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SUMMARY: The studies of the properties of vascular structures and tissues during electric welding, in particular direct
morphological changes in the blood vessel walls in the areas of welding processes, are of interest. Perforating veimgjrfemoral
abdominal aorta, vena cava and porcine perforating veins of the limbs were used in this study. We performed end-to-emddéhectric
of the aorta, venous end-to-side electric welding, vein end-to-artery side arterial and venous welding, venous end-tio-amdcihegt
as well as arterial and venous lumen sealing.The results of histological studies showed the formation of a coagulatgdodellular
matrix, represented by unorganized denatured protein fibrous structures. In the area of vascular tissue coagulatiorrddormesd we
as a result of water evaporation from the biological tissue. In the perifocal area of the welded junction, cell reductonotiourt
necrosis or charring. The data obtained confirm the safety of high frequency electric welding of the main vessels anectia prosp
clinical use of the studied techniques.
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INTRODUCTION

of their components. They consist of the cells, fibrous
In the past 15-20 years, high frequencyroteins of the extracellular matrix (collagen, elastin,
electrocoagulation or “electric welding” of biological tissuedibronectin), connective tissue and extracellular fluid, which
has become one of the promising surgical techniques (Hiaran aqueous electrolyte. For a better understanding of the
et al, 2015; Podpriatoet al, 2018). Electric welding has processes occurring during resistance welding of biological
gained a strong position in medicine due to its tissuéissues, the properties and contribution of each component
preserving effect and insignificant destructive effects on the the process should be determined. When the electric
living tissues, which allows for simultaneous incision andurrent flows through the tissue, heat is generated, which is
coagulation practically without any damage to the tissymoportional to the electric power and the time of current
morphological structure (Marinslgt al, 2016; Muzychenko flow. Therefore, in high frequency welding of biological
et al, 2016; Marinskyet al, 2021). At the same time, thetissues, their heating is of key importance. Therefore,
details of vascular welding and electrocoagulation techniqikaowledge of tissue temperature in the welded junction is
remain unknown (Tryliskyyet al, 2018; Chernyalet al, extremely important for the study of all aspects of welding.
2019a).
The purpose of this study was to investigate the use
The soft biological tissues, blood vessels in particwef high frequency electric welding of the main arteries and
lar, are composite materials with a wide range of propertigeins in experimental animals, domestic pigs in particular.
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MATERIAL AND METHOD

This experimental study was performed on porcine main arteries &
veins: aorta, iliac arteries and veins, vena cava and perforating veins of
extremities. Storage and transportation conditions of macropreparation
the vessels: temperature +5 °C, less than 2 hours.

The experimental procedures were performed in 3 steps: 1) free pd
. 19..2. Temperature measurement system for
of the aorta were welded end-to-end and its small branches were sealegrga . .

. . ) ar high frequency welding of the soft
free parts of the_ vein were welded end-to-end; free pa_rts of the vein V\ﬁg%gicw tissues.1 — K-type thermocouples with
welded end-to-side; free parts of the artery and the vein were welded \eiflameter of 70 mm; 2 — thermos-EMF amplifier;
end-to-artery side; 3) the perforating veins were sealed using a specigly -Card; 4 — laptop with the PowerGraph soft-
designed endoscopic electrosurgical clamp. ware; 5 — bipolar electrosurgical forceps; 6 — EK-

300M1 HF electric coagulator.
Electric welding of the main vessels was performed using a power

supply, Patonmed EKVZ-300 (Ukraine) (Fig. 1). |\ D
. . . . — =
The main technological parameter of resistance welding of the Ls? . ——— 5{ —
biological tissues is the intensity of current flowing through the tiss g —_— S

Electrical conductivity of biological tissues is determined by biological fluic —
(electrolytes) contained in the tissues - intracellular and extracellular flui I/ o ] o——

blood and lymph, which make up 86% of total body weight. Fig. 3. Options for therﬁouple locations
between the jaws of a bipolar welding tool.

