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AIM: The aim of this study was to investigate the morphometric features of tissues after exposure to bipolar energy of
various electrosurgical generators and surgical hemostatic instruments used in vaginal hysterectomy.

MATERIALS AND METHODS: The study included 48 individuals who underwent a vaginal hysterectomy. The patients were
divided in three groups based on the instrument used for sealing blood vessels: a BiClamp® was applied in Group 1 (n = 16),
a TissueSeal PLUS COMFORT® in Group 2 (n = 16), and a Thunderbeat® in Group 3 (n = 16). The maximum temperature of tis-
sue measured using a Fluke FLK TIS 40 9HZ thermal imaging infrared camera was compared within the groups.

RESULTS: The maximum tissue temperature between the branches on electroligation, the minimum tissue temperature,
and the tissue temperature at the coagulation boundary were significantly lower when using a TissueSeal PLUS COMFORT®
clamp than when using BiClamp® and Thunderbeat® clamps (H value = 41.8, p < 0.01). Morphometric parameters (preva-
lence, coagulation depth and area) were the smallest with a TissueSeal PLUS COMFORT® clamp compared to other clamps.

CONCLUSIONS: Using a TissueSeal PLUS COMFORT® clamp during vaginal hysterectomy is effective and safe and has the
best thermometric and morphometric characteristics when applied to the tissue, thereby reducing the risk of lateral thermal
damage. The possibility of perifocal heat transfer varies with the type of tool and with the temperature at the coagulation
boundary.
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llenb — u3yuntb MoOppOMETPUYECKME OCOBEHHOCTM TKaHEW Nocie BO3LEWCTBMA GUMONAPHOM SHEPrUM PasfMYHbIX
3NEKTPOXUPYPrUYECKUX FEHEPATOPOB M XMPYPrUYECKMX FEMOCTATUYECKMX MHCTPYMEHTOB MPM BbIMOSIHEHWW BRaranuLLHOM
TUCTEPIKTOMUM.

Mamepuanel u Memodel. B viccnenoBaHue 6binn BKKOYEHb! 48 NaLMEHTOK, NepeHeCLUMX BRaranuLLHyI0 MMCTEPIKTO-
Muio. MaumeHTKkM 6biNM pas3feneHbl HAa TPU FPyNMbl HA OCHOBE WMHCTPYMEHTA, WUCMOMb3YEMOro AA KoarynAauumu TKaHew.
B nepsoit rpynne npuMeHaAny 3axum BiClamp® (16 uenosek), Bo BTOpol rpynne — 3amuM TissueSeal PLUS COMFORT®
(16 yenoBek), B TpeTben rpynne — 3akuM Thunderbeat® (16 yenosek). TemnepaTypy TKaHWU M3MePANM NPX MOMOLLW Te-
nnosusopa Fluke FLK TIS 40 9HZ.

Pesynomamol. MakcuManbHaa TeMnepaTypa TKaHW Mexay 6paHLwaMy MHCTpPYMEHTa BO BPEMA Koarynauuu, MUHM-
MarnbHasA TeMnepaTypa TKaHW, TeMnepaTtypa TKaHW Ha rpaHuLLe C UHCTPYMEHTOM Bbiiv 3HAUMMO HUMKE NPU UCMONb30BaHUK
3armma TissueSeal PLUS COMFORT®, yem npu ncnonb3osanmm 3amiumos BiClamp® n Thunderbeat® (sennumna H — 41.,8;
p <0,01). MopdomeTpuyeckme napamMeTpbl — pacnpoCTPaHEHHOCTb, FMy6MHA U MnioLiab BO3OEUCTBUA Koarynaumm —
6bITM HaUMEHBLUMMM NPY NpUMeHeHnK npubopa TissueSeal PLUS COMFORT® no cpaBHeHMio C [pyriMMmM 3asuMamm.

3armoyenue. 3awum TissueSeal PLUS COMFORT® npu BnaranuuiHomn rucTepaktoMumn sddexTmseH u besonaceH, xa-
PaKTepPU3YETCA HaUyyLMMM TEPMOMETPUYECKUMU U MOPGOMETPUYECKMMM MOKasaTeNnsAMM Npy BO3LEWCTBAM Ha THaHb,
TEM CaMbIM CHUKAA PUCK NlaTeparnbHOro TePMUMUYECKOro NoBperkaeHWA. Bo3MoxHOCTb NeprdoKanbHOro TenaoBoro pacnpo-
CTPaHeHWA BapbMpyeT B 3aBUCMMOCTM OT TUNA MHCTPYMEHTA M OT TeMMNepaTypbl Ha rpaHuLe Koarynaumm.

