a treatment 

target tissue, such as a biological tissue subject to treatment, to a surgical electrode and 

a microwave surgical device provided with the same. 

Background Art 

 In the related art, a microwave surgical device for realizing hemostasis, 

coagulation, excision, or the like of a tumor tissue such as a liver cancer, for example, 

by radiating thermal energy generated by dielectric heating of microwaves to a 

treatment target tissue via a needle-shaped surgical electrode is known. 

 Here, thermal energy generated by dielectric heating of microwaves is mainly 

generated by dielectric loss of moisture having relatively high relative permittivity in a 

treatment target tissue. 

 Thus, if microwaves are continuously radiated to a treatment target tissue, after 

coagulation of the treatment target tissue progresses to some extent, the moisture in the 

treatment target tissue around a surgical electrode becomes insufficient, spark discharge 

occurs between the surgical electrode and the treatment target tissue, and the treatment 

target tissue carbonizes.  In this case, a coagulation range (the range indicated by 

symbol W in Fig. 9) of the treatment target tissue extending around the surgical 

electrode cannot be extended to a required range. 

 Thus, as disclosed in Patent Literature 1, for example, a technique of 

intermittently providing microwaves to a surgical electrode in order to repeating 

dielectric heating while suppressing a decrease in the moisture in a treatment target 

tissue is known. 

Citation List 

Patent Literature 

 Patent Literature 1: Japanese Patent No. 2510475 

Summary of the Invention 
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Problems to be Solved by the Invention 

 However, in the microwave surgical device disclosed in Patent Literature 1, 

since specific conditions for intermittently providing microwaves are not specified, the 

coagulation range of the treatment target tissue cannot be extended effectively. 

 An object of the present invention is to provide a microwave providing device 

capable of effectively extending the coagulation range of a treatment target tissue by 

setting the conditions for intermittently providing microwaves and to provide a 

microwave surgical device provided with the same. 

Means for Solving the Problems 

 In order to solve the problem, the present inventors have invented the present 

invention by focusing on the fact that first efficiency of dielectric heating by 

microwaves with respect to a cumulative radiation period of the microwaves 

intermittently radiated to a treatment target tissue exceeds second efficiency of dielectric 

heating by microwaves with respect to a cumulative radiation period of microwaves 

continuously radiated to the treatment target tissue when the cumulative radiation period 

exceeds a specific period. 

 Specifically, the present invention provides a microwave providing device for 

providing microwaves to a surgical electrode, including: a microwave generator that 

generates the microwaves; and an output controller that controls the microwave 

generator so that the microwaves are generated intermittently, wherein the output 

controller controls the microwave generator based on a first efficiency of dielectric 

heating by microwaves with respect to a cumulative radiation period of microwaves 

radiated intermittently to a treatment target tissue by an intermittent radiation condition 

that is set in advance and a second efficiency of dielectric heating by microwaves with 

respect to a cumulative radiation period of microwaves radiated continuously to the 

treatment target tissue by a continuous radiation condition that is set in advance so that 

microwaves are intermittently radiated by the intermittent radiation condition after a 

reference cumulative radiation period that exceeds 0 second and is set in advance as a 

cumulative radiation period at which the first efficiency becomes larger than the second 

efficiency, while the microwaves are continuously radiated by the continuous radiation 

condition until the reference cumulative radiation period is reached, each of the 

intermittent radiation condition and the continuous radiation condition includes a type 
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of the treatment target tissue, an output power of the microwaves, and a frequency of 

the microwaves, and the intermittent radiation condition includes a radiation period per 

each radiation of the microwaves and a pause period per each pause of the microwaves. 

 In the present invention, microwaves are radiated intermittently after the 

reference cumulative radiation period of microwaves at which the first efficiency 

becomes larger than the second efficiency.  Due to this, by intermittent radiation of 

microwaves after the reference cumulative radiation period, it is possible to perform 

dielectric heating by microwaves with the first efficiency higher than the second 

efficiency. 

 Here, the following are considered as the causes of why the first efficiency 

becomes larger than the second efficiency if the time exceeds the reference cumulative 

radiation period. 

 Such an amount of moisture that does not affect the efficiency of dielectric 

heating remains around the surgical electrode in the treatment target tissue until the 

reference cumulative radiation period is reached regardless of continuous radiation and 

intermittent radiation.  On the other hand, when microwaves are radiated continuously 

over the reference cumulative radiation period, the amount of moisture around the 

electrode of the treatment target tissue decreases due to evaporation to such an amount 

that the efficiency of dielectric heating decreases.  In contrast, when microwaves are 

radiated intermittently after the reference cumulative radiation period, although the 

amount of moisture around the electrode of the treatment target tissue during radiation 

of microwaves decreases, moisture returns from the surrounding portion during the 

pause period of microwave radiation and the efficiency of dielectric heating increases 

due to the returning moisture. 

