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Abstract: 
 

Barrett’s oesophagus (BE) is the pre-cancerous condition that leads to oesophageal 

adenocarcinoma (OAC). The progression of BE from intestinal metaplasia (IM) to dysplasia 

and OAC occurs in only a few patients. Once dysplasia and intramucosal cancer (IMC) has 

developed, these patients carry a significant risk of developing OAC. Despite significant 

advances in treatment modalities in the past decade, there still remains a high mortality 

rate with only a small number of patients alive at five years from diagnosis.  Successful 

intervention at an early stage of the disease has been shown to have desirable outcomes.  

 

Historically, surgical intervention with oesophagectomy in patients with early disease has 

shown to achieve curative outcomes. Oesophagectomy by experienced surgeons in high 

volume tertiary referral centres still carries a significant mortality rate (2-3%).  

 

The development of minimally invasive endoscopic therapeutic modalities such as 

radiofrequency ablation (RFA), endoscopic mucosal resection (EMR) and endoscopic 

submucosal dissection (ESD) have revolutionised the management of patient with early 

oesophageal neoplasia with great outcomes and acceptable complication rates. These 

modalities have now been endorsed by various international guidelines; however despite 

current treatment modalities there still exists a group of patients that do not respond 

adequately to available treatment modalities and therefore this thesis and the chapters that 

follow will examine the new treatment modalities for the management of patients with 

early oesophageal neoplasia and will test the hypothesis that patients with early 

oesophageal neoplasia can be successfully treated with minimally invasive endoscopic 
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therapy. This thesis will outline the use of a new endoscopic resection modality (EMR 

Captivator device) with a new ablative technique (Cryoablation) that utilises cold therapy 

rather than the conventional heat therapy (RFA). This thesis will also outline new quality 

indicators in endoscopic therapy of early oesophageal neoplasia, which was developed, in 

order to unify endoscopic therapy in the UK.  

 

It is well known that endoscopic therapy can result into adverse events such as bleeding 

during or/and after the procedure. Currently haemostatic modalities exits but not always 

effective and limited by the site of the bleed and skills of the operator. Hemospray, is a new 

haemostatic powder that is increasingly used internationally. This thesis will outline the 

creation and development of the international Hemospray registry, and study Hemospray in 

various pathologies.  

 

 

 

 

 

 

 

 

 

 

 

 



 12 

Impact Statement 

 

Research at UCL has allowed the development of new resection and ablative modalities in 

Barrett’s Oesophagus (BE) endoscopic therapy (Chapter 2 in this thesis). The new 

Endoscopic Mucosal Resection (EMR) Captivator device has been shown to be as effective as 

the previously established Duette device. The new device is also able to resect larger 

neoplastic specimens in the oesophagus in comparison to the older Duette device. This new 

modality is now part of the routine clinical practice in BE endoscopic therapy at University 

College London Hospital (UCLH). The outcome from this project has now been published in a 

peer reviewed journal.  

In addition the new Cryoballoon ablation device has been studies at UCL and shown to be an 

alternative mode of therapy in patients with refractory BE neoplasia that have not 

responded to conventional therapy in the past (Chapter 3 in this thesis). This new modality 

is now part of the routine clinical practice in BE endoscopic therapy at UCLH. The 

international cryoablation registry is currently in development, which is a continuation of 

the work that was done at UCL. The outcome from this project has now been published in 

peer reviewed journal. 