KnioueBble cnoBa: BariHanbHaA r1CTEPIKTOMUSA; NaTepanbHoe TepMmuyeckoe nospewaenme; BiClamp®; TissueSeal PLUS
COMFORT®; Thunderbeat®.
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BACKGROUND

Globally, hysterectomy is performed in a significant
number of women, and 70% of these surgeries are
conducted for benign diseases such as uterine fibroids,
adenomyosis, menstrual irregularities, and genital prolapse.
Among all gynecological surgeries in Russia, hysterectomies
account for 25%-38% [1-3]. In modern gynecological
surgery, vaginal, abdominal, laparoscopic, robotic, and
combined approaches are used to perform hysterectomy.
Of these, vaginal hysterectomy and total laparoscopic
hysterectomy are minimally invasive surgeries [4]. Several
meta-analyzes of randomized controlled trials have been
conducted to compare vaginal and laparoscopic approaches
for hysterectomy in benign gynecological diseases. These
analyzes compared the included studies according to
several parameters, including duration of surgery, blood
loss, frequency of approach conversion, postoperative pain,
complications, and duration of hospital stay. The results did
not reveal differences between these groups regarding in the
frequency of approach conversion, amount of intraoperative
blood loss, overall complication rate, length of hospital stay,
and duration of postoperative recovery. However, compared
with the laparoscopic approach, the vaginal approach was
associated with a shorter duration of surgery and less
pain intensity 24 h after surgery [5]. Despite the available
evidence in favor of vaginal hysterectomy, current statistics
indicate that this technique is not widely and sufficiently
used for treating benign gynecological diseases. For genital
prolapse, vaginal hysterectomy is the main treatment
approach [6]. The primary difficulties in vaginal hysterectomy
without genital prolapse arise from the ligation of the uterine
vessels, as well as the cardinal and sacro-uterine ligaments,
as using clamps on these structures and their ligations are
accompanied by certain technical difficulties arising from the
limited space for the surgeon to manipulate [7].

During vaginal hysterectomy, hemostasis can be
achieved using traditional ligation (suturing) as well as
electrocoagulation. The interest in total hysterectomy via
the vaginal approach increased following the introduction of
electrosurgical methods of hemostasis, used traditionally in
laparoscopic surgery, namely the bipolar coagulator, which
facilitated the implementation of surgical intervention, as
most ligatures are replaced by coagulation. The advantages
of electrosurgical hemostasis using bipolar instruments
include shorter operating time, ease of handling, reduced
blood loss, and less postoperative pain [8]. Electrosurgical
hemostasis is associated with reduced inflammation owing
to a decrease in the number of foreign bodies used, such as
suture material, which subsequently reduces resorption and
phagocytosis. Compared with conventional electrosurgical
devices, contemporary electrosurgical devices use bipolar
technologies at a lower voltage and higher amperage and,
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as a rule, in a pulsed energy mode, which, in contrast to
direct current, helps reduce perifocal energy distribution
[9, 10]. Generators with the Autostop function emit
audible signals soon after achieving optimum coagulation.
Understanding the basic principles of electrosurgery can
help improve its use and reduce complications. Accordingly,
there is an increased interest in new instruments for
hemostasis in vaginal hysterectomy that will help perform
the surgery with @ minimum number of surgical sutures,
reduce postoperative pain, and reduce the duration of
postoperative rehabilitation.

This study aimed to conduct a comparative analysis
of the thermometric and morphometric characteristics
of uterine tissues after exposure to the bipolar energy
of various electrosurgical generators during vaginal
hysterectomy.