 Thus, as in the present invention, by intermittently radiating microwaves at least 

after the reference cumulative radiation period, it is possible to perform dielectric 

heating with the first efficiency higher than the second efficiency. 

 Thus, according to the present invention, it is possible to effectively extend the 

coagulation range using microwaves unlike a case in which microwaves are 

intermittently radiated during the reference cumulative radiation period only. 

 Furthermore, according to the present invention, it is not necessary to provide 

the pause period of microwaves until the reference cumulative radiation period is 
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reached.  Thus, it is possible to shorten the time required for coagulation of the 

treatment target tissue as compared to the case of radiating microwaves always 

intermittently. 

 The first efficiency, the second efficiency, and the reference cumulative 

radiation period are determined according to the output power and the frequency of 

microwaves, the type (a difference between relative permittivities) of the treatment 

target tissue, and the radiation period and the pause period of microwaves. 

 In the microwave providing device, it is preferable that the reference cumulative 

radiation period is longer than the radiation period per each radiation of the microwaves. 

 It is preferable that the reference cumulative radiation period is longer than a 

sum of the radiation period per each radiation of the microwaves and the pause period 

per each pause of the microwaves. 

 In the microwave providing device, it is preferable that the output controller 

stores in advance a target radiation count, in which a coagulation range of the treatment 

target tissue becomes a predetermined target range, and controls the microwave 

generator so that generation of microwaves stops at the target radiation count. 

 According to this aspect, it is possible to automatically stop generation of 

microwaves at the target radiation count for realizing a target coagulation range. 

 Here, it is confirmed that the coagulation range of the treatment target tissue is 

not further extended if the cumulative radiation period of microwaves exceeds a specific 

period.  Thus, it is possible to suppress unnecessary radiation of microwaves when the 

number of radiations for obtaining a cumulative radiation period, in which extension of 

the coagulation range is not expected any further, is set to the target radiation count. 

 The target radiation count can be set in advance according to the output power 

and the frequency of microwaves, the type of the treatment target tissue, and the 

radiation period and the pause period of microwaves. 

 In the microwave providing device, it is preferable that the output controller 

controls the microwave generator so that an (n+1)th radiation of microwaves is 

performed after a pause period that is shorter than a period in which a temperature of the 

treatment target tissue dielectrically heated by an n-th radiation of microwaves 

decreases to a temperature at the start time of the n-th radiation of microwaves. 

 With regard to the returning phenomenon of the moisture in the treatment target 
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tissue, it is considered that the longer the pause period provided between the 

intermittent radiation periods of microwaves, the more advantageous to dielectric 

heating.  On the other hand, it is confirmed that, when the radiation period per each 

radiation of microwaves is fixed, the longer the pause period, the narrower the 

coagulation range of the treatment target tissue.  This is considered to be attributable to 

the fact that the treatment target tissue is cooled in the pause period by the influence of 

an ambient temperature or the circulation of the blood or the like of a living body.  In 

particular, it is considered that the effect of cooling the treatment target tissue by the 

circulation of the blood or the like (hereinafter referred to as a cooling effect) has the 

major influence. 

 Thus, as in the aspect, when subsequent microwave radiation is performed 

before the temperature of the treatment target tissue increased by the previous 

microwave radiation decreases, dielectric heating can be performed by the subsequent 

radiation of microwaves using the heat generated by the dielectric heating based on the 

previous radiation of microwaves.  As a result, it is possible to efficiently extend the 

coagulation range while suppressing the influence of the effect (in particular, the 

cooling effect) of cooling the treatment target tissue. 

 It is necessary to change the radiation period and the pause period of 

microwaves appropriately according to the type or the like of the treatment target tissue.  

For example, when the microwaves have a frequency of 2450±50 MHz, the output 

controller may set an output power of the microwaves to 80 W, set a radiation period for 

each radiation of microwaves to 10 seconds, and set a pause period to 5 seconds. 

 It is confirmed that, by doing so, a relatively large area of the liver of a human 

body, for example, can be coagulated. 

 The present invention also provides a microwave surgical device including: a 

surgical electrode; and the microwave providing device for supplying microwaves to the 

electrode. 

 In the microwave surgical device, it is preferable that a coating for suppressing 

attachment to the treatment target tissue is formed on the surgical electrode. 

