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Abstract: This paper describes the detection of tissue coagulation for a
microwave surgical device. This method uses variations in the electrical
properties of biological tissue before and after heating. To evaluate the
proposed method, we made coagulated tissue and measured the impedance
of the tissue using the microwave surgical device. The results of the
measurements show that the impedance of the heated tissue changed sig-
nificantly due to tissue coagulation. This results implies that coagulation of
tissue can be detected by variation of electrical impedance.
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1 Introduction

In recent years, studies of electromagnetic wave techniques applicable to the
medical field have been investigated [1]. Among these are surgical devices for
hemostasis that use microwave energy [2]. These devices can stop bleeding easily
and quickly via tissue coagulation. However, while using these devices, excessive
or insufficient heating will cause damage to the tissue, resulting in a poor
therapeutic effect.

The authors have been studying a method to detect coagulation of biological
tissue for use in conjunction with microwave surgical devices. This function will
enable efficient treatment and prevent excessive heating of tissue.

The relationship between tissue coagulation and variation of electrical proper-
ties has been studied by many authors [3, 4]. This paper proposes the detection of
tissue coagulation using a variation in the impedance of the tissue using a micro-
wave surgical device. We thus measured impedance before and after tissue
coagulation using the microwave device.

2 Structure of proposed device

The proposed device is forceps-type surgical instrument for heating grasped tissue.
The tip of the device consists of a fixed jaw with a heating antenna for tissue
coagulation and a movable jaw with a pair of electrodes for detection of tissue
coagulation. Fig. 1 shows the proposed heating antenna. This antenna represents
an improvement over the antenna described in a previous study [5]. This antenna
comprises two loop elements at the tip of a semi-rigid coaxial cable. The shape and
size of the proposed antenna was determined based on an impedance of 2.45 GHz,
one of the industrial, scientific, and medical (ISM) bands used in Japan.
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Fig. 1. The tip of proposed device
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3 Detection of tissue coagulation

3.1 Method

In the device shown in Fig. 1, the completion of tissue coagulation is detected
based on the variation of the impedance between the electrodes on the movable jaw.
In the low-frequency range below several MHz, electrical properties of biological
tissues change remarkably upon coagulation. This variation is caused by the
decreased water content of coagulated tissue [6, 7]. Thus, as tissue coagulation
proceeds, the water content is reduced, causing a variation in the electrical proper-
ties of the tissue.

3.2 Impedance measurement
The impedance between the two electrodes on the movable jaw was measured with
an LCR meter (High Frequency LCR Meters 6500P, Wayne Kerr Electronics,
Boston, US) before and after the tissue coagulation (Fig. 2). For the measurement,
a stick-shaped swine liver is used to simulate human tissue, such as organs. The
values of the dielectric properties of swine liver are almost the same as those of the
human liver at around 30 °C [8]. Moreover, a human liver has physical properties
similar to a human blood vessel [9, 10]. Table I shows the heating condition in this
measurement. Fig. 3 shows the surface of the liver tissue after heating and Fig. 4
shows the measured impedance values. These values are averages of 10 measure-
ments. For example, the value of capacitance increased by 90.5% upon coagulation
at 300 kHz. In contrast, the value of capacitance decreased by 70.3% at 300 kHz.
These values changed significantly due to tissue coagulation. Regarding these
measurements, the increase of resistance is caused by damage to the cell structure
and resulting loss of water content upon tissue coagulation. The decrease in
capacitance is caused by damage to the cell membrane.

To confirm our hypothesis, we observed the state of the cell structure around
60 °C (tissue coagulation temperature) by hematoxylin and eosin (H&E) staining.
Fig. 5 shows images of the stained cells (before heating, and at 60 °C, 75 °C, and
100 °C). The white region in these pictures is damaged and shrunken cell tissue. In
the images showing heating at 60 °C and 75 °C, the cell tissue is visibly damaged
and coalesced by coagulation. Moreover, around 100°C, the cell membrane
completely adhered to peripheral cells. From these images, we confirmed that the
cell membrane is damaged by heating tissue to around 60 °C. Thus, the validity of
the hypothesis was corroborated by the results obtained by cell staining. These
results imply that coagulation of tissue grasped by the device can be detected based
on variations of the tissue impedance.

Table I. Heating condition

Shape of height [mm] 4.0
tissue depth [mm] 2.0
Heating Input power [W] 68
conditions Heating time 10
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Fig. 2. Measurement system
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Fig. 3. Results of heating experiment
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Fig. 4. Results of measurement

4 Electrical circuit for detecting tissue coagulation

A simple bridge circuit was designed to detect tissue coagulation. Fig. 6 shows the
circuit diagram. In this circuit, we used only the variation of resistance. Electrodes
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100 °C

Fig. 5. HE stained liver tissue (swine)

for detection of tissue coagulation are connected to the variable resistance Rv in the
diagram. This bridge circuit will be out of balance due to variation of impedance
Rv, and the light-emitting diode (LED) at the center of the circuit will be bright. The
power voltage and frequency are 2.2 [Vp-p] and 300kHz, respectively, and the
values of resistance are R; = 1.0 [kQ], R, = 1.0 [kQ], and R3 = 1.5 [kQ]. This
combination of resistance is an example. The resistance of tissue before heating
was 919.1 [Q]. While operating the circuit, the biological tissue was heated using
the microwave surgical device (Fig. 1). After 10 seconds of heating, the LED
glimmered and the tissue was coagulated. Moreover, resistance of coagulated tissue
was 1751.2 [Q]. These results show that tissue coagulation can be detected using a
simple circuit. Practically, a system directly detecting the variation of Rv will be
necessary.
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Fig. 6. Detection circuit

5 Conclusion

In this study, the detection of tissue coagulation was examined. For this function,
we employed the impedance variation of tissue before and after coagulation. The
results of our measurements imply that coagulation of tissue can be detected based
on variation in the impedance of the tissue. Moreover, we demonstrated a detection
system based on a simple electrical circuit. Thus, tissue coagulation can be detected
using a simple circuit. Further studies will focus on the validity of the proposed
device as corroborated by in vivo experiments.
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