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Please note: 

For application within gastro-enterology, PuraStat® is indicatedi for 

§ Achieving haemostasis in bleeding from small blood vessels and oozing from capillaries of the GI
tract following surgical procedures [when haemostasis by ligation or standard means is
insufficient or impractical]

§ Reduction of delayed bleeding following gastrointestinal endoscopic submucosal dissection (ESD)
procedures in the colon

The attached publication 
“Haemostasis and prevention of bleeding related to ER: The role of a novel self-assembling peptide” 
also describes procedures and contains data which are currently not within the indication of 
PuraStat. 

It concerns, within the reduction of delayed bleeding, the following procedures/ locations in the 
attached publication which are not covered by the current indication of PuraStat (indicated with x in 
table below): 

location ESD EMR 
Esophagus x x 
Gastric x x 
Duodenum x x 
Colon indicated x 
Rectum indicated x 
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Key summary 
Summarise the established knowledge on this subject: 

● Intraprocedural and delayed bleeding are encountered during endoscopic resection. 
● Usual methods of managing these bleeds (e.g. diathermy) carry a risk of thermal injury. 
● A novel, synthetic, self-assembling peptide was recently licensed as a haemostat for use in mucosal 

bleeding from the gastrointestinal tract. 
● Limited data exist on its efficacy as a haemostatic agent. 

 
What are the significant and/or new findings of this study? 

● This self-assembling peptide works as a haemostat in 75% of mild to moderate intraprocedural bleeds 
encountered. 

● The delayed bleeding rate is low (3%). 
● The time taken to achieve haemostasis using this peptide is just over a minute. 
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Abstract 
Background: Endoscopic resection is now commonly used for removal of early gastrointestinal lesions. However, the risk of 
the procedure may be heightened by intraprocedural or delayed bleeding. A novel, self-assembling peptide (PuraStat®) was 
recently licensed for use as a haemostat. 
Objective: The aim of this study was to assess the efficacy and safety of this haemostat when used to control intraprocedural 
bleeding or to prevent delayed bleeding in endoscopic resection. 
Methods: PuraStat® was used on 100 patients undergoing endoscopic resection in a tertiary referral centre. The efficacy, 
safety, feasibility of use and delayed bleeding rates were measured. 
Results: Forty-eight oesophageal, 31 colorectal, 11 gastric and 10 duodenal procedures were included. The mean lesion size 
was 3.7 cm and 30% of the patients were on antithrombotic therapy. Intraprocedural bleeding occurred in 64%. PuraStat® 
was an effective haemostat in 75% of these cases. Only a small amount was required for haemostasis (mean  1.76 ml) and 
it took on average 69.5 seconds to stop a bleed. The delayed bleeding rate was 3%. 
Conclusions: PuraStat® is an effective haemostat for use in controlling bleeds during endoscopic resection. It is safe, easy to 
use and did not interfere with the procedure. 
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Self assemble into b-sheets 

Aspartic acid Alanine Arginine 

aRginine, Alanine, aspartic aciD, Alanine ´ 4 = RADA 16 

Introduction 
Endoscopic resection (ER) techniques such as 
endoscopic mucosal resection (EMR) and endoscopic 
submucosal dissection (ESD) are increasingly used as 
first-line treatment for removal of early gastrointestinal 
(GI) neoplasia with good outcomes. Bleeding is a well- 
recognised complication of ER and may pose a chal- 
lenge to the endoscopist both during the procedure and 
afterward if delayed bleeding (DB) is encountered. This 
risk  can  range  between  1%  and  15%  depending   
on lesion location, comorbidities and anticoagulant/ 
antiplatelet agent usage.1 

Current  methods  of  haemostatic  control  during 
ER such as electrocoagulation and  clip  placement  
may increase the risk of thermal injury or impede fur- 
ther resection. Whilst adrenaline injections are a useful 
adjunct to haemostasis, their benefits are often short 
lived and definitive treatment is still required.  
Repeated application of diathermy (e.g. via coagulation 
forceps) over the site may lead to a perforation. 
Synthetic topical haemostatic agents  have  been  used 
to control intraprocedural bleeding (IPB) and prevent 
DB following ER with modest success.2,3 Most are sup- 
plied as spray powders that can be applied in a non- 
targeted fashion over the bleeding area or resection 
base. However, their opaque nature does not make  
them the ideal haemostatic agents for use during ER. 