MATERIALS AND METHODS

The study included 48 patients who underwent vaginal
hysterectomy; these patients were categorized by the
sealed envelope method into three groups: those using the
Tissue Seal Plus Comfort® clamp of the ARC-400 BOWA®
generator (Germany), those using the BiClamp® clamp
of the electric generator Erbe Vio® (Germany), and those
achieving hemostasis using the Thunderbeat® clamp of
the Olympus® generator (Japan) (n= 16 patients each).
The groups were homogeneous in terms of anamnestic
data, previous surgical interventions, and uterus size.
A Fluke FLK TIS 40 9HZ thermal imager (USA) was used
to measure the temperature of the tissues between the
jaws of the instruments, before releasing the sound
signal of the Autostop function by the above-described
electric generators. Fluke FLK TIS 40 9HZ is a thermal
imager with infrared camera and a measurement error of
2%, an infrared sensor resolution of 160x120 mm, and
a sensitivity of 0.09°C or lower. It can detect a minimum
temperature of-20°C and a maximum temperature of
350°C.

For all patients, the tissue temperature was measured
from the same distance of 50 cm.

Methods for obtaining and assessing biopsy
specimens. Fragments of the uterine body wall sized
2 x3 cm were excised from the most visually changed areas
following damage after exposure to bipolar clamps of vari-
ous electrosurgical generators. Tissue fragments were fixed
in 10% buffered formalin and were subjected to standard
processing using a Thermo Scientific Excelsior AS processor
(Thermo Shandon Limited, UK). Then, the fragments were
embedded in paraffin and cut into 3-3.5-pm thick section.
These sections were then stained with hematoxylin and
eosin and scanned using a Pannoramic Midi digital scan-
ner (3DHISTECH Kft., Hungary). Subsequently, we performed
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a morphological assessment of the damaged areas showing
signs of irreversible tissue destruction (muscle fibers and
other histological structures with sharply disturbed histoar-
chitectonics, with karyopyknosis, and nuclear hyperchromia,
with the destruction and basophilia of the cytoplasm) using
the digitized preparations (Fig. 1, a, b). Using the QuantCen-
ter software, a morphometric assessment was performed
by measuring three indicators: the prevalence of coagula-
tion effect (mm), the depth of coagulation effect in the three
deepest destruction areas with the average value (mm), and
the area of coagulation effect (mm?) (Fig. 1, c).

Indications for hysterectomy were symptomatic uterine
fibroids for up to 15 weeks in size, adenomyosis, endometrial
hyperplastic processes, and menstrual irregularities leading
to chronic anemization.

The study did not include patients with malignant dis-
eases of the genitals, symptomatic uterine fibroids for
>15 weeks, inflammatory diseases of the pelvic organs,
and infiltrative endometriosis. The primary indications for
surgery were symptomatic uterine fibroids in 48.43% pa-
tients, menstrual irregularities in fibroids and adenomyo-
sis in 28.57% patients, endometrial hyperplasia in 28.57%

patients, adenomyosis in 17.86% patients, elongation of
the cervix in combination with uterine disease (fibroids or
adenomyosis) in 17.86% patients.

Surgical technique. Vaginal hysterectomy consisted of
traditional stages [2], namely radial dissection of the vaginal
mucosa at the level of the vaginal vaults, displacement of
the bladder and rectum cranially, opening the uterovesical
fold, and performing anterior colpotomy. After posterior
colpotomy, electrocoagulation was used to transect the
sacro-uterine, cardinal ligaments, and uterine vessels.
The uterus was resected through the colpotomy opening, and
the attached ovarian ligaments and fallopian tubes were cut.
If necessary, the uterus was fragmented. For fragmentation
of the uterine fibroids, knife morcellation, bisection, and
coring techniques were used. All patients underwent bilateral
tubectomy; oophorectomy was performed as indicated.
Subsequently, hemostasis was controlled, and the surgical
wound was sutured.

Statistical analysis. Study results were statistically
analyzed using the STATISTICA software (version 10,
© StatSoft, license BXXR3 10F964808FA-V). Quantitative
attributes were presented as median and interquartile range

Fig. 1. Morphometric indicators of the effect of coagulation on the myometrium. (@) Intact myometrium: The contours of muscle fi-
bers and capillaries are well distinguishable; nuclei are of normal shape and size; the cytoplasm of muscle fibers is oxyphilic (stained
with hematoxylin and eosin, x800). (b) Zone of irreversible destruction of the myometrium: The contours of muscle fibers and blood
vessels are indistinguishable, karyopyknosis, pronounced basophilia of the cytoplasm (staining with hematoxylin and eosin, x800).
(c) Studied morphometric parameters of prevalence (7), depth (2), and area (3) of the effect of coagulation (staining with hematoxylin

and eosin, x50)
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Fig. 2. Histological presentation of uterine tissue after exposure to the BiClamp® instrument

Me [Q;; @;], where @, was the lower quartile, and Q; was the
upper quartile. Analysis of variance was used for comparing
three independent groups (nonparametric, according to
Kruskal-Wallis). The relationship of quantitative indicators
was assessed by calculating the Spearman’s correlation
coefficient r,. When interpreting analysis results, p < 0.05
was considered to indicate statistical significance.