Furthermore, the Quality Indicators in BE Endoscopic Therapy (QBET) project has 

successfully developed QI in BE endoscopic therapy aiming at unifying clinical practice in the 

UK (Chapter 4 in this thesis). The outcome from this project was accepted for oral 

presentation at United European Gastroenterology (UEG) 2018 and won the prize for best 

oral presentation. The outcome from this project has now been published in a peer 

reviewed journal.  
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The international Hemospray registry is the result of cooperation amongst multiple 

international gastroenterology specialists that resulted in publication of one of the largest 

series in the use of Hemospray in GI bleeding (Chapter 5 in this thesis). The outcome from 

this project was accepted for oral presentation at Digestive Diseases Week (DDW) 2018. The 

expansion of this registry has provided further insight in the efficacy of this haemostatic 

agent in GI bleeding and further publications from this ongoing project is underway. The 

outcome from this project has now been published in a peer reviewed journal. 
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CHAPTER 1 

 

Introduction Part 1 

Barrett’s Oesophagus 
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1.1 Natural History, Incidence and Prevalence of 

Barrett’s Oesophagus 

 

Barrett's oesophagus (BE) is an acquired condition in which a metaplastic columnar lining 

with intestinal differentiation replaces the stratified squamous epithelium in the distal 

oesophagus. The metaplastic epithelium comprises three different cell types: atrophic 

gastric-fundic-type epithelium containing parietal and chief cells; a transitional-type 

epithelium with cardiac mucous secreting glands; and specialized columnar epithelium with 

intestinal-type goblet cells (1). While American gastroenterological societies consider the 

specialized epithelium with goblet cells a requirement for the diagnosis of BE, British 

guidelines consider the possibility of including BE with gastric metaplasia only (2)(3). 

The true prevalence of Barrett’s oesophagus is still unclear. The Italian and Swedish 

researchers have been able to show a prevalence of 1.3 % and 1.6 % respectively, although 

in both studies a  selection bias may have led to  overestimating the outcomes (4)(5). More 

recently, a systematic review and meta-analysis by Qumseya et analysed 49 studies 

(307,273 individuals, 1948 with biopsy specimen-proven BE). Indications varied by study. 

The prevalence of BE for various populations was as follows: low-risk general population, 

0.8% (95% CI, .6%-1.1%); gastro oesophageal reflux disease (GORD) 3% (95% CI, 2.3%-4%); 

GERD plus presence of any other risk factor, 12.2% (95% CI, 10.2%-14.6%); family history, 

23.4% (95% CI, 13.7% -37.2%); age >50, 6.1% (95% CI, 4.6%-8.1%); obesity, 1.9% (95% CI, 

1.2%-3%); and male sex, 6.8% (95% CI, 5.3%-8.6%). Prevalence of BE varies significantly 
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between Western and non-Western populations. There is a positive linear relationship 

between the number of risk factors and the prevalence of BE (6).  

BE generally develops in the context of GORD and it is about ten times more frequent in 

individuals who complain of reflux symptoms (7)(8). BE is the only known precursor to 

oesophageal adenocarcinoma (OAC), with an annual conversion rate of approximately 0.3% 

(9)(10)(11).  

In recent UK statistics, the oesophagus was rated as the 7th most common cancer site 

among males and 14th among females; however, oesophageal malignancy was the 4th most 

common cause of cancer-related death in men and 6th in women in this geographical area. 

Although these data related to both of the most common histologic types, adenocarcinoma 

and squamous cell carcinoma (SCC), it is known that the overall prognosis of these two types 

of cancer is similar (12). 

 

The discrepancy between incidence and mortality rates stems from the fact that 

oesophageal cancer is aggressive in nature and relatively asymptomatic at early stages 

leading to a low overall 5-year survival rate (<15%) (13)(14). 

There is a large geographical variation in the incidence of oesophageal cancer (Figure 1a), 

with a higher incidence of SCC in African and Asian Countries. Notably, the incidence of 

oesophageal adenocarcinoma has been worryingly increasing over the last 3-4 decades in 

the Western World (figure 1b) (15)(16), where it has become the most common 

oesophageal malignancy (17)(18). In keeping with this, GORD is also increasing in incidence 

in the Western population (19)(20) and has been found to be the most common GI diagnosis 

in an outpatient setting in the US (21). This epidemiological picture has led to the question 

of whether screening programs for BE are justified (22). Since the gold standard for a 
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diagnosis of BE is endoscopy with biopsies, this screening method would be too costly and 

invasive to be applied to the general population. All of the most recently published 

guidelines do not recommend screening of the unselected population, but do suggest 

targeting the population at higher risk of BE (3)(2). 