Recently, a novel, self-assembling peptide 
(PuraStat®; 3D Matrix Ltd, France) was developed 
for use as a haemostat for treatment of exudative haem- 
orrhages from small vessels in the GI tract. It is built 
from a chain of three types of amino acids that bond 
together to form a peptide (Figure 1). This transparent 
gel peptide self-assembles into fibres that form an extra- 
cellular matrix. It is activated when it comes into con- 
tact with bodily fluid as a change in pH and salt 
concentration triggers nanofiber network formation. 

 
 
 

Figure 1. Building blocks of PuraStat®. 
(Figure reproduced with permission from 3D-Matrix Ltd.) 

 
The matrix sticks to and seals the blood vessel thereby 
facilitating haemostasis as a mechanical barrier is 
formed. Recent studies have highlighted its potential 
role in ESD-induced gastric ulcer healing and in redu- 
cing DB through the formation of a protective mucosal 
barrier over the resection site.4 There are limited data, 
however, on its use as a primary haemostat.5 

The aim of our study was to assess the safety, effi- 
cacy and technical feasibility of PuraStat® as a primary 
haemostat to control bleeding during ER. We also eval- 
uated its impact on 30-day DB rates. 

 
 

Methods 
Patients 
Between January 2016 and September 2017, PuraStat® 
was used on 100 patients undergoing complex ER at a 
referral centre. The complexity of the procedures 
related to the large lesion size (>3 cm), scarring or pres- 
ence of neoplasia necessitating the use of ESD and 
higher risk of  bleeding  attributed  to  anticoagulant  
use and anatomical location. It was used as a haemostat 
for IPB and prophylactically over the resection base. 
Patients provided written informed consent for the pro- 
cedure and institutional review board approval was 
obtained (South Central Hampshire Research Ethics 
Committee, 16/SC/0020, 23 January 2016). The 
research was carried out in accordance with the 1975 
Declaration of Helsinki. 

Data  on  patient  demographics  and anticoagulant 
or antiplatelet medication use were prospectively col- 
lected. Lesion size, location, nature of bleeding, volume 
of PuraStat® used and any additional haemostatic 
methods used were recorded. The ease of application 
and any interference of the gel in the ongoing resection 
were also recorded. Three grades of IPB were identified: 

 
Grade 1: Ooze from a venous vessel (mild) 
Grade 2: Nonspurting venous vessel bleed (moderate) 
Grade 3: Spurting arterial vessel bleed (severe) 

 
DB was defined as overt haemorrhage (melaena, 

haematochaezia) occurring up to 30 days postproce- 
dure and requiring medical intervention (endoscopic/ 
radiological/surgical management) with or without a 
blood transfusion. 

 
Procedures (ESD, hybrid ESD, EMR) 
All procedures were carried out with high-definition 
endoscopes (EG-760R, EC-760V/M; Fujifilm; GIF- 
HQ290, CF-HQ290L; Olympus). The ESD  knives  
used were Flush (DK2618J Fujifilm), Dual  or  IT 
Knife (Olympus). A standard lifting solution 
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Figure 2. Application of PuraStat® through the delivery catheter. 
 

(Gelofusin with 1 ml of 1:10,000 adrenaline and 2 ml 
1% indigocarmine) was used in all cases. 

Diathermy was delivered via the ERBE VIO 300D 
electrosurgical generator (Erbe; Tu¨bingen, Germany). 
Mucosal incision was performed using Endocut I and 
submucosal dissection using swift coagulation. For 
EMR or snare resection during hybrid  ESD, Endocut  
Q was used. Bleeding was treated with the knife or snare 
tip using forced/swift coagulation or Coagrasper 
(Olympus) in soft coagulation mode. 