RESULTS

When using the BiClamp® instrument, the maximum
temperature used for achieving effective hemostasis during
coagulation was 112.29°C and the minimum temperature
was 36.13°C; the tissue temperature at the coagulation
border was 71.78°C, the depth of coagulation effect on the
tissue was 3.54 mm, the area of coagulation distribution
was 22.80 mm?, and the prevalence of coagulation was
10.84 mm. Figure 2 shows the morphometric characteristics,
namely prevalence (mm), depth (mm), and area (mm?).

- 1307.43 pm .16 pm

12275.73 pm

Temperature at the coagulation border correlated
significantly with depth (R = 0.64; p = 0.0075) and area of
the lesion (Rs = 0.75; p < 0.001).

When using the Tissue Seal Plus Comfort® instrument,
the maximum tissue temperature during ligation was 84.45°C
and the minimum temperature was 35.62°C. In addition, the
tissue temperature at the wound coagulation border during
electrocoagulation of the uterine vessels was 54.57°C,
the depth of tissue damage was 1.93 mm, the area of
coagulation prevalence was 10.85 mm?, and the prevalence
of coagulation was 8.39 mm.

It should be emphasized that the temperature at the
coagulation border correlated significantly with the prevalence
(Rs=10.58; p=10.017) and the area (R =0.60; p=0.014)
of the lesion. The influence of T, on all morphometric
parameters was not statistically significant.

Thunderbeat® combines ultrasonic and bipolar energies.
In the present study, this device was used only in the
coagulation mode, and tissue dissection was performed

1090.33 pm

- >

Fig. 3. Histological presentation of uterine tissue after exposure to the Tissue Seal Plus® instrument
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Fig. 4. Histological presentation of uterine tissue after exposure to the Thunderbeat® instrument
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Fig. 5. Maximum temperature of the uterine tissue subjected to
coagulation when using different clamps. AV — analysis of vari-
ance
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when using different clamps. AV — analysis of variance
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Fig. 6. Minimum temperature of the uterine tissue subjected to
coagulation when using different clamps. AV — analysis of vari-
ance

using scissors. When using this instrument, the maximum
tissue temperature during coagulation was 166.11°C
and the minimum temperature was 39.60°C. A maximum
temperature of approximately 165°C can cause lateral
thermal damage and potential injury to adjacent organs. The
tissue temperature at the border of the coagulation zone was
54.57°C, the depth of the coagulation effect was 2.95 mm,
the coagulation area was 19.10 mm?, and the coagulation
prevalence was 11.55 mm (Fig. 4).

When using the Thunderbeat® clamp, the tissue
temperature at the coagulation border correlated significantly
with the coagulation area (Rs = 0.49; p = 0.050); minimum
tissue temperature correlated significantly with coagulation
prevalence (Rs=0.56; p=0.027) and area (Rg=0.55;
p =0.039).

Figures 5-7 demonstrate the maximum and minimum
tissue temperatures, as well as tissue temperature at the
coagulation border.
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Table 1. Median temperatures of tissue when using bipolar instruments

BiClamp® Tissue Seal® Thunderbeat®
Indicat (n=16) Plus (n=16) H ~level
ndicator (n=16) (n=16) P
Me [0, ;0,]
Maximum temperature of the tissue, °C 112.29 84.45 166.11 41.80 <0.001
[111.25; 114.40  [84.12;85.13  [165.40; 166.50]
Minimum temperature of the tissue, °C 36.13 35.62 39.60 34.09 <0.001
[35.39; 37.07] [34.63; 35.93 [39.50; 39.94]
Tissue temperature at the coagulation 71.78 47.70 54.57 41.80 <0.001
border, °C [71.55; 72.12] [47.46; 48.19] [53.80; 54.81]
other clamps (H value: 41.8, p < 0.001). The temperature
DISCUSSION ps { p=0.001) P