 According to this aspect, a special process of supplying dissociation current for 

suppressing attachment of the treatment target tissue to the electrode is not required 

additionally to microwaves for coagulation. 
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Advantageous Effects of the Invention 

 According to the present invention, it is possible to effectively extend the 

coagulation range of a treatment target tissue by setting the conditions for intermittently 

providing microwaves. 

Brief Description of the Drawings 

Fig. 1 is a block diagram illustrating a schematic configuration of a microwave 

surgical device according to an embodiment of the present invention. 

Fig. 2 is a graph illustrating the efficiency of dielectric heating by microwaves. 

Fig. 3 is a schematic cross-sectional view illustrating a test device used for 

measurement of the coagulation range of a treatment target tissue. 

Fig. 4 is a table illustrating test result 1 obtained using the test device of Fig. 3. 

Fig. 5 is a table illustrating test result 2 obtained using the test device of Fig. 3. 

Fig. 6 illustrates test result 2 of Fig. 5 in descending order of the coagulation ranges. 

Fig. 7 is a table illustrating test result 3 obtained using the test device of Fig. 3. 

Fig. 8 is a graph illustrating the temperature of a treatment target tissue measured 

under the conditions corresponding to test result 3 of Fig. 7. 

Fig. 9 is a schematic cross-sectional view illustrating a state in which a treatment target 

tissue is coagulated by the microwave surgical device of Fig. 1. 

Description of the Embodiments 

 Hereinafter, an embodiment of the present invention will be described with 

reference to the accompanying drawings.  The following embodiment is an example in 

which the present invention is embodied but is not intended to limit the technical scope 

of the present invention. 

 Referring to Fig. 1, a microwave surgical device 1 includes a surgical electrode 

4, a microwave providing device 2 for providing microwaves to the electrode 4, and a 

coaxial cable 3 that detachably connects the electrode 4 and the microwave providing 

device 2. 

 The electrode 4 is a rod-shaped electrode in which a central electrode and an 

outer electrode covering the central electrode from the outer side are disposed on the 

same axis (see Fig. 9).  Moreover, a coating (not illustrated) formed of a fluorine resin 

is formed on an outer circumferential surface of the electrode 4 in order to suppress 

attachment of a treatment target tissue S. 
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 As illustrated in Fig. 1, the microwave providing device 2 includes a microwave 

generator 5 for generating microwaves, an output controller 6 that controls the 

microwave generator 5, and an input operation unit 7 for allowing an operator to input 

predetermined information. 

 The microwave generator 5 can generate microwaves of the frequency 2450±50 

MHz.  A microwave generation mechanism of the microwave generator 5 is not 

particularly limited. 

 The output controller 6 controls the microwave generator 5 so that microwaves 

are generated intermittently.  Specifically, the output controller 6 controls the 

microwave generator 5 so that microwaves are intermittently radiated after cumulative 

radiation period of microwaves radiated to the treatment target tissue S exceeds 

predetermined reference cumulative radiation period.  Hereinafter, reference 

cumulative radiation period Ti1 will be described with reference to Fig. 2. 

 Fig. 2 is a graph illustrating a standing wave ratio (hereinafter referred to as 

SWR) with respect to a cumulative radiation period of microwaves to a treatment target 

tissue (a tissue having approximately the same relative permittivity as the liver) S.  The 

output power of microwaves is 80 W and the frequency thereof is 2450±50 MHz. 

 In Fig. 2, symbol L1 indicates SWR (second efficiency) when microwaves are 

radiated continuously and symbol L2 indicates SWR (first efficiency) when microwaves 

are intermittently radiated with a radiation period of 10 seconds and a pause period of 5 

seconds.  Moreover, both SWRs L1 and L2 are obtained when microwaves are radiated 

until the cumulative radiation period of microwaves reaches 180 seconds. 

 Here, when the amount of moisture in the treatment target tissue S decreases and 

the load impedance of the treatment target tissue S changes, the SWR increases.  That 

is, the smaller the SWR, the better the efficiency of dielectric heating. 

 As illustrated in Fig. 2, when the SWR L2 during intermittent radiation is set to 

P0.05 and the cumulative radiation period exceeds approximately 90 seconds, there is 

a significant difference between the SWR L1 during continuous radiation and the SWR 

L2 during intermittent radiation. 

 Thus, in the microwave surgical device 1, the reference cumulative radiation 

period Ti1 is set to 90 seconds when the treatment target tissue S subject to treatment is 

the liver, the microwaves have an output power of 80 W and a frequency of 2450±50 
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MHz, and the radiation period per each radiation is 10 seconds and the pause period per 

each pause is 5 seconds. 

 That is, the output controller 6 illustrated in Fig. 1 controls the microwave 

generator 5 so that microwaves are intermittently radiated at least after the cumulative 

radiation period reaches 90 seconds under conditions that the output power is 80 W, the 

frequency is 2450±50 MHz, the radiation period is 10 seconds, and the pause period is 

5 seconds. 

