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Abstract

Objective

To evaluate the safety and effectiveness of an absorbable modified polymer starch
powder hemostat (AMP-SPH) compared with standard care to control hemostasis
when used in adult subjects during open or laparoscopic gynecological procedures
for both benign and malignant diseases. Methods: Prospective, multi-center, random-
ized, and interventional phase |V study conducted on consecutive patients, aged 218
years, who underwent an open or laparoscopic gynecological procedure between
November 2015 and July 2017 in a third-level Hospital. Study participants were
randomly assigned (1:1) to receive either treatment with an AMP-SPH (AMP group)
or usual standard care (SC group). The hemostatic treatment administered to the SC
group was at the investigator’s discretion. The primary effectiveness endpoint of the
study was the achievement of hemostasis (yes/no) within 10 minutes. Results: Ninety
patients, 44 (48.9%) in the AMP group and 46 (51.1%) in the SC group were included
in the analysis. the AMP group, 97.7% (43/44) of patients achieved hemostasis

as compared to the 93.5% (43/46) of subjects in the SC group (mean difference:
4.2%; 95%Cl: -4.1% to 12.6%; p=.337). The time required to achieve hemostasis
was lower in the AMP group (1.91+1.15 minutes) than in the SC group (2.28+2.09
minutes), although not significant (p=.309). A higher proportion of patients in the SC
group (17.9%) was observed to require blood products compared to those in the AMP
group (4.8%).A total of 29 adverse events (AEs) (24 non-serious and 5 serious AEs)
were reported, 12 AEs in the AMP group and 17 in the SC group.
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Conclusions

According to the results of this study, AMP-SPH was not inferior to standard care
in the control of bleeding for patients undergoing gynecology procedures and the
cessation of bleeding was trending to be faster with the use of AMP-SPH than with
standard methods.

Trial registration
ClinicalTrials.gov NCT02835391.

Introduction

Hysterectomy is one of the most performed gynecological, surgical procedures
worldwide and is second only to cesarean section, with high rates reported in many
countries [1-5]. Other surgical procedures are frequently performed in gynecology for
both benign and malignant pathologies, such as myomectomy, ovarian cystectomy,
endometrial resection or ablation, lymphadenectomy, and others [6,7].

All gynecological surgical procedures carry a bleeding risk, and intraoperative hyster-
ectomy hemorrhage rates of 1% to 2% have been reported [8]. These rates may vary
depending on the surgical procedure (0.07%-6.98%) [9], and the presence of underly-
ing medical conditions (i.e., the use of anticoagulant drugs or coagulation disorders).

There are several techniques that surgeons may use to achieve hemostasis when
bleeding occurs, including hemoclips or electrocautery. However, in many situations,
such as diffuse small vessel bleeding or bleeding near vital structures, these tech-
niques are not sufficient, and hemostatic agents can be used as an adjunctive tool to
obtain hemostasis without collateral damage to vital tissue [10—-12]. The use of topical
hemostatic agents has been shown to not only reduce thermal damage, devascular-
ization, and tissue necrosis, but to also reduce time to hemostasis, and potentially
prevent conversion to laparotomy during minimally invasive surgery [10,11].

The aim of this study was to evaluate the safety and effectiveness of an absorb-
able modified polymer starch powder hemostat (AMP-SPH) compared to usual care
when used in adult subjects during open or laparoscopic gynecological procedures in
the management of benign or malignant diseases. This study also aimed to assess
the clinical outcomes of the AMP-SPH during gynecological procedures.

Methods
Study design

This prospective, multi-center, randomized, and interventional phase IV study con-
ducted on patients who underwent an open or laparoscopic gynecological procedure
between November 2015 and July 2017.

The study protocol was approved by the Ethic Committee of the Hospital Univer-
stari de Bellvitge and the Ethics Committee of the Policlinico Universitario Agostino
Gemelli, and was registered (http://www.clinicaltrials.gov; NCT02835391). This clinical
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study was conducted in compliance with the protocol, International Conference on Harmonization — Good Clinical Practice
(ICH-GCP) and all applicable regulatory requirements. Participating investigative sites were responsible for complying with
applicable regional or national regulations governing the conduct of post market surveillance (follow-up) studies.

