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Abstract

Background: Gastroduodenal bleeding (GDB) and the improvement of endoscopic hemostasis (EH) remain a priority in
emergency surgery. This article presents the results of an experimental study of the effects of granular sorbents (Aseptisorb,
Aseptisorb-A, Aseptisorb-D) on the system regulating the aggregate state of the blood using modern capabilities of piezoelectric
thromboelastography (TEG).

Methods and Results: The study involved 12 healthy volunteers (9/75% men and 3/25% women) aged between 18 and 58
years, with the average age of 34.0(26.0;44.0) years.

For the study, the blood of healthy volunteers with normal indicators of the system regulating the aggregate state of the blood
was used. In vitro experiments: Several tests were performed with the blood of each volunteer. In the first experiment (the control
stage), the blood cuvette did not contain the test material. At the second stage of the experiment, the hemostatic properties of new
generation granulated sorbents (Aseptisorb, Aseptisorb-A, and Aseptisorb-D) were studied.

Experimental studies have shown that the use of granular sorbents Aseptisorb, Aseptisorb-A, and Aseptisorb-D in varying
degrees affects the links of platelet and coagulation hemostasis, providing acceleration of thrombosis processes while increasing the
maximum density of the clot. These effects determine the effectiveness of the clinical use of these sorbents to stop various types of
bleeding.

Conclusion: Experimental studies of the effect of granular sorbents on the system regulating the aggregate state of the
blood using piezoelectric TEG have shown that the use of Aseptisorb, Aseptisorb-A, and Aseptisorb-D can significantly reduce
the time of blood clotting and increase the maximum clot density, which determines the possibility of the use of these sorbents in
endoscopic hemostatic treatment for GDB. (International Journal of Biomedicine. 2021;11(3):286-290.)
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Introduction surgery for many decades. One of the most technically complex
types of hemostasis is endoscopic arrest of Gastroduodenal

The problem of bleeding and the improvement of surgical bleeding (GDB).!"® Modern endoscopy has many ways to
hemostasis methods has remained a priority in emergency stop bleeding, among which the most common are coagulation
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methods (argonplasma coagulation, diathermocoagulation,
laser photocoagulation, etc.), injection hemostasis, clipping,
and application methods, as well as combined techniques. Even
so, the rate of recurrence of hemorrhage, even after successful
primary endoscopic hemostasis (EH), reaches 10%-46%,
which shows the need to improve the capabilities of therapeutic
endoscopy.’'V

Methods of EH by insufflation of powdered hemostatic
systems, such as Hemospray, EndoClot, etc., to the source of
hemorrhage are becoming increasingly widespread globally
in clinical practice. The main disadvantage of such systems
is their high cost, which limits the possibility of their use in
everyday clinical practice.!'*!3 It should be noted that using
powdered hemostatic systems in therapeutic endoscopy is not
new. For more than 25 years, granular sorbents with hemostatic,
antibacterial, and other properties have been successfully
used for endoscopic hemostasis of gastroduodenal bleeding.
However, the mechanism of action of these sorbents on the
system of regulation of the aggregate state of blood remains
not fully understood.'"

The aim of our research was to study the peculiarities
of the influence of new generation granular sorbents on the
system regulating the aggregate state of the blood through
in vitro experiments using the modern possibilities of
piezoelectric TEG.

Materials and Methods

The study involved 12 healthy volunteers (9/75% men
and 3/25% women) aged between 18 and 58 years, with the
average age of 34.0(26.0;44.0) years.

For the study, the blood of healthy volunteers with
normal indicators of the system regulating the aggregate state
of the blood was used. In the aseptic conditions, venous blood
was collected with a venipuncture needle into vacuum tubes
containing a 3.8% sodium citrate solution with a volume of
4.5 ml, intended for coagulographic studies. The contents
of the test tube were carefully mixed by tilting the test tube
several times.

The study of the parameters of the regulation of
the aggregate state of the blood was performed using the
piezoelectric thromboelastograph ARP-01M “Mednord.”

