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ABSTRACT

Background and study aims Preventing post-procedural

bleeding (PPB) after endoscopic mucosal resection (EMR)

and endoscopic submucosal dissection (ESD) is crucial for

minimizing post-endoscopic complications. We aimed to

evaluate the rate of PPB in large colorectal lesions removed

via EMR or ESD, followed by application of a resorbable

plant-based hemostatic powder (HaemoCer PLUS).

Patients and methods This prospective pilot study was

conducted at three tertiary care centers from November

2021 to February 2024.HaemoCer PLUS was applied at the

end of the procedure and spread over the post-resection

surface. No endoscopic clips were used after resection.

Results The study included 50 patients with a mean lesion

diameter of 52.28mm (standard deviation 18.29mm). Fif-

ty-six percent of the polyps were in the rectum and 86%

were classified as adenomas. ESD was used to remove 20 le-

sions, hybrid ESD for eight, Hot-EMR for 17, and cold-EMR

for five. All patients received HaemoCer PLUS application

for PPB prevention. Delayed bleeding was observed in 6%

of cases, including one case of ESD and two cases of hot-

snare resection. PPB occurred 24 hours after the procedure

and no bleeding cases were reported more than 30 days

post-endoscopy. Univariate analysis showed no statistically

significant associations between post-procedural bleeding

and lesion size, patient age, or endoscopic resection tech-

nique.

Conclusions Use of a novel resorbable plant-based hemo-

static powder could be a beneficial method for reducing de-

layed bleeding complications, particularly in high-risk

groups characterized by specific lesions and patient factors.
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Introduction
Endoscopy has seen significant advancements and widespread
adoption over the last two decades [1, 2]. This operative land-
scape has led to improvement and establishment of new endo-
scopic standards for management of gastrointestinal (GI) pre-
cancerous lesions [3]. However, growing adoption of endo-
scopic procedures has also led to an increased focus on mini-
mizing post-endoscopic complications, with bleeding and per-
forations being the most concerning [1, 2].

Gastrointestinal bleeding associated with endoscopic proce-
dures is defined by clinical evidence of bleeding and a hemoglo-
bin drop ≥ 2g/dL on the day of the procedure (early bleeding)
or up to 28 days post-procedure (delayed bleeding) [2, 4]. Gas-
trointestinal bleeding is a common complication of procedures
such as endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD) [3, 4]. To this end, several factors
influence bleeding risk, including size and location of the lesion,
endoscopic technique, and use of anticoagulants or antiplatelet
therapy [5, 6].

Traditionally, endoscopic treatments for bleeding manage-
ment have included injection therapy (e. g., epinephrine, scle-
rosing agents), mechanical therapy (e. g., hemostatic clip
placement), and thermal therapy (e. g., monopolar and bipolar
coagulation, argon plasma coagulation, or heater probe). For
controlling post-EMR/ESD bleeding, current treatments include
injection therapy, monopolar electrocoagulation, ligation with
a detachable snare, and endoscopic clipping [7, 8]

Overall, post-procedural bleeding ranges between 5% to
10% for large EMR and ESD procedures, depending on data re-
ported in the literature [1, 9, 10, 11, 12]. Post-procedural bleed-
ing requires endoscopic assessment and contributes signifi-
cantly to the operational burden of endoscopy services. To re-
duce post-procedural bleeding rates, new endoscopic hemo-
static methods, including topical hemostatic agents, are emer-
ging as potential alternatives for preventing bleeding or for
treating bleeding refractory to standard therapies [13, 14]. To-
day, several topical hemostatic agents are available, with differ-
ent mechanisms of action. Starch-derived powders absorb the
aqueous component of blood with ensuing concentration of
clotting elements. Generally amylase enzymatically degrades
these substances within 48 to 72 hours, with a limited risk of
granuloma formation [15]. Another agent, TC-325, is a bento-
nite clay powder that possesses similar activity; however, it is
non-absorbable and uses a CO2-powered, non-contact delivery
system [16]. Finally, polymer-based agents such as UI-EWD
form a mucoadhesive hydrogel that lasts up to 48 hours and is
applied via a controlled, layer-by-layer delivery method [17].

The aim of this study was to assess efficacy and safety out-
comes following application of a resorbable plant-based hemo-
static powder (HaemoCer PLUS - BioCer Entwicklunga - GmBH)
following resection of large colorectal polyps.

