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ABSTRACT

Background and study aims TC-325 (Hemospray, Cook
Medical) is a powder agent for endoscopic hemostasis in
patients with upper gastrointestinal bleeding (UGIB). Al-
though most publications are based on case-reports and
retrospective studies, data on efficacy are promising. Here
we report our experience with TC-325 for diffuse or refrac-
tory UGIB.

Patients and methods Data on patients receiving TC-325
for endoscopic hemostasis from November 2013 to Febru-
ary 2017 at our center were analyzed retrospectively. Pri-
mary endpoints were technical success (successful immedi-
ate hemostasis) and clinical success (effective hemostasis
and no recurrent bleeding). Secondary endpoints were re-
current bleeding within 3 and 7 days, hospital mortality
and TC-325 associated complications. TC-325 was used for
bleeding not amenable to standard endoscopic treatment
(e.g. diffuse bleeding) or as salvage therapy after failure of
conventional methods

Results Fifty-two patients received TC-325 treatment.
Most of the patients were treated for peptic ulcer bleeding
(18/52 patients, 34.6%) and post-interventional bleeding
(13/52 patients, 25%). Hemospray was used in 23/52
(44.2 %) patients as monotherapy and in 29/52 (55.8 %) pa-
tients as a salvage therapy. Application of the powder on
the bleeding source was successful in all patients with no
therapy-related adverse events (AEs). Immediate hemosta-
sis was achieved in 51/52 (98.1%) patients. Recurrent
bleeding within 3 and 7 days was observed in 22/51 and
25/51 patients respectively (43.1% and 49%). The overall
clinical success was 56.9 % on day 3 and 51 % on day 7. Total
mortality was 15.4% (8 patients), bleeding associated mor-
tality was 3.8 % (2 patients). There were no therapy-related
AEs.

Conclusions TC-325 showed a high technical success rate
as monotherapy for bleeding sources not amenable to
standard methods or as an “add-on” therapy after unsuc-
cessful hemostasis. However, rebleeding was frequent in
this cohort and further studies are warranted to exactly de-
fine a treatment algorithm for TC-325 use.

Introduction

Upper gastrointestinal bleeding (UGIB) is a common cause for
hospitalization with an worldwide annual incidence of about
40 to 150 per 100.000 and significant morbidity and mortality
[1]. The most frequent causes of UGIB are peptic ulcers (28 -
59 %), mucosal erosive disease of the esophagus or stomach/
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duodenum (1-47%), Mallory-Weiss-syndrome (4-7%) and
malignancy (2-4%) [1].

Depending on the cause of bleeding and anatomical locali-
zation, management of UGIB can be challenging. Standard
methods for endoscopic hemostasis include mechanical, injec-
tion or thermal therapy. The current ESGE guideline on diagno-
sis and management of non-variceal UGIB recommends a com-
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bination of 2 modalities for management of peptic ulcer bleed-
ing [1]. With a combination of these procedures, a hemostasis
rate of 85% to 95% can be achieved, however, in about 5% to
10% of patients, rebleeding was reported [2].

TC-325 (Hemospray, Cook Medical) is a hemostatic powder
approved for endoscopic hemostasis in the upper gastrointesti-
nal tract. It consists of a mineral-based compound that after in-
teracting with moisture (e. g. blood) becomes cohesive and ad-
hesive, thus forming a tamponade covering the bleeding site.
Through absorption of the fluid of the blood it leads to concen-
tration of clotting factors and activates the clotting cascade
[3]. Efficacy of TC-325 was initially shown in a pilot study in up-
per gastrointestinal peptic ulcer bleeding [4] and subsequently
in various causes of gastrointestinal bleeding, ranging from
cancer bleeding to acute variceal bleeding [5-9]. The SEAL-
Study was the first multicenter prospective registry demon-
strating successful immediate hemostasis in 85% and a re-
bleeding rate of 15% in non-peptic-ulcer bleeding [10], thus
confirming data from other smaller cohorts [4,7]. The overall
primary hemostasis rate was otherwise reported to be in the
range of 93% to 98% [2,6,7]. In the current ESGE guideline for
management of non-variceal UGIB, the role of TC-325 has not
been clearly defined. Available data suggest that Hemospray is
safe and effective and may be best used in high-risk cases as a
temporizing measure or a bridge toward more definitive treat-
ment [1]. Herein we report on our single-center experience
with TC-325 in a 38-month period in patients with UGIB that
was not amenable to standard endoscopic therapy or had per-
sistent bleeding after standard endoscopic hemostasis.