 Specifically, the output controller 6 includes an output condition controller 8 

that controls the output conditions of intermittent radiation of microwaves and a 

memory 9 that stores a predetermined target radiation count of microwaves. 

 The output condition controller 8 extracts an appropriate condition among the 

output conditions stored in advance in the memory 9 according to an operation of the 

input operation unit 7 and outputs a command to the microwave generator 5 so that 

microwaves are intermittently radiated under this condition. 

 For example, when the input operation unit 7 inputs a command that the 

treatment target tissue S is the liver, the output condition controller 8 sets an output 

condition that the output power is 80W, the radiation period is 10 seconds, and the pause 

period is 5 seconds and outputs a command to the microwave generator 5. 

 Moreover, the output condition controller 8 controls the number of intermittent 

radiations of microwaves by referring to the type of the treatment target tissue S input 

by the input operation unit 7 and the target radiation count stored in the memory 9.  

Here, the target radiation count which will be described in detail later is the number of 

intermittent radiations in which the cumulative radiation period of microwaves is equal 

to or larger than the reference cumulative radiation period Ti1 (90 seconds) and 

extension of the coagulation range (the range indicated by symbol W in Fig. 9) by 

intermittent radiation of microwave under the output condition converges (the 

coagulation range does not extend as expected even if intermittent radiation is 

performed further). 

 The reference cumulative radiation period of 90 seconds is a value set 

depending on the type (a tissue having approximately the same relative permittivity as 

the liver) of the treatment target tissue S and the output conditions that the output power 

is 80 W, the frequency of 2450±50 MHz, the radiation period of microwaves is 10 
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second, and the pause period is 5 seconds.  Here, it can be expected that the reference 

cumulative radiation period Ti1 changes if the radiation period and the pause period 

change.  The following test is performed in order to find better conditions (a radiation 

period and a pause period) by assuming that, if the reference cumulative radiation 

period Ti1 is set to 90 seconds or longer, dielectric heating can be performed with 

higher efficiency than when microwaves are radiated continuously. 

 The purpose of this test is to specify a condition (a radiation period and a pause 

period) that maximizes a width dimension W of a coagulation range of the treatment 

target tissue S by the electrode 4 inserted into the treatment target tissue S as illustrated 

in Fig. 9.  In Fig. 9, symbol D indicates a depth dimension of the treatment target 

tissue S in a length direction of the electrode 4. 

 First, a test device 14 for measuring a coagulation range of the treatment target 

tissue S will be described with reference to Fig. 3. 

 The test device 14 includes a water bus 12 for adjusting the treatment target 

tissue (a tissue having approximately the same relative permittivity as the liver) S to a 

predetermined temperature, a clamp 11 that holds the electrode 4 with a distal end 

inserted into the treatment target tissue S, a stand 10 that supports the clamp 11, and a 

microwave providing device (not illustrated) connected to the electrode 4 by the coaxial 

cable 3. 

 The microwave providing device can set a microwave radiation condition (an 

output power, a frequency, a radiation period, and a pause period) and can provide 

microwaves to the electrode 4 according to the radiation condition. 

 The water stored in the water bus 12 is maintained to a predetermined 

temperature by a heater (not illustrated). 

 Microwaves are intermittently radiated to the treatment target tissue S via the 

electrode 4 in a state in which the temperature of the treatment target tissue S in the 

water bus 12 is stably maintained to a predetermined temperature. 

 <Test Result 1 (Fig. 4)> 

 In this test, the coagulation range W is measured for Examples 1 to 9. 

 In Examples 1 to 3, the radiation period is set to 10 seconds, the pause period is 

set to 5 seconds, and the total radiation period (cumulative radiation period) is set to 90 

seconds for Example 1, 120 seconds for Example 2, and 210 seconds for Example 3. 
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 In Examples 4 to 6, the radiation period is set to 20 seconds, the pause period is 

set to 5 seconds, and the total radiation period is set to 100 seconds for Example 4, 160 

seconds for Example 5, and 220 seconds for Example 6. 

 In Examples 7 to 9, the pause period is set to 10 seconds, the total radiation 

period is set to 120 seconds, and the radiation period is set to 10 seconds for Example 7, 

15 seconds for Example 8, and 20 seconds for Example 9. 

 In test result 1, from comparison among Examples 1 to 3 and comparison among 

Examples 4 to 6, it can be understood that, when the radiation period and the pause 

period are constant, the coagulation range W increases as the number of repeats 

increases. 