For this study, a system to measure temperatures was created (Fi¢_2) woh- . N

which consisted of a thermo-EMF amplifier (2: 2), an external ADC modt 6 bausca TC 20,021 29.02.2013 16145
E14-440, L-Card (2: 3) and a laptop with the PowerGraph software (2: m:
Bipolar electrosurgical forceps (2: 5) and an EK-300M1 HF electric coagula 4
(2: 6) were also used. i 1.5 -
#w .
To study the temperature range of 40-200 °C, which is used for weld ol |
of biological tissues, we chose the K-type thermocouples with a diamete %5
70 mm (2: 1). il w!

A thermocouple was placed between the biological tissues in the & 3 ]

of current passage of the bipolar welding tool (Figs. 3 and 4). 1
60 ~

Light Microscopy. Vessels were fixed in 10% phosphate buffere é; .
formalin (24 hours, 4 °C), dehydrated in isopropanol (4 serie$iour)and 1
embedded in paraffin (3 series1 hour). 8 pm slices were cut with 7]
ThermoMicrom HM 360 microtome (ThermoScientific, USA). Deparaffinize 0 ,

(Wegneret al, 2017), dehydrated m:

slices stained by Hematoxylin and Eosin (H&E) and Picro Sirius Red (P<
and mounted in the medium 1

(Merck, Germany). The micro ?V
preparations were studied on an }a 100

R

150 —
4

Olympus BX51 microscope and * .0 ]
obtained micrographs at a J
magnification ofx40, x200,%400. 0

o L ) 'lo 'C

Fig. 1. Power supply of the electric Fig. 4. The ratio of amperage, voltage and
welding device Patonmed EKVZ- resistance and their fluctuations, depending on in-
300. testinal, muscle, lung and liver tissue heating.
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RESULTS

A histological study of
the blood vessel wall after
electric welding was carried out.
The results of this study are
presented in each case, that i
the immediate results of the
welded vascular junctions.

End-to-end welding of the aor-
ta. When the aorta was
electrically welded, a change in
the morphology of the
membrane was observed in the
wall of the damaged vessel
(Figs. 5a,b). In case of an intac
segment, tunica media had the
biggest thickness and a
significant number of elastic
membranes and the smooth
muscle cells between them (sin-

) . " Fig. 5. The results of end-to-end aortic welding: a) aortic welding process; b) final appearance of the
gle nuclei were reglstered.) (Fig. welded aorta from outside and from inside; ¢) intact aortic segments, intact vascular structure, cellular
5¢). In contrast to the intact nyclej and elastic membranes of the tunica media are clearly recorded (hematoxylin2885ind)

vessel, the electric welding areaelectrically welded aortic segments; protein matrix (coagulation area) and single cellular nuclei only
was characterized by a sharpare recorded in the blood vessel walls; empty lacunes are formed (hematoxylin-d03in,

reduction in cellular elements
and disorganization of fibrous
elements; only single nuclei of
the smooth muscle cells were
registered, and the blood vesse
wall was a coagulated protein
matrix (Fig. 5d).

Arterial welding. The arterial

wall after welding was
characterized by a sharp A
narrowing of the vascular e ey
lumen, until complete closure Fig. 6. The results of electric welding of the artery: a) narrowing of the lumen of the blood vessel
(Fig. 6a). In the coagulation in the area of welding (hematoxylin-eosiA0); b) coagulation area and formation of empty
area, the appearance of empt)}acunes in the muscular membrane (picrosiriusxe2f)0).

lacunes was recorded, mainly in
the muscular layer (tunica me-
dia), with a loss of cellular
elements and disorganization of
fibrous structures (elastic
membranes) (Fig. 6b). The
tunica adventitia also underwent
similar changes; the outer
contour of the adventitia was A\

B

heterogeneous (from thinning to Fig. 7. The results of venous electric welding: a) process of perforating vein welding with a
atypical thickening). developed endoscopic electrosurgical clamp; b) final appearance of the welded perforating vein.
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Venous welding.The veins after
welding had a deformation of
the contour (Figs. 7a,b) and
morphology was characterized
by a narrowing of the lumen,
thinning of the vessel wall,
coagulation of the tunica media
and adventitia. The cell
reduction and lacunes were also
detected as in the arterial wall. A
Venous end-to-side welding.