Patients and methods

Since the introduction of TC-325 in November 2013, data has
been collected on patients who have received TC-325 for endo-
scopic hemostasis at our center. Those data were analyzed ret-
rospectively. This study was approved by the local institutional
review board.

Indications for Hemospray use in our institution were: (1)
UGIB that was not otherwise treatable (e. g. due to difficult ana-
tomical situation or diffuse bleeding without definite source-
in those cases, Hemospray was used as monotherapy); and (2)
application of Hemospray in UGIB as a salvage therapy after
failure of other endoscopic methods.

Primary endpoints were: technical success (defined as suc-
cessful immediate hemostasis after TC-325 application) and
clinical success (defined as effective hemostasis and no recur-
rent bleeding in 7 days). Recurrent bleeding was diagnosed if
evidence of fresh blood or signs of bleeding in the treated site
was seen on follow-up endoscopy. Otherwise recurrent bleed-
ing was defined if one of these criteria had been met: (1) hema-
temesis or melena; (2) a drop in hemoglobin >2mg/dl or trans-
fusion of 4 or more blood packs; or (3) hemodynamic instability
as previously described [4]. Secondary endpoints were recur-
rent bleeding until Days 3 and 7, hospital mortality, and TC-
325-associated adverse events (AEs).

Complete Rockall-score was calculated for each patient to
estimate the rebleeding risk as previously described [11].

Our center uses both standard and therapeutic endoscopes
as part of standard protocol in acute bleeding situations. In pa-
tients with an expected major bleed, therapeutic endoscopes
are used reqularly. To avoid clogging of the working channel or
kinking of the catheter, a 10F catheter was applied through a
therapeutic endoscope to the TC-325 cartridges used in this
study. Due to the strict indications for the application of He-
mospray in our unit, therapeutic endoscopes were generally al-
ready in use and no further endoscope change was needed.
Second-look endoscopy was performed in patients with high-
risk bleeding (e.g. Forrest la-Forrest IIb ulcer bleeding) at the
discretion of the endoscopist.

Statistical analysis

Patient data were collected prospectively in a database created
with Microsoft Excel™. Statistical calculations were done with
Microsoft Excel™ and with the Statistical Online Computational
Resource (http://www.socr.ucla.edu/htmls). Descriptive statis-
tics consisted of the mean, median, SD and range. Fisher’s ex-
act test was used to compare qualitative data. A P value <0.05
was considered significant.

Patient characteristics

Fifty-two patients with a total of 67 TC-325 applications in the
upper gastrointestinal tract were documented from November
2013 until February 2017. TC-325 was used in 23 of these pa-
tients (44.2 %) as a monotherapy in bleeding not amenable to
standard endoscopic therapy and in 29 of the patients (55.8 %)
as a salvage therapy after unsuccessful hemostasis with other
endoscopic treatment modalities.

The median complete Rockall-score was 7 points (range 3 -
10). Twenty-seven of 52 patients (51.9 %) had a complete rock-
all-score of 7 or higher. Among the patients with a complete
Rockall-score <7 points, 18 of 25 patients (72 %) had a score of
6 points.

