
World Journal of
Gastroenterology

World J Gastroenterol  2019 April 7; 25(13): 1531-1639

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

Published by Baishideng Publishing Group Inc



W J G World Journal of
Gastroenterology

Contents Weekly  Volume 25  Number 13  April 7, 2019

REVIEW
1531 Comprehensive and innovative techniques for laparoscopic choledocholithotomy: A surgical guide to

successfully accomplish this advanced manipulation
Hori T

MINIREVIEWS
1550 Hepatocellular carcinoma surveillance: An evidence-based approach

Harris PS, Hansen RM, Gray ME, Massoud OI, McGuire BM, Shoreibah MG

1560 Cellular therapy: A promising tool in the future of colorectal surgery
El-Said MM, Emile SH

ORIGINAL ARTICLE

Basic Study

1566 Characterization of hepatitis B virus X gene quasispecies complexity in mono-infection and hepatitis delta

virus superinfection
Godoy C, Tabernero D, Sopena S, Gregori J, Cortese MF, González C, Casillas R, Yll M, Rando A, López-Martínez R, Quer J,

González-Aseguinolaza G, Esteban R, Riveiro-Barciela M, Buti M, Rodríguez-Frías F

1580 Plasma microRNAs as potential new biomarkers for early detection of early gastric cancer
Zhu XL, Ren LF, Wang HP, Bai ZT, Zhang L, Meng WB, Zhu KX, Ding FH, Miao L, Yan J, Wang YP, Liu YQ, Zhou WC, Li X

Retrospective Cohort Study

1592 Comparison of Hemospray® and Endoclot™ for the treatment of gastrointestinal bleeding
Vitali F, Naegel A, Atreya R, Zopf S, Neufert C, Siebler J, Neurath MF, Rath T

Retrospective Study

1603 Performance of tacrolimus in hospitalized patients with steroid-refractory acute severe ulcerative colitis
Hoffmann P, Wehling C, Krisam J, Pfeiffenberger J, Belling N, Gauss A

1618 Efficacy and complications of argon plasma coagulation for hemorrhagic chronic radiation proctitis
Zhong QH, Liu ZZ, Yuan ZX, Ma TH, Huang XY, Wang HM, Chen DC, Wang JP, Wang L

META-ANALYSIS
1628 Systematic review with meta-analysis on transplantation for alcohol-related liver disease: Very low evidence

of improved outcomes
Shen NT, Londono C, Gold S, Wu A, Mages KC, Brown RSJ

WJG https://www.wjgnet.com April 7, 2019 Volume 25 Issue 13I

https://www.wjgnet.com


Contents
World Journal of Gastroenterology

Volume 25  Number 13  April 7, 2019

ABOUT COVER Editorial board member of World Journal of Gastroenterology, Toshimi Chiba,
MD, PhD, Professor, Division of Internal Medicine, Department of Oral
Medicine, Iwate Medical University, Morioka 020-8505, Japan

AIMS AND SCOPE World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-
9327, online ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access
journal. The WJG Editorial Board consists of 642 experts in gastroenterology
and hepatology from 59 countries.
    The primary task of WJG is to rapidly publish high-quality original
articles, reviews, and commentaries in the fields of gastroenterology,
hepatology, gastrointestinal endoscopy, gastrointestinal surgery,
hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation
oncology, etc. The WJG is dedicated to become an influential and
prestigious journal in gastroenterology and hepatology, to promote the
development of above disciplines, and to improve the diagnostic and
therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation

Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index

Medicus, MEDLINE, PubMed, PubMed Central, Scopus and Directory of Open

Access Journals. The 2018 edition of Journal Citation Report® cites the 2017 impact

factor for WJG as 3.300 (5-year impact factor: 3.387), ranking WJG as 35th among 80

journals in gastroenterology and hepatology (quartile in category Q2).

RESPONSIBLE EDITORS
FOR THIS ISSUE

Responsible Electronic Editor: Yu-Jie Ma Proofing Editorial Office Director: Ze-Mao Gong

NAME OF JOURNAL
World Journal of Gastroenterology

ISSN
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Subrata Ghosh, Andrzej S Tarnawski

EDITORIAL BOARD MEMBERS
http://www.wjgnet.com/1007-9327/editorialboard.htm

EDITORIAL OFFICE
Ze-Mao Gong, Director

PUBLICATION DATE
April 7, 2019

COPYRIGHT
© 2019 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS
https://www.wjgnet.com/bpg/GerInfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https://www.wjgnet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT
https://www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE
https://www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS
https://www.wjgnet.com/bpg/GerInfo/239

ONLINE SUBMISSION
https://www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

WJG https://www.wjgnet.com April 7, 2019 Volume 25 Issue 13II

mailto:bpgoffice@wjgnet.com


W J G World Journal of
Gastroenterology

Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol  2019 April 7; 25(13): 1592-1602

DOI: 10.3748/wjg.v25.i13.1592 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Retrospective Cohort Study

Comparison of Hemospray® and Endoclot™ for the treatment of
gastrointestinal bleeding

Francesco Vitali, Andreas Naegel, Raja Atreya, Steffen Zopf, Clemens Neufert, Juergen Siebler,
Markus F Neurath, Timo Rath

ORCID number: Francesco Vitali
(0000-0002-1867-6602); Andreas
Naegel (0000-0003-1727-9362); Raja
Atreya (0000-0002-8556-8433);
Steffen Zopf (0000-0003-3081-3814);
Clemens Neufert
(0000-0002-0502-391X); Juergen
Siebler (0000-0002-1745-408X);
Markus S Neurath
(0000-0003-4344-1474); Timo Rath
(0000-0002-7728-9338).