An intact venous segment and * &
coagulation area were recorded gz
in the end-to-side welding area i
(Figs. 8a,b). When all the main =&
structural elements of the blood
vessel wall (intima, muscular
layer, adventitia) were found in
the intact area (Fig. 8c), in the
welding area, the muscle layer
was severely damaged with
coagulation of fibrous structures D

into an almogt homoge_ne_ous Fig. 8. The results of venous electric welding after end-to-side welding: a) process of venous
acellular matrix, and the intima \ye|ding with electrosurgical forceps: b) final appearance of the welded vein; c) longitudinal
contour was not observed at all. section of the vein at the level of welding (hematoxylin-eos#0); d) welding area with matrix
There were empty lacunes in the in the muscular membrane (hematoxylin-eosi&po0).

muscular and adventitial
membranes (Fig. 8d).

Arterial and venous vein end-
to-artery sidewelding. A
vascular coagulation area was
found in thearea of arterial and
venous welding (Fig. 9a, b). The
thickness and structural
organization of the vessels were
changed at the level of welding.
In the intact artery and vein, the
main vascular membranes (inti-
ma, muscle membrane,
adventitia) were clearly recorded
(Fig. 9c); in the welding area, the
structural elements of the blood
vessel wall were disorganized,
there was a multidirectional
orientation of elastic fibers in the
artery (circular in the intactea)
and structurally impaired
adventitia (areas of destruction, -
apparently after mechanical C L \ o
impact) (Fig. 9d). Acellular gig 9. The results of arterial and venous end-to-side welding: a) the first step of the welding

empty lacunes were recorded in process in the artery and vein; b) the final appearance of the weld; c) intact area of the artery
the coagulation area. (picrosirius redx100); d) welding area (picrosirius red00).
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End-to-end venous welding.

After welding (Figs. 10a,b), a
coagulation area was observed i
the vein, which was characterized
by the thickening of the blood
vessel wall, disorganization of the
vascular structural elements an
the appearance of a homogeneo
acellular matrix in the blood
vessel wall (Fig. 10c,d). The

tunica media was damaged thée
most, with a total loss of the
cellular elements in this area. Thefs
contour of the adventitial
membrane was also poorly M

observed.
Fig. 10. The results of venous end-to-end welding: a) process of venous welding with
electrosurgical forceps; b) final appearance of the welded vein; c) intact area of the vein
(hematoxylin-eosirk 200); d) welding area with a homogeneous coagulated matrix (hematoxylin-
eosin,x 200).

DISCUSSION

The technology of electric welding was created basembnsist of the cells, connective tissue and biological fluids,
on the scientific research and development results of the staffiich in turn consist of fibrillar and globular proteins, as
of the E.O. Paton Institute of Electric Welding of the Nationalvell as aqueous electrolytes. A dependence of the biological
Academy of Sciences of Ukraine. The first experimental arttssue thickness on the specific pressure is essentially
further clinical attempts to use electric welding technology inonlinear and is well described by an exponential polynomial
the soft tissues were carried out at the Institute of Experimesf-the second order with a correlation coefficient >0.99. One
tal Surgery and Transplantology of the National Academy aff the exponential components seems to reflect a mechanical
Medical Sciences of Ukraine and later at other Institutes ofaction of collagen-containing, and the other of elastin-
the National Academy of Medical Sciences of Ukraine ancbntaining, morphological structures of the studied organs.
clinics of higher educational institutions of Ukraine. Foreign
specialists were interested in the experience of Ukrainian According to the literature (Umanets al, 2014;
scientists. This technique is currently used and improved Valikhnovskaet al, 2020), the dispersion of impedance for
many countries around the world, such as the United Stategfoé living biological tissues is mainly determined by cell
America, China, France, Great Britain and others. The interegindition and it disappears with their death. The experiments
of surgeons is explained by the fact that due to the tissugrowed that electrolytes, which determined tissue electrical
preserving effects of the energy on the operated organ, themnductivity, and in the absence of the cells, also showed
is an insignificant destructive effect on the living tissue, whicthe dispersion of impedance. The nature of the dispersion of
allows for simultaneous incision and coagulation with almostnpedance depends on the structure of the dielectrics
no damage to the morphological structure of the tissue (Haantained in the electrolyte. It is proven that electric welding
et al; Muzychenkoet al; Savolyuket al 2020). However, of the soft biological tissues is performed with a mechanical
many parameters of the use of welding in biological tissuesstress on the electrodes of an order of magnitude greater
abdominal, vascular and other types of surgery remain unclegdian that during coagulation. There is an optimal pressure