The present study was performed to compare the
thermal effects of electrosurgical instruments on the
myometrium to determine the degree of thermal damage
as well as to determine the effective and safe clinical
use of various bipolar instruments. Surgeons determine
the degree of thermal tissue damage by assessing tissue
appearance, discoloration, and other signs; however,
they cannot accurately estimate the depth range of
thermal tissue damage. Injuries can be caused by direct
exposure to heat or lateral heat propagation. This study
aimed to investigate the possible differences between
bipolar instruments in vaginal hysterectomy, namely the
efficiency of hemostasis and the lateral tissue damage.
This study demonstrates that the Tissue Seal Plus®
bipolar clamps offer a number of key advantages over
the BiClamp® and Thunderbeat® bipolar clamps for
electrosurgical hemostasis during vaginal hysterectomy.
Thus, the maximum tissue temperature between the
jaws during coagulation using the BiClamp® clamp was
112.29°C, and at the coagulation border, this temperature
was 71.78°C. The minimum temperature when using
the BiClamp was 36.13°C. During coagulation using the
Thunderbeat® clamps, the tissue temperature between
the jaws was 166.11°C and at the coagulation border was
54.57°C. The minimum tissue temperature when using
the Thunderbeat® clamps was 39.60°C. When coagulating
using a Tissue Seal clamp, the temperature of the tissue
between the jaws was 84.45°C and at the coagulation
border was 47.70°C. The minimum temperature with the
Tissue Seal Plus Comfort clamps was 35.62°C (p < 0.001).
Thus, the maximum tissue temperature between the
instrument jaws during coagulation, the minimum tissue
temperature, and the tissue temperature at the border
were significantly lower when using Tissue Seal Plus®
clamps than when using BiClamp® and Thunderbeat®
clamps (H value: 41.8, p < 0.01). The tissue temperature at
the coagulation border was also statistically significantly
lower when using Tissue Seal Plus® than when using

values measured by the thermal imager are presented in
Table 1.

The smallest depth of coagulation effect was recorded
when using Tissue Seal Plus® clamps (1.93 mm); when
using the BiClamp® and Thunderbeat® clamps, the
depths were 3.54 and 2.95 mm, respectively. The area of
coagulation prevalence was also the smallest when using
the Tissue Seal Plus® (10.85 mm?), and it was 22.80 mm?
with BiClamp® and 19.10 mm? with Thunderbeat®. The
prevalence of coagulation was minimal with Tissue Seal
Plus® (8.39 mm), and with BiClamp® and Thunderbeat®, it
was 10.84 mm and 11.55 mm, respectively. Figures 8-10
show the prevalence, depth, and area of exposure to
coagulation.

The data of morphometric characteristics of tissues in
the electrosurgery field are presented in Table 2.

Results of analysis of variance indicated that the mean
values (expressed as medians) of the three parameters were
significantly different when using different clamps. Analysis

Kruskal-Wallis AV:
141 H(2;48)=9.12; p=0.010

Prevalence, mm

Tissue Sleal Plus Thuncierbeat

Device
T 25%-75%

BiClamp

[E Median

Fig. 8. Prevalence of coagulation. AV — analysis of variance
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Fig. 10. Coagulation area. AV — analysis of variance

Table 2. Morphometric characteristics of tissues after exposure to bipolar coagulators

| Kruskal-Wallis analysis
nstrument R
of variance
Indicator .

BiClamp® T'S;ll':szeal Thunderbeat® H p

(n=16) (n=16) (n=16) [2; 48]
Prevalence, mm 10.84 8.39 11.55 9.12 0.010
(Me [@;; Q3] [9.35; 12.30] [4.35; 9.40] [8.97; 14.12]
Depth, mm, av. 3.54 1.93 2.95 7.72 0.021
(Me [Q;; @3] [2.48; 3.70] [1.49; 2.60] [2.04; 3.71]
Area, mm? 22.80 10.85 19.10 10.67 0.0048
(Me [@;; ;D) [17.10; 31.75] [5.55; 16.52] [15.65; 34.10]

of pairwise comparisons of group means revealed that these
differences were caused by significantly lower prevalence,
depth, and area when using Tissue Seal Plus® clamps
compared to when using other clamps.

CONCLUSIONS

The risk factor for lateral thermal damage is the tissue
temperature at the coagulation border, as the correlation
coefficient (r) between the tissue temperature at the
coagulation border and the prevalence of coagulation
was 0.58 (p=0.017) and was 0.60 for the area of
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