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Abstract. The aim of this study was to conduct a clinico-morphological evaluation of the
effectiveness of the local hemostatic agent BloodStop in cesarean section. The study included 34
reproductive-age patients (18-40 years), divided into three groups. All women underwent
cesarean section through the lower uterine segment using a standardized technique. To assess the
dynamics of reparative processes, transvaginal ultrasound with Doppler was performed on the
3rd postoperative day and at 3-6 months after surgery. In the early postoperative period, uterine
length parameters were comparable across all groups; however, in the comparison group, uterine
width and height were statistically higher (p<0.05). In the long-term follow-up, 80% of women in
the main group had a scar thickness greater than 8 mm, comparable to the control group, whereas
in the comparison group this was observed in only 15.4% of patients. Doppler examination
revealed blood flow and angiogenesis in the scar area in all women of the main group, unlike the
comparison group where vascularization was absent. Thus, the use of BloodStop in cesarean
section provides reliable hemostasis, promotes full recovery of the myometrium, formation of a
consistent postoperative scar, and preservation of microcirculation in the intervention zone,
making it a promising tool for obstetric and gynecological practice.
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Obstetric hemorrhages represent the leading cause of maternal mortality and morbidity,
accounting for up to 27% of fatal outcomes [3]. The greatest threat is posed by massive
postpartum hemorrhages, which develop rapidly and can lead to death in the absence of timely
assistance [1,7]. The primary causes include uterine atony, trauma to the birth canal, placental
pathology, and coagulopathies [5,8]. During cesarean sections, additional factors include
vascular damage and hemostasis disorders, particularly in cases of placenta previa/accreta [2].

The frequency of cesarean sections in many countries exceeds 30-40% [4], and
hemorrhages during these procedures remain one of the main causes of maternal mortality [6].
Effective management requires a comprehensive approach involving uterotonics, mechanical
and surgical methods, as well as local hemostatics [9]. An important direction is the clinical-
morphological evaluation of their impact not only on stopping the bleeding but also on
reparative processes.

The quality of the postoperative scar on the uterus determines the possibility of
subsequent natural births. Its integrity depends on the blood supply to the suture area, the
degree of inflammation, suturing technique, and the quality of the suture material. Despite
active studies on scar morphology, there is no consensus on the influence of the interval
between surgeries and the optimal timing of pregnancy. Repeat cesarean sections are
associated with an increased risk of complications and technical difficulties, and the risk of
uterine rupture necessitates the development of methods for prophylactic scar strengthening.

In the treatment of hemorrhages, uterotonics, uterine massage, balloon tamponade,
vessel ligation, embolization, and hysterectomy are used. Local hemostatics are considered an
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additional method, especially for moderate bleeding or in resource-limited settings [3]. Among
them, BloodStop is a modified oxidized cellulose that forms a gel, which mechanically seals the
defect, activates local clotting, and has antimicrobial effects. The drug is biodegradable, does
not require removal, and is effective in coagulopathies and anticoagulant use. However,
experience with its application in obstetrics, particularly during cesarean sections, is limited,
which underscores the scientific significance of its clinical-morphological evaluation.

Materials and methods of the study. We performed surgical delivery (cesarean section)
in 34 patients. All women were divided into three groups depending on the method chosen to
stop the bleeding. The control group (n=10) included women who underwent surgery without
the use of local hemostatics. Bleeding was controlled using traditional surgical methods—
vessel ligation and mechanical tissue compression. The study included women of reproductive
age from 18 to 40 years who underwent planned or emergency cesarean section for obstetric
indications (fetal malpresentation, placental pathology, uterine scar, etc.) at term or near-term
pregnancy (37-41 weeks). Participants had satisfactory somatic status and no severe
extragenital diseases in the decompensation stage. Women with pronounced coagulation
system disorders, clinically significant coagulopathies, as well as those with anatomical uterine
developmental anomalies that could affect the course of the surgery and postoperative scar
formation, were not included in the study sample.

Exclusion criteria included age under 18 or over 40 years, presence of severe obstetric
pathology (preeclampsia and eclampsia, premature placental abruption, chorioamnionitis,
complicated multiple pregnancy), three or more uterine scars associated with a high risk of
rupture. Additionally, patients with severe chronic diseases (decompensated forms of diabetes
mellitus, cardiovascular, renal, and hepatic insufficiency), oncological pathology, as well as
active infectious diseases (HIV, viral hepatitis, tuberculosis) were excluded. This selection
allowed for the formation of a homogeneous sample, minimizing the influence of confounding
factors on the results of the clinical-morphological evaluation of the hemostatic agent's
effectiveness.