on the electrodes, which ensures maximum strength of the

The soft biological tissues are composite materialselded junction. When the soft biological tissues are
with a wide range of properties of their components. Thegompressed by welding electrodes, their significant
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deformation occurs depending on the type of the tissue (4.5-  During electric welding of the blood vessel walls, a
10-fold at a pressure of 11 kgf/@mA reduction in the seam isformed between the electrodes consisting of a dense
thickness of the tissue between the electrodes is mainly deenslucent light-brown tissue with a clear margin along the
to the displacement of water, the volume of which is reducedige of the location of the electrodes. Microscopically, the
10-30-fold. The amount of protein in the compressed tisssebstance of the electric weld is represented by a
decreases less, namely: 1.4-10-fold. As a result, water conteatnogeneous dense substance formed by coagulated and
in the compressed tissue is reduced 2-6-fold, and resistivitghtly connected protein structures, the basis of which is
increases 3-15-fold compared to uncompressed tissues.ths fibrous structure of the blood vessel wall, to a greater
the data on the impedance of biological tissues, summarizedent collagen fibers. The adventitia homogenization area
in the literature on bioimpedance, were obtained fand the smooth muscle fiber coagulation area are observed
uncompressed tissues, they are absolutely unsuitable for #ieng the direction from the surface of the electrodes. The
calculations and computer modeling of welding processesain components of the electric weld are collagen fibers,
in the soft biological tissues. Changes in parameters arainly located in the adventitia, and therefore we observe
controlled by resistivity and tissue thickness. With increasirthe formation of a strong, dense, homogeneous substance of
pressure, total resistance, on the one hand, increases whth weld in these areas. Structural changes in the smooth
increasing resistivity due to dehydration, and on the othatuscle fibes, located mainly in the media, are characterized
hand, decreases due to a decrease in tissue thickness. Bg the development of coagulation necrosis. The cellular
result, with increasing pressure, the resistance first decreaseslei and contours are preserved, which indicates a lower
and then stabilizes or even increases slightly. The dispersgirength of the weld in these areas. Small cracks are also found
of impedance is most evident in unloaded tissues in thetween the fascicles of the coagulation-altered smooth
frequency range of 0.3-3.0 kHz. For frequencies of 3-30@uscle fibers due to vaporization, and they also reduce the
kHz, the dispersion of impedance for the soft biologicatrength of the seam. Coagulation-induced changes in the
tissues is almost independent of the applied mechanid¢sisues are also observed perifocal from the edges of the
stress. The dispersion of impedance depends both on éhectrodes at a distance of 1.0-1.5 mm. However, the contours
cellmembranes and all other components of the fluid systeaithe tissue structures and cellular nuclei are clearly observed.
including electrolytes. Even more perifocal (at a distance of 2-3 mm) from the edges
of the electrodes, in the arterial walls, focal coagulates and
The main technological parameter of resistanceharacteristic signs of electromagnetic field impact (rhythm
welding of the soft biological tissues is the current flowingf structures, separation of conductors and dielectrics,
through the tissue. The electrical conductivity of biologicgbolarization of structures with changes in their spatial location)
tissues depends on the biological fluids (electrolytes) containate observed, and the blood vessel walls are thickened.
in the tissues (which are 55 % of body weight). They are mainly
extracellular and intracellular fluids (86 % of all body water). In conclusion, high frequency electric welding
In terms of electrical properties, saline solution containing OtBchniques can be used in vascalaigery to create vascular
% NacCl is the closest to the extracellular fluid. Electricahnastomoses. For circular electric welds, modes with voltage
conductivity of the biological tissues is determined by thérequency 0.3-3.0 kHz or 3-300 kHz) are sufficient, which
presence of the ions in the liquid phase. The main contributishould be determined by the morphology of the vessels
to electrical conductivity is made by intracellular andthickness, histological type of the vessels, physiological
extracellular fluids, blood and lymph. After tissue heating tstate). Based on the obtained results, the studied techniques
100 °C, it is intensively dehydrated due to evaporation. Thisay be used in clinical practice due to their advantages over
process consumes more than 80 % of energy and welding timegchanical and manual techniques.
while coagulation consumes ~ 10%.