 
PuraStat® application for haemostasis and 
prophylaxis 
Three-ml prefilled syringes were connected to a 1600 mm 
(gastric) or 2200 mm (colonic) customised catheter 
inserted through the endoscope channel.  PuraStat®  
was used as a primary haemostat when venous oozing 
was encountered. It was applied directly over the bleed- 
ing point (Figure 2) and the time taken for haemostasis 
was recorded. Diathermy was used as an additional 
haemostatic method if PuraStat® was not effective. 

PuraStat® was applied over the resection base at the 
end of each procedure. To ensure sustained contact 
between the gel and the resection base,  application  
was started from the antidependent side of the lateral 
edge of the base using gravity to allow the gel to slide 
into the centre. Gentle suction was used to bring the 
edges of the base closer to facilitate an even application 
and ensure complete coverage. It is important to note 
that the catheter is not retracted back into the scope for 
at least 15 seconds following deployment of PuraStat®. 
During this time, the endoscope position is maintained 
to observe the haemostatic effect. This  prevents  any 
gel dislodgement due to capillary action of catheter 
withdrawal or mechanical movement from the scope. 
Figure 3 highlights its transparent nature. 

Figure 3. Transparent nature of PuraStat®. 
 

 
Follow-up 
High-dose proton pump inhibitor therapy (40 mg ome- 
prazole twice daily or equivalent) was administered to all 
patients undergoing upper GI ER for six weeks postpro- 
cedure. Anticoagulants or antiplatelets were reinstated 
48 hours following resection according to the endosco- 
pist’s preference. Adverse events such as DB and perfor- 
ation were recorded for 30 days postprocedure. 

 
Statistical analysis 
Descriptive statistics were used, continuous variables 
were expressed in terms of mean (with SD as a measure 
of variability) and categorical variables were expressed 
as proportions. Pearson’s  chi-squared  test  was  used  
to compare proportions with p < 0.05 considered as 
significant. 

 
 

Results 
Patient, procedure and lesion characteristics 
A total of 100 patients undergoing ER were included in 
the study (79 underwent ESD/hybrid ESD and 21 had 
EMR). The mean age of the patients was 69.3 years 
with a male majority (68% male, 32% female). Thirty 
per cent were on anticoagulant/antiplatelet  therapy 
(nine warfarin, 19 aspirin or clopidogrel, and  two  
novel oral anticoagulant). 

Most resections were undertaken in the oesophagus 
(48%), followed by colorectum (31%), gastric (11%) 
and duodenum (10%). The mean lesion size was 
3.67 cm (SD   2.12) with a mean resection base area    
of 14.05 cm2 (SD 16.47). The final resection histology 
confirmed high-risk neoplasia (carcinoma or high-grade 
dysplasia) in 59 lesions (58 in the upper GI tract and 
one in the lower GI tract) (Table 1). 



4 United European Gastroenterology Journal 0(0) 
 

¼ 

 
Table 1. Lesion characteristics according to location. 

 

 
Location 

 
Histology 

 
Number 

Mean lesion 
specimen size 

 
(cm) 

Mean are 
resection 

a of 
base 

 
(cm2) 

Oesophagus  48 3.19 10.89 
 Barrett’s adenocarcinoma 33   
 Barrett’s high-grade dysplasia 10   
 Intestinal metaplasia 3   
 Squamous dysplasia 2   
Gastric  11 4.73 19.57 
 Adenocarcinoma 8   
 High-grade dysplasia 3   
Duodenum  10 2.80 7.70 
 Adenoma 9   
 Neuroendocrine tumour 1   
Colon  16 3.02 7.88 
 Adenoma 13   
 Sessile serrated lesion 2   
 Hyperplastic 1   
Rectum  15 5.83 30.96 
 Adenoma 15   

 
 

Table 2. Grade of bleed according to type of procedure. 
 