 

 

 
 

Figure 1a. World Age-Standardised Incidence Rates of oesophageal cancer per 100,000 

Population. Estimates derived from Cancer Research UK statistics (Ferlay J) 
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Figure 1b. Overall incidence trend in Oesophageal adenocarcinoma (1973-2006): 

Pohl H, Sirovich B, Welch HG. Oesophageal adenocarcinoma incidence: are we reaching 

the peak? Cancer Epidemiol Biomarkers Prev. 2010 Jun;19(6):1468-70 
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1.2 Risk factors for Barrett’s oesophagus 

 

There are numerous risk factors for BE and they are generally shared with OAC. Gastro-

oesophageal acid reflux is considered the most important factor. In a population-based 

case-control study, gastro-oesophageal reflux was associated with BE and OAC, with an odds 

ratio (OR) of 12.0 (95% CI 7.64-18.7) and 3.48 (95% CI 2.25-5.41), respectively (23). A recent 

meta-analysis showed that GORD symptoms increased the odds of long segment BE by 

fivefold (24). The prevalence of BE in patients with GORD varies between 3 and 15% 

amongst various studies (7)(8)(22)(23). This large range mostly relates to the stringency of 

criteria used for the selection of patients with reflux disease.  

Obesity is the second strongest risk factor for the development of BE and OAC (4)(24). 

Obesity and GORD have synergistic effects according to a  population-based case-control 

study, which demonstrated that obese individuals with symptoms of acid reflux had 

markedly higher risks of BE (OR, 34.4; 95% CI, 6.3-188) than people with reflux alone (OR, 

9.3; 95% CI, 1.4-62.2) or obesity alone (OR, 0.7; 95% CI, 0.2-2.4) (25). 

The distribution of fat also has a role in determining the risk in that large amount of 

visceral abdominal fat relative to subcutaneous fat is associated with a significant increase 

in the risk of BE (26)(27). Smokers and ex-smokers are also at increased risk of OAC (23). A 

meta-analysis demonstrated a strong association between cigarette smoking and OAC with 

a dose-response relation to disease outcome. In addition longer smoking cessation was 

associated with a decreased risk of adenocarcinoma (28); however, the association of 

smoking with BE remains controversial according to different studies (29)(30). 
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Other risk factors include male sex, white race, low vegetable intake and high red meat 

consumption, whereas data have showed an inverse correlation with Helicobacter Pylori 

infection (31)(32)(33)(34). 

 

BE has also been shown to occur in familial clusters. Studies in different populations of 

patients with BE and OAC confirmed that about 7% of cases are familial (35)(36). Juhasz et 

al, studied 47 first degree relatives of patients with OAC and BE-related high-grade dysplasia 

from 23 families and confirmed BE in 13 relatives (27.7%) (37).   

A genetic background to this disease is supported by genome-wide association studies 

(GWAS). A first GWAS report demonstrated that variants at two loci were associated with 

disease risk; chromosome 6p21, (OR=1.21, 95% CI 1.13-1.28), within the major 

histocompatibility complex locus, and chromosome 16q24, (OR=1.14, 95% CI 1.10-1.19), in 

close proximity to FOXF1 gene, which is implicated in oesophageal development and 

structure (38).  