Electrical conductivity in the whole organs is 2-5MUZYCHENKO, P. F.; CHERNYAK, V. A.; SAVOSKO, S. |;
orders of magnitude lower than electrical conductivity dfANKIN, YU. N.; KARPENKO, K. K.; DUBENKO, D. E;
biological fluids. Therefore, after “complete” dehydrationNAHALUK, U. V.; ZORGACH, V. U.; MANZUK, T. I.;
longer released in it and current transmission has N0 MYy, frecyenciant. J. Morphol., 39 (4)1183-1189, 2021.
sense. The tissue of the welded junction is denature(f
completely destructured and is a homogeneous mass of  RESUMEN: Los estudios de las propiedades de las es-
collagen, elastin and basic tissue substances Wwifficturas y tejidos vasculares durante la soldadura eléctrica son
significantly reduced margins between them (Muzychenkelevantes, en particular los cambios morfoldgicos directos en las
et al; Chernyalet al, 2019b). paredes de los vasos sanguineos en las areas de los procesos de
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soldadura. En este estudio se utilizaron venas perforantes, vedasnets, N.; Pasyechnikova, N. V.; Naumenko, V. A. & Henrich, P. B.
femorales, parte abdominal de la aorta, vena cava y venasHigh-frequency electric welding: a novel method for improved
perforantes porcinas de los miembros. Realizamos soldadura e|éc_im_mediate chorioretinal adhesion in vitreoretinal surgeérgefes Arch.
trica de extremo a extremo de la parte abdominal de la aorta, sg|-C'"- EXP- Ophthaimol., 252(11697-703, 2014.
dadura eléctrica de extremo a lado venosa, soldadura arteria a)'/'k.hnO\/Ska' K. G.; Savytska, I. M.; Nataliya, P. R. &Voitlv, Y. Y. Expe-
. ! o rimental studies of the effect of electrosurgical and standard techniques
venosa de extremo a arteria del lado venoso, soldadura eléctrica dgy, pancreatic restoratiowiad. Lek., 73(5909-13, 2020.
extremo a extremo venoso, asi como lumen arterial y venoso. l@ggner, K. A.; Keikhosravi, A.; Eliceiri, K. W. & Vezina, C. M.
resultados de los estudios histol6gicos mostraron la formacion de Fluorescence of picrosirius red multiplexed with immunohistochemistry
una matriz de proteina acelular coagulada, representada por esfor the quantitative assessment of collagen in tissue sections. J
tructuras fibrosas de proteinas desnaturalizadas no organizadastistochem. Cytochem., 65(8J9-90, 2017.
Se formaron lagunas como resultado de la evaporacion del agua
del tejido bioldgico en el area de la coagulacion del tejido vascular,
En el &rea perifocal de la union soldada, la reduccion celular ocu-
rri6 sin necrosis ni carbonizacion. Los datos obtenidos confirman
la seguridad de la soldadura eléctrica de alta frecuencia de 10s @grresponding author:
sos principales y la perspectiva de uso clinico de estas técnicaggyosko Serhii, PhD
Associate Professor
PALABRAS CLAVE: Vasos sanguineos; Anastomosis; Department of Histology and Embryology
Tecnologias de soldadura de alta frecuencia; Coagulacion; Es- Bogomolets National Medical University

tructura; Histologia. T. Shevchenko Boulevard, 13
Kyiv
UKRAINE
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