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INTRODUCTION
Surgical interventions on the pancreas have always been a 
challenge due to the features of the anatomical structure. 
Despite the latest developments in modern surgery, some 
issues still need addressing. High-frequency electrosurgical 
instruments are widely used in various branches of med-
icine. They are employed in gynecology and abdominal 
surgery, in proctology and thoracic surgery, in ophthal-
mology and urology [1, 2, 3, 4].

High frequency electric welding technology reduces 
the time of surgical intervention, does not require suture 
materials, not only minimizes the duration of bleeding, 
but also disinfects the wound surface [5, 6]. The use of 
electrosurgical instruments significantly reduces the time 
of surgical intervention and wound pain in the postoper-
ative period [7]. However, there is limited data on changes 
that occur in the pancreatic tissue resulting from the use of 
electrosurgical instruments during resection interventions.

THE AIM
The aim was to investigate the features of changes in the 
tissues of the pancreas after resections performed with the 
use of standard surgical techniques and electrosurgical 
methods: electric welding, bipolar welding and monop-

olar welding, to analyze the possibilities and feasibility of 
their use.

MATERIALS AND METHODS
The study was performed on 40 six-month old rats of 
the genus Rattus, (family Muridae), weighing 240-280 g.  
Before the research, a veterinary examination was conduct-
ed, and the animals had a group health passport with the 
necessary preventive measures. The animals were treated 
and anesthetized as required by the Law of Ukraine “On 
Protection of Animals from Cruel  Handling” No. 1759-IV 
dated December 15, 2009, the Ordinance of the Cabinet of 
Ministers of Ukraine dated July 28, 2010 No. 1585 “On Ap-
proval of the List of Regulatory and Legal Acts Protecting 
Animals from Ill-treatment”, and Scientific and Practical 
Guidance for Housing and Care. of Laboratory Animals 
and Their Use issued by the National Pharmacological 
Centre, Ministry of Health of Ukraine (Protocol No. 8 
dated June 22, 2012). According to the Ethics Committee 
of Shupyk National Academy of Postgraduate Education 
during the bioethical examination of the experimental 
study on compliance with the principles and norms of 
bioethics established its full compliance with the current 
norms and standards (23.10.2017, Protocol No. 8).
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ABSTRACT
The aim: There have been investigated the specific features of pancreatic resection with the use of electrosurgical methods on experimental models of clinical operations.  
Pancreatic tissue regeneration at the surgical site have been studied when employing monopolar, bipolar, electric welding methods as compared with standard surgical technique.
Materials and methods: The study was performed on 40 white laboratory rats. Pancreatic resection was conducted by standard surgical technique or by welding with 
electrocoagulation device “Patonmed EWD-300”, high-energy electrosurgical device in bipolar mode and in monopolar mode.  The pancreatic tissue was examined immediately 
after the surgery and at 3, 7 and 21 days postoperatively.
Results: In early terms following standard surgery there was seen more severe inflammation and the volume of newly formed connective tissue got increased faster than after 
the electrosurgical technique. Pancreatic ducts developed in newly formed tissue after the use of each type of electroresection, whereas that event was not observed following 
standard surgery. When using electrosurgery in monopolar mode, the area of coagulative necrosis was found to be less dense than after resection performed in bipolar mode. 
Conclusions: Based on the findings, we can conclude that each of the above types of electroresection reduces surgery time, lowers bleeding risks, contributes to formation 
of the more adequate sealing on the resection surface with no complications of the recovery process.
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According to the assigned objectives, the animals were 
divided into four groups.

Animals of group І (n = 10) underwent the resection of 
part of the pancreas with the use of conventional surgical 
technique. These animals composed the comparison group. 

In animals of the group II (n = 10), the resection of part 
of the pancreas was performed using the electrosurgical 
tool in a monopolar mode (high-energy electrosurgical 
device functioning at 80 watts).

Animals of group ІІІ (n = 10) had a part of the pancreas 
resected employing Patonmed EKVZ-300 D device in a 
manual welding mode (mode DA2).

Group IV (n = 10) included animals that had part of the 
pancreas removed using bipolar electrosurgery (high-en-
ergy electrosurgical device functioning at 30 watts).