Prior written consent was obtained for all patients who were enrolled into the study before any study-specific proce-
dures were performed. To ensure patient confidentiality, any information that could lead to an individual being identified
has been encrypted or removed, as appropriate.

Study participants

This study included consecutive patients, aged 218 years; who planned to undergo a gynecological procedure, such as
hysterectomy, ovarian cystectomy, myomectomy, endometrial excision or ablation; signed the informed consent; expe-
rienced generalized oozing or mild to moderate intraoperative bleeding which was consistent with the requirement for a
hemostatic treatment and were willing to comply with the investigators and protocol procedures.

Surgical routes accepted were both open and minimally invasive, including traditional laparoscopic and robotic
approaches.

Subjects with a history of pelvic or abdominal radiotherapy within 8 weeks prior inclusion; with a previous ruptured ectopic
pregnancy; medical history of abnormal coagulopathy or bleeding; sensitivity to starch or starch derived materials; potential
infection at the surgical site; enrolled in another trial at the time of the study; and pregnancy or lactation were excluded.

Additionally, subjects with any major intraoperative bleeding incidences (i.e., American College of Surgeons Advanced
Trauma Life Support Class Il, lll or [V Hemorrhage) (24) were excluded from the study.

Study groups

Subjects who met eligibility criteria were randomly assigned to receive either treatment with an AMP-SPH (PerClot® Poly-
saccharide Hemostatic System, Baxter Healthcare Corporation Deerfield, IL 60015 USA) (AMP group) or usual standard
care (SC group).

In patients randomized to the AMP group, and accordingly to the manufacturer instructions for use (IFU), a liberal
amount of the hemostatic agent was applied directly to the site and source of the bleeding [13].

It was at the Investigator’s discretion what treatment they choose for subjects randomized to receive usual care. Hemo-
static treatments administered as part of usual care included diathermy or electrocautery, or two commonly used gelatin-
thrombin-based flowable hemostatic agents, namely Floseal® (Baxter Healthcare Corporation Deerfield, IL 60015 USA) or
Surgiflo® (Ethicon Incorporated, Somerville, NJ) [14].

Randomization occurred, intraoperatively (once it was clear the patient had met the intra-operative inclusion/exclusion
criteria) on a 1:1 basis and was assigned by an electronic randomization system.

Follow-up visits

Patients were approached for consent and were screened up to 2 months prior to enrollment and reviewed pre-
operatively, intra-operatively, 24 hours post operatively, prior to discharge (if the subject was discharged within 24 hours of
surgery, then only discharge data was required) and at 30 days after their procedure (between day 21 and day 35).

Visits conducted outside this window were considered non-compliant and a protocol deviation.

Outcomes

The primary effectiveness endpoint of the study was the achievement of hemostasis (yes/no) within 10 minutes. Time to
hemostasis was also assessed at 1, 2, 3, 5, 7, and 10 minutes. The primary safety endpoint of the study was the absence
of proven infection and bleeding related adverse events (AEs).
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The secondary effectiveness endpoint was the absence of reintervention for post- operative bleeding. Other secondary
outcomes evaluated in this study included duration of the surgical procedure; incidence of postoperative hematoma; dura-
tion of drainage, drainage volume; postoperative pain measured by a visual analogue scale (VAS); and incidence of AEs.

Definitions

Hemostasis was defined as the absence of any blood egressing from the applied hemostatic agent, or from the diathermy
site if no topical agent was used, within 10 minutes.

Bleeding was classified as Oozing (The rate of bleeding was slow. This was what one may expect from capillary, venu-
lar, or arteriolar bleeding); Mild (The rate of bleeding was slightly faster than oozing. There was no pulsatile flow present.
This was what one may expect from capillary, venular, or arteriolar bleeding); Moderate (There might be a weak pulsatile
flow present. If there was a pulsatile flow, the rate of blood flow was like the rate of flow for mild bleeding. If there was not
pulsatile flow, the rate of blood flow was faster than mild bleeding); and Severe (for the most part, pulsatile flow was pres-
ent. If there was no pulsatile flow, then the rate of blood flow was extremely rapid).