Patients and materials
Study design

This was a multicenter pilot prospective study conducted in
three Italian tertiary centers. The enrollment period was from
November 2021 to February 2024. The protocol was approved
by the Institutional Review Board of Humanitas Mater Domini
(no. 488/22). Informed consent was obtained prior to enroll-
ment. Inclusion criteria were: 1) patients who authorized use
and processing of their details for the purpose of research; 2)
patients able to express consent; 3) age > 18 years; 4) EMR
with hot or cold snare or ESD of lesions > 30mm in diameter;
and 5) procedures using HaemoCer PLUS for bleeding preven-
tion. Exclusion criteria were: 1) hemostatic therapies other
than HaemoCer PLUS; 2) clip closure; and 3) known coagulopa-
thy likely to affect the risk of bleeding; and 4) anticoagulant and
antiplatelet therapy assumption according to European Society
of Gastrointestinal Endoscopy guidelines [18]

Study aim

The study aimed to assess the post-procedure bleeding rate for
large colorectal lesions removed through EMR or ESD followed
by application of a resorbable plant-based hemostatic powder
(HaemoCer PLUS). Post-procedural bleeding was defined as
bleeding occurring after the procedure or up to 30 days [2]. Se-
verity of bleeding was classified according to the American So-
ciety for Gastrointestinal Endoscopy (ASGE) lexicon [19]. The
secondary aim of the study was to evaluate safety of the pow-
der based on adverse events (AEs).

HaemoCer PLUS

HaemoCer PLUS is a resorbable plant-based hemostatic powder
containing no animal or human components. Hemostasis oc-
curs by rapidly accelerating the normal physiologic clotting cas-
cade without use of chemical or pharmaceutical ingredients.
Once in contact with blood, HaemoCer PLUS enhances the nat-
ural clotting cascade by rapidly dehydrating the blood and ac-
celerating concentration of platelets, red blood cells, and coag-
ulation proteins at the bleeding site. The second mode of action
of HaemoCer PLUS is formation of a robust gelled matrix that
adheres to the bleeding site and forms a mechanical barrier to
prevent further bleeding. HaemoCer PLUS is also indicated for
prevention of postoperative adhesions following surgical inter-
ventions in cavities with a mesothelial lining. HaemoCer PLUS is
rapidly resorbed by amylase, typically within a few days, with-
out leaving any residue behind, depending on the amount and
the place of application.

Procedure

Informed consent was obtained from all patients before they
underwent endoscopic resection of colorectal lesions. In all
cases, a forward-view endoscope was used, with the diameter
varying according to endoscopist preference. The procedures
were performed by an experienced endoscopist, skilled in both
EMR and ESD, using carbon dioxide insufflation. All procedures
were conducted in accordance with local policies and under
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deep sedation with propofol or general anesthesia adminis-
tered by an anesthesiologist or anesthesiology assistant.

During the procedures, intraprocedural bleeding was re-
corded along with the methods used for bleeding control. Pre-
emptive coagulation was performed on bleeding vessels en-
countered during ESD and on the scar tissue following resec-
tion using the EMR technique. HaemoCer PLUS was adminis-
tered at the conclusion of the procedure and applied over the
post-resection surface. No endoscopic clips were placed after
resection or after HaemoCer application. Coagulation of vessels
was performed only in cases of active bleeding during ESD or
EMR.

The HaemoCer Endoscopic Applicator was used for these ap-
plications. The applicator features a tube length of 2400mm,
an outer tube diameter of 2.5mm, and a pump ball serving as
a pneumatic source. In addition, it includes a built-in HEPA
(High-Efficiency Particulate Air) filter to purify ambient air.
This applicator requires no additional handling devices (such
as an air compressor) and is designed for simple and uncompli-
cated use.

Statistical analysis

This study was designed as a preliminary investigation into use
of HaemoCer PLUS for endoscopic resection; for this reason, a
formal a priori power calculation was not performed, given
lack of existing data. A pragmatic sample size of 50 patients
was chosen to provide an initial assessment of agent safety, fea-
sibility, and therapeutic efficacy. Descriptive analysis of quanti-
tative data with normal distribution was expressed using means
and standard deviations (SDs). Categorical variables were
expressed with frequency and percentages. A normal distribu-
tion was verified using the Shapiro-Wilk test. Quantitative vari-
ables were compared using Student t-test, and categorical vari-

ables using chi-square or Fisher’s exact test. Logistic regression
was used to explore significant correlations between predictive
variables and outcomes. P ≤ 0.05 was considered statistically
significant. Statistical modelling and tests were performed
using STATA software version 18.0.