 Moreover, from comparison between Examples 1 and 4, comparison between 

Examples 2 and 5, and comparison between Examples 3 and 6, it can be understood that 

the coagulation range W when the radiation period is 10 seconds is wider than the 

coagulation range W when the radiation period is 20 seconds. 

 When Examples 2 and 9 in which the total radiation period is 120 seconds are 

compared, although a wider coagulation range W is measured for Example 9, a further 

test is not performed under a condition of the radiation period of 20 seconds in which 

the temperature of the electrode 4 is higher than when the radiation period is 10 

seconds. 

 Further, when Examples 7 and 8 in which the pause period is 10 seconds and the 

total radiation period is 120 seconds are compared, it can be understood that the 

coagulation range W when the radiation period is 15 seconds is wider than the 

coagulation range W when the radiation period is 10 seconds. 

 Thus, the following test is performed in order to check the limit of the 

coagulation range W when the radiation period is 10 seconds and the pause period is 5 

seconds and when the radiation period 15 seconds and the pause period is 10 seconds. 

 <Test Result 2 (Figs. 5 and 6)> 

 As illustrated in Fig. 5, in this test, the coagulation range W is checked for 

Comparative Examples 1 to 3 and Examples 10 to 19. 

 In Comparative Examples 1 to 3, the total radiation period is set to 60 seconds, 

which is shorter than the reference cumulative radiation period Ti1 (90 seconds).  In 

Comparative Example 1, microwaves are radiated continuously.  In Comparative 
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Example 2, the radiation period is set to 10 seconds and the pause period is set to 5 

seconds.  In Comparative Example 3, the radiation period is set to 15 seconds and the 

pause period is set to 5 seconds. 

 The pair of Examples 10 and 11, the pair of Examples 12 and 13, the pair of 

Examples 14 and 15, and the pair of Examples 16 and 17 are pairs of example in which 

the radiation period is set to 10 seconds and the pause period is set to 5 seconds and 

example in which the radiation period is set to 15 seconds and the pause period is set to 

10 seconds. 

 The number of repeats is set to 10 for Examples 10 and 11, the number of 

repeats is set to 15 for Examples 12 and 13, the number of repeats is set to 20 for 

Examples 14 and 15, and the number of repeats is set to 25 for Examples 16 and 17. 

 In Examples 18 and 19, the radiation period is set to 10 seconds and the pause 

period is set to 5 seconds.  Moreover, the number of repeats is set to 30 for Example 18 

and the number of repeats is set to 35 for Examples 19. 

 Fig. 6 illustrates Comparative Examples 1 to 3 and Examples 10 to 19 in 

descending order of the coagulation ranges W. 

 Referring to Figs. 5 and 6, it can be understood that there is no great difference 

in the coagulation ranges W of Comparative Examples 1 to 3.  Due to this, it can be 

understood that there is little influence on the coagulation range W even when 

microwaves are radiated continuously or intermittently as long as the cumulative 

radiation period is within the reference cumulative radiation period. 

 Moreover, Examples 16 and 18 are compared to check the relation between the 

number of repeats and the coagulation range W.  The coagulation range W of Example 

18 is smaller than the coagulation range W of Example 16 despite the fact that the 

number of repeats of Example 18 is larger than the number of repeats of Example 16.  

Moreover, when Examples 16 and 19 are compared, the coagulation range W of 

Example 19 is changed only 2 mm from the coagulation range W of Example 16 despite 

the fact that the number of repeats of Example 19 is larger by 10 than the number of 

repeats of Example 16.  From these facts, the number of repeats (the target radiation 

count) in which, under the output conditions that the radiation period is 10 seconds, the 

pause period is 5 seconds, the output power is 80 W, and the frequency is 2450±50 

MHz, the extension of the coagulation range converges is set to 25.  The target 
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radiation count is stored in the abovementioned memory 9 (see Fig. 1). 

 Further, Example 19 and Examples 15 and 17 are compared and Examples 13 

and 16 are compared to check the relation between the total period and the coagulation 

range W.  From the comparison, it can be understood that the coagulation range W can 

be extended more efficiently when the total period is set such that the radiation period is 

10 seconds and the pause period is 5 seconds than when the radiation period is 15 

seconds and the pause period is 10 seconds. 

 Moreover, Example 16 and Examples 15 and 17 are compared to check the 

relation between the total radiation period and the coagulation range W.  From the 

comparison, it can be understood that a wide coagulation range W can be obtained in a 

shorter total radiation period when the radiation period is 10 seconds and the pause 

period is 5 seconds than when the radiation period is 15 seconds and the pause period is 

10 seconds. 