In a second GWAS study Levine et al, compared OAC cases (n = 2,390) and individuals with 

BE (n = 3,175) with 10,120 controls. Three new association loci were identified; 19p13 

within CRTC1, whose activation has been associated with oncogenic activity, 9q22 within 

BARX1, which encodes a transcription factor involved in oesophageal specification and 3p14 

near the transcription factor FOXP1, which regulates oesophageal development (39). It is 

therefore justified to conclude that BE is a multifactorial disease with an interaction 

between environmental and genetic factors.  
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1.3 Molecular pathways related to BE 

development and progression to cancer 

 

The cell of origin of BE within the oesophagus remains a controversial issue. Evidence in 

mice-models shows that BE may originate from progenitor cells present within the gastric 

cardia in close proximity with the gastro-oesophageal junction. Two models have been 

proposed to recapitulate the origin of BE. In p63-deficient mice, it was shown that the 

normal squamous re-epithelisation of  the oesophagus during embryogenesis is impaired 

and this gives rise to upward migration of embryonic columnar remnant cells located at the 

level of the squamo-columnar junction (SCJ), generating a columnar epithelium reminiscent 

of BE (40). 

Quante et al,  showed that mice over-expressing interleukin-1β have an inflammatory 

response at the SCJ, which leads to a columnar lined oesophagus that is molecularly similar 

to BE (41). In these mice, increased oesophageal exposure to bile and acid triggered a 

sustained inflammatory response that reinforces Barrett’s like carcinogenesis in a Notch-

dependent fashion. Overall, these mouse models provide support to the theory that BE may 

originates from progenitor cells located at the SCJ and would explain why BE is generally in 

anatomical continuity with the cardia epithelium; however, the different anatomy of the 

murine oesophagus warrant further studies to translate these models into the human 

pathology. An alternative theory is that BE may originate through a process of trans-

differentiation of squamous cells or reprogramming of oesophageal stem cell towards a 

different phenotype. This would likely involve epigenetic reprogramming of oesophageal 
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cells. In support of this theory is the evidence that genes normally involved in differentiation 

and gut axial specification are modulated in BE. Increased expression of the caudal-related 

gene CDX2 and CDX1, which are normally highly expressed in colon, has been shown in BE 

and related to the acquisition of the intestinal phenotype (42).  

This gene regulation has been linked to change in the methylation status of the promoter 

(43) and associated  to the acid/bile induced inflammation through the activation of nuclear 

factor kappa B (NFκB), a crucial transcription factor in the inflammatory response (44). 

In addition, acquired deregulation of HOX genes during adulthood has been linked to 

carcinogenesis. Others have recently showed that three HOXB genes (HOXB5, HOXB6, and 

HOXB7) are activated in BE through an epigenetic mechanism involving histone post-

translational modifications.  Alterations to the HOX gene expression in oesophageal cells 

was associated with the induction of genes linked to an intestinal-phenotype (45). 

The cell target of the epigenetic reprogramming of differentiation genes remain to be 

established, especially after lack of evidence of bona fide stem cells in the human 

oesophagus (46). 

Chronic reflux of acid and bile into the oesophagus normally results in an acute and chronic 

inflammatory process. In vivo and ex vivo exposure of oesophageal cells to acid and bile salts 

can induce the production of reactive oxygen species (ROS ) and nitric oxide (NO) (47)(48), 

which are related to oxidative DNA damage and double-strand breaks (49)(50). These events 

have been linked in general to carcinogenesis and metaplasia, dysplasia to cancer sequence 

in BE (49).  

In addition, oxidative DNA damage in BE causes telomerase activation and telomere 

instability, which are known to result in mutation of cancer-related genes and promotion of 

cancer (51). 
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Inflammation is also related to recruitment of immune cells. Naive T cells , macrophages and 

dendritic cells  are enriched in both non-dysplastic and dysplastic BE, as well as in OAC 

(52)(53)(54). 

These cells could contribute to tumorigenesis through production of cytokines, chemokines 

and growth factors, which are released as part of the inflammatory response and can 

promote proliferation and angiogenesis (55). 

Exposure to acid and bile salts has also been related to deregulation of microRNAs (miRNA), 

(56)(57) a class of short non-coding RNA involved in a variety of cellular processes. In 

particular miRNA-145 was linked to the activation of BMP4 pathway (58), which has been 

previously implicated in the development of BE through the activation of the Hedgehog 

pathway (59). 

BE and OAC present a distinct miRNA expression profile (60)(61), which could be potentially 

useful for diagnostic purposes due to the fact that miRNAs are stable and detectable in 

blood (62). 