Pain scores were measured post-operatively using the visual analogue scale (VAS) (100 mm scale). Subjects were
asked to rate their pain on the scale from no pain to worst possible pain. If the pain score was taken via telephone, sub-
jects were asked to rate their pain between 0 and 10 with no pain being 0 and the worst pain possible being 10.

Statistical analysis

The protocol estimated that approximately 90 patients should be enrolled.

The Intent-to-Treat (ITT) population included all randomized subjects, regardless of treatment received. The Per Pro-
tocol (PP) population included all subjects, who were randomized and treated with AMP-SPH, and had no major protocol
deviations. Additionally, “As Treated” (AT) population (subjects assessed according to the treatment received rather than
treatment assigned) was evaluated.

Mean and standard deviation (SD); mean and 95% confidence interval (95% CI); median and interquartile range (IqR),
and number (percentage) were used as appropriate.

Results
Preoperative demographic and clinical characteristics

A total of 90 patients were enrolled across two study sites between November 2015 and July 2017. Screening concluded in July
2017 upon reaching the target enroliment. The study duration was 21 months, from the first patient’s initial visit to the last patient’s
final visit. Of the 90 enrolled participants, 44 (48.9%) were assigned to the AMP group and 46 (51.1%) to the SC group (Fig 1).

In the overall study sample, mean age was 57.2+13.5 years, with no significant differences between AMP (55.7 £ 14.7
years) and SC (58.6 £12.2 years) groups (mean difference: -2.9+13.5 years, 95%CI: —-8.6 to 2.8; p.310).

Table 1 summarizes the main demographic characteristics of the study sample.

There was no statistical difference between the height, weight, or body mass index (BMI) between groups.

The proportion of patients with a history of menorrhagia (32.7% versus 28.3%, p=.373) or incidence of dysmenorrhea (18.2%
versus 11.1%, p=.343) was greater in the AMP group than in the SC group, although such differences were not statistically signifi-
cant. Women treated for malign pathology were 61.4% (27/44) and 78.3% (36/46) in the AMP and SC groups, respectively. There
were no significant differences between groups in any of the preoperative demographic and clinical characteristics (Table 1).

Surgical procedures and type of surgery

There were no significant differences between study groups in either indication of surgical procedure or type of surgical
procedures (Table 2).
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Fig 1. CONSORT diagram showing the flow of participants through each stage of this randomized trial. AMP-SPH: Absorbable modified polymer

starch powder hemostat.

https://doi.org/10.1371/journal.pone.0331376.9001

Table 1. Overview of the main preoperative demographic and clinical characteristics of the study population.