The overall median age of the patients was 69 years (range
32-92 years) and most of the patients were male (31 males:
21 females). The most frequent comorbidity was malignancy
(16/52 patients, 30.8%), followed by atrial fibrillation and
coronary heart disease (8/52 and 6/52 patients; 15.4% and
11.5%, respectively). Thirteen patients (25 %) had salicylic acid
as an antithrombotic therapy, whereas 13 patients (25%) were
on anticoagulation with either warfarin, heparin, rivaroxaban or
apixaban. Details of the demographics, medications and rele-
vant comorbidities are stated in » Table 1.

The most frequent bleeding sources were peptic ulcersin 18
of 52 patients (34.6%) (5 gastric ulcer and 13 duodenal ulcer),
post-interventional ulcers (i.e. post EMR, ESD, EFTR) in 14/52
patients (27 %) and tumor bleeding in 10/52 patients (19.2%).
The majority of the gastroduodenal ulcers were classified as
Forrest Ib (7/18 patients; 38.9%) and Forrest lla (6/18 patients,
33.3%). One patient initially had a Forrest-Ila ulcer, which bled
repeatedly despite standard endoscopic treatment. The ulcer
was eventually stable and became a Forrest-IIl ulcer. In repeat-
ed EGD the ulcer “deteriorated” from a Forrest lll to a Forrest lic
ulcer and it was deemed as a sign of rebleeding. Because con-
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> Table1 Patient demographic and complete Rockall score, important comorbidities and medication in the whole cohort, monotherapy and salvage

therapy subgroups. NSAID: non-steroidal anti-inflammatory drugs.

Total cohort (n=52)

Age, y, median (range) 69(32-92)
Sex (m/f) 31/21
Platelet inhibition, n (%) 13 (25)
Anticoagulation, n (%) 13 (25)
NSAID, n (%) 8 (15.4)
Glucocorticoid, n (%) 1(1.9)
Malignancy, n (%) 16 (30.8)
Atrial fibrillation, n (%) 8(15.4)
Coronary heart disease, n (%) 6(11.5)
Complete Rockall score, median (range) 7(3-10)
= <7,n(%) 25 (48.1)
. 27,n(%) 27(51.9)

ventional endoscopic therapies had been exhausted, TC-325
was applied.

The mean diameter of the gastroduodenal ulcers was 28 mm
(range 15-50mm). » Table 2 summarizes the bleeding etiolo-
gies and location. » Fig. 1 shows an example of TC-325’s appli-
cation in a duodenal ulcer.

The majority of the bleeding was located in the duodenum
(29/52 patients, 55.8%). Of those, 25 were located either in
the bulb or in the second part of the duodenum (25/29 bleed-
ings in duodenum 86.2%). Four bleeds (4/29, 13.8%) were
around the papilla vateri. In 16 of 52 patients (30.1 %), bleeding
source was located in the stomach, 10 bleeds were located in
the lesser curvature and 11 bleeds were located in the body of
the stomach. There were 7 bleeds in the esophagus (13.5%), all
of which were in the distal third of the esophagus.

Results

Technical success (successful immediate hemostasis) was
achieved in 51 of 52 patient (98.1%). In 1 patient with post-
banding variceal bleeding, Hemospray was used as a salvage
therapy and failed to achieve hemostasis; the bleeding was
stopped with an OTSC-application.

After 3 and 7 days, the overall rebleeding rate was 43.1%
(22/51 patients) and 49% (25/51 patients), respectively. The
3-day rebleeding rate for patients who received TC-325 as sal-
vage therapy was 44.8% (13/29 patients) whereas patients
with monotherapy had a rebleeding rate of 39.1% (9/23 pa-
tients), (P=0.78). After 7 days the rebleeding rates was 43.5%
(10/23 patients) vs. 51.7% (15/29 patients) in the monother-
apy and salvage therapy groups, respectively (P=0.58).