 
 
 
Procedure type 

Bleed type 

Grade 1 
alone 

Grade 2 
alone 

Grade 3 
alone 

Grades 
1 and 2 

No intraprocedural 
bleeding 

ESD and hybrid 5 (6.3%) 2 (2.5%) 6 (7.6%) 38 (48.1%) 28 (32.0%) 
ESD (n ¼ 79) 
EMR (n ¼ 21) 

 
5 (23.8%) 

 
1 (4.8%) 

 
0 

 
7 (33.3%) 

 
8 (38.1%) 

EMR: endoscopic mucosal resection; ESD: endoscopic submucosal dissection. 
 
 

Nature of bleeding and haemostatic efficacy 
of PuraStat® 
Grade 1 and 2 bleeds were the most commonly encoun- 
tered (noted in 62 resections (62%)) though bleeding 
did also arise from a spurting vessel in six (6%) cases. 
PuraStat® was used for IPB in 64/100 (64%) resections 
(33 oesophageal, five gastric, six duodenal, 20 colorec- 
tal) and applied prophylactically to cover the resection 
base in all 100 cases. It was effective in 48/64 (75%) of 
cases. This was stratified according to location where 
PuraStat® terminated bleeding in all duodenal, 81.8% 
of oesophageal, 80% of colonic, 60% of gastric and 
40% of rectal IPB. When both modalities of ER were 
compared (ESD and EMR), we noted that there was no 
significant difference between the proportion of cases 
with IPB (64.5% vs 61.9%, p 0.60). There was a  
greater proportion of Grade 1 bleeds in the EMR 

 
group compared to ESD (23.8% vs 6.3%, p < 0.02). 
Grade 3 (spurting) bleeds were the  minority  bleed  
type and seen in only 7.6% of ESD cases (Table 2). 

PuraStat® was effective (with no additional haemo- 
static method) in 72.6% (45/62) of venous  type 
(Grades 1 and 2) bleeds and 50% (3/6) of spurting 
(Grade 3) bleeds (p ¼ 0.25). See Table 3. 

 
DB 
There were three DBs in this study – two following 
gastric ESD (both lesions were early gastric cancers 
located in the antrum) and one following oesophageal 
ESD for adenocarcinoma. PuraStat® had been used 
prophylactically in all cases and was required for intra- 
procedural haemostasis only in the oesophageal ESD,  
in which it terminated the bleeding successfully without 
diathermy. One gastric ESD bleed occurred five days 
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Table 3. Nature of bleeding and technical aspects of PuraStat® application. 
 

Oesophagus Gastric Duodenum Colonic Rectum 

N, % 48 11 10 16 15 
Primary haemostat in mucosal 33 5 6 10 10 

oozing (68.8%) (45.5%) (60%) (62.5%) (66.7%) 
Amount of PuraStat® used for 1.53 3.7 1.78 1.31 1.98 

haemostasis per lesion      

(mean, ml)      

PuraStat® successfully achieved 27/33 3/5 6/6 8/10 4/10 
haemostasis (81.8%) (60%) (100%) (80%) (40%) 

Average time taken to achieve 69.4 26.7 50.7 102.5 69.7 
haemostasis (seconds)      

Amount of PuraStat® used for 2.57 3.31 2.33 1.86 2.82 
prophylactic coverage of      

resection base per lesion      

(mean, ml)      

Amount used per cm2 (ml) 0.24 0.17 0.30 0.24 0.10 

 
 
 

Table 4. Characteristics of delayed bleeds. 
 

Location Oesophageal Gastric antrum Gastric antrum 

Patient age (years) 
Gender 
Specimen size (cm) 
Histology 
 
 
Anticoagulant use 
Onset postprocedure 
Endoscopy findings 
 
Endotherapy 
 
 
Blood transfusion 
Rebleed postendoscopy 

82 
Male 
2.5 
Intramucosal 

adenocarcinoma, 
pT1aM3 

Nil 
1 day 
Clot over resection base 

No 

 
No 
No 

78 
Male 
6 
High-grade dysplasia 

 
 

Warfarin 
5 days 
Bleeding from visible vessel 

 
Yes 

(6 ml 1:100,000 adrenaline 
injection þ bipolar coagulation) 

No 
No 

86 
Male 
6 
Adenocarcinoma, 

pT1bSM1 
 

Clopidogrel 
10 days 
Clot over 

resection base 
No 

 
 

No 
No 

 

postprocedure whilst the other occurred 10 days post. 
Both of these patients were on anticoagulants 
(warfarin/clopidogrel) that were restarted on day 2 
postprocedure. They underwent urgent  endoscopy 
upon presenting with melaena, and in one case 
endotherapy was required (bleeding from a visible 
vessel stemmed with adrenaline injection þ clip place- 

 
There was no haemodynamic instability in all three 

patients and none experienced a rebleed following the 
second endoscopy procedure (Table 4). 