Overall (n=90) AMP (n=44) SC (n=46) Mean difference (95%CIl) | P value
Age, years Mean+SD 57.2+13.5 55.7+14.7 58.6+12.2 -2.9 (-8.6t0 2.8) 0.27842
Race, % (n/N) Caucasian 96.7% (87/90) 97.7% (43/44) 95.7% (44/46) 2.1% (-5.3% to 9.4%) 0.6821°
BMI, Kg/m? Mean+SD 26.8+5.7 27.7+5.7 26.1+5.7 1.6 (-0.8 to 4.0) 0.17922
Temperature, °C Mean+SD 36.5+£0.4 (n=74) 36.5+0.4 (n=37) 36.4+0.4 (n=37) 0.1(-0.1t0 0.2) 0.2858¢°
SBP, mmHg Mean+SD 123.8+18.2 (n=74) |125.1£18.5(n=37) |122.6+18.2(n=37) |2.5(-6.0to 11.0) 0.55972
DBP, mmHg Mean+SD 74.0+11.3 (n=74) 75.1+£9.9 (n=37) 73.0£12.6 (n=37) 2.1(-3.2t07.4) 0.4280°
HR, bpm Mean+SD 77.8+10.0 (n=72) 75.8+9.6 (n=37) 80.0+£10.0 (n=35) -4.2 (-8.8100.4) 0.06942
Preop INR Mean+SD 0.98+0.06 (n=51) 0.98+0.06 (n=22) 0.97+0.06 (n=29) 0.01 (-0.03 to 0.04) 0.55822
Use of Blood Modifiers, % (n/N) 7.8% (7/90) 4.6% (2/44) 10.9% (5/46) -6.3% (-17.2% to 4.6%) 0.2685°
Hypertension, % (n/N) 30.0% (27/90) 29.6% (13/44) 30.4% (14/46) -0.9% (-19.8% to 18.0%) | 0.9344°
Tachycardia, % (n/N) 2.2% (2/90) 0.0% (0/44) 4.4% (2/46) -4.3% (-10.2% to 1.5%) 0.1617°
Menorrhagia, % (n/N) 32.6% (29/89) 37.2% (16/43) 28.3% (13/46) 8.9% (—-10.5% to 28.4%) 0.3734°
Dysmenorrhea, % (n/N) 14.6% (13/89) 18.2% (8/44) 11.1% (5/45) 7.1% (-7.6% to 21.7%) 0.3426°
Malignancy, % (n/N) 70.0% (63/90) 61.4% (27/44) 78.3% (36/46) -16.9% (-35.6% to 1.8%) | 0.0819°
History of Endometrial Disease, % (n/N) | 5.6% (5/90) 4.6% (2/44) 6.5% (3/46) =2.0% (-11.4% to 7.4%) 0.6961°
Uterine Fibroids, % (n/N) 39.3% (35/89) 44.2% (19/43) 34.8% (16/46) 9.4% (-10.8% to 29.6%) 0.3670°

a Independent samples t Student test.

b Chi-squared test.

AMP: Absorbable modified polymer starch powder hemostat; SC: Standard care; SD: Standard deviation; 95%Cl: 95% Confidence interval; BMI: Body
mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HR: heart rate; bpm: Beats per minute; INR: International normalized ratio;

NA: Not applicable.

https://doi.org/10.1371/journal.pone.0331376.t001
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Table 2. Overview of the surgical procedure and type of surgery among the study population.

Indication*, % (n/N) Overall (N=90) AMP Group (N=44) SC Group (N=46) Mean difference (95%Cl) P value?®
Hysterectomy 81.1% (73/90) 79.6% (35/44) 82.6% (38/46) -3.1% (-19.3% to 13.1%) 0.7176
Endometrial Resection 0.0% (0/90) 0.0% (0/44) 0.0% (0/46) 0.0% (N/A) N.A.
Cystectomy 4.4% (4/90) 6.8% (3/44) 2.2% (1/46) 4.6% (-3.9% to 13.2%) 0.2927
Myomectomy 4.4% (4/90) 6.8% (3/44) 2.2% (1/46) 4.6% (-3.9% to 13.2%) 0.2927
Other 77.8% (70/90) 72.7% (32/44) 82.6% (38/46) -9.9% (-27.0% to 7.2%) 0.2616
Lymphadenectomy 36.7% (33/90) 36.4% (16/44) 37.0% (17/46) -0.6% (-20.5% to 19.3%) 0.9532
Type of Surgery, (n/N) Overall (N=90) AMP Group (N=44) SC Group (N=46) Mean difference (95%Cl)

Open 46.7% (42/90) 47.7% (21/44) 45.7% (21/46) 2.1% (-18.5% to 22.7%) 0.8501
Laparoscopic 46.7% (42/90) 45.5% (20/44) 47.8% (22/46) -2.4% (-23.0% to 18.2%) 0.8279
Other* 6.7% (6/90) 6.8% (3/44) 6.5% (3/46) 0.3% (-10.0% to 10.6%) 0.9547

*Not mutually exclusive. Most patients had concomitant procedures along with, e.g., hysterectomy. *E.g.: robotic, vaginal, etc.

a Chi-squared test.