Results
Study population

Overall, 50 patients were enrolled, 62% of whom were male.
Mean age of the cohort was 72.14 years (SD 11.40 years).
Mean diameter of colonic polyps was 52.28mm (SD 18.29
mm). Polyps were primarily located in the rectum (56%), fol-
lowed by the ascending colon (20%), sigmoid colon (12%),
transverse colon (8%), and cecum (4%) (▶Table1).

Most lesions were classified as adenomas (86%), whereas 13
polyps had low-grade dysplasia, 30 high-grade dysplasia, six in-
vasive neoplasia (T1a), and one lesion was described as hyper-
plastic. Among the patients, 15 were undergoing antiplatelet
therapy and eight were receiving anticoagulant treatment.
Four of these patients were simultaneously on anticoagulant
and antiplatelet therapies. Eight patients received antiplatelet
therapy as primary prophylaxis. Among the eight patients re-
ceiving anticoagulant therapy, three received novel oral antic-
oagulants (NOAs) for permanent atrial fibrillation, two received
NOAs for thromboembolism prevention, and three patients re-
ceived low molecular weight (LMW) heparin as a bridge with K
antagonist for prosthetic heart valve and/or portal vein throm-
bosis treatment.

Endoscopic resection

Twenty lesions were removed using ESD, eight with hybrid ESD,
17 with hot-EMR, and five with cold-EMR. Intra-procedural
bleeding occurred in six cases (12%), three of which were treat-
ed using snare tip coagulation and three with hot forceps. Pro-
phylactic hemostasis of visible vessels during or at the end the
procedure was performed using knife or snare tip soft coagula-
tion in 33 cases and knife or snare tip forced coagulation in two
cases. Fifteen cases received no prophylactic hemostasis of visi-
ble vessels.

Post-procedural bleeding

None of the lesions had active bleeding at the time of Haemo-
Cer application (▶Fig. 1). All patients received HaemoCer PLUS
application for post-procedural bleeding prevention. From the
study cohort, 47 lesions with a mean size of 51mm (SD 18.97
mm) were administered a single dose of HaemoCer. Three lar-
ger lesions with a median size of 70mm (interquartile range
67–80) were administered two doses of HaemoCer. During the
follow-up period, there were three bleeding events (6%). All
cases of bleeding were diagnosed 24 hours after the procedure.
One bleeding event occurred in the ESD group (1/20, 5%) and
two occurred in the hot-snare resection group (2/17, 11.76%).
Post-procedural bleeding events in the study occurred in pa-
tients with no prior record of procedural bleeding.

▶ Fig. 1 Haemocer application LST-G of ascending colon treated
with underwater hot EMR. a,b Before application. c,d After appli-
cation.
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▶Table 1 Overall patient characteristics.

Patients 50

Technique 50

20 ESD

8 Hybrid-ESD

17 Hot-EMR

5 Cold-EMR

Age, y (SD) 72.14 (11.40)

▪ ESD 69.8 (10.64)

▪ Hybrid-ESD 72 (3.54)

▪ Hot-EMR 73.18 (14.67)

▪ Cold-EMR 78.2 (9.67)

Sex, male 31

▪ ESD 12

▪ Hybrid-ESD 5

▪ Hot-EMR 12

▪ Cold-EMR 2

Dimension, mm (SD) 52.28 (18.29)

▪ ESD 58.7 (15.03)

▪ Hybrid-ESD 56.8 (17.91)

▪ Hot-EMR 47.64 (20.85)

▪ Cold-EMR 35 (3.53)

Location 28 rectal

6 sigmoid colon

4 transverse colon

10 ascending colon

2 cecum (ileocecal valve included)

LST classification 13 LST-G

21 LST-GM single nodule

10 LST-GM multiple nodules

6 LST-NG

Pathology 4 adenoma tubular low-grade
dysplasia

13 adenoma tubular high-grade
dysplasia

9 adenoma tubulovillous low-
grade dysplasia

17 adenoma tubulovillous high-
grade dysplasia

6 superficial invasive cancer

1 hyperplastic

▶Table 1 (Continuation)

Patients 50

Intraprocedural bleeding 44 none

3 not requiring additional devices
(other than knife or snare tip
coag)