Author contributions: Rath T
designed the study; Vitali F,
Naegel A, Atreya R, Neufert C and
Rath T participated in the
acquisition, analysis, and
interpretation of the data, and
drafted the initial manuscript;
Vitali F wrote the article; Siebler J
and Neurath MF revised the article
critically for important intellectual
content.

Institutional review board
statement: The study was
reviewed and approved by ethical
committee of the Friedrich-
Alexander-University Erlangen-
Nuernberg, Germany. The scanned
copy of ethical committee approval
of the research protocol was
attached in submitted files to the
journal.

Informed consent statement: As
retrospective cohort study
informed patients’ consent was
waived from the ethic committee

Conflict-of-interest statement:
There are no conflicts of interest to
report.

STROBE statement: The authors
have read the STROBE Statement-

Francesco Vitali, Andreas Naegel, Raja Atreya, Steffen Zopf, Clemens Neufert, Juergen Siebler,
Markus F Neurath, Timo Rath, Ludwig Demling Endoscopy Center of Excellence, Division of
Gastroenterology, Friedrich-Alexander-University, Erlangen 91054, Germany

Corresponding author: Timo Rath, MD, PhD, Full Professor, Ludwig Demling Endoscopy
Center of Excellence, Division of Gastroenterology, Friedrich-Alexander-University, FAU
Erlangen-Nuremberg, Ulmenweg 18, Erlangen 91054, Germany. timo.rath@uk-erlangen.de
Telephone: +49-9131-8535000
Fax: +49-9131-8535252

Abstract
BACKGROUND
Gastrointestinal (GI) bleeding is a common indication for endoscopy. For
refractory cases, hemostatic powders (HP) represent “touch-free” agents.

AIM
To analyze short term (ST-within 72 h-) and long-term (LT-within 30 d-) success
for achieving hemostasis with HP and to directly compare the two agents
Hemospray (HS) and Endoclot (EC).

METHODS
HP was applied in 154 consecutive patients (mean age 67 years) with GI bleeding.
Patients were followed up for 1 mo (mean follow-up: 3.2 mo).

RESULTS
Majority of applications were in upper GI tract (89%) with following bleeding
sources: peptic ulcer disease (35%), esophageal varices (7%), tumor bleeding
(11.7%), reflux esophagitis (8.7%), diffuse bleeding and erosions (15.3%). Overall
ST success was achieved in 125 patients (81%) and LT success in 81 patients
(67%). Re-bleeding occurred in 27% of all patients. In 72 patients (47%), HP was
applied as a salvage hemostatic therapy, here ST and LT success were 81% and
64%, with re-bleeding in 32%. As a primary hemostatic therapy, ST and LT
success were 82% and 69%, with re-bleeding occurring in 22%. HS was more
frequently applied for upper GI bleeding (P = 0.04)

CONCLUSION
Both HP allow for effective hemostasis with no differences in ST, LT success and
re-bleeding.
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Core tip: Hemostatic powders represent “touch-free” hemostatic agents for the treatment
of gastrointestinal bleeding. Within this study, we analyzed the hemostatic efficacy of
hemostatic powders as first line or salvage therapy in several clinical scenarios in a large
cohort of prospectively included patients. As shown in our report, both hemostatic
powders allow for excellent short term bleeding control while at the same time, long
term efficacy over a period of 4 wk is maintained in a considerable amount of patients.
No differences were observed between Hemospray and Endoclot in their hemostatic
efficacy.

Citation: Vitali F, Naegel A, Atreya R, Zopf S, Neufert C, Siebler J, Neurath MF, Rath T.
Comparison of Hemospray® and Endoclot™ for the treatment of gastrointestinal bleeding.
World J Gastroenterol 2019; 25(13): 1592-1602
URL: https://www.wjgnet.com/1007-9327/full/v25/i13/1592.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i13.1592

INTRODUCTION
Gastrointestinal (GI) bleeding represents a major challenge for the GI endoscopist
both  in  term  of  frequency,  which  is  estimated  to  be  150/100000  for  upper  and
33/100000 for lower GI bleeding with a mortality ranging between 2 and 10%[1-3], and
in terms of technical efforts to reach a stable hemostasis. As the administration of
direct  oral  anticoagulants [ 4 ]  and  the  use  of  assistant  devices  in  terminal
cardiomyopathy[5] is increasing, sufficient and effective treatment of GI bleeding is
mandatory while at the same time can be clinically challenging. In the last years,
endoscopists increasingly face emergency bleeding in a clinical scenario in which
coagulation parameters cannot always be corrected to normal range. Further, with
increasing development of advanced endoscopic therapeutic procedures, iatrogenic
bleeding  after  endoscopic  resections  represents  another  emerging  problem[6].
Conventional treatment approaches achieve hemostasis in more than 90% of cases[7],
however, depending on the bleeding site and source can be technically challenging,
and might  not  be  optimal  for  diffuse oozing bleeding as  frequently  observed in
patients with impaired coagulation or cancer bleeding.