Operative interventions were performed under general 
intraperitoneal anesthesia (0.2 ml of 5% sodium thiopental 
and 0.4 ml of 1% propofol) under aseptic and antiseptic 
conditions. To prevent postoperative complications, a 
single injection of bicillin-5 at a dose of 1 million units per 
kg of body weight was administered.

To provide the analgesic effect within the first three post-
operative days, dexketoprofen was injected subcutaneously 
(3-5 mg / kg of the body weight).

At three, seven and twenty-one days following the end 
of the experiment the animals were euthanized  with an 
intra-abdominal overdose of 10% sodium thiopental. The 
pancreatic tissue in the resection site was investigated 
immediately after surgery and after 3, 7, 21 days.

To prepare samples for histological studies, the part of the 
pancreas was excised with the resection area, the sample 
was fixed for 24 hours in 10% neutral-buffered formalin, 
and then it was embedded in paraffin according to a routine 
protocol. Five-μm-thick tissue sections were stained with 
hematoxylin and eosin, azure-II-eosin, Van Gieson’s picro-
fuchsin; the PAS-reaction and PAS-reaction with amylase 
control were conducted. The histological samples were 
studied using the Leica DМ500 light optical microscope, 
the images were captured by the Leica ICC50 HD camera.

Statistical analysis and processing of the results were 
carried out using the IBM SPSS Statistics 20 Integrated 
Software Package. The non-parametric Kruskal-Wallis 
H test and the Mann-Whitney U test were employed as 
criteria for the reliability of the difference.

RESULTS 
Immediately after resection using a conventional tech-
nique, the blood vessels were dilated, the arteries were 
atonic. On resected surface the blood clot with cell body 
fragments was loose; there were seen hemorrhages in the 
stroma. In some areas under the resection area, multiple 
hemorrhages were merging into large fields, affecting the 
trophic support of the parenchyma, which had undergone 
dystrophic changes.

After three days, a necrotic focus arose in the resection 
site; granulation tissue began to form around it. Alongside 
with impaired vascular penetrability there was seen plas-

morrhagia, diapedetic hemorrhages, and stromal edema 
even in the remote areas. Inflammation with abundant 
neutrophilic and lymphocytic infiltration of the stroma 
covered a significant part of the pancreas.

After seven days, a thick layer of granulation tissue with 
necrotic foci was formed in the resection site, the stroma 
was infiltrated mainly with neutrophils and lymphocytes, 
and under the resection area, edema was more pronounced. 
Dystrophic changes in pancreatocytes were particularly 
prominent in the resection site, and somewhat decreased 
in the remote areas.

After 21 days, the formation of adhesions with loops of 
the small intestine was mainly seen. Inflammatory man-
ifestations were still observed in the tissues adjacent to 
the resection site. The areas of necrotic parenchyma were 
surrounded by a thick connective tissue capsule, the wall 
of which was mainly infiltered by neutrophils (Fig. 1). In 
remote areas, the functional state of parenchymal cells 
somewhat recovered. Manifestations of the vascular re-
sponse were less pronounced than in the prior time points.

Immediately after monopolar welding, a layer of coagu-
lation-altered tissue was formed on the resection surface. 
The underlying pancreatic tissue became compact due to 
the dehydration and compression; under this area, there 
was seen a loss of cellular communication in the parenchy-
ma, in this area, there were isolated hemorrhages, blood 
vessels were thrombosed (Fig. 2). The underlying vessels 
were dilated and plethoric.

After three days, around the thermal injuries in the pa-
renchyma, there was formed a thin layer of fibroblasts and 
collagen fibers, which began to separate the damaged areas 
from the intact parenchymal areas. Pancreatocytes did not 
preserve the zonation around the damage area; they were 
undergoing dystrophic changes. Blood vessels under the 
resection area were dilated, the pancreatic stroma became 
swollen even in the remote areas.

After seven days, the necrotic pancreatic parenchyma was 
surrounded by a connective tissue capsule, the coagulation 
scab was divided into separate fragments due to the effect 
of tissue enzymes and macrophage activity. The separation 
of the pancreatic cytoplasm into homogeneous and zymo-
genic areas partially recovered in the areas remote from 
the affected site. Edema and a vascular response persisted.