The comparison group (n=12) consisted of patients who were additionally administered
standard hemostatic gels commonly used in routine obstetric-gynecological practice during the
procedure. The main group (n=12) included women in whom BloodStop was used to achieve
optimal hemostasis and improve tissue regeneration conditions. This drug is based on modified
oxidized cellulose, has gel-forming properties, and provides antimicrobial action.

In women from all three groups, a uniform surgical technique was used—cesarean section
through a transverse incision in the lower uterine segment. This approach minimized
myometrial damage and created optimal conditions for the formation of a strong postoperative
scar. The surgery was performed through a Pfannenstiel incision with layered aponeurosis
dissection and peritoneal opening. After careful displacement of the bladder, a transverse
incision was made in the lower uterine segment, the fetus was extracted, and the placenta with
membranes was subsequently removed. The uterine cavity was subjected to instrumental
revision, after which its wall was sutured in layers. Comparative analysis showed that planned
cesarean section was performed in 60% of cases in the main group and 83.3% in the
comparison group; no significant differences were found in the urgency of delivery between
groups.

A feature of the performed surgeries was the difference in hemostasis methods among
patients in the three study groups. In the control group, cesarean section was performed
without local hemostatic agents, and bleeding was stopped exclusively by traditional surgical
techniques. In the comparison group, standard local hemostatic gels used in routine practice
were employed during the surgery. In the main group (n=12), BloodStop—a modified oxidized
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cellulose with gel-forming effects and antimicrobial properties—was used during surgical
delivery to ensure reliable hemostasis and optimize reparative processes. Analysis of the
postoperative period showed no significant differences between patients in the main group
who used BloodStop and women in the comparison group. All women received intraoperative
antibiotic prophylaxis with lactation-compatible drugs: cefotaxime (1 g) or amoxicillin-
clavulanate (1.2 g) was administered intravenously every 12 hours.

Starting from the second day of the postoperative period, uterotonic drugs were used to
prevent subinvolution of the uterus: oxytocin solution at a dose of 5 IU intramuscularly twice
daily.

After fixation of the BloodStop hemostatic agent, peritonization was performed using the
vesicouterine fold, followed by layered suturing of the anterior abdominal wall.

Study Results. A comparative analysis of surgery duration was conducted. It was found
that the time spent on emergency cesarean section was significantly shorter compared to
planned interventions (p<0.05) in both the main and comparison groups. At the same time, no
statistically significant differences in surgery duration were found between women who used
BloodStop and those without it. The average procedure duration was about 50 minutes for both
planned and emergency cesarean sections. These data indicate that intraoperative use of
BloodStop does not significantly affect surgery duration and does not complicate its
performance. Thus, postoperative management in women from the main group and
comparison group was comparable, with no significant differences in complication rates or
course features noted.

To study postoperative uterine remodeling processes and assess myometrial thickness in
the scar formation area, all included patients underwent transvaginal ultrasound scanning
supplemented by Dopplerometry. Examinations were performed twice—on the 3rd day after
surgical delivery and in the interval of 3-6 months after cesarean section. During echographic
monitoring, parameters such as uterine length, width, and height, myometrial thickness in the
postoperative scar area, as well as blood flow characteristics in the radial arteries, were
analyzed. According to ultrasound results, by the third day after surgery, uterine dimensions in
women from the control, comparison, and main groups were comparable, with no significant
intergroup differences recorded.

In patients from the comparison group, the uterine width indicator was statistically
significantly higher than in the main group, where BloodStop was used for hemostasis (77.65 +
1.76 mm; p<0.05). When studying the uterine height parameter, it was found that this indicator
also showed a significant excess in women from the comparison group compared to both the
control and main groups (114.39 + 1.61 mm; p<0.05).

In patients from the control group, who underwent cesarean section without local
hemostatic agents, ultrasound diagnostics on the third day after the procedure showed that
uterine length, width, and height corresponded to physiological norms, with no significant
deviations detected. No significant differences in these parameters were noted within the
control group.