AMP: Absorbable modified polymer starch powder hemostat; SC: Standard care: SD: Standard deviation; 95%CI: 95% Confidence interval; NA: Not

applicable.

https://doi.org/10.137 1/journal.pone.0331376.t002

Most patients enrolled (81.1%) required a hysterectomy with or without a concomitant procedure. In the overall study
population, open surgery was performed in 42 (46.7%) subjects, a laparoscopic approach was performed in 42 (46.7%)
patients, and 6 (6.7%) patients underwent robotic procedures.

Primary and secondary effectiveness outcomes

Most of the subjects experienced oozing (37.8%; 34/90) or mild (47.8%; 43/90) bleeding, with no significant differences
between AMP (36.4% and 52.3%, respectively) and SC (39.1% and 43.5%, respectively) groups, p=.649. Twelve (13.3%)
patients had moderate bleeding, 4 (9.1%) in the AMP group and 8 (17.4%) in the SC group (p=.250). Only 1 (1.1%)
patient, who was assigned to the AMP group, had severe bleeding.

The primary effectiveness endpoint was the achievement of hemostasis, as defined as the absence of any blood

egressing from the applied hemostatic agent or from the diathermy site (if no topical agent was used) within 10 minutes of

application.

There was no statistically significant difference between the two groups with a slightly higher rate of achieved hemosta-
sis in the AMP group compared to SC group (97.7% (43/44) VS 93.5% (43/46); Mean difference: 4.2%; 95%Cl: -4.1% to

12.6%; p=.337.

An overview of the proportion of patients who achieved hemostasis in the ITT, PP, and AT populations is shown

in Table 3.

Table 3. Proportion of patients who achieved hemostasis.

AMP (n=44) SC (n=46) Mean difference (95%Cl) P value®
ITT, % (n/N) 97.7% (43/44) 93.5% (43/46) 4.2% (-4.1% to 12.6%) 0.3366
AT, % (n/N) 97.7% (43/44) 93.5% (43/46) 4.2% (-4.1% to 12.6%) 0.3366
PP, % (n/N) 95.5% (21/22) 96.2% (25/26) -0.7% (-12.1% to 10.7%) 0.8684

aChi-squared test.

AMP: Absorbable modified polymer starch powder hemostat; SC: Standard care; 95%Cl: 95% Confidence interval; ITT: Intent-to-treat; AT: As Treated;
PP: Per protocol.

https://doi.org/10.1371/journal.pone.0331376.t003
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The time required to achieve hemostasis was lower in the AMP (1.91+1.15 minutes) versus the SC (2.28 £2.09 min-
utes) group, although this difference was not statistically significant (mean difference: —0.37 +1.68 minutes; 95%CI: —1.09
to 0.35; p=.309).

One patient was randomized to usual care and did not achieve hemostasis within 10 minutes, but subsequently had
AMP-SPH applied as a secondary measure to cease bleeding. Other hemostats were only used in 20.4% of SC group
patients. FloSeal® was used in 13.6% of procedures and Surgiflo® in 6.8% of procedures.

The total time of surgery was 204.8+109.9 and 216.7 + 114.4 minutes in AMP and SC groups, respectively, without a
significant difference between groups (mean difference: =11.9+112.2 minutes; 95%CI: —58.9 to 35.1 minutes; p=.616).
During the procedure, red blood cell units were given to a total of 9 (10.2%) patients. More patients in the standard care
arm required blood products (17.9%) compared to those in the AMP group (4.8%), although this difference was not statis-
tically significant (p=.055).

During this study, no patients required reintervention for post-operative bleeding.

Safety outcomes

The AMP-SPH was applied to the pelvis or pelvic floor in 30 patients (69.7%). A full list of application sites can be found in
S1 Table.

The most commonly reported AE in the AMP group was hematoma, which occurred in 5 cases: 2 cases of pelvic hema-
toma (one with vaginal spotting); 1 Douglas hematoma; 1 vaginal cuff hematoma; and 1 cupula hematoma. There was
one occurrence of hematoma in the SC group.

A total of 29 AEs (24 non-serious and 5 serious AEs) were reported, 12 AEs in the AMP group and 17 in the SC group
(Table 4).