The DB rate in colonic and duodenal ER was 0%. 
 

Feasibility and technical outcomes 
® 

ment). Neither required a blood transfusion and both The   average   volume   of   PuraStat used for IPB 
were discharged thereafter. 

The postoesophageal ESD bleed occurred on day 1 
postprocedure, and endoscopy revealed a clot over the 
resection base but no active bleeding. No endotherapy 
or blood transfusion was required. 

(per lesion) was 1.76 ml (SD 1.40) whereas 2.56 ml 
(SD 1.13) was the average required for complete 
coverage of the resection base. The  average  time  
taken to achieve haemostasis using PuraStat® was 
69.5 seconds (SD ¼ 68.5). 
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In all cases, the endoscopist rated PuraStat® as being 
‘easy to apply’ with no instances of catheter blockage, 
catheter kinking or interference with visibility. 

There were no instances of allergic reaction or hyper- 
sensitivity, pain or thromboembolic events related to 
PuraStat® use. 

 
Discussion 
ER is rapidly replacing major surgical resection thanks 

to development of new techniques like ESD. These pro- 
cedures are associated with an increased risk of perfor- 
ation and bleeding. Although these risks are mitigated 
by improved endoscopic skill, carbon dioxide insuffla- 

tion and better endoscopes, the risk of IPB and DB 
remains high. PuraStat® is a novel agent with haemo- 
static properties. It has been used in cardiovascular sur- 
gery6,7 and in small ESD series5 with promising results. 

Our study demonstrates that PuraStat® was effective 
as a single agent in controlling IPB in 75% of cases in 
which bleeding was encountered. We also identified the 
type of bleed for which it is more effective. Its haemo- 
static properties were best demonstrated in Grades 1 
and 2 venous-type bleeds (where it stopped bleeding    
in 73%) compared to Grade 3 arterial-type spurting 
bleeds, for which it worked in only half the cases. 
Despite complete coverage of the  bleeding  point 
during a brisk bleed, the  adhesive  properties  of  the 
gel were hampered by the rate and volume of  the  
bleed,  thereby  preventing  adequate   haemostasis. 
This observation has an important clinical implication 
as it can help the endoscopist choose the most appro- 
priate haemostatic modality according to the grade of 
the bleed. It is also important to note that PuraStat®  
did not affect the use of any additional haemostatic 
modality (diathermy) or ongoing resection.  This  is  
due to its transparent nature and electrical conductivity 
of the gel in the presence of bodily fluids. 

We also identified the average time taken to achieve 
haemostasis using PuraStat® (69.5 seconds). This is 
shorter than noted in a previous study of 16 patients 
undergoing ER of gastric tumours in which the time 
required for haemostasis was 105 87 seconds.5 Our 
cohort was much larger with just a single endoscopist 
using the device – the growing cumulative experience 
may have led to a learning curve effect for its precise 
application enabling quicker haemostasis. It is also 
possible that the speed at which it works depends not 
only on the type of bleed but also on the location of the 
lesion as this differed in each anatomical location. The 
sample size outside the oesophagus and colon/rectum is 
not enough to draw any isolated clinical conclusion but 
suffice to say that PuraStat® works in just over a minute 
irrespective of the site. We believe that if haemostasis is 
not observed (despite adequate coverage of the bleeding 

point) after this time, then the endoscopist should apply 
another haemostatic modality. 