Hemostatic  powders  (HP)  act  as  “touch-free”  agents  that  can  be  easily
administrated for the treatment of GI bleeding, which are generally safe and well
tolerated[8-11]. Hemospray (HS, TC-325, Cook Medical, Bloomington, Indiana, United
States) is an inert mineral based compound, which, in contact with blood, absorbs
water and acts cohesively and adhesively, thereby forming a covering mechanical
tamponade.  By fluid  absorption,  HS enhances  clot  formation by deforming and
packing  erythrocytes,  concentrates  activated  platelets  with  clotting  factors  and
interacts with the fibrin matrix[12] and within 24 to 72 h, the adherent coat sloughs off
into the GI lumen[10]. With his local hemostatic proprieties, first studies suggest that
HS is equally effective in both patients with and without systemic antithrombotic
therapy[9].

Endoclot (EC, Micro-Tech Europe, Düsseldorf, Germany) is a starch-derived agent
composed of absorbable hemostatic polysaccharides. Similar to HS, in contact with
blood, EC initiates a dehydration process leading to a concentration of clotting factors,
platelet and erythrocytes thereby accelerating the physiological clotting cascade and
the formation of a mechanical shell of gelled matrix which adheres to the bleeding
tissue[13]. Although data on the efficacy of EC are still limited, first clinical evidences
suggest that both HS and EC allow for effective bleeding control[8,11,14-20]. Further, no
direct comparison of the efficacy of these two HP is available to date. Against this
background we set off: (1) To analyze short and long term hemostatic effectiveness of
HP; and (2)  to compare the efficacy between the agents HS and EC in achieving
hemostasis in a large cohort of patients treated for emergency GI bleeding in our
center.
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MATERIALS AND METHODS

Patients and methods
Prospective data collection was performed including patients who were treated with
HS  and  EC  for  endoscopic  hemostasis  during  emergency  endoscopy  between
September 2013 and September 2017 in our university hospital. After application of
HP patients were followed-up for at least one mo. After completion of follow-up (FU)
of all patients data analysis was performed. The study was approved by the local
institutional  review board  and the  ethics  committee  of  the  Friedrich-Alexander
University  Erlangen  Nueremberg  (approval  at  31  January  2018)  and  our  study
protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki.

Indications for treatment with HP were: refractory GI bleeding (e.g. due to difficult
anatomical location or diffuse oozing bleeding without definite source); application of
HP as salvage therapy after failure of other endoscopic methods; application of HP as
prophylactic means to avoid delayed bleeding in lesions with high re-bleeding risk,
application of HP as primary treatment means usage of HP as monotherapy. Primary
endpoints were short term (ST, hemostasis for 72 h) and long term (LT, hemostasis for
a period of 30 d) success in achieving hemostasis with HP as a primary or salvage
therapy.

Re-bleeding rate (RBR) was defined as the number of the patients who showed
recurrent bleeding among the patients who underwent FU. Recurrent bleeding was
defined if one of these criteria had been met: (1) Hematemesis or melena; (2) a drop in
hemoglobin > 2 mg/dL or transfusion of 4 or more blood packs; or (3) hemodynamic
instability as previously described[10,21]. Complete Rockall Score was utilized to stratify
high-risk patients.  Secondary endpoint  was the direct  comparison of  hemostatic
efficiency between EC and HS.

Statistical analyses
Descriptive statistics consisted of the mean, median, SD and range. The χ2 analysis
was used for discrete variables. The Fisher exact probability test was used for the 2 × 2
contingency  tables,  where  suitable.  A  two-sided  P  <  0.05  was  considered  to  be
significant. The statistics were processed using the SPSS statistical program (SPSS Inc,
Chicago, Ill, United States).

RESULTS

Clinical characteristics of the patient cohort
HP was applied a total of 239 times in 154 patients with a mean age of 67 years. The
majority of the patients were male (n = 101, 66%). One child treated with HS was also
included in the analysis. Clinical FU for at least one month was performed in 134
patients (87%) with a mean FU of 3.2 SD 5.5 mo (range 1-29). No patient was lost
during FU; however, in 20 patients FU was not completed as they died from other
causes than GI bleeding within 30 d after the first HP application. The mean complete
Rockall score[22] in the total patient cohort was 7.1 with 61 (40%) patients exhibiting a
Rockall score > 7 and 27 patients (18%) with a Rockall score > 8.

