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Introduction: With increasing advances in minimally invasive endoscopic therapies and endoscopic resection
techniques for luminal disease, there is an increased risk of post-procedure bleeding. This can contribute to
significant burden on patient’s quality of life and health resources when reintervention is required. Hemospray
(Cook Medical, North Carolina, USA) is a novel haemostatic powder licensed for gastrointestinal bleeding. The aim
of this single-arm, prospective, non-randomised multicentre international study is to look at outcomes in patients
with upper gastrointestinal bleeds following elective endoscopic therapy treated with Hemospray to achieve
haemostasis.

Methods: Data was prospectively collected on the use of Hemospray from 16 centres (January 2016-November
2019). Hemospray was used during the presence of progressive intraprocedural bleeding post-endoscopic therapy
as a monotherapy, dual therapy with standard haemostatic techniques or rescue therapy once standard methods
had failed. Haemostasis was defined as the cessation of bleeding within 5 min of the application of Hemospray. Re-
bleeding was defined as a sustained drop in haemoglobin (>2 g/l), haematemesis or melaena with haemodynamic

instability after the index endoscopy.
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Results: A total of 73 patients were analysed with bleeding post-endoscopic therapy. The median Blatchford score
at baseline was five (interquartile range 0-9). The median Rockall score was six (interquartile range 5-7). Inmediate
haemostasis following the application of Hemospray was achieved in 73/73 (100%) of patients. Two out of 57 (4%)
had a re-bleed post-Hemospray, one was following oesophageal endoscopic mucosal resection and the other post-
duodenal endoscopic mucosal resection. Both patients had a repeat endoscopy and therapy within 24 h. Re-
bleeding data was missing for 16 patients, and mortality data was missing for 14 patients. There were no adverse
events recorded in association with the use of Hemospray.

Conclusion: Hemospray is safe and effective in achieving immediate haemostasis following uncontrolled and

progressive intraprocedural blood loss post-endoscopic therapy, with a low re-bleed rate.
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Key summary

Summarise the established knowledge on this subject

e With increased complexity of therapeutic endoscopy there is increased incidence of intraprocedural bleeding.
e Bleeding rates are variable depending on the underlying endoscopic procedure.

e There are few studies on optimal haemostatic techniques in this area.

What are the significant and/or new findings of this study?
e There is a 100% immediate haemostasis rate following Hemospray application in intraprocedural bleeding

in all areas of the upper gastrointestinal tract.

e There is a low re-bleed rate of 4% following treatment.
e There were no complications associated with the use of Hemospray.

Background

Upper gastrointestinal bleeding (UGIB) is a signifi-
cant cause of morbidity and is associated with a 2—
17% mortality around the world.! With recent
advances and the increasing complexity of endoscopic
therapy there is an increased incidence of associated
intraprocedural  gastrointestinal  (GI)  bleeding.
Bleeding rates are variable depending on the under-
lying therapeutic procedure. Bleeding occurs in 1-2%
of cases after an oesophageal endoscopic mucosal
resection (EMR), 2% of cases after a biliary sphinc-
terotomy and 1-6% of cases after oesophageal endo-
scopic submucosal dissection (ESD).>* Reported
bleeding rates following gastric ESD vary from 1.8-
15.6%.* In duodenal EMR procedures an intrapro-
cedural bleeding rate varying from 0-29% has been
reported. There is higher bleeding rate in the duode-
num due to increased arterial blood supply.®
Endoscopic haemostatic modalities to address this
bleeding in a relatively easy and effective manner
require further exploration.

Currently, conventional modalities for management
of post-endotherapy bleeding include adrenaline injec-
tion therapy, thermocoagulation and mechanical clips.’
Dual endoscopic therapy in combination with adrena-
line is considered to be superior to monotherapy in
patients with peptic ulcer disease. There is limited
data on the optimal endoscopic management of intra-
procedural and post endotherapy bleeds.

With advances in endoscopic therapy, larger cancer-
ous lesions are being resected which carry a higher risk
of bleeding complications. At the same time, advances
in endoscopic resection such as ESD allow an en-bloc
resection for large or fibrotic lesions which enables a
curative resection and accurate histological assess-
ment.® This allows for organ preservation as such
lesions would otherwise need surgery which would be
high-risk for particular patient groups. Therefore, there
should be methods to manage possible bleeding risks
during such procedures.

TC-325 (Hemospray; Cook Medical, Winston-
Salem, North Carolina, USA) is a haemostatic
mineral-based powder. Once it is in contact with



Hussein et al.

1157

blood, it absorbs the fluid triggering a clotting cascade
and forms a tamponade across the bleeding site’
(Figures 1 and 2). It potentially is of benefit after endo-
therapy in that it can be applied to the bleeding resec-
tion site under direct vision and target the area in a
non-contact fashion. Directing endoscopic haemostatic
therapy during intraprocedural bleeding can be chal-
lenging where the bleeding source is discrete, or
access is difficult.