The overall rebleeding rate on Day 3 for patients with peptic
ulcer, post-interventional ulcer and tumor bleeding was 44.4%
(8/18 patients), 50% (7/14 patients) and 20% (2/10 patients),
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Monotherapy (n=23) Salvage therapy (n=29)

68 (32-92) 69 (36-89)
16/7 15/14
9(39.1) 4(13.8)
3(13) 10 (34.5)
1(4.3) 7(24.1)
0 1(3.4)
4(17.4) 12 (41.4)
0 8(27.6)
3(13) 3(10.3)
7(5-9) 7(3-10)
11(47.8) 14.(48.3)
12(52.2) 15(51.7)

respectively. On Day 7 the rebleeding rate was 55.5% (10/18
patients), 57.1% (8/14 patients) and 20% (2/10 patients) for
peptic ulcer, post-interventional ulcer and tumor bleeding,
respectively.

Patients with peptic ulcer had a Day 3 rebleeding rate of 60 %
in the monotherapy group vs. 38.5% in the salvage therapy
group (3/5 patients vs. 5/13 patients, P=0.61). The rebleeding
rate for post-interventional ulcer on Day 3 was 25% in the
monotherapy group vs. 60% in the salvage therapy (1/4 pa-
tients vs. 6/10 patients, P=0.56). The rebleeding rate for tumor
bleeding on Day 3 was 28.6% vs. 0% (2/7 vs. 0/3 patients, P=1).
On day 7 there were 2 further bleeding cases from peptic ulcer
in the salvage therapy group and 1 more bleed from a post-in-
terventional ulcer in the monotherapy group.There were no
changes in the tumor rebleeding rate on Day 7. » Table3 sum-
marizes the overall rebleeding rate as well as rebleeding rate in
the monotherapy and salvage therapy group after Days 3 and 7
for peptic ulcer, post-interventional ulcer and tumor bleeding.
During further hospital stay, there was one patient with late re-
bleeding on Day 14 due to a mantle cell ymphoma.

Second-look endoscopy was performed in 42 of 52 patients
(80.1%) and was done mostly on the first post-interventional
day (mean 1.3 days, range 1-12 days). Rebleeding was seen in
19 patients (36.5%). In 13 of 19 patients (68.4%), Hemospray
was applied once again. Acute hemostasis was again achieved
in all these patients.

Mortality was 15.4% (8/52). Two deaths were bleeding-
related: 1 patient had terminal cancer with malignant bleeding
and refused further chemotherapy. The other died of hemor-
rhagic shock. Other causes of mortality are stated in » Table 4.
There were no technical difficulties during all TC-325’s applica-
tion or other procedure-related AEs.
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> Table2 Bleeding characteristics.

Bleeding etiology n (%)
= Pepticulcer 18 (34,6)
= Post-interventional ulcer 14(26,9)
= Tumor bleeding 10(19,2)
= Endoscopic papillotomy 2(3,8)
= Reflux esophagitis 2(3,8)
= Post-variceal bleeding 2(3,8)
= GAVE-Syndrome 1(1,9)
= Dieulafoy’s lesion 1(1,9)
= Diffuse post-emesis bleeding 1(1,9)
= Jejunal and duodenal ischemia 1(1,9)
Bleeding n=52
= Distal esophagus 7
= Gastric 16

- Cardia 1

- Body 11

- Antrum 4

- Lesser Curvature 10

- Greater Curvature 5
= Duodenal 29

- Duodenal bulb 13

- Papilla 4

- Descending part of the duodenum 12
Localization of the peptic ulcer n=18
= Gastric Ulcer 5
= Duodenal Ulcer 13
Forrest classification for gastric and duodenal ulcer n=18
bleeding
= Forrestla (spurting) 0
= Forrest b (oozing) 7
= Forrestla (visible vessel) + evidence of bleeding 6
= Forrest Ilb (adherent clot) 4
= Forrestlic (haematin on ulcer base) 1

Mean ulcer diameter 28 mm (Range 15-50mm)

Discussion

We report our experience with TC-325 for treatment of upper
gastrointestinal bleeding in 52 patients over a 38-month peri-
od. In our cohort, TC-325 was used as monotherapy for bleed-
ing sources not amenable to standard methods or as “salvage”
therapy after failure of endoscopic hemostasis. To our knowl-
edge this study represents one of the largest single-center ret-
rospective series. The study showed excellent applicability and
technical success (98.1%) but a high rate of rebleeding (43.1%
and 49 % on Days 3 and 7, respectively).

