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The paper gives a description of an all-purpose laboratory complex for investigations of biological tissue behaviour at
application of high-frequency currents to them under the conditions, corresponding to welding live tissues by different
algorithms. This complex allows studying the influence of various design features of the instruments and welding
process parameters on the behaviour and structural changes of biological tissues. This equipment is optimal to conduct
optimization of new technological procedures, parameters and software, oriented towards specific surgical procedures.
Given as an example are the results of experiments on welding the walls of pig stomach and small intestine at pulsed
and continuous feeding of 440 kHz voltage under the conditions corresponding to electric welding of biological tissues.
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Further development of technology and equipment for
high-frequency welding of biological tissues, which
is becoming ever wider applied in medical practice
[1-7], is inseparably linked to comprehensive studies
of the influence of various process parameters on be-
haviour and structural changes of these tissues, which
form the welded joint at high-frequency (HF) current
passing through them.

To conduct this research series, the authors devel-
oped a specialized complex (Figure 1), which allows
studying under laboratory conditions at minimum cost

the regularities of HF current passage, depending on
biological tissue type, as well as behaviour of various
types of tissues at HF current passage through them
by the most diverse algorithms. This complex allows
studying the influence of various design features and
process parameters, such as, for instance, material,
shape, dimensions and weight of electrodes, specific
pressure at variable energy parameters of the welding
process, etc., on behaviour and structural changes of
biological tissues. This equipment is optimum for re-
fining new technological procedures, parameters and
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Figure 1. Functional block-diagram of research complex
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Figure 2. Appearance of all-purpose laboratory bench at opera-
tion with flat and circular electrodes

program products, oriented to specific surgical proce-
dures.

Other research can also be performed, such as
studying the impact of HF current on hydration of
various types of biological tissues, and nature of tis-
sue heating at HF current passing through them by
various algorithms.

The basic element of this complex is an all-pur-
pose laboratory bench (ALB), where the object of
study (biological tissue samples) is placed (Figure 2).
Bench design allows using electrodes of different
configurations at adjustable and preset pressure on the
tissue.

A feature of ALB is availability of replaceable
electrodes (Figure 3) that provides extreme flexibility
at performance of experiments on selection of design,
geometry, materials and coatings during development
and manufacture of electrosurgical instruments. It is
known that pressure on the tissue is one of the most
important process parameters in live tissue welding.
In this research complex electrode pressure on the tis-
sue, which is adjustable, preset and reproducible from
experiment to experiment, is provided by a system of
levers and standard loads within 0—160 N.
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Figure 4. Elementary diagram of measuring transducer

Power source is EKVZ-300 apparatus for live tis-
sue welding, adapted to the conditions of laboratory
experiments. Its design allows issuing signals by the
most diverse algorithms [8—10]. Current from the
power source passes through measuring transducer
module (Figure 4) which provides galvanic decou-
pling of power and measuring circuits. Signals of HF
voltage and current are first scaled, rectified and then
pass through apparatus filtering by low-frequency fil-
ter with specified parameters (the diagram shows a
simplified filter). Filter setting depends on apparatus
working frequency.

E20-10 module is a module of high-speed an-
alog-digital converter with USB 2.0 interface of
L-Card Company. It provides dynamic recording of
current and voltage values during HF impact on live
tissues. It is possible to set sampling rate and dynam-
ic range of measured analog values, using special
programs. An optimum value of the number of mea-
surements per second is selected to achieve a com-
promise between the validity of the obtained data and
data file size. Sampling frequency can be increased at
recording of short processes. Equipment allows mea-
surements to be performed with the frequency of up
to 5 MHz. A value of about 1000 measurements per
second (1 KHz) was used in laboratory studies.

Figure 3. Electrodes of different design applied in ALB
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Figure 5. Appearance of the screen of recording and control pro-
gram

Digital output module is installed in one case with
ADC (E20-10), but functionally, it has a different pur-
pose. This module is used to form service signals of
coagulator control, signals to source switching relays,
etc. Digital output module allows, if required, starting
the process in the manual mode. The device (ADC
E20-10) is connected to the computer via USB cable
and uses standard Windows drivers.

Electrical parameters of the process were record-
ed by an analog-digital converter L-Card E20-10,
personal computer and laboratory oscillograph Tek-
tronix TDS 3014C. Software consists of two inde-
pendent parts: program of recording and program of
processing the obtained data. Programs are written in
graphic programming language LabVIEW. It allows
using dataflow programming, in which the execution
sequence is determined by data flow. The program
is based on virtual instruments supplied by L-Card
Company, together with the library for ADC E20-10
and similar modules. Recording program allows max-
imum automation of research process, thus reducing
the influence of the human factor on the results. The
program, in particular, fulfills service functions. Re-
cording module uses a special program to form a time
delay before the experiment start. Controls and indi-
cators are located on virtual instrument front panel
(Figure 5). There is the capability of assigning a large
number of parameters. The following pulse parame-
ters are adjusted: pulse duration, pause duration, num-
ber of repeats, there is the capability of additionally
extending recording time, setting recording mode,
adjusting parameters of preliminary visualization of
the process. In some cases, external start is required
(from a pedal or a button on the instrument). In the
automatic mode there is the capability of activating
the countdown to experiment start with sound signal
and time display. During recoding the data are stored
in the buffer. This buffer is used at process visualiza-
tion. Here, the parameters of data displaying can be
assigned (Figure 6). Software module of results pro-
cessing provides the required graphs or tables for the
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Figure 6. Appearance of the screen of data processing program

required values with their storage in the form of .jpg
and .xIs type files. There is the capability of selection
of the required scale and performance of program pro-
cessing of the signal.