Another class of non-coding RNA, long non-coding RNA (lncRNA), which have diverse cellular 

properties including gene regulation and control of cell growth and migration (63), has 

recently also been implicated in Barrett’s carcinogenesis. Wu et al, showed that the lncRNA 

AFAP1-AS1 is hypomethylated and over-expressed in BE and OAC and its silencing in vitro, 

inhibited invasion and promoted apoptosis (64). 
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1.4 Clinical predictors of cancer risk  

 

Until recently the only clinical factor with practical implications in the management of BE 

was the histological diagnosis of dysplasia. The two largest population studies in the N. Irish 

and Danish cohorts confirmed that the cancer risk in patients with low grade dysplasia (LGD) 

is approximately 5 times higher than non-dysplastic patients (9)(11). 

It is standard practice to monitor patient with LGD at closer intervals. Unfortunately a 

histopathological diagnosis of dysplasia is often associated to a high degree of inter-

observer variability even among expert GI pathologists, hence doubts have been shed on 

the exact clinical usefulness of this marker for patient stratification (65)(66). 

There are additional clinical factors that have been shown to influence the risk of 

progression of BE to cancer. These clinical elements have the potential to inform the 

physician about the surveillance and management of patients with BE. Several studies have 

shown that increasing BE length is associated with higher risk of progression to high grade 

dysplasia (HGD) and malignancy (9)(10)(67)(68)(69). 

The most common cut-off used in the literature for the definition of long segment of BE is 3 

cm or more, however there is high variability in the literature in the cut-offs used. Overall it 

is justified to consider long segment of BE at higher risk. The 2013 British Society of 

Gastroenterology (BSG) guidelines for the management of BE recommend to tailor 

surveillance interval on basis of the length of the BE (2). 

The North Irish population study has also found that the presence of intestinal metaplasia 

(IM) was associated with a hazard ratio for progression to cancer of 3.54 (95% CI 2.09-6.00) 
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(9); however, the issue of whether IM confers increased cancer risk conceptually applies 

only to countries, such as UK, where IM is not required for a diagnosis of BE (3)(2). 

Visible endoscopic lesions including ulcers are also associated with a high risk HGD and early 

cancer and warrant close monitoring (70), but it must be recognized that the absence of 

dysplasia in the presence of visible lesions is often due to sampling error. Overall, it is clear 

that there is a paucity of clinical factors which can inform the physician about individual 

cancer risk and those that are currently used are affected by a significant degree of 

subjectivity either in the diagnosis, i.e. dysplasia, or in the definition, i.e. length. Hence there 

is the need for more objective risk stratification tools to inform patient management.  
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1.5 Molecular biomarkers 

 

Molecular biomarkers have been investigated over the last decade in the field of BE with the 

aim of providing the physician with predictors of disease behaviour and hence aiding clinical 

management.  The advantage of biomarkers over the current standard, i.e. dysplasia, relies 

on the possibility to provide an objective measure of the molecular changes in tissue, which 

are known to correlate with progression of disease. In addition, since molecular 

abnormalities can extend within the BE over larger epithelial surface than cellular dysplasia, 

they could be less subject to sampling error (71). 

Gain or more rarely loss of individual chromosomes (aneuploidy) or duplication of the entire 

genome (tetraploidy) are common events in OAC and can precede the development of 

cancer or even dysplasia (Figure 2A) (72).  

Gross abnormalities in the DNA content are tumorigenic since these can lead to altered 

expression of cancer-related genes. In particular loss of heterozygosity at tumour 

suppressor genes, such as p16 and p53, have been linked to acquisition of dysplasia in BE 

(73)(74). 