 From these results, it can be understood that the combination of the radiation 

period of 10 seconds and the pause period of 5 seconds is better than the combination of 

the radiation period of 15 seconds and the pause period of 10 seconds. 

 Here, when the liver of a patient (human body) is coagulated under the condition 

of Example 14, the measured coagulation value (WD) is 27 mm  42 mm and the 

same result as the test is obtained.  Moreover, when the liver of a patient (human body) 

is coagulated under a reference condition that the output power of microwaves is 60 W, 

the radiation period is 15 seconds, the pause period is 5 seconds, and the number of 

repeats is 20, the measured coagulation value (WD) is 25 mm  40 mm. 

 Thus, the following test is performed by fixing the intermittent radiation period 

of microwaves to 10 seconds. 

 <Test Result 3 (Fig. 7)> 

 In Examples 20 to 22, the radiation period is set to 10 seconds and the number 

of repeats is set to 30.  Moreover, the pause period is set to 5 seconds for Example 20, 

the pause period is set to 10 seconds for Example 21, and the pause period is set to 15 

seconds for Example 22. 

 Further, in Example 23, microwaves are radiated continuously in the reference 

cumulative radiation period Ti1 (90 seconds), and microwaves are intermittently 

radiated after the reference cumulative radiation period Ti1.  The radiation period per 
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each intermittent radiation is set to 10 seconds and the pause period is set to 5 seconds. 

 Moreover, the total radiation period of Examples 20 to 23 is 300 seconds. 

 From comparison among Examples 20 to 22, it can be understood that, the 

shorter the pause period, the wider the coagulation range W when the radiation period 

per each radiation and the total radiation period are constant.  This is considered to be 

attributable to the fact that the shorter the pause period, the better the efficiency of 

utilizing the increase in the temperature of the treatment target tissue S by previously 

radiated microwaves. 

 Specifically, as illustrated in Fig. 8, the magnitude of a temperature increase rate 

(the inclination of the graph) per unit time of the temperature Te1 of the treatment target 

tissue S for Example 20, the temperature Te2 of the treatment target tissue S for 

Example 21, and the temperature Te3 of the treatment target tissue S for Example 22 

has a relation of Te1Te2Te3. 

 Moreover, as illustrated at an enlarged scale in Fig. 8, in Examples 20 to 22, 

subsequent microwave radiation is performed before the temperature of a treatment 

target tissue S increased by the previous microwave radiation decreases.  That is, in 

Examples 20 to 22, an (n+1)th radiation of microwaves is performed after a pause 

period (5, 10, and 15 seconds) that is shorter than a period in which the temperature of a 

treatment target tissue S dielectrically heated by an n-th radiation of microwaves 

decreases to the temperature Te5 at the start time of the n-th radiation of microwaves. 

 Although the changes in the temperature illustrated in Fig. 8 are measured at a 

position of the treatment target tissue S distant in the radial direction from the electrode 

4, the same temperature changes are observed even when the distance from the 

electrode 4 is changed. 

 Moreover, when Examples 20 and 23 are compared, it can be understood that 

the same coagulation range W is obtained when microwaves are intermittently radiated 

after the reference cumulative radiation period Ti1 regardless of whether microwaves 

are radiated continuously (Example 23) within the reference cumulative radiation period 

Ti1 or not (Example 20). 

 Moreover, in the temperature graphs Te1 to Te4 of Fig. 8, a turning point at 

which a characteristic of rising to the right changes to a characteristic of lowering to the 

right corresponds to substantially the time at which radiation of microwaves ends. 
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 From the above, it is confirmed that, when the treatment target tissue S is a 

tissue having approximately the same relative permittivity as the liver, and the output 

power of microwaves is 80 W and the frequency thereof is 2450±50 MHz, the output 

condition that the radiation period is 10 seconds, the pause period is 5 seconds, and the 

reference cumulative radiation period is 90 seconds or more is the best condition among 

test results 1 to 3. 

 Moreover, it is confirmed that among the radiation condition, the target radiation 

count in which the extension of the coagulation range converges is 25 as illustrated in 

Example 16 illustrated in Figs. 5 and 6. 

 Further, as in Example 23 of Fig. 7, the same result as the case (Example 20) in 

which microwaves are radiated intermittently before the reference cumulative radiation 

period Ti1 is obtained even when microwaves are radiated continuously during the 

reference cumulative radiation period Ti1 and microwaves are radiated intermittently 

after the reference cumulative radiation period Ti1.  Thus, it is confirmed that radiating 

microwaves continuously until the reference cumulative radiation period Ti1 is reached 

is a satisfactory condition as in Example 23. 