The primary aim of the study was to assess the suc-
cess of endoscopic haemostasis in patients with uncon-
trolled and progressive intraprocedural bleeding
following endotherapy treated with Hemospray

Methods

This study was presented to the local research ethics
committee (London — South East Research Ethics

Committee, approved October 2016) (International
Standard Randomised Control Trial Number
(ISRCTN) registry with study ID ISRCTN29594250).
Centres in other participating countries also obtained
approval from their local authorities. All patients pro-
vided informed consent. The study was conducted in
accordance with the principles of the Declaration of
Helsinki.

The Rockall and the Blatchford scoring system were
both used in this study. The Rockall scoring system
predicts mortality and re-bleeding.'® The Blatchford
scoring system determines the need for urgent clinical
intervention.'" These scoring systems have been used in
previous publications to predict risk and prognosticate
outcomes in patients with peptic ulcer disease (PUD)
and were therefore applied to this cohort of patients to
explore if there were any factors to predict outcomes
and rebleeding.

Figure 1. Bleeding following oesophageal endoscopic mucosal resection (EMR) (a). There is profuse bleeding (b) following which

Hemospray is applied and immediate haemostasis achieved (c).

Figure 2. Oozing post-sphincterotomy despite clip placement (a). Hemospray applied in combination with clips to achieve

haemostasis (b). Site is completely healed 2 weeks later (c).
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All patients that were included had evidence of an
acute or progressive intraprocedural bleed following
upper gastrointestinal (UGI) endoscopic therapy
visualised by the endoscopist during the procedure.
They were all treated with Hemospray during the
same endoscopic session as monotherapy, as part of a
combination therapy or a rescue therapy. No exclusion
criterion was applied.

Patients were recruited prospectively from 16 centres
in the UK, USA, Germany, France and Spain (January
2016-November 2019). All endoscopists had training on
the use of Hemospray. Consecutive patients who had
developed intraprocedural progressive bleeding post-
endotherapy were recruited from each centre. The deci-
sion to use Hemospray was at the discretion of the endo-
scopist at the time of the procedure, based on the lesion,
bleeding source and local expertise with the device.

The primary outcome was immediate cessation of
endoscopic intraprocedural bleeding and haemostasis
following the application of Hemospray when used as a:

— Monotherapy: used as a single therapy following
which the site is observed for 5 min for cessation
of bleeding.

— Combination therapy: Hemospray used as an
adjunct with conventional methods following
which the site is observed for 5 min for cessation
of bleeding.

— Rescue therapy: used following treatment failure
with conventional methods. Once conventional
therapy failed to achieve haemostasis, after a
S-minute observation Hemospray is applied as a
rescue therapy.

Secondary outcomes were re-bleeding after intrapro-
cedural haemostasis with Hemospray, safety and mor-
tality within 30 days.

Immediate haemostasis was defined as observed cessa-
tion of bleeding within 5 min of the application of
Hemospray. Re-bleeding was defined as ongoing or new
haematemesis or melaena with haemodynamic instability
and/or a drop in haemoglobin (>2 g/l) following comple-
tion of the procedure. This definition is in keeping with
previous guidelines and consensus statements.'?

Patients were followed up for 30 days following
index endoscopy. Follow-up data was retrieved from
clinical records, outpatient clinical review and/or tele-
phone consultations.

All the data was inputted into a customised and
anonymised database.

Statistical analysis

Descriptive statistics consisted of the median and inter-
quartile range (IQR). The occurrence of each outcome

was quantified as a frequency and percentage. The
Kruskal-Wallis test was used to look at significance
of the difference between subgroups. All tests were
two-tailed. A significant p value was considered to be
<0.05.

Results

Between January 2016-November 2019, 73 patients
were enrolled into this ongoing prospective registry
study (51 males, 22 female) (Table 1). Patients had a
median age of 73 years (IQR, 66-80). The median
Blatchford score at baseline for all patients was five
(IQR, 0-9). The median Rockall score was six (IQR,
5-7). The most common cause of intraprocedural
bleeding was following EMR (39/73 (53%) patients)
(Table 2). For bleeding following an EMR, 22/39
(56%) patients were treated with Hemospray as part
of a combination therapy (Supplementary Material
Table 1s). The most common site of intraprocedural
bleeding was in the oesophagus (55%) (Table 1).

In total, 21 out of 73 (29%) patients had Hemospray
treatment as a monotherapy, 37/73 (51%) patients as
part of a combination therapy and 15/73 (21%)
patients as a rescue therapy (Table 3).