Detailed information of the different AEs, both non-serious and serious, are shown in S2, S3, and S4 Tables,
respectively.

At 24 hours postoperatively, pain was 4.04+2.19 and 4.64 £2.21 in the AMP and SC groups, respectively (mean differ-
ence: —0.60+2.22; 95%Cl: —1.61 to 0.44; p=.254). Pain at discharge was 2.36+1.13 and 2.53+1.6 in the AMP and SC
groups, respectively (-0.17 £1.40; 95%CI: —0.84 to 0.50; p=.614). At Day 30 postoperatively, pain was 1.04+0.96 and
0.98+0.96 in the AMP and SC groups, respectively (mean difference: 0.06+0.97, 95%CI: -0.42 to 0.54; p=.804).

At 24 hours postoperatively, a greater proportion of subjects in the SC group had a drain in situ (incidence rate differ-
ence: 11.2%; 95%Cl: -17.7% to 40.1%; p=.455), although such a difference was not statistically significant. Nine (19.6%)
and 3 (6.8%) patients in the SC and AMP groups, respectively, had a drain at discharge (incidence rate difference: 12.8%;
95%Cl: —2.3% to 27.8%; p=.108).

Although drainage volume was lower in the AMP group at both 24 hours postoperatively (mean difference:
-74.4+285.9mL; 95%Cl: -250.0 to 01.2mL; p=.397) and discharge (mean difference: -544.0+£753.1; 95%Cl: -1662.7 to
574.7; p=.304), such differences were not statistically significant.

Table 4. Overview of the adverse events (AEs) classification.

Events (Subjects, %)

Overall n=90) AMP (n=44) SC (n=46) Mean difference (95% Cl) P value?
Non-Serious AE 19 (21.1%) 8 (18.2%) 11 (23.9%) =5.7% (-22.5%, 11.1%) 0.5101
Non-Serious Device Related AE 3 (3.3%) 3 (6.8%) 0 (0, 0.0%) 6.8% (—0.6%, 14.3%) 0.0737
Serious AE 5 (5.6%) 2 (4.5%) 3 (6.5%) -2.0% (-11.4%, 7.4%) 0.6797
Serious Device Related AE 1(1.1%) 1(2.3%) 0 (0, 0.0%) 2.3% (-2.1%, 6.7%) 0.3036

aChi-squared test.
AMP: Absorbable modified polymer starch powder hemostat; SC: Standard care; AE: Adverse event.

https://doi.org/10.1371/journal.pone.0331376.t004
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In the AMP-SPH group, hemostasis within 10 minutes was achieved in all but one patient; bleeding in this case was
subsequently controlled by unspecified methods. In the SC group, three patients failed to achieve hemostasis within 10
minutes. Bleeding was controlled in these cases using AMP-SPH (n=1), sutures (n=1), and unspecified methods (n=1).
No intraoperative rebleeding events or postoperative reinterventions for bleeding were reported during the study.

Discussion

Hemorrhage is a rare but serious potential complication of gynecological surgery, and postoperative bleeding may occur
despite meticulous surgical technique [15,16]. Indeed, acute postoperative hemorrhage is the most frequent cause of
return to the operating theatre [16].

The capacity to improve hemostasis in surgical procedures is a key factor for preventing blood loss, reducing perioper-
ative morbidity and surgery times, and improving surgical outcomes [17].

While hemostasis is typically achieved through suturing, electrocautery, or surgical clips, several adjunctive hemostatic
agents have been developed for use over the last two decades [10—12]. For instance, the use of local hemostatic agents
can be considered an addition to traditional surgical coagulation and ligation in gynecologic oncology to obtain adequate
hemostasis [18].

In general terms, hemostatic agents can be divided into active and passive agents, with both groups having utility in
different procedures as adjunctive therapies for controlling surgical bleeding [19].

Active hemostatic agents work at the end or independent of the coagulation cascade and thus also work in
patients with compromised coagulation [20—22]. These agents can be used effectively in patients with spontaneous
or drug-induced coagulation disorders and are effective for a wide range of bleeding grades (including pulsatile
arterial bleeding) [20-24].