 As described above, as illustrated in Fig. 2, the microwave providing device 2 

radiates microwaves intermittently after the reference cumulative radiation period Ti1 of 

microwaves in which SWR L2 becomes smaller than SWR L1 (the first efficiency 

becomes larger than the second efficiency).  By doing so, dielectric heating by 

microwaves can be performed with the first efficiency higher than the second efficiency 

by intermittent radiation of microwaves subsequent to the reference cumulative 

radiation period Ti1. 

 Here, the followings are considered as the causes of why the first efficiency 

becomes larger than the second efficiency (SWR L2 becomes smaller than SWR L1) if 

the time exceeds the reference cumulative radiation period Ti1. 

 Such an amount of moisture that does not affect the efficiency of dielectric 

heating remains around the surgical electrode 4 in the treatment target tissue S until the 

reference cumulative radiation period Ti1 is reached regardless of continuous radiation 

and intermittent radiation.  On the other hand, when microwaves are radiated 

continuously over the reference cumulative radiation period Ti1, the amount of moisture 

around the electrode of the treatment target tissue S decreases due to evaporation to 
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such an amount that the efficiency of dielectric heating decreases.  In contrast, when 

microwaves are radiated intermittently after the reference cumulative radiation period 

Ti1, although the amount of moisture around the electrode 4 of the treatment target 

tissue S during radiation of microwaves decreases, moisture returns from the 

surrounding portion during the pause period of microwave radiation and the efficiency 

of dielectric heating increases due to the returning moisture. 

 Thus, as in the present invention, by intermittently radiating microwaves at least 

after the reference cumulative radiation period Ti1, it is possible to perform dielectric 

heating with the first efficiency higher than the second efficiency. 

 Thus, according to the present invention, it is possible to effectively extend the 

coagulation range using microwaves unlike a case in which microwaves are 

intermittently radiated during the reference cumulative radiation period Ti1 only. 

 According to the embodiments, the following advantages are obtained. 

 The output controller 6 controls the microwave generator 5 so that microwaves 

are generated intermittently before the reference cumulative radiation period Ti1.  Thus, 

it is possible to simplify the processing as compared to when control of the microwave 

generator 5 is switched between continuous radiation and intermittent radiation of 

microwaves. 

 Moreover, since it is possible to shorten the time per each radiation in which 

microwaves are continuously provided to the electrode 4, it is possible to suppress 

resistance heat generated in the electrode 4 to be low.  Thus, it is possible to suppress 

the electrode 4 from being heated to high temperature without providing a structure for 

cooling the resistance heat generated in the electrode 4. 

 The output controller 6 stores the target radiation count (25) in advance as the 

number of microwave radiations in which it is not expected that the coagulation range is 

extended further and controls the microwave generator 5 so that generation of 

microwaves stops at the target radiation count.  Thus, it is possible to suppress 

unnecessary radiation of microwaves. 

 In the embodiment, microwaves are intermittently radiated up to the target 

radiation count for obtaining the maximum value of the coagulation range W by 

intermittent radiation of microwaves under specific output conditions.  A plurality of 

target radiation counts for respective target coagulation ranges W may be stored in the 
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memory 9 in advance and the target radiation count may be selected according to the 

coagulation range W input by the input operation unit 7. 

 In this case, when the target coagulation range W is input using the input 

operation unit 7, the output condition controller 8 determines a radiation count 

corresponding to the input coagulation range W by referring to the memory 9 and 

outputs a command for performing intermittent radiation of microwaves under the 

output condition to the microwave generator 5. 

 Moreover, in the microwave providing device 2, as illustrated in Fig. 8, 

subsequent microwave radiation is performed before the temperature of a treatment 

target tissue S increased by the previous microwave radiation decreases.  Thus, 

dielectric heating can be performed by the subsequent radiation of microwaves using the 

heat generated by the dielectric heating based on the previous radiation of microwaves.  

As a result, it is possible to efficiently extend the coagulation range while suppressing 

the influence of the effect ( in particular, the cooling effect ) of the treatment target 

tissue S. 

 The output controller 6 sets the radiation period per each radiation of 

microwaves to 10 seconds and the pause period to 5 seconds.  Thus, a relatively large 

area (WD = 27 mm  42 mm) of the liver of a human body, for example, can be 

coagulated. 

 Moreover, in the embodiment, since a coating for suppressing attachment of the 

treatment target tissue S is formed on the electrode 4, it is possible to eliminate a special 

process of supplying dissociation current for suppressing attachment of the treatment 

target tissue S. 