In vitro experiments: Several tests were performed with
the blood of each volunteer. In the first experiment (the control
stage), the blood cuvette did not contain the test material.
Next, 0.3 ml of citrate blood was added to the TEG cuvette
using a laboratory single-channel pipette dispenser, then the
blood cuvette was placed in the device’s thermostat chamber
and a coagulation activator solution (0.025 M calcium chloride
solution) was added. The sensor of the device was immersed
in the cuvette and the study was started.

At the second stage of the experiment, the hemostatic
properties of new generation granulated sorbents (Aseptisorb,
Aseptisorb-A, and Aseptisorb-D) were studied. To do this,
1.0 mg of the sorbent was added to the cuvette of the device
filled with 0.3 ml of citrate blood. The powdered sorbent was
evenly mixed with the test blood, then the activator solution
was added and the study was started.

The results of the studies were analyzed by evaluating the
following parameters of thromboelastograms: the time of the
CPC, the intensity of the CPC, the time to reach the thrombin
constant, the constant of thrombin activity, the time of blood
clotting, the intensity of the coagulation drive, the time of clot
polymerization, the intensity of clot polymerization, the time of
fibrin-platelet clot formation, the maximum density of the clot,
the intensity of total clotting, and the time of the beginning of
fibrinolysis, according to the device instructions.!31”

The study was conducted in accordance with ethical
principles of the WMA Declaration of Helsinki (1964, ed.
2013) and approved by the Ethics Committee of Voronezh
State Medical University named after N. N. Burdenko. Written
informed consent was obtained from all participants.

Statistical analysis was performed using Microsoft
Excel software package. For descriptive analysis, results
are presented as median (Me), lower quartile (Q,) and upper
quartile (Q,). A non-parametric Kruskal-Wallis test was
used for comparisons of median values among four groups,
followed by post-hoc testing using un-paired Mann-Whitney
U tests.

Results and Discussion

When analyzing thromboelastograms of healthy
volunteers, it was found that the time of the CPC was
1.0(1.0;1.0)min, while the intensity of the CPC was at the level
0f39.5(17.7;63.0)U (Table 1). The time to reach the thrombin
constant occurred at 5.9(4.6;7.0)min, and the constant of
thrombin activity was at the level of 17.8(13.6;27.4)U. Blood
clotting in healthy individuals occurred at 12.1(10.7;14.1)min,
with the intensity of the coagulation drive of 19.3(10.8;21.9)
U. Clot polymerization occurred at 23.5(20.7;25.3)min,
and the intensity of clot polymerization was 13.1(5.3;14.5)
U. Formation of the fibrin-platelet clot was observed at
32.6(29.9;38.8) min. The maximum clot density in healthy
individuals was 389.0(289.0;444.5)U with the total clotting
intensity at 7.9(6.1;11.8)U. At the same time, it should be
noted that in 3 observations, the clot lysis process began at
29.7(29.5;29.9)min.

Aseptisorb effects

When studying the effect of Aseptisorb on the dynamics
ofthe processes regulating the aggregate state ofthe blood, we
found no significant changes in the time of the CPC compared
to the control stage. The time of the CPC for Aseptisorb was
1.0(1.0;1.0)min, but the intensity of the CPC was at a higher
level and amounted to 80.5(70.0;108.5)U (P=0.002). Under
the influence of Aseptisorb, the time to reach the thrombin
constant occurred earlier than in the control stage (P=0.003).
At the same time, the constant of thrombin activity was
also more pronounced, 54.1(25.9;62.5)U (P=0.002). The
use of Aseptisorb significantly reduced the blood clotting
time from 12.1(10.7;14.1)min to 6.8(5.6;8.8)min (P=0.000)
and increased the intensity of the coagulation drive from
19.3(10.8;21.9)U to 34.6(16.5;41.3)U (P=0.03). The onset
of clot polymerization occurred at an earlier time than in
the control stage [(16.8(15.6;18.8)min and 23.5(20.7;25.3)
min, respectively, P=0.000)], but the intensity of clot
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polymerization did not differ significantly from the control
stage. A fibrin-platelet clot was formed at 28.1(24.3;29.7)
min versus 32.6(29.9;38.83)min in the control stage
(P=0.04). Analyzing the characteristics of the clot density,
we found that due to the sorbtion activity of Aseptisorb
and its hydrophilic properties, the maximum clot density
was higher than in the control stage [(468.5(438.0;696.5)U
and 389.0(289.0;444.5)U, respectively, P=0.005)], as was
the intensity of total clotting [(12.3(10.6;19.8)U and 7.9
(6.1;11.8)U, respectively, P=0.005)]. Clot lysis in the use of
Aseptisorb was not observed in any study.