Passive hemostatic agents generally provide a structure for platelets to aggregate and activate, while forming a matrix
at the site of bleeding, which then allows the coagulation cascade to be activated through contact activation, finally
leading to the formation of a fibrin clot [20—22]. The efficacy of passive agents depends on the patient's own endogenous
presence of clotting factors that result in fibrin production to achieve hemostasis, so they are only effective in patients who
have an intact coagulation system [20—22,25—-28]. These hemostatic agents are most effective when used in areas where
the bleeding is of a lower grade, or to treat large oozing surfaces [9—12,29].

The AMP-SPH has been developed for use in surgical procedures or injuries as an adjunct hemostat when control of
bleeding from capillary, venous or arteriolar vessels by pressure, ligature or other conventional means is either ineffective
or impractical.

The current study compared the effectiveness and safety of an AMP-SPH to usual care when used in adult subjects
during open or laparoscopic gynecological procedures.

The AMP-SPH alone was not inferior to standard care, both in the proportion of subjects who achieved hemostasis
within 10 minutes (primary endpoint) and in every one of the secondary effectiveness endpoints. In addition, it is important
to consider that, within the standard care group, the use of other hemostatic agents was allowed, and active hemostatic
products were used in 20.4% of cases.

Regarding safety, the incidence of AEs, both non-serious and serious, was similar in both groups.

The most commonly reported AE in the AMP group was hematoma, which occurred in 5 cases, while there was one
case of hematoma in the SC group.

The incidence of hematoma formation following pelvic gynecological surgery is highly variable, ranging from 25% to
98% [30]. Established risk factors include the type of surgery, patient comorbidities, surgical technique, oncologic resec-
tions, difficult anatomical exposure, prior surgeries, recurrent tumors, and previous radiation therapy [31]. Although these
factors may have influenced the observed, non-significant differences in hematoma rates between the study groups, no
differences in the distribution of these risk factors were identified.
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Infection was reported in 4 cases, two patients in each group. Although a higher proportion of patients in the SC group
(17.9%) was observed to require blood products compared to the AMP group (4.8%), this difference did not reach statisti-
cal significance. Even though cost analysis was beyond the scope of the current study, the finding may suggest a potential
reduction in procedural costs.

There are some limitations that need to be taken into consideration when interpreting the results of this study, the most important
of which was that standard care strategy was at the investigator’s discretion. In fact, in addition to the usual hemostatic techniques,
the SC group could receive two commonly used gelatin-thrombin-based flowable active hemostatic agents (FloSeal® and Surgiflo®).

This fact could have skewed the results in favor of the SC group.

Another important limitation of this study is the lack of a statistically valid sample size justification. While a prospective sample size
calculation would have been the ideal approach, a post-hoc analysis was performed to estimate the number of patients required to
detect significant differences based on the observed results. With an alpha risk of 0.05 in a two-sided test and sample sizes of 44
patients in the AMP group and 46 in the SC group, the statistical power to detect the observed differences as significant was only
16%. Furthermore, to achieve a power of 80% with an alpha of 0.05, a total of 353 patients per group would have been required for
the observed differences in the proportion of patients achieving hemostasis within 10 minutes to reach statistical significance.

Additionally, the absence of a multivariate analysis to assess potential covariate associations with hemostasis, which
could have offered a more detailed statistical evaluation, may be considered a limitation of the study.

Finally, the current study did not evaluate the cost-effectiveness of both hemostatic strategies, which could have pro-
vided additional context to the findings.

Conclusions

The AMP-SPH product was safe and effective and not inferior to standard care in the control of lower grade bleeding for
patients undergoing gynecology procedures and the cessation of bleeding tended to be faster with the use of AMP-SPH
than with standard methods.

Based on these findings, future studies are warranted to analyze the cost-effectiveness of the use of hemostatic agents
in gynecological surgery, in addition to head-to-head comparisons between different hemostatic agents.

Clinical trial registration
NCT02835391. Registered July 31, 2015.
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