 In the embodiment, although the radiation period is set to 10 seconds and the 

pause period is set to 5 seconds, the radiation period and the pause period are not 

limited to these values.  For example, it is confirmed from tests that a coagulation 

range similar to the condition of the radiation period of 10 seconds and the pause period 

of 5 seconds is obtained for a combination (Example 6 of Fig. 4: 28 mm  50 mm) of 

the radiation period of 20 seconds and the pause period of 5 seconds, a combination 

(Example 17 of Fig. 5: 31 mm  60 mm) of the radiation period of 15 seconds and the 

pause period of 10 seconds, and a combination (Example 9 of Fig. 4: 26 mm  50 mm) 

of the radiation period of 20 seconds and the pause period of 10 seconds.  Thus, these 
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combinations can be also employed. 

 Moreover, as in Example 23 illustrated in Fig. 7, when microwaves are 

generated continuously until the reference cumulative radiation period Ti1 is reached, it 

is not necessary to provide the pause period of microwaves until the reference 

cumulative radiation period is reached.  Thus, it is possible to shorten the time required 

for coagulation of the treatment target tissue S as compared to the case of radiating 

microwaves always intermittently. 

 Although the output controller 6 of the embodiment sets the target radiation 

count in which the cumulative radiation period of microwaves becomes equal to or 

larger than the reference cumulative radiation period Ti1, radiation of microwaves may 

not stop at the target radiation count.  The output controller 6 may control the 

microwave generator 5 so that intermittent radiation of microwaves is executed after the 

reference cumulative radiation period Ti1. 

Description of the Reference Signs 

L1 SWR (second efficiency of dielectric heating when microwaves are 

radiated continuously 

L2 SWR (first efficiency of dielectric heating when microwaves are 

intermittently radiated) 

S treatment target tissue 

Ti1 reference cumulative radiation period 

W coagulation range 

1 microwave surgical device 

2 microwave providing device 

4 electrode 

5 microwave generator 

6 output controller 

7 input operation unit 

8 output condition controller 

9 memory 
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Claims 

1. A microwave providing device for providing microwaves to a surgical electrode, 

comprising: 

 a microwave generator that generates the microwaves; and 

 an output controller that controls the microwave generator so that the 

microwaves are generated intermittently, wherein 

 the output controller controls the microwave generator based on a first 

efficiency of dielectric heating by microwaves with respect to a cumulative radiation 

period of microwaves radiated intermittently to a treatment target tissue by an 

intermittent radiation condition that is set in advance and a second efficiency of 

dielectric heating by microwaves with respect to a cumulative radiation period of 

microwaves radiated continuously to the treatment target tissue by a continuous 

radiation condition that is set in advance so that microwaves are intermittently radiated 

by the intermittent radiation condition after a reference cumulative radiation period that 

exceeds 0 second and is set in advance as a cumulative radiation period at which the 

first efficiency becomes larger than the second efficiency, while the microwaves are 

continuously radiated by the continuous radiation condition until the reference 

cumulative radiation period is reached, 

 each of the intermittent radiation condition and the continuous radiation 

condition includes a type of the treatment target tissue, an output power of the 

microwaves, and a frequency of the microwaves, and 

 the intermittent radiation condition includes a radiation period per each radiation 

of the microwaves and a pause period per each pause of the microwaves. 

 

2. The microwave providing device according to claim 1, wherein 

 the reference cumulative radiation period is longer than the radiation period per 

each radiation of the microwaves. 

 

3. The microwave providing device according to claim 1 or 2, wherein 

 the reference cumulative radiation period is longer than a sum of the radiation 

period per each radiation of the microwaves and the pause period per each pause of the 

microwaves. 
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4. The microwave providing device according to any one of claims 1 to 3, wherein

the output controller stores in advance a target radiation count, in which a

coagulation range of the treatment target tissue becomes a predetermined target range, 

and controls the microwave generator so that generation of microwaves stops at the 

target radiation count. 

5. The microwave providing device according to any one of claims 1 to 4, wherein

the output controller controls the microwave generator so that an (n+1)th

radiation of microwaves is performed after a pause period that is shorter than a period in 

which a temperature of the treatment target tissue dielectrically heated by an n-th 

radiation of microwaves decreases to a temperature at the start time of the n-th radiation 

of microwaves. 

6. The microwave providing device according to any one of claims 1 to 5, wherein

when the microwaves have a frequency of 2450±50 MHz, the output controller

sets an output power of the microwaves to 80 W, sets a radiation period for each 

radiation of microwaves to 10 seconds, and sets a pause period to 5 seconds. 

7. A microwave surgical device comprising:

a surgical electrode; and

the microwave providing device according to any one of claims 1 to 6,

supplying microwaves to the electrode. 

8. The microwave surgical device according to claim 7, wherein

a coating for suppressing attachment to the treatment target tissue is formed on

the surgical electrode. 
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