After 21 days, there was seen a significant decrease in 
the severity of inflammatory response, in the areas remote 
from the resection site, pancreatocytes were recovering 
the functional activity as evidenced by the restoration of 
the cytoplasmic zonation. The manifestations of edema 
significantly decreased, vessels of the microcirculatory 
bloodstream were restoring. The cicatrix on the resected 
surface was formed by mature loose connective tissue, 
where there were noted clusters of tissue basophils with 
no signs of degranulation (Fig. 3).

After electric welding, on the resection surface, the co-
agulation scab was formed predominantly by coagulated 
plasma and fragments of cell bodies, it had clefts (Fig. 4). 
Under the scab, the pancreatic parenchyma became den-
sified due to a reduced volume of cell bodies, liquid loss, 
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Fig.1. The pancreas of the white rat 21 days after the conventional surgery.                                                                                     
Azure-II-eosin staining. Magnification x100.

Fig. 3. White rat pancreas in the resection site 21 days after monopole 
welding. 1 – a cluster of tissue basophils. Hematoxylin and eosin staining. 
Magnification x100.

Fig. 5. The remains of coagulation scab 21 days after electric welding.                                                      
Hematoxylin and eosin staining. Magnification x100.

Fig. 2. White rat pancreas in the resection site after monopole welding.                                      
Hematoxylin and eosin staining. Magnification x100.

Fig. 4. Pancreas of the white rat in the resection site after electric welding. 
Hematoxylin and eosin staining. Magnification x100.

Fig. 6. White rat pancreas in the area of bipolar welding after 7 days. The 
coagulation necrosis zone is separated by a connective tissue capsule. 
Hematoxylin and eosin staining. Magnification x100.
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intracellular coagulation and compression caused by the 
jaws of the electric instrument. Blood vessels were closed, 
compressed. There were small isolated hemorrhagic foci; 
there was a mosaic distribution of densified tissue areas 
among the areas of parenchyma with lost cellular com-
munication. 

After three days, in the resection site, the coagulation 
scab was partially fragmented and, along with the necrotic 
pancreatic parenchyma it was surrounded by a thin layer 
of fibroblasts. Under the resection site, in all sections of 
the microcirculatory bloodstream, there were changes, 
including stasis, detachment of the endothelial cells into 
the lumen of the vessels, hemorrhagic infiltration of the 
vascular walls and paravasal connective tissue.

After seven days, fragments of the coagulation layer 
and the necrotic pancreatic tissue were surrounded by 
a connective tissue capsule, where new ducts and blood 
vessels were formed. The functional status of pancreatic 
cells under the resection area partially recovered, but the 
blood vessels remained dilated. 

After 21 days, on the surface of the resection site, there 
was formed mature and loose connective tissue containing 
new ducts and blood vessels. In this tissue, there were also 
seen fragments of coagulation scab. The remains of the 
coagulation scab were often rejected from the surface of 
the pancreas and seen in the abdominal cavity adherent 
to omentum (Fig. 5). The signs of inflammation almost 
faded in the newly formed tissue and in the surrounding 
parenchyma.

After resection with bipolar welding, a coagulative scab 
was seen on the resected surface. It was formed by a sharply 
compacted and dehydrated pancreatic tissue and clotted 
blood. Under the scab, the tissue was also compacted, 
the cells became spindle-shaped, the volume of the cyto-
plasm decreased significantly, the nuclei were pictonized, 
hyperchromic. In the parenchyma under this layer, there 
were gaps that resulted from the evaporation of the liquid. 
There were seen minor hemorrhages in the stroma. In the 
remote areas, mainly capillaries and veins were plethoric. In 
pancreatocytes, the intensity of differentiation into homo-
geneous and zymogenic zones decreased. Three days after 
bipolar welding, under the resection zone, the damaged 
parenchyma was separated from the preserved parenchyma 
by a thin layer of connective tissue. The stromal edema was 
pronounced below the resection zone; at the distance, it 
somewhat faded away. The blood vessels dilated, especially 

under the resection area. At 7 days, in the   lesion area, the 
coagulated gland tissue was completely covered by a vas-
cularized connective tissue capsule. In the capsule closer to 
the preserved parenchyma, ducts and blood vessels formed 
(Fig. 6). Fragments of a coagulation scab were seen under 
the capsule in the newly formed granulation tissue. They 
were lysed, surrounded by macrophages. Signs of stromal 
edema were observed at a distance. Cytoplasm of exocrine 
pancreatocytes was poorly basophilic; insulocytes had 
more pronounced signs of dystrophy. Stroma infiltration 
was virtually absent.