Aseptisorb-A effects
Analyzing the effect of Aseptisorb-A on the parameters

of the regulation of the blood aggregate state, we found
that, like Aseptisorb, Aseptisorb-A had no effect on the
time of the CPC. The time of the CPC for Aseptisorb was
1.0(1.0;1.0)min. However, the use of Aseptisorb-A allowed
an increase in the intensity of the CPC to 99.5(67.0;158.5)
U from 39.5(17.3;63.0)U in the control stage (P=0.001).
For Aseptisorb-A, the time to reach the thrombin constant
was 3.3(2.2;4.6)min, and the thrombin activity constant was
58.3(30.8;97.2)U. The use of Aseptisorb-A reduced the blood

Table 1
The influence of new generation granular sorbents on TEG parameters
Indicator Control stage Aseptisorb Aseptisorb-A Aseptisorb-D P-value
Time of the CPC (min) 1.0(1.0;1.0) 1.0(1.0;1.0) 1.0(1.0;1.0) 1.0(1.0;1.0) >0.05
P-value - >0.05 >0.05 >0.05 -
The intensity of the CPC 39.5(17.7;63.0) 80.5(70.0;108.5) 99.5(67.0;158.5) 117.5(83.0;206.5) | <0.001
P-value ; 0.002 0.001 0.001 -
The time to reach the thrombin . . . .
constant (min) 5.9(4.6:7.0) 2.8(2,6:4.8) 3.3(2.2:4.6) 2.1(1.6,2.8) 0.001
P-value - 0.003 0.001 0.000 -
zcﬁfv‘;f;“a“t of thrombin 17.8(13.6;27.4) 54.1(25.95:62.5) 58.3(30.8:97.2) 718(54.4,125.0) | <0.001
P-value - 0.002 0.000 0.000 -
(Tn}fnt)ime of blood clotting 12.1(10.7;14.1) 6.8(5.6:8.8) 6.1(4.2:7.3) 42(2.5:5.4) 0.000
P-value - 0.000 0.000 0.000 -
The intensity of . . . .
the congulation drive 19.3(10.8;21.9) 34.6(16.5:41.3) 34.2(23.3;55.6) 46.7(30.8;70.4) 0.001
P-value - 0.03 0.003 0.000 -
The time of polymerization . . . .
of the clot (toin) 23.5(20.7;25.3) 16.8(15.6;18.8) 16.1(14.2;17.3) 14.2(12.5;15.4) 0.000
P-value - 0.000 0.000 0.000 -
The intensity of polymerization| 3 ;53,14 5) 11.2(6.6;19.4) 10.7(8.7;16.4) 10.4(7.8;17.3) ~0.05
of the clot
P-value - >0.05 >0.05 >0.05 -
The time of fibrin-platelet clot 32.6(29.9:38.8) 28.1(24.3;29.7) 25.8(24.5:28.0) 28.7(26.0;29.5) 0.03
formation (min)

P-value - 0.04 0.000 0.02 -
The maximum density of the 1 389 0(389.0:444.5) | 468.5(438.0:696.5) | 493.0462.0:573.0) | 479.0(449.5:641.5) | 0.001
P-value - 0.005 0.000 0.001 -
The intensity of total clotting 7.9(6.1;11.8) 12.3(10.6;19.8) 11.1(9.8;13.0) 13.5(11.9;17.1) 0.001
P-value - 0.005 0.02 0.001 -