This complex was used to conduct more than 2500
studies on tissues of different type, in which optimum
parameters and algorithms of operation in manual and
automatic modes were determined, temperature of
electrodes and tissue in the zone of electric current
impact and variations of thickness of tissue with dif-
ferent structure at all the process stages were record-
ed. Results of these studies were further on used in
preparation of recommendations and performance of
actual surgical operations with application of the tech-
nology of live tissue welding both under laboratory
and clinical conditions.

Results of experiments on welding the walls of pig
stomach and small intestine are given below as an il-
lustration. Influence of pulsed and continuous feed of
voltage under the conditions corresponding to electric
welding of biological tissues was studied. During
the experiments, samples of the above tissues were
placed between flat copper electrodes, compressed
with specific pressure preset in the range from 2
up to 6 N/mm?, and specific voltage in the range of
60—180 V at current frequency of 440 kHz and pulse
duration of 0.1-0.5 s was applied. After completion of
experiments, tissue samples were sent to the morpho-
logical studies.

Conducted experiments showed that the impact of
a single pulse of set duration and voltage value caus-
es minor denaturation of collagen fibers subserously
located on stomach walls, as well as partial damage
of gastric mucosa. This is accompanied by develop-
ment of slight swelling and expansion of connective
septum of stomach wall muscle membrane (staining
using hematoxylin-eosin was applied in all the cases)
(Figure 7, a).

Coagulative necrosis of individual smooth muscle
cells and fibroblasts was found in the muscle mem-
brane, but contours of cells and their nuclei remained
undamaged (Figure 7, b).
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Impact of two pulses of voltage, the same as in
the first experiment, caused not partial, but complete
destruction of the mucosa. Not just individual, but all
the collagen and smooth muscular fibers in the point
of electrode application also changed by the type of
coagulative necrosis. Deformation of muscular fiber
bundles across electrode plane and destruction of
smooth muscular fibers was also noted in some points
(Figure 8, a).

After application of nine voltage pulses formation
of tight joints of collagen and smooth muscular fibers,
having cell nuclei contours, was noted (Figure 8, b).

After application of twenty voltage pulses a tight
joint of stomach walls was formed as a result of coag-
ulative necrosis of bundles of smooth muscular fibers
and collagen fibers (Figure 8, ¢). Contours of cell nu-
clei are revealed in part of bundles smooth muscu-
lar fibers. In the thickness of the tissue contours of
cell nuclei are found between the remnants of smooth
muscular fibers. At this stage of electric welding the
seam does not yet become uniform.

Further increase of the number of pulses up to 35
showed that in this case already a uniform, strong, thin
electric welding seam was produced, which was formed
by collagen and smooth muscular fibers (Figure 8, d).

Investigations showed the possibility of producing
a uniform electric welding seam under the experi-
mental conditions after application of twenty voltage
pulses and further constant application of HF voltage
for a fixed time. Here, the bundles of smooth muscu-
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Figure 7. Structure of muscle membrane of stomach walls in the
zone of application of isolated HF pulse: a — x100; b — x400

lar fibers in the seam are completely destroyed and
coalesce with coagulated collagen fibers (Figure 9).
Morphological signs of peripheral impact of electric
welding current passage cover not more than 1 mm
distance from the boundary of electrode application
under experimental conditions (Figure 10).

Figure 8. Structure of muscle membrane of stomach walls in the zone of application of two (@), nine (b); twenty (C); thirty five (d) HF

pulses: a, b — x100; ¢ — x400; d — x40
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Figure 9. Uniform electric welding seam of two stomach walls
after the impact of twenty HF pulses with subsequent application
of HF voltage (x400)

Conducted studies confirmed that under the impact
of a series of HF voltage pulses applied by a certain
algorithm, a tight joint of biological tissues is formed
— their electric welding seam. Necrosis areas are ab-
sent inside the seam. Such a seam is a new structure,
which develops under the impact of electric current
under optimum conditions that is exactly the purpose
of electric welding.

Conclusions

1. Proposed all-purpose research complex allows
quickly performing under laboratory conditions at
minimum cost, studies of behaviour of biological tis-
sues of various types under the impact of HF current
on them at all the stages of the welding process.

2. Described research complex allows studying the
influence of such design and process parameters, as
electrode design and material, their compression forc-
es, algorithms and modes of voltage application to the
tissue on structural changes and process of welding of
biological tissues. This complex allows determination
of optimum modes and algorithms of welding various
tissues both in the manual and automatic modes.

3. Results of performed studies can be recom-
mended as basic ones at selection of process param-
eters during performance of surgical operations with
application of the technology of live tissue welding
both under laboratory and clinical conditions.
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Figure 10. Indications of peripheral impact of electric welding
voltage (x100)
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