Therapeutic anticoagulation was present in 45 patients (29%). Of these, 17 (11%)
received heparin, low molecular weight heparin or argatroban in therapeutic dosages
while 17 patients (11%) and 11 patients (7%) were taking vitamin K antagonist and
direct oral anticoagulants, respectively. Antiplatelet drugs were administered in 34
(22%), 8 patients received dual antiplatelet therapy (5.2%). Among co-morbidities, 20
patients  had localized (13%)  and 21  patients  metastasized cancer  (14%)  while  6
patients suffered from malignant lymphoproliferative disease (4%). 40 patients (26%)
suffered from liver cirrhosis and 74 patients (48%) exhibited renal insufficiency, of
which 35  patients  (23%) had terminal  kidney failure  requiring hemodialysis.  13
patients  had  coronary  heart  disease  (8%).  53  patients  (35%)  presented  with
hemorrhagic shock at the time of application of HP. Vasopressors were administered
in 65 patients (42%). Clinical characteristics of the total patient cohort are summarized
in Table 1.

Overall Efficacy of HP in the management of GI bleeding
In patient cohort, HP exhibited an overall ST and LT success for achieving hemostasis
of 82% and 69% with a RBR of 21% when applied as primary therapy. As salvage
therapy,  overall  ST  success,  LT  success  and  RBR  rate  were  83%,  68%  and  29%,
respectively.  In  the cohort,  no significant  difference was observed for  achieving
hemostasis between HS and EC under primary or salvage therapy (Table 1). Due to
refractory bleeding a total of 20 patients treated with HP had to undergo surgery or
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Table 1  Clinical characteristics of the total patient cohort treated with hemostatic powders for gastrointestinal bleeding n (%)

HS and EC n = 154 Hemospray n = 111 Endoclot n = 32 P value

Sex (M) 101 (65.6) 76 (68.5) 17 (53.1) NS

Age, yr

mean ± SD 66.6 ± 14 67 ± 13.8 67.4 ± 15.1 NS

range 11-93 29-93 11-89

Rockall risk score

median ± SD 7.1 ± 1.7 7.1 ± 1.7 7.1 ± 1.8 NS

range 2-10 2-10 2-10

Comorbidities

Coagulopathy 48 (31.2) 36 (32.4) 6 (18.8) NS

Renal insufficiency 74 (48.1) 53 (47.7) 15 (46.9) NS

Hemodialysis 35 (22.7) 26 (23.4) 5 (15.6) NS

Liver cirrhosis 40 (26) 32 (28.9) 5 (15.6) NS

Bleeding locale

upper GI bleeding 137 (89) 102 (91.8) 25 (78.1) 0.04

lower GI bleeding 17 (11) 8 (8) 7 (21) NS

Application as

Primary therapy 82 (53.2) 64 (57.7) 14 (43.8) NS

Salvage therapy 72 (46.8) 47 (42) 18 (56) NS

Multiple applications of HP 42 (27.3) 27 (24.3) 5 (15.6) NS

Definite hemostatic therapies after HP failure

Coiling 13 (8.4) 11 (9.9) 1 (3.1) NS

Surgery 9 (5.8) 7 (6.3) 1 (3.1) NS

Short term success (total) 125 (81.2) 92 (82.9) 26 (81.2) NS

Primary therapy 67/82 (81.7) 53/64 (82.8) 11/14 (78.6)

Salvage therapy 58/72 (80.6) 39/47 (82.9) 15/18 (83.3)

Long term success 81/121 (66.9) 59 (69.4) 18 (66.7) NS

Primary therapy 45/65 (69.2) 35/49 (71.4) 8/13 (61.5)

Salvage therapy 36/56 (64.3) 24/36 (66.7) 10/14 (71.4)

Re-bleeding rate 41 (26.6) 27 (24.3) 8 (25) NS

Primary therapy 18/82 (21.9) 13/64 (20.3) 3/14 (21.4)

Salvage therapy 23/72 (31.9) 14/47 (29.8) 5/18 (27.8)

HS: Hemospray; EC: Endoclot; HP: Hemostatic powders; HS and EC: Including patients who received both Hemospray and Endoclot at different time
points; NS: Not specified; GI: Gastrointestinal.

interventional radiology for bleeding control after failure of HPs.

Efficacy of HP in the management of upper GI bleeding
The majority of patients exhibited upper GI bleeding (n  = 137, 89%). Of these, 91
patients (66%) presented with Forrest Ib bleeding while 15 patients (11%) exhibited a
Forrest Ia bleeding source. Further, 4 patients (3%) had Forrest III lesions. Clinical
characteristics of the patients with upper GI bleeding are shown in Table 2.