3 requiring hot forceps

Final hemostasis 15 no hemostasis

33 snare tip or knife soft coag

2 forced coag

Postprocedural bleeding

Overall 3

ESD 1

Hybrid-ESD 0

Hot-EMR 2

Cold-EMR 0

Bleeding complication according
to ASGE lexicon

1 mild

2 moderate

Anti-platelet therapy 36 none

9 aspirin/NSAIDs

2 ticagrelor

2 picotamide

1 indobufen

Anti-coagulant therapy 42 none

2 apixaban

2 dabigatran

1 rivaroxaban

3 LMW Heparin

Ongoing antiplatelet therapy 9

Ongoing anticoagulant therapy 1

Ongoing both anticoagulant and
antiplatelet therapy

2

Comorbidities 1 renal impairment (eGFR: 45mL/
min)

24 cardiovascular disease

2 chronic liver disease

ASGE, American Society for Gastrointestinal Endoscopy; eGFR, estimated
glomerular filtration rate; EMR, endoscopic mucosal resection; ESD, endo-
scopic submucosal dissection; G, granular; GM, granular mixed; LST, lateral
spreading tumor; NG, nongranular; NSAID, nonsteroidal anti-inflammatory
drug; SD, standard deviation.
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Bleeding complications involved lesions located in the rec-
tum (removed by ESD) and in the cecum (both removed by
hot-snare). All the lesions were assessed as laterally spreading
tumors-granular mixed (LST-GMs) with a single nodule and di-
ameter > 20mm. The rectal lesions treated by ESD were diag-
nosed as invasive cancer (T1a) by a pathologist whereas the ce-
cal lesions were characterized by high-grade dysplasia with no
invasive component detected. Both cecal bleeding events oc-
curred in patients on single antiplatelet therapy with ticagrelor
which could not be discontinued following cardiology consulta-
tion, and who were also on anticoagulant therapy with LMW he-
parin for permanent atrial fibrillation. These patients also had
chronic liver disease and the last dose of LMW heparin was ad-
ministered at least 24 hours before the procedure as per cardi-
ology recommendations.

In univariate analysis, no statistically significant associations
were found between post-procedural bleeding and lesion size,
patient age, or endoscopic resection technique (▶Table 2) No
other complications (such as perforation, infection, or agent-
related AEs) observed in the enrolled population.

Discussion
Post-procedural bleeding is a significant complication that can
occur after endoscopic resection, with an incidence of 6.7% fol-
lowing large EMR procedures [20, 21]. Similar rates have been
observed for ESD procedures, with post-procedural bleeding
occurring in 0.5% to 9.6% of cases [12, 22, 23]. Post-procedural
bleeding following endoscopic procedures is one of the most
frequent reasons for endoscopic management of lower gastro-
intestinal bleeding, leading to a substantial cost burden for
endoscopy services. Over the last two decades, several meth-
ods have been introduced into clinical practice to reduce risk
of post-procedural bleeding, particularly after removal of lar-
ger lesions [1]. Mean size of lesions included in the study
(52.28 ± 18.29mm) presents a clinical challenge for closure
via standard methods, such as clipping or suturing. Conse-
quently, application of a simple hemostatic agent may emerge
as a viable alternative strategy.

In our study involving 50 lesions, we applied HaemoCer PLUS
powder after endoscopic removal using EMR or ESD techniques.
We observed a 6% delayed bleeding rate, which is consistent
with current literature reports [1]. Importantly, all instances of
bleeding in our study occurred in lesions with a high estimated
risk of delayed bleeding [20]. Of the three patients who experi-
enced post-procedural bleeding, two had cecal lesions treated
with the hot-snare technique and were on both antiplatelet and
anticoagulant therapy.

Location in the proximal colon for EMR and the rectum for
ESD [5, 6], lesion size greater than 30mm, invasive cancer, and
ongoing antithrombotic therapy are well-known risk factors for
post-procedural bleeding [20]. Furthermore, in our study, prox-
imal colonic lesions were not treated with clipping as per the
study design, despite recent evidence emerging during the en-
rollment period showing that clip placement after large EMR in
the proximal colon significantly reduces risk of post-procedural
bleeding in patients on antithrombotic therapy [21, 24].

Antiplatelet therapy is a well-known risk factor for delayed
bleeding after endoscopic resection [21]. In two cases in which
bleeding complications occurred, the therapy could not be dis-
continued as recommended by European guidelines [18] due to
cardiology recommendations. In addition, the hot-snare resec-
tion technique has been linked to a higher risk of bleeding com-
pared with the cold-snare technique [2, 25].