The high technical success rate in our study is in accordance
with previous studies. Early studies and case series showed a
constantly high technical success rate of 93% to 100% in var-
ious bleeding sources in the UGIB [5-8,12,13] and LGIB [14].
The SEAL-Study was the first multicenter study on TC-325. 1t in-
cluded 63 patients and showed a hemostasis rate of 85%. The
recently published French GRAPHE-Registry, which included
202 patients, revealed a high technical success rate of >95%,
which confirmed results from early studies and case series
[15]. Although our results confirm the effectiveness of TC-325
for immediate hemostasis, the high rebleeding rate after TC-
325 application is nevertheless concerning. Early reports have
shown an overall rebleeding rate of 12% to 15% in mixed co-
horts of UGIB and LGIB [6,7,10]. If only UGIB was considered,
the rebleeding rate was higher. Chen et al. reported a rebleed-
ing rate of 29.4% in patients with high-risk non-variceal UGIB
within the first 72 hours and a total of 47% after >72 hours
[6]. The GRAPHE-Registry showed a rebleeding rate of 26.7%
on Day 8 and 33.5% on Day 30 [15]. Another study from Yau et
al. also revealed a rebleeding rate of 39 % within 7 days in 19 pa-
tients with UGIB [2], meanwhile Dixon et al. reported a 33%
rate of rebleeding within 30 days in patients with UGIB [16]. De-
spite no directly comparable report, our results with a rebleed-
ing rate of 49% within 7 days are grossly comparable to the lit-
erature.

One explanation for the high rebleeding rate in our study is
the selection of patients. TC-325 was applied only in patients
not amenable to conventional endoscopic therapy or as salvage
therapy for patients after unsuccessful hemostasis with con-
ventional methods (e.g. peptic ulcers with large diameter and/
or difficult anatomy). Fifty-two percent of our patients had a
complete Rockall-score >7 and 86.5% had a score >6, indicat-
ing the high risk of re-bleeding in our cohort. The mean diame-
ter of the gastroduodenal ulcers in our study was 28 mm (range
15-50 mm) and the majority of the lesions were in the duode-
num. In a meta-analysis [17] and the current ESGE guidelines
[1], ulcer diameter >20 mm and ulcer location in posterior duo-
denal wall are considered as predictors for endoscopic treat-
ment failure [1,17].

TC-325 becomes cohesive and adhesive after contact with
blood or other moisture and mainly achieves hemostasis
through formation of a mechanical barrier that adheres and
covers the bleeding site. In the gastrointestinal tract with its
constant peristaltic and mucus production, TC-325 is probably
sloughed off the bleeding site within a few hours. When sec-
ond-look endoscopy after 24 hours was performed, the powder
was not visible in any patients in our study. The hemostatic ef-
fect of TC-325 thus is not as durable as other hemostasis meth-
ods such as the hemoclip.

Compared to other hemostasis topical powder such as Endo-
Clot™, TC-325 confers a higher primary hemostasis rate in UGIB
(64-100% [18,19] vs. 85-98% [2,6,7,10]). The rebleeding
rate with EndoClot™, however, was reported to be low at 4.8%
to 11%. Ankaferd BloodStopper™ (ABS), a topical hemostasis
powder consisting a mixture of 5 different plant species, is
available in Turkey and reportedly is effective for various casues
of bleeding (e. g. diverticular bleeding [20], radiogenic esopha-
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> Fig.1 An example of TC-325 application in peptic ulcer. a The patient has a Forrest-Ib bleeding from a duodenal ulcer with limited visibility,
which was difficult to reach with mechanical hemostasis procedure or adrenalin injection. b Thus application of TC-325 was chosen as primary
hemostasis method. ¢ On second-look endoscopy, 2 duodenal ulcers with clean base (Forrest IIl) were visible without any further sign of

bleeding.