There was immediate haemostasis in 73/73 (100%)
of patients following treatment with Hemospray fol-
lowing intraprocedural bleeding post-UGI endoscopic
therapy. Just 2/57 (4%) patients had a re-bleed within
30 days following initial treatment. The two re-bleeds
were following an oesophageal EMR and a duodenal
EMR and both occurred within 24 h of initial treat-
ment with Hemospray. In one case Hemospray was
used as a monotherapy, and as part of a combination
therapy in the other case. Both patients had repeat
endoscopic therapy within 24 h to treat the cause of
bleeding. Also, 1/59 (2%) patients died within 30 days
following treatment (all-cause mortality) where

Table 1. Demographics.

Demographics (n=73) Value

Median age, years (IQR) 73 (66-80)
Sex

Male (%) 51/73 (70%)

Female (%)

Blood thinning medications
Anticoagulants (%)
Low molecular weight heparin (%)
Antiplatelets

Site of bleeding

22/73 (30%)

5/63 (8%)
5/63 (8%)
7/63 (11%)

Oesophagus 40 (55%)
Stomach 12 (16%)
Duodenum 21 (29%)

IQR: interquartile range.
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Hemospray was used as a monotherapy in the stomach.
There was no significant difference in outcomes based
on anatomical location of the bleeding (Table 4).

Re-bleeding data was missing for 16 patients, and
mortality data was missing for 14 patients in the
registry.

Table 2. Most common causes of post-upper gastrointestinal
(UGI) endotherapy intraprocedural bleeding.

Cause of bleeding Number of patients (%)

Endoscopic mucosal resection 39 (53%)
Oesophagus  27/39 (69%)
Stomach 3/39 (8%)
Duodenum 9/39 (23%)
Polypectomy/ampullectomy 8 (11%)
Oesophagus  0/8
Stomach 2/8 (25%)
Duodenum 6/8 (75%)
Endoscopic submucosal 5 (7%)
dissection
Oesophagus  3/5 (60%)
Stomach 2/5 (40%)
Duodenum 0/5
Sphincterotomy 5 (7%)
Oesophagus  0/5
Stomach 0/5
Duodenum 5/5 (100%)
Biopsy 5 (7%)
Oesophagus  3/5 (60%)
Stomach 2/5 (40%)
Duodenum 0/5

Table 3. Outcomes in the Hemospray subgroup.

There were no complications associated with the use
of Hemospray in this cohort of patients.

Discussion

This is the largest cohort of patients to date looking at
Hemospray in the treatment of post-UGI endoscopic
therapy intraprocedural bleeding.

This data has shown that Hemospray is effective in
the treatment of post-UGI endoscopic therapy intra-
procedural bleeding with 100% immediate haemostasis
rates and low re-bleeding rates (4%). This is in keeping
with data from previous studies with smaller sample
sizes, where intraprocedural haemostasis ranged from
90-100%.'*'* The patient cohort had a median
Rockall score of six reflecting a higher risk cohort of
patients from large teaching hospitals.

There have been significant advances in the field of
UGI therapeutic endoscopic techniques over the last
decade with evolving expertise in EMR, ESD and
endoscopic retrograde cholangiopancreatography ther-
apy. This provides the major advantage of curative
resections and organ preservation. However, these pro-
cedures carry an increased risk which includes intra-
procedural bleeding. There should be advances in
haemostatic techniques to be able to deal with such
potential complications in order to reduce morbidity
to the patient.

The majority of cases in this study were intraproce-
dural bleeding following EMR (53%). This is possibly
due to the fact that EMR is a relatively uncontrolled

Monotherapy (n=21) Combination (n=37) Rescue (n=15) p-Value
Median Rockall score 6 (IQR, 5-6) 6 (IQR, 6-7) 6 (IQR, 4-7)
Median Blatchford score 3 (IQR, 0-6) 7 (IQR, 2-9) 3 (IQR, 0-5)
Haemostasis 21/21 (100%) 37/37 (100%) 15/15 (100%) NS
Re-bleed 1/18 (6%) 1/26 (4%) 0 NS
30-Day mortality 1/18 (6%) 0 0 NS
Complications 0 0 0 NS

IQR: interquartile range; NS: not significant.

Table 4. Outcomes with Hemospray based on anatomical location.

Oesophagus (n=40)

Stomach (n=12) Duodenum (n=21)

Median Rockall
Median Blatchford
Haemostasis 40/40 (100%)
Re-bleed 1/30 (3%)
30-day mortality 0

6 (IQR, 5-7)
2 (IQR, 0-8)

7 (IQR, 7-8) 6 (IQR, 4-7)
5 (IQR, 5-7) 7 (IQR, 3-9)
12/12 (100%) 21/21 (100%)
0 1/19 (5%)
1/8 (13%) 0

IQR: interquartile range.
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Intraprocedure bleeding post
UGI endoscopic therapy

N

y

Yes

-Obscured views from bleeding
-Difficulty with access

Yesl

Ino

Apply Hemospray as a
monotherapy

Apply standard therapy to allow

v

completion of the procedure in
same session. If this fails apply
Hemospray in combination with

to reassess site of bleeding

Consider repeat endoscopy in 48—72 hours

standard therapy

Figure 3. Proposed algorithm for use of Hemospray during intraprocedural upper gastrointestinal (UGI) bleeding.

resection where there is no visibility of vessels or the
underlying mucosal/submucosal vascular bed during
the application of diathermy. ESD accounted for only
7% of bleeds as it is perceived to be a more controlled
dissection where vessels can be addressed and coagu-
lated during the procedure to prevent intraprocedural
bleeding.