In this study, post-procedural bleeding complications were
categorized as mild for rectal ESD and moderate for proximal
colon EMR according to the ASGE lexicon, and in all three cases,
snare tip coagulation was applied as a prophylactic hemostatic
method after resection [19]. None of the patients needed
blood transfusions. For the two cases of cecal post-procedural
bleeding, an endoscopic evaluation was conducted. In one
case, an additional dose of HaemoCer PLUS was applied to the
surface of the resected lesion with no active bleeding at the
time of endoscopic evaluation. In the other case, active oozing
was identified and treated with thermal ablation. In the patient
with rectal bleeding, only a single dose of hemostatic powder
was administered. The lesion, as measured in the pathological
specimen, had a diameter of 85mm. It is possible that applica-
tion of the hemostatic agent in this case was not optimal.

Among the three patients who experienced post-procedural
bleeding, two had underlying chronic liver disease, which
should not be overlooked. In other studies, hemostatic powder
has shown a comparable bleeding rate of 2.3% following ESD,
similar to our observed rate of 5% (1 of 20). Hemostatic powder
could be a valid option not only for the general population but
also, in our opinion, for high-risk groups characterized by
specific lesions and patient factors. Risk of bleeding is particu-
larly high in patients on antithrombotic and antiplatelet ther-
apy, and bleeding complications in these patients should not
be underestimated due to their underlying cardiac comorbid-
ities. Correct timing of medication suspension and resumption
is crucial. If early resumption of these drugs is necessary, clot
formation stimulation by hemostatic powder could be a benefi-
cial mechanism.

In our sample, post-procedural bleeding occurred 24 hours
after the procedure, and no bleeding cases were reported until
28 days after the endoscopy procedure. This may be a crucial

▶Table 2 Univariate analysis.

Characteristic Odds ratio (95%

CI)

P value

Sex 0.81 (0.069–9.54) 0.85

Age (years), mean (SD) 0.95 (0.87–1.04) 0.35

Dimension (mm), mean (SD) 1.025 (0.97 1.08) 0.97

Technique, n (%)

Hot-EMR 1.00 (Reference) -

ESD 2.533 (0.21- 30.69) 0.465

CI, confidence interval; EMR, endoscopic mucosal resection; ESD, endo-
scopic submucosal dissection; SD, standard deviation.
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factor for patients who need to resume antiplatelet or anticoa-
gulant therapy 2 to 3 days after the procedure if the powder re-
presents a protective factor during the phase of therapy re-
sumption. Hemostatic powder was tested to reduce delayed
bleeding complications, and the cost of this strategy for bleed-
ing prevention was also analyzed [26, 27].

Clip closure has been shown to be cost-effective for high-risk
bleeding lesions (with an assessed bleeding risk of at least 10%).
Shah's study [28] showed that in the United States, delayed
bleeding after colon resection can increase healthcare costs
for patients by approximately $600. In the model proposed by
the study, clipping methods were minimally costly in lesions
with very high bleeding risk and reduced bleeding by more
than 70%. To the best of our knowledge, the only available
data comparing hemostatic powder or other endoscopic inter-
ventions are focused on comparing active bleeding entities.

A study compared hemostatic powder with standard endo-
scopic therapy for managing active gastrointestinal neoplasia
[28]. The cost analysis, including rebleeding and readmission
rates and associated costs, showed that hemostatic powder is
a cost-saving option, especially for patients at high risk of re-
bleeding. One of the advantages of hemostatic powder is its
simple administration, requiring no special expertise. In addi-
tion, no side effects have been reported. This pilot study shows
promising results regarding the rate of delayed bleeding in pa-
tients undergoing EMR or ESD for large colonic lesions. The
findings could be the basis for larger studies with control
groups to further understand the mechanism of action and ef-
ficacy.

The study strengths include its multicenter and prospective
design. This is the first experience with this new type of hemo-
static powder in human subjects following large colonic polyp
resection. Prior research on this agent has been exclusively con-
fined to the surgical domain [29, 30].

This study findings, while promising, must be interpreted in
context of several limitations that underscore clear directions
for future research. First are the limited sample size without a
priori power assessment and absence of a control group, which
did not allow for obtaining solid data on efficacy. Furthermore,
a significant knowledge gap remains regarding the agent's resi-
dence time on the post-resection ulcer bed.

Therefore, future research should also include a larger, con-
trolled study adequately powered for subgroup analysis based
on resection techniques (e. g., EMR vs. ESD) to account for their
different intrinsic bleeding risks.

Conclusions
In conclusion, HaemoCer PLUS appears to be a promising novel
agent for reducing post-bleeding rates after large colonic re-
section. Lack of a learning curve linked to the simple application
makes it highly suitable for widespread adoption. However, fur-
ther studies, including a comprehensive cost-effectiveness a-
nalysis, are essential before its routine use can be recommen-
ded.
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