Twenty-one days after bipolar welding, in the resection 
zone, a scar formed by a moderately dense connective 
tissue, where single fragments of coagulated pancreatic 
tissue were noted. Under the resected area, pancreato-
cytes showed signs of moderate dystrophic changes. At a 
distance, the manifestations of dystrophy faded away, the 
zoning of the cytoplasm of exocrine pancreatocytes was 
restored.

DISCUSSION
When using electrosurgical methods, a hermetic layer 
formed on the resection surface, which ensured reliable 
hemostasis, contributing to a greatly reduced risk of 
bleeding and promoting the recovery processes in the 
postoperative period. The area of   the thermally damaged 
tissue was less with the use of electric welding as compared 
with monopolar welding and bipolar welding.

The site of the pronounced thermal damage was of 
heterogeneous structure and various volume, depending 
on the electrosurgical method. Visually, it was possible to 
distinguish three areas of changes: 1) a dense coagulation 
scab formed on the surface; 2) the parenchyma was densi-
fied, it was difficult to visualize the cellular boundaries, the 
nuclei diminished in volume and became hyperchromic; 
3) pancreatic cells lost contact with each other. 

The comparative analysis of independent data (groups 
II, III and IV), using the non-parametric Kruskal-Wallis 
H test, revealed statistically significant differences in such 
values as the width of the coagulation scab, the width of 
the densified area and the area with lost cellular communi-
cation between the two groups (p = 0.0001) (Table. I). For 
the densified area width there was employed the non-para-
metric Mann-Whitney U test involving the analysis of two 
independent samples.

Table I. Thickness of the thermal injuries after the pancreatic resection (µm)

Values
Group II

Monopolar
welding

Group ІІІ
Electric
welding

Group IV
Bipolar
welding

Width of coagulation scab 88,76 66,39* 96,15*

Width of the densified area 328,26 236,11* 403,17*

Width of the area with lost cellular communication 785,35 553,41** 816,64**

Note: * - the reliability of the difference between the groups according to the Kruskal-Wallis H test (p = 0.001);
** - the reliability of the difference between the groups according to the Mann-Whitney U test.
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More pronounced damage to the pancreatic parenchyma 
during surgery with the use of monopolar welding and bipo-
lar welding slowed down the recovery processes as evidenced 
by the investigations at 3 and 7 days postoperatively, howev-
er, at 21 days, the difference between the injuries caused by 
three electrosurgical methods were somewhat smoothed out.

In the early stages after the use of the conventional surgical 
technique, there was seen a more pronounced inflammation, 
there occurred bleeding on the resection surface and hemor-
rhage in the stroma, the volume of newly formed connective 
tissue increased significantly. Further, it could lead to postoper-
ative bleeding, increase the duration of reparative processes, and 
cause the formation of a significant amount of cicatricial tissue.

CONCLUSIONS
When using monopolar, bipolar and electric welding, 
reliable hemostasis was observed due to the formation of 
coagulation scab on the resected surface and blood coagu-
lation in the vessels under the resection area. The underlying 
vessels were markedly dilated, preserving patency. With the 
use of conventional technique there occurred bleeding on 
the resection surface and hemorrhage in the stroma.

Electric welding caused more considerable tissue com-
paction and liquid evaporation in the resection area than 
monopolar and bipolar welding. However, the volume of 
the thermally damaged tissue was less, which significantly 
reduced the area of   necrotic parenchyma.

In the early stages after the use of conventional surgical 
technique, there was a more pronounced inflammation 
with the dominance of neutrophil infiltration than after 
electrosurgical methods.

With the use of conventional surgical technique the 
volume of newly formed connective tissue increased faster 
than after electric welding, which further could lead to the 
formation of a considerable amount of cicatricial tissue.

The cicatrices formed in the resection site at 21 days 
both after electric, monopolar and bipolar welding were 
moderately thin and did not cause the deformation of the 
pancreas.

The use of electrosurgical methods allowed reducing the 
time of surgery, lessened the risk of bleeding, promoted 
more compact connection on the resection surface, and did 
not affect recovery processes in the investigated periods.
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