In women from the comparison group, where standard local hemostatic gels were used
during surgery, the results of transvaginal ultrasound on the third day had certain features. In
particular, uterine width was statistically higher compared to indicators in patients from the
main group (77.65 * 1.76 mm; p<0.05). Analysis of the uterine height parameter also recorded
a significant excess in values relative to the control and main groups (114.39 * 1.61 mm;
p<0.05). These data may indicate somewhat more pronounced postoperative changes in
patients from this group.
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Summarizing the obtained data, it can be noted that uterine length in women from the
control, comparison, and main groups three days after cesarean section showed no statistically
significant differences. However, in patients from the comparison group, uterine width and
height were significantly higher than in women from the main and control groups.

In the main group, indicators of uterine width and height were closer to control values,
indicating less pronounced changes in the myometrium and a more favorable early
postoperative course.

Figure 1 presents the dynamics of uterine dimensions based on ultrasound data three
days after cesarean section in the three study groups: control, main, and comparison.
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Figure 1. Comparative Uterine Dimensions Based on Transvaginal Ultrasound 3 Days
After Cesarean Section in the Control Group, Main Group, and Comparison Group

As can be seen from the presented data, the uterine length indicators in all patients were
comparable, and no significant differences between groups were identified. However, in women
from the comparison group, the uterine width and height were statistically significantly higher
compared to the control and main groups (p<0.05). In the main group, where the hemostatic
agent BloodStop was used, the values of uterine width and height were closer to the control
indicators, which may indicate a more favorable course of the early postoperative period and
less pronounced remodeling of the myometrium.

Table 1
Comparative Table of Uterine Parameters in Patients from Three Groups Based on
Transvaginal Ultrasound 3 Days After Cesarean Section.

Group Length, mm Width, mm Height, mm
Control (n=10) 92.10 +1.60 73.80 £ 1.85 109.60 £ 1.70
Main (n=12) 92.35+1.55 7490 + 1.70 110.40 +1.60
Comparison (n=12) 92.25 +1.58 77.65 +1.76 114.39 +1.61
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According to ultrasound data 3 days after cesarean section, no significant differences were
found in uterine height between all three groups. However, the uterine width parameter was
significantly higher in women from the comparison group (39.53 + 1.68 mm) and the main
group (38.8 * 1.39 mm) compared to the control group (32.8 + 1.59 mm; p<0.05). The
myometrial thickness in the scar area in the comparison group was significantly lower than in
patients from the control and main groups, averaging 6.25 + 0.57 mm (p<0.001). In the main
group, scar thickness exceeded 8 mm in 80% of women, which was closer to the control group
values (p<0.05). In the comparison group, scar thickness exceeded 8 mm in only 15.4% of
women, indicating low reparative processes (Table 1).

One of the key criteria for assessing the integrity of the postoperative scar is the state of
microcirculation and the presence of angiogenesis signs in its area. For this purpose, all patients
underwent transvaginal ultrasound with Dopplerometry aimed at recording blood flow in the
uterine radial arteries. In the comparison group, blood flow in the scar area was not detected.
In the main group, blood flow in the scar area was visualized in 100% of women, confirming
the presence of angiogenesis. However, resistance indices to blood flow in the radial arteries of
the main group were significantly lower compared to the control group (p<0.05), reflecting the
consequences of the undergone surgical intervention.

Thus, 3-6 months after cesarean section in women who used BloodStop, a more favorable
recovery of the myometrium and formation of an intact scar (in terms of thickness and blood
flow presence) were noted, whereas in patients from the comparison group, the indicators
were worse.

Analysis of the obtained data revealed substantial intergroup differences. Thus, in women
from the comparison group, where traditional hemostatic gels were used during surgery, blood
flow in the postoperative scar area was not detected in the vast majority of cases. The absence
of vascularization indicates insufficient formation of the vascular network in the scar area,
which unfavorably affects reparative regeneration processes and increases the risk of forming
an incomplete scar.

At the same time, in patients from the main group, blood flow in the scar area was
visualized in all observations (100%). This indicates active angiogenesis processes and more
complete restoration of microcirculation, which is an important factor in the integrity of the
postoperative scar and its mechanical strength in the long term.

It should be noted that when comparing hemodynamic parameters, additional differences
were identified: in women from the main group, resistance to blood flow in the radial arteries
was significantly lower than in the control group (p<0.05). This circumstance reflects the fact
of the undergone surgical intervention and the presence of local changes in vascular reactivity.
Nevertheless, the decrease in the resistance index was not pathological in nature but rather
indicated adaptive processes aimed at ensuring adequate blood supply to the repair area.