> Table3 Overall rebleeding rate and rebleeding rate of the most frequent bleeding etiologies on day 3 and day 7.

Technical success, n (%)

Overall rebleeding on Day 3, n (%)

Overall rebleeding on Day 7, n (%)

Rebleeding from peptic ulcer on Day 3, n (%)

Rebleeding from peptic ulcer on Day 7, n (%)

Rebleeding from post-interventional ulcer on Day 3, n (%)
Rebleeding from post-interventional ulcer on Day 7, n (%)
Rebleeding from tumor bleeding on Day 3, n (%)

Rebleeding from tumor bleeding on Day 7, n (%)

Total cohort Monotherapy Salvage therapy P value
51/52(98.1) 23/23 (100) 28/29(96,6) 1
22/51(43.1) 9/23(39.1) 13/29 (44.8) 0.78
25/51 (49) 10/23 (43.5) 15/29 (51.7) 0.58
8/18 (44.4) 3/5(60) 5/13 (38.5) 0.61
10/18 (55.5) 3/5 (60) 7/13 (54) 1

7/14 (50) 1/4 (25) 6/10 (60) 0.56
8/14(57.1) 2/4 (50) 6/10 (60) 1
2/10(20) 2/7 (28.6) 0/3 1
2/10(20) 2/7 (28.6) 0/3 1

> Table4 Causes of mortality.

Cause of mortality n
Bleeding-related* 2
Sepsis 1
Cerebral Ischemia 1
Aspiration 1
Not stated 1
End-stage liver disease 1
Ventricular fibrillation 1
Total 8

* See further description in text

gitis [21] and dieulafoy’s lesions [22]. Larger studies regarding
ABS and EndoClot™ are lacking and needed before their wide-
spread use.

In tumor bleeding the application of TC-325 as a hemostasis
method is very promising due to its easy non-contact applica-
tion and large coverage. Given diffuse bleeding and large
bleeding area, conventional methods regularly have high
bleeding rates ranging from 28% to 49 % [23-25]. There were
10 tumor bleeds in this study, all of which had a 100 % technical
success rate and a clinical success rate of 80%. This is compar-
able to outcomes previously reported [6, 15, 26]. A prospective
study comparing TC-325 and other conventional methods in
tumor bleeding is warranted to further validate these findings.

Based on the high rebleeding rates shown in our and other
studies and the lack of randomized controlled trials comparing
TC-325 with standard endoscopic methods, TC-325 may only
be recommended as first-line endoscopic treatment for bleed-
ing sources not amenable to conventional methods or as a sal-
vage therapy. The role of Hemospray for first-line endoscopic
treatment for bleeding sources accessible to standard methods
as well as the question of whether it should primarily be used as
monotherapy or combination therapy remains unclear. Current
ESGE-guidelines recommend use of topical-spray (e.g. TC-325)
only if bleeding was persistent or in recurrent bleeding [1]. Giv-
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en its easy application it may also be used in primary care units
with limited experience in hemostasis as a bridge to definitive
therapy in a next level care center.

Limitations of our study are the retrospective analysis and
the heterogeneity of the patient cohort, as well as the lack of a
control group.Furthermore, the results of this study can only
be applied to the patient cohort described above and cannot
be generalized for all patients with UGIB.

Conclusion

In conclusion, this study demonstrates easy application and
high immediate efficacy of TC-325 as a monotherapy in UGIB
not amenable to standard endoscopic therapy or as an add-on
(“salvage”) therapy after failure of other methods. However, re-
bleeding in this high-risk cohort was frequent. Randomized
trials are warranted to compare TC-325 with standard endo-
scopic methods and to further define its role in the therapeutic
algorithm.
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