Overall, ST success of HP within the upper GI tract was achieved in 113 patients
(82.5%) with LT success maintained in 71 patients (66%) and an overall RBR of 25%.
HP as salvage therapy was applied in 65 patients (47%) with upper GI bleeding. The
ST and LT success of HP as primary and salvage therapy is shown in Table 2. Within
the upper GI Tract, bleeding was derived from the following sources: peptic ulcer
disease (n = 49, gastric ulcer: n = 12; duodenal ulcer: n = 37), malignant tumor (n = 15),
esophagogastric  varices  (n  =  13),  reflux esophagitis  (n  =  12),  angiodysplasias  or
angioectasias (n = 8), Mallory Weiss lesions (n = 5) and diffuse oozing bleeding and
erosions  (n  =  21).  We  then  performed subgroup analyses  on  the  efficacy  of  HP
according to the bleeding location (Table 3). In peptic ulcer disease (Figures 1 and 2),
HP achieved hemostasis with a ST and LT success of 80% and 57% and a RBR of 34%.
When applied as a primary therapy in peptic ulcer disease, ST and LT success and
RBR were 79%, 67% and 21%, respectively; when applied as a salvage therapy ST and
LT were comparable (81% and 67%); however RBR was considerably higher under

WJG https://www.wjgnet.com April 7, 2019 Volume 25 Issue 13

Vitali F et al. Hemospray and Endoclot for gastrointestinal bleeding

1595



Table 2  Clinical characteristics of the patients with upper gastrointestinal bleeding and efficacy of hemostatic powders in the treatment
of upper gastrointestinal bleeding n (%)

HS and EC (n = 137) Hemospray (n = 102) Endoclot (n = 25) P value

Sex (M) 86 (62.8) 68 (66.7) 11 (44) 0.04

Age, yr

mean ± SD 66.4 ± 14.2 66.4 ± 14.0 67.9 ± 16.5 NS

range (11-93) 29-93 11-89

Rockall risk score NS

median ± SD 7.1 ±1.7 7.1 ± 1.7 7.1 ± 1.8

range 2-10 2 -10 2 - 10

Comorbidities

Coagulopathy 45 (32.8) 34 (33) 5 (2)

Renal insufficiency 68 (49.6) 59 (49) 12 (48)

Hemodialysis 32 (23.4) 24 (23) 12 (48)

Liver cirrhosis 38 (27.7) 30 (29.4) 5 (20)

Therapeutic anticoagulation 35 (25.5) 28 (27.5) 6 (24)

Dual antiplatet therapy 7 (5.1) 5 (5) 2 (8)

Vitamin K antagonists 14 (10.2) 11 (11) 3 (12)

DOAC 8 (5.8) 7 (7) 1 (4)

Antiaggregation therapy 29 (21.2) 21 (20.6) 7 (28)

Application as NS

Primary Therapy 72 (52.6) 59 (58) 10 (40)

Salvage Therapy 65 (47.4) 43 (42) 15 (60)

Multiple Applications of NS

HS 37 (27) 24 (23) 3 (0.12)

Definite hemostatic therapies after HP failure NS

Coiling 13 (9.5) 11 (11) 1 (4)

Surgery 8 (5.8) 7 (6.9) 0

Short term success (total) 113/137 (82.5) 68/102 (66.6) 21/25 (84) NS

Primary therapy 60/72 (83.3) 50/59 (84.7) 8/10 (80)

Salvage therapy 53/65 (81.5) 36/43 (83.7) 13/15 (86.6)

Long term success 71/108 (65.7) 53/78 (67.9) 15/22 (68.2) NS

Primary therapy 39/57 (68.4) 32/45 (71) 6/10 (60)

Salvage therapy 32/51 (62.7) 21/33(63.6) 9/12 (75)

Re-bleeding rate 34/137 (24.8) 24/102 (23.5) 4/25 (16) NS

Primary therapy 15/72 (20.8) 11/59 (18.6) 2/10 (20)

Salvage therapy 19/65 (29.2) 13/43 (30.2) 2/15 (13)

DOAC: Direct acting oral anticoagulant; HS: Hemospray; EC: Endoclot; HP: Hemostatic powders; NS: Not specified; HS and EC: Including patients who
received both Hemospray and Endoclot at different time points.

salvage therapy (46%). A total of 15 patients suffered from diffuse cancer bleeding,
here ST and LT success were 81% and 85%, re-bleeding occurring in only 1 patient.

For variceal bleeding, overall  ST success was achieved in 91%. In oesophageal
bleeding HP was used as salvage therapy in 8 patients. LT success was achieved in
3/4 (75%) patients. Re-bleeding was present in 2/7 (28.5%). In 3 patients with fundic
varices bleeding, 1 LT success was achieved after applying HP as salvage therapy
(33.3%). HP as a primary therapy in fundic varices bleeding is in our experience not
suitable  to  achieve  a  stable  hemostasis  alone.  In  patients  under  therapeutic
anticoagulation ST and LT success of HP were 81% and 58%, re-bleeding in 33% of
patients. Regardless of whether they were applied as primary or salvage therapy or in
which bleeding location, no significant differences for achieving ST or LT hemostasis
and recurrence of bleeding were detected between HS and EC.

Efficacy of HP in the management of lower GI bleeding
HP was applied in 17 patients with lower GI bleeding (Table 4).  Among these,  9
patients were treated with HS, 7 patients with EC while in 1 patient with lower GI
bleeding, both HS and EC were applied. Overall ST and LT success was 71% (12/17)
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Figure 1

Figure 1  Before (left side) and after application of Hemospray (right side) within the upper gastrointestinal tract (duodenal ulcer).

and 59% (9/13), respectively with a RBR of 41%. Clinical characteristics of patients
with lower GI bleeding are shown in Table 4.