Thus, the results of Dopplerometric examination convincingly demonstrated the
advantages of using BloodStop during cesarean section. In patients from the main group, not
only a thicker and more intact scar was formed based on morphometry, but full vascularization
was also ensured in its localization area, which collectively creates favorable conditions for
normal functional uterine integrity in the reproductive aspect.

Three months after the surgical intervention, transvaginal ultrasound was performed to
assess uterine dimensions and the postoperative scar condition. Analysis of morphometric
parameters showed that uterine height in women from all three study groups remained
comparable. No significant differences were found between the control group, comparison
group, and main group for this parameter, indicating a relatively uniform recovery of this
indicator regardless of the hemostasis method used.
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At the same time, statistically significant differences were noted for the uterine width
parameter. Thus, in the comparison group, this indicator was 39.53 + 1.68 mm, and in the main
group—38.8 * 1.39 mm, which significantly exceeded the control group values (32.8 + 1.59
mm; p<0.05). The obtained data suggest that the use of local hemostatic agents may influence
the structural features of the myometrium in the early remodeling stages, causing somewhat
greater uterine expansion in the transverse dimension. At the same time, indicators in the main
group were closer to physiological values, reflecting a more favorable course of reparative
processes when using BloodStop.

Special significance is attached to the analysis of myometrial thickness in the
postoperative scar area, as this parameter is directly related to its integrity. In the comparison
group, scar thickness was significantly lower than in patients from the control and main groups,
averaging 6.25 + 0.57 mm (p<0.001). In the control and main groups, myometrial thickness was
maintained at a comparable level with no statistically significant differences. This indicates that
the use of BloodStop ensures high-quality restoration of myometrial structure, comparable to
the control group, and significantly surpasses the results obtained with traditional hemostatic
gels.

In the long-term observation period, 3-6 months after cesarean section, special attention
was paid to analyzing myometrial thickness in the postoperative scar area. The obtained data
showed that in the main group, scar thickness exceeded 8 mm in 80% of women, which
approached the control group values (p<0.05). This fact indicates full tissue recovery and
formation of an intact postoperative scar with sufficient strength and functional integrity. In
the comparison group, thickness exceeding 8 mm was noted in only 15.4% of women. This
indicates poorer quality of reparative processes and a higher likelihood of forming an
incomplete scar, which has clinical significance for predicting the course of subsequent
pregnancies and deliveries.

Thus, the conducted study showed that the use of BloodStop not only does not impair
uterine recovery processes but also contributes to the formation of an intact scar comparable
in thickness and strength to the control group indicators. In contrast, the use of traditional local
hemostatic gels was accompanied by pronounced impairments in myometrial repair and
formation of a thin, incomplete scar.

Three months after surgery, morphometric parameters of the uterus and the
postoperative scar condition were analyzed. Uterine height was comparable in all three groups.
However, uterine width was significantly higher in the main group (38.8 + 1.39 mm) and
comparison group (39.53 + 1.68 mm) than in the control group (32.8 + 1.59 mm; p<0.05).
Myometrial thickness in the scar area in the comparison group was significantly lower (6.25 *
0.57 mm; p<0.001), while in the main and control groups, it remained at a normal level.

3-6 months post-surgery, scar thickness exceeded 8 mm in 80% of women in the main
group, approaching the control group. In the comparison group, this indicator was noted in only
15.4% of women, indicating poorer quality of reparative processes.

Six months after surgery, a repeated assessment of the myometrium state and
postoperative scar was conducted based on ultrasound and Dopplerometry data. In women
from the main group, scar thickness exceeded 8 mm in 80% of cases, indicating the formation
of an intact scar approaching the control group characteristics in terms of its parameters. In the
control group, scar thickness was also maintained within physiological values and served as an
indicator of full myometrial repair. In the comparison group, scar thickness exceeding 8 mm
was detected in only 15.4% of women, confirming poorer quality of reparative processes and
increasing the risk of functional scar incompetence in the long term.
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Dopplerometric examination showed that in the main group, blood flow in the scar area
was preserved in all observations (100%), indicating angiogenesis processes and full
restoration of microcirculation. In the control group, blood flow was also detected, but
resistance indices were significantly higher than in the main group, reflecting the absence of
pronounced adaptive restructuring. In the comparison group, blood flow in the scar area was
not visualized, indicating incompleteness of the vascular network and reduced tissue recovery
potential.

Thus, six months after cesarean section in women who used BloodStop, an intact scar was
formed with preserved vascularization and sufficient myometrial thickness, which significantly
surpassed the results obtained in the comparison group.
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