Several large studies on ER outcomes have reported 
DB rates of between 4% and 9% for gastric ESD,8–10 
6.2% for colonic EMR,11,12 2.7% for colonic ESD,13  
5% to 20% for duodenal EMR,14–16 1.7% for Barrett’s 
ESD17 and 1.1% for Barrett’s EMR.18 Alternative tech- 
niques to prevent DB have been explored as advances 
in  ER  were  made  over  the  past  decade.  However,  
a recent meta-analysis of prophylactic clipping in 
colorectal ESD found no decrease in DB.19 A study     
of prophylactic coagulation after wide-field colonic 
EMR also found no significant difference in rates of 
DB compared to a control group  (5.2%  vs  8.0%).20 
By contrast, prophylactic coagulation may be more 
effective in the upper GI tract in reducing DB following 
gastric ESD.21 Topical polysaccharide haemostats may 
have a role in preventing EMR-rated bleeding as evi- 
denced by a study of 82 patients receiving EndoClot 
with a DB rate of 3.7%.3 One other study  reports  a  
DB rate of 6.2%  following  prophylactic  application 
of PuraStat®, though this study included fewer lesions 
(56 patients with 65 lesions) with a majority resected via 
ESD (61.5%).22 

The overall DB rate was 3% in this study. This is 
lower than anticipated in this high-risk group of 
patients, all of whose lesions were over 2 cm and 30% 
of whom were on antithrombotic therapy. Two of the 
three DBs occurred following ESD of early gastric 
antral cancers. Both lesions were 6 cm in size and the 
patients resumed anticoagulant therapy postprocedure, 
reflecting the skewed bleeding risk in this group. 
Previous studies have shown that a larger lesion size, 
antithrombotic therapy and location within the antrum 
are factors associated with higher rates of DB.23,24 
Careful consideration should be given to the timing of 
restarting antithrombotic therapy in this group as no 
specific guidelines exist. Given the paucity of literature 
in this area, future prospective trials with a matched 
control group will be useful to determine whether the 
DB rate is reduced in all patients receiving PuraStat® 
prophylactically or if it is most useful in patients stra- 
tified as having a higher bleeding risk (e.g. those on 
interrupted antithrombotic therapy that  will  need  to  
be resumed postendoscopy). 

Our results show that PuraStat® is safe and easy to 
use – with no reported adverse events including allergic 
reactions. This is due to its synthetic nature. Unlike 
other synthetic haemostats, it is unique in being trans- 
parent and delivered through a fine catheter, thereby 
permitting targeted application of the gel over the 
bleeding vessel. There were no incidences of catheter 
blockage, and PuraStat® was delivered successfully to 
the desired site in all cases with no technical challenges. 
The endoscopist  can accurately  evaluate  its efficacy as 
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the bleeding can be seen to cease beneath the transpar- 
ent layer of the gel. Further ER can continue once 
haemostasis has been achieved as the gel does not 
hinder the movement of the endoscopic knife during  
submucosal dissection and no detrimental impact on 
electrical conductivity through the gel was observed. 

This study does, however, have several limitations. It 
was conducted in a single centre and lacked a matched 
control group. It does not stratify the type of patient or 
lesion that PuraStat® should be used as a first-line  
agent on. This was due to the lack of data on its haemo- 
static efficacy in ER which would have affected the 
design of a controlled trial. Only a single other pilot 
study evaluating its haemostatic efficacy was carried 
out though this was limited to a small group of patients 
(n 12) undergoing gastric ESD.5 Our study provides 
new data on the efficacy of this haemostat in a range of 
ER procedures in various anatomical locations and 
establishes the type of bleed for which it is found to    
be more effective. The preliminary data gathered  
during this study can be used to design and conduct a 
prospective, randomised, controlled trial which will 
provide high-quality evidence to further guide the use 
of this haemostat. 

To our knowledge, this is the largest study report- 
ing haemostatic outcomes of this novel device for use 
during ER where bleeding can be encountered. We have 
shown that it is an effective haemostat in three-quarters 
of bleeds with an overall low rate of DB in this high-
risk cohort. As its use increases in endoscopy, a 
randomised, controlled trial comparing PuraStat® with 
conventional haemostatic methods like diathermy is 
warranted to streamline its role as a haemostat during 
complex ER. 
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