The time of the beginning of .
fibrinolysis (min) 29.7(29.5:29.9) ) ) )
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clotting time from 12.1(10.7;14.1)min to 6.1(4.2;7.3)min
(P=0.000) and simultaneously increased the intensity of the
coagulation drive from 19.3(10.8;21.9)U to 34.2(23.3;55.6)
U (P=0.003). Clot polymerization occurred earlier than in the
control stage [(16.1(14.2;17.3)min and 23.5(20.7;25.3)min,
respectively, P=0.000)], but the intensity of clot polymerization
did not differ significantly from the control stage. The use of
this sorbent also reduced the time of formation of a fibrin-
platelet clot (from 32.6(29.9;38.8min to 25.8(24.5;28.0)min,
P=0.000), while increasing the maximum clot density (from
389.0(289.0;444.5)U to 493.0(462.0;573.0)U, P=.000). At
the same time, the use of Aseptisorb-A allowed an increase
in the intensity of total coagulation (from 7.9(6.1;11.8)U to
11.1(9.8;13.0)U, P=0.02). An increase in the density of the
clot with Aseptisorb-A contributed to the formation of a stable
clot, and the phenomena of fibrinolysis were not observed.

Aseptisorb-D effects

The influence of Aseptisorb-D on the dynamics of the
processes of regulation of the blood aggregate state also had
distinctive features. Thus, the time of the CPC was at the level
of 1.0(1.0;1.0) min and did not differ from the control stage.
The intensity of the CPC was 117.5(83.0;206.5)U versus
39.5(17.3;63.0)U in the control stage (P=0.001).The time to
reach the thrombin constant was statistically reduced, compared
to the control stage [(2.1(1.6;2.8)min and 5.9(4.6;7.0)min,
respectively, P=0.000)], and the thrombin activity constant
was at a higher level than the control stage [(71.8(54.5;125.0)
U and 17.8(13.6;27.4)U, respectively, P=0.000). The use of
Aseptisorb-D significantly reduced the blood clotting time
(from 12.1(10.7;14.1)min to 4.2(2.5;5.4)min, P=0.000), while
the intensity of the coagulation drive was 46.7(30.8;70.4)U.
Clot polymerization occurred earlier than in the control stage
[14.2(12.5;15.4)min and 23.5(20.7;25.3)min, respectively,
P=0.000)], but the intensity of clot polymerization did not differ
significantly from the control stage. The use of Aseptisorb-D
reduced the time of formation of a fibrin-platelet clot (from
32.6(29.9;38.8)min to 28.7(26.0;29.5)min, P=0.02), while
simultaneously making it possible to increase the maximum
clot density (from 389.0(289.0;444.5)U to 479.0(449.5;641.5)
U, P=0.001) and total coagulation intensity (from 7.9(6.1;11.8)
to 13.5(11.9;17.1)U, P=0.001). When using Aseptisorb-D, the
clot was also dense and the processes of fibrinolysis were not
recorded.

Summing up the results of the experimental study,
the most important finding for surgeons is that among all
indicators of blood clotting processes there are 2 main ones:
the time of blood clotting and the maximum density of the
clot. Blood clotting time is a key indicator that reflects the
transition of the liquid state of the blood to a gel-like state and
coincides with the implementation of the thrombin explosion
and is highly correlated with the time of reaching the peak
concentration of thrombin in the thrombin generation test.
The maximum density is the final qualitative characteristic of
the entire process of thrombosis and reflects the resistance of
the clot to external influences.®?» The use of the granulated
sorbents Aseptisorb, Aseptisorb-A and Aseptisorb-D allows us
to significantly accelerate the blood clotting time and increase
the maximum clot density, which provides a theoretical

justification for the effectiveness of these sorbents for surgical
hemostasis.

Conclusion

Experimental studies have shown that the use of
granular sorbents Aseptisorb, Aseptisorb-A, and Aseptisorb-D
in varying degrees affects the links of platelet and coagulation
hemostasis, providing acceleration of thrombosis processes
while increasing the maximum density of the clot. These
effects determine the effectiveness of the clinical use of these
sorbents to stop various types of bleeding.

Experimental studies of the effect of granular sorbents
on the system regulating the aggregate state of the blood using
piezoelectric thromboelastography have shown that the use of
Aseptisorb, Aseptisorb-A, Aseptisorb-D, and Sephadex G-50
can significantly reduce the time of blood clotting and increase
the maximum clot density, which determines the possibility of
the use of these sorbents in endoscopic hemostatic treatment
for GDB.
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