DISCUSSION
Herein we report on our experience in the treatment of GI bleeding both with HS and
EC in a single tertiary university care center. To the best of our knowledge our work is
the first to directly compare two different HP for the treatment of GI bleeding in the
upper and lower GI tract.  Our study confirms the findings of other investigators
where an excellent  immediate  control  of  the bleeding source was achieved with
HP[8,11,18,19,21]. HP exhibited an overall short-term success of 82% in our study. With this,
ST success was higher in our cohort compared to a previous report on a smaller
cohort by Chen and colleagues[8], although this study analyzed of success rates of HS
only.

According to the literature, hemostatic success of HP within 7 to 8 d range between
51% and 87.5%[14,15,19]. Within this study, we performed FU for at least one month in the
vast majority of patients (87%) and long-term success dropped to 67% in our study.
Hence, these data are consistent with results from GRAPHE registry in which LT
success rates of 66% were reported[19]. A graphic illustration (Figure 3) of the mean
incidence  of  re-bleeding  after  application  of  HP  according  our  and  past
studies[8-11,14-16,18,19,22] shows that RBR increase over time after HP application across
studies and with this, although allowing for excellent immediate bleeding control, HP
appears to be not suitable as a definitive long-term hemostasis tool in patients with a
high-risk profile of bleeding recurrence. On the other hand, the benefit of HP is the
high immediate hemostasis rate and that can be administered more than once without
risk of “overdosing” or induction of bleeding due to mechanical irritation.

When performing subgroup analyses according to bleeding etiology, overall ST and
LT success in peptic ulcer disease was 81% and 68% with a RBR of 19%. With this, our
results are consistent to those reported in the literature[11,13,14,17,18,23], with immediate
hemostasis ranging between 78 and 96% and RBR between 10.5 and 38%. However,
when analyzing peptic ulcer disease with Forrest Ia bleeding in our study, ST and LT
success were only 67% and 33% respectively. Together with results from other studies
that have reported a re-bleeding risk of Forrest Ia lesions under HP between 67% and
73%[10,11,13,14,17,18,24],  our data show that HP are not effective as a first-line therapy in
Forrest Ia peptic ulcer bleeding. Nevertheless, HP but might still be useful in this
scenario as  a  bridging or  rescue strategy until  an alternative therapy as  another
endoscopic  procedure,  a  radiological  embolization  or  surgical  therapy  can  be
performed.

HP have also been reported to be effective as rescue therapy for variceal bleeding
when band ligation fails[25] and also in gastric varices and gastric bleeding derived
from portal hypertension[23]. Within our study, we observed an overall ST success of
85% and LT success of 56%. It is important to note that in the majority of applications
for variceal bleeding, the bleeding was serious with 70% of patients presenting with
hemorrhagic shock. Against this background, the overall ST success can be regarded
as  high,  and  thus  HP  might  represent  a  promising  addition  to  arsenal  of  the
endoscopist for severe and refractory variceal bleeding.

Due to their touch-free application and large coverage, HP are also well suited for
the treatment of tumor bleeding. As shown in our study, HP provide immediate
hemostatic efficacy of 95%, a short-term success of 83% and a long-term success 87%
in patients with diffuse tumor bleeding. With this,  our results are comparable to
previous studies, in which immediate efficacy of HP and RBR ranged between 93%-
100% and 20%-32%, respectively[10,14,18,21,26]. Since tumor bleeding is frequently diffuse
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Figure 2

Figure 2  Before (left side) and after application (right side) of Endoclot within the upper gastrointestinal tract
(duodenal ulcer).

and exhibits a large bleeding area, high RBR ranging up to 49% have been reported
with conventional hemostatic approaches[24,27]. Together, with data from the largest
multicenter retrospective study, in which an immediate hemostasis of HP for tumor
bleeding was achieved in almost 98% of patients, our data show that HP are allow for
effective control of tumor bleeding.

To date,  no direct  comparison between HS and EC is available.  When looking
across studies rates for achieving primary hemostasis in the upper GI tract with EC
and HS have been reported to range between 82%-100%[13,16] and 85%-98%[8,9,11,14,15,18,19,21],
respectively. Our study is the first to directly compare the efficacy of HS and EC and
no significant different in their hemostatic efficacy and RBR were observed between
these two agents. Nevertheless some technical differences between the two HP should
be noted: first HS is sprayed at high pressure with a propellant CO2 cartridge. Such
feature might be an advantage in cases of high pressure bleeding or scenarios where a
large surface needs to be covered. On the other hand, high-pressure application can
potentially cause further tissue injury to the point of perforation especially in friable
or inflamed mucosa. Indeed, in two of the patients treated with HS (1.3%), perforation
occurred  as  major  adverse  events  after  application  of  HS  in  the  current  study.
Occurrence of intestinal perforation after HS application have been reported in other
series as well[15,18], therefore some caution of using HS might be necessary. In contrast,
with EC the pressure of spraying is much lower, allowing a more sectorial area of
targeting, making EC more suitable for localized bleeding lesions like a peptic ulcers
or a surface after resection. On the other hand, the area that can be covered with EC
might be lower with EC as compared to HS and also high pressure bleeding might be
less controlled. However, more systematic studies are clearly needed to investigate on
these aspects.