Post-endotherapy intraprocedural bleeds are gener-
ally quite challenging in the upper GI tract due to a
variety of reasons. They can be challenging due to
obscuring of views from bleeding in narrow calibre
lumens, high risk of injuries to the muscularis propria
layer in a post-resection defect with conventional endo-
scopic haemostatic techniques, challenging anatomy or
when in retroflexion and difficulty in applying haemo-
clips/thermal therapy in cases where a duodenosccope
is used.'” Once there is progressive blood loss with
associate pooling of blood, the identification of a pre-
cise bleeding source can be an issue. The use of
Hemospray helps to overcome these difficulties and
potential risks as it is non-contact and therefore will
not cause any further complications in a post-
endotherapy defect. It is also non-specific in terms of
targeting and therefore useful when views are obscured
by pooling of blood. It is also useful in areas with com-
plex anatomy, when using a duodenoscope and side-
viewer scope or when there is a large resection area.'>'®

There were no observed complications of perfora-
tion following pressurised spray on areas of mucosal
defect post-resection in our patient case series. The
non-contact nature of the device makes it safe to use
in this cohort of patients.

Using clips in a post-resection defect can affect the
healing process, contributing to scarring and potentially

make further intervention in the same area more diffi-
cult in future. Also, the clips can potentially cause a
perforation. Endo clips can make sampling and assess-
ment of mucosa to confirm neoplasia eradication chal-
lenging. An example would be following EMR of
oesophageal Barrett’s dysplasia where field ablation
with radiofrequency ablation would need to be per-
formed in future to treat the remaining Barrett’s oesoph-
agus. Hemospray sloughs off the mucosa after a few
days making any further intervention required easier.'’

A disadvantage with Hemospray is that it would not
be a suitable therapy during intraprocedural bleeding
in the middle of an EMR or ESD as that would cause
an obscuring of views and the procedure would have to
be abandoned. In this scenario, it would be best to use
adrenaline injection therapy or thermal coagulation.'?
Hemospray would be ideal for when the procedure is
completed and there is bleeding or as a rescue therapy
during intraprocedural bleeding where the endoscopist
can return to complete the procedure during another
endoscopic session.

The data shows that Hemospray is effective as part
of a combination therapy during intraprocedural bleed-
ing. If there was an area where the point of bleeding
cannot be identified, and views are obscured,
Hemospray can be applied. Once a red spot then
arises, the area can be washed, and the focus of bleed-
ing can be targeted with mechanical or thermal
therapy.

There are some limitations. This was not a rando-
mised controlled trial. The decision to use Hemospray
as a treatment modality was at the discretion of
the endoscopist which could have contributed to selec-
tion bias.
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The exact cause of mortality was not documented.
The single mortality was likely due to comorbidities
and was within 7 days of Hemospray treatment. The
bleeding was following a biopsy and immediate haemo-
stasis was achieved following treatment with no evi-
dence of any re-bleeding. The patient had an
American Society of Anesthesiologists physical status
classification system grade of three and therefore had
severe systemic disease at the time. Therefore, the most
likely cause of mortality was related to secondary to co-
morbidities.

Another important limitation is that there can be
interobserver variability in the definition of immediate
haemostasis after the application of Hemospray thera-
py to the site of bleeding. Another limitation is that the
justification for why Hemospray was used was not
documented. We are improving the registry to include
a comments section where the endoscopist must
document the justification after each case. Another lim-
itation was there was some missing follow-up data. Re-
bleeding data was missing in 16 patients and mortality
data was missing in 14 patients.

There is no clear algorithm with regards to the role
of Hemospray in post-UGI endotherapy intraproce-
dural bleeding. The results from this registry suggest
it can play a safe and effective role as part of single
or combination therapy for intraprocedural bleeding. It
has a potential role as first-line therapy for bleeding at
the end of a procedure rather than as a rescue therapy
as reflected by the 100% haemostasis rates and low re-
bleed rates. In scenarios in the middle of a procedure it
is best to use coagulation forceps/injection therapy in
the first instance to allow completion of the procedure
in the same session. We propose an algorithm for how
Hemospray can be used in these scenarios (Figure 3).
Larger randomised control trials are required to vali-
date these findings.
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