For lower GI bleeding ST and LT success of HP were 75% and 56.3% with a RBR of
37.5%. Data on the role of HP for lower GI bleeding are relatively scarce to date and
long-term FU data are completely lacking. In the largest series of low GI bleeding
treated with EC, hemostasis was achieved in 83% of the cases with a RBR of 11%[16].
Although limited by the number of patients included in the study, our results do
support the concept that HP represent valuable therapeutic options for lower GI
bleeding when conventional hemostatic approaches fail.

Limitations of the current study also need to be addressed. Although our study
included a large number of patients, its setting in a single high volume university
centre might have led to a certain bias in terms of patients characteristics. As shown
by the clinical data, a large percentage exhibited a variety of severe co-morbidities and
therefore most likely do not represent an average cohort. Further, we did not utilize a
randomized study protocol and the decision to apply HS or EC was at the discretion
of the endoscopist and therefore subjective.

In conclusion, our study demonstrates that both HPs HS and EC allow for bleeding
control  with high short-term efficacy when used as  primary or  salvage therapy.
Further, both EC and HS exhibit high efficacy for achieving hemostasis in impaired
coagulation status or friable tissues. With these properties, HPs represent powerful
and effective additions to the armentarium of the endoscopist for treatment of GI
bleeding.
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Table 3  Etiology of upper gastrointestinal bleeding and success in bleeding management (short term, long term, re-bleeding rate)

HS and EC (n = 137) Hemospray (n = 102) Endoclot (n = 25)

Reflux esophagitis, n 17 16 1

Overall ST, LT, RBR (%) 92, 60, 0 100, 33, 0 100, 0, 0

Primary ST, LT, RR (%) 100, 100, 0 100, 100, 0 0

Salvage ST, LT, RR (%) 100, 100, 0 100, 100, 0 100, 0, 0

OG variceal disease, n 13 11 2

Overall ST, LT, RBR (%) 85, 56, 38 91, 50, 45 100, 100, 0

Primary ST, LT, RBR (%) 75, 25, 75 66, 66, 100 100, 100, 0

Salvage ST, LT, RBR (%) 100, 80, 22 100, 80, 25 100, 0, 0

Peptic ulcer disease, n 49 34 12

Overall ST, LT, RBR (%) 80, 57, 34 80, 59, 29 84, 50, 31

Primary ST, LT, RBR (%) 79, 67, 21 81, 71, 18 75, 50, 25

Salvage ST, LT, RBR (%) 81, 67, 46 78, 40, 50 90, 62,3 0

Angiodysplasia, -ectasia, n 8 6 1

Overall ST, LT, RBR (%) 75, 85, 0 66, 80, 0 100, 100,0

Primary ST, LT, RBR (%) 75, 100, 0 75, 100, 0 0

Salvage ST, LT, RBR (%) 75, 75, 0 50, 50, 0 100, 100, 0

Diffuse bleeding and erosions, n 22 16 4

Overall ST, LT, RBR (%) 77, 72, 36 87, 84, 25 66, 66, 33

Primary ST, LT, RBR (%) 78, 67, 33 100, 100, 0 75, 50, 25

Salvage ST, LT, RBR (%) 66, 70, 58 71, 66, 57 100, 50, 50

Cancer bleeding, n 15 12 1

Overall ST, LT, RBR (%) 81, 85, 10 85, 92, 10 100, 100, 0

Primary ST, LT, RBR (%) 100, 100, 0 100, 100, 0 100, 100, 0

Salvage ST, LT, RRB (%) 67, 50, 0 67, 75, 17 0

Other bleeding sources, n 13 7 4

Overall ST, LT, RBR (%) 70, 70, 40 75, 58, 58 86, 75, 28

Primary ST, LT, RBR (%) 62, 60, 50 50, 43, 62 80, 67, 20

Salvage ST, LT, RBR (%) 77, 69, 36 100, 100, 0 100, 75, 30

Other bleeding sources: Mallory Weiss lesions, aortoduodenal fistula, posttraumatic, bleeding after surgery, anastomosis bleeding. ST: Short term success;
LT: Long term success; RBR: Re-bleeding rate; OG: Oesophageal and gastric; HS and EC: Including patients who received both Hemospray and Endoclot at
different time points.

Table 4  Clinical characteristics of the patients treated with Hemospray and Endoclot for lower gastrointestinal bleeding n (%)

HS and EC (n = 17) Hemospray (n = 9) Endoclot (n = 7) P value

Sex (M) 15 8 6 ns

Age, yr 0.007

mean ± SD 67.8 ± 12.2 72.9 ± 9.2 65.6 ± 9.2

range 37-81 51-81 37-76

Application as ns

Primary therapy 10 (59) 5 (55) 4 (57.1)

Salvage therapy 7 (41.2) 4 (44) 3 (56)

Definite therapy after HP failure ns

Coiling 0 0 0

Surgery 1 (5.9) 0 1 (14)

Comorbidities

Coagulopathy 3 (17.6) 2 (22) 1 (14)

Renal insufficiency 6 (35.3) 3 (33) 3 (43)

Hemodialysis 3 (17.6) 2 (22) 1 (14)

Liver cirrhosis 2 (11.8) 2 (22) 0

Therapeutic anticoagulation 10 (59) 3 (33) 6 (86)
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Dual antiplatet therapy 1 (5.9) 0 1 (43)

Vitamin K Antagonists 3 (17.6) 0 3 (43)

DOAC 3 (17.6) 0 2 (29)

Antiaggregation therapy 5 (29.4) 2 (22) 3 (43)

Short term success 12 (79.6) 6 (67) 5 (71) ns

Primary therapy 7 (70) 3/5 (60) 3/4 (75)

Salvage therapy 5 (71.4) 3/4 (75) 2/3 (67)

Long term success 10 (76.9) 6/7 (86) 3/5 (75) ns

Primary therapy 6 (75) 3/4(75) 2/3 (67)

Salvage therapy 4 (57.1) 3/3 (100) 1/2 (50)

Re-bleeding rate 7 (41.2) 3 (33) 4 (57) ns

Primary therapy 3 (30) 2/5 (40) 1/4 (25)

Salvage therapy 4 (57.1) 1/4 (25) 3/3 (100)

DOAC: Direct acting oral anticoagulant; HS: Hemospray; EC: Endoclot; HP: Hemostatic powders; HS and EC: Including patients who received both
Hemospray and Endoclot at different time points.

Figure 3

Figure 3  Incidence (%) of re-bleeding after application of hemostatic powder according our data and past studies[8-11,14-16,18,19,21,26].

ARTICLE HIGHLIGHTS
Research background
Gastrointestinal (GI) bleeding frequently leads to hospital admission and is associated with
relevant  morbidity  and  mortality,  particularly  in  the  elderly.  Due  to  the  increasing
administration of direct oral anticoagulants in the last years and the emerging role of antiplatelet
agents, sufficient and effective treatment of GI bleeding is mandatory while at the same time can
be clinically challenging. In the last years, endoscopists increasingly face emergency bleeding in
a clinical scenario in which coagulation parameters cannot always be corrected to normal range.
Further,  with  increasing  development  of  advanced  endoscopic  therapeutic  procedures,
iatrogenic  bleeding after  endoscopic  resections represents  another  emerging problem.  For
refractory cases, hemostatic powders (HP) represent “touch-free” agents.

Research motivation
Although data on the efficacy of Endoclot (EC) are still limited, first clinical evidences suggest
that  both Hemospray (HS)  and EC allow for  effective  bleeding control.  Further,  no direct
comparison of the efficacy of these two HP is available to date.

Research objectives
Against this background we set off: (1) To analyze the short and long term success in achieving
hemostasis with HP; and (2) to directly compare the two agents HS and EC in their efficacy for
achieving hemostasis in a large cohort of patients treated for emergency GI bleeding in our
center.

Research methods
Data were prospectively collected on patients who were treated with HS and EC for endoscopic
hemostasis during emergency endoscopy between September 2013 and September 2017 in our
center. Patients were followed-up for at least one month after index endoscopy and data analysis
was performed after follow-up was completed
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Research results
HP was applied in 154 consecutive patients (mean age 67 years) with GI bleeding in our center.
Patients were followed up for at least 1 month (mean follow up: 3.2 mo). The majority of HP
applications were in the upper GI tract (89%) with the following bleeding sources: Peptic ulcer
disease (35%), esophageal varices (7%), tumor bleeding (11.7%), reflux esophagitis (8.7%), diffuse
oozing bleeding and erosions (15.3%). Overall short term (ST) success with HP was achieved in
125 patients (81%) and long term (LT) success in 81 patients (67%). Re-bleeding occurred in 27%
of all patients treated with HP. In 72 patients (47%), HP was applied as a salvage hemostatic
therapy, here ST and LT success were 81% and 64%, respectively, with re-bleeding in 32% of
patients. As a primary hemostatic therapy, ST and LT success were 82% and 69%, respectively,
with re-bleeding occurring in 22%. Subgroup analysis showed a ST and LT efficacy for cancer
bleeding of  83% and 87%,  for  peptic  ulcer  disease  of  81% and 56% and in  patients  under
therapeutic anticoagulation of 80% and 60.5%. There was no statistical difference in the ST or LT
efficacy between EC and HS for the various indications; however, HS was more frequently
applied for upper GI bleeding (P = 0.04)

Research conclusions
Within this study, we retrospectively analyzed the hemostatic efficacy of HPs HS and EC as first
line or salvage therapy in several clinical scenarios in a large cohort of prospectively included
patients. As shown in our report, both HPs allow for excellent ST bleeding control when applied
as  primary  or  salvage  therapy.  At  the  same time,  LT efficacy  over  a  period of  4  weeks  is
maintained in a considerable amount of patients.

Research perspectives
Both EC and HS exhibit high efficacy for achieving hemostasis in impaired coagulation status or
friable tissues. With these properties, HPs represent powerful and effective additions to the
armentarium of the endoscopist for treatment of GI bleeding.
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