Reid et al, have contributed significantly to the understanding of the timing and distribution 

of these molecular changes and have conducted large retrospective studies on prospectively 

collected samples to evaluate the usefulness of these biomarkers as cancer predictors. For 

example they have showed that among patients with non-dysplastic BE or at most LGD, 

those without aneuploidy had a 0% 5 year cumulative cancer incidence compared with 28% 

for those with aneuploidy (75). 
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In another study, the prevalence of 17p (p53) loss of heterozygosity (LOH) at baseline 

increased from 6% in non-dysplastic patients to 57% in patients with HGD. Using baseline 

17p (p53) LOH as a predictor of progression in 325 patients with BE, those with this marker 

had increased risk of HGD and cancer with a relative risk (RR) of 3.6 (95% CI, 1.3 to 10) and 

16 (95% CI, 6.2 to 39), respectively (76). 

In a follow up study 3 biomarkers (abnormal DNA content, p53 LOH and p16 LOH) were 

evaluated as a panel in a cohort of 243 patients, and a step-wise increase in the cancer 

progression risk was found with increasing number of positive biomarkers. This showed a RR 

for cancer of 38.7 (95% CI 10.8-138.5) at 10 years of follow up when all three biomarkers 

were positive (77). 

The main limitation of these studies was that assessment of aneuploidy was performed with 

a complex methodology involving flow-cytometric analysis on snap-frozen biopsies. 

However, it is now possible to assess aneuploidy with alternative techniques, which are 

potentially more applicable to clinical setting. One of them is image cytometry (IC), which 

can be performed on thick sections from paraffin embedded specimens. IC was showed to 

be comparable to flow-cytometry for the assessment of aneuploidy in BE tissue (78). 

A retrospective case-control study confirmed that a panel consisting of LGD and two 

molecular biomarkers (aneuploidy by IC and immunohistochemistry (IHC) for Aspergillus 

oryzae lectin (AOL)) effectively separated progressors from non-progressors (79). Each 

individual positive marker was associated with an OR of 3.74 (95% CI 2.43-5.79) for 

progression to HGD/OAC. An alternative method for assessment of aneuploidy is fluorescent 

in-situ hybridization (FISH), which employs fluorescent probes to target specific DNA 

sequences. FISH has been studied in BE in combination with cytological brushings, which has 

the advantage over biopsies to sample larger epithelial areas. In particular it was found that 
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FISH for chromosome 7 and 17 was more accurate than IC for detection of aneuploidy on 

cytological preparations and could detect HGD/OAC with a sensitivity and a specificity of 85 

and 84% respectively (80). 

The same group used FISH to detect copy changes of cancer-related genes, such as c-myc, 

EGFR and 20q13 locus, which were found to be amplified in up to 14% and 50% of cases 

with HGD and OAC, respectively (81). 

Similarly, a different group of authors found that FISH for 4 cancer-related loci (c-myc, HER2, 

20q13 and p16) on brushing samples had better accuracy than conventional cytology or IC 

on brushings for the diagnosis of dysplasia (82). 

 

Mutation in the tumour suppressor gene p53 is the most recurrent genetic hit in OAC (83). 

P53 function is associated with G1 arrest during cell cycle and apoptosis; as a result, 

mutation of the p53 gene will adversely affect control of cell proliferation and impair 

activation of apoptosis, promoting carcinogenesis (51)(84). 

Mutation of p53 leads to either stabilization of an inactive product or complete absence of 

the protein. Both events can be efficiently detected by IHC, which is a cost-effective test 

applicable to clinical setting (Figure 2B) (85). 

A case-control study by Murray and co-workers found that abnormal p53 protein expression 

was associated with progression to OAC at follow up, with an OR of 11.7 (95% CI 1.93, 71.7) 

(86). 

It was proposed that p53 expression can be used as biomarker of malignant expression in 

BE, however due to the low sensitivity it was also suggested that additional biomarkers 

would be needed as adjunct. These results have been confirmed in a larger case controlled 

study on 720 patients with BE, where p53 protein expression was associated with an 
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increased risk of neoplastic progression (RR 5.6, 95% CI 3.1-10.3) and proved to be a more 

powerful predictor of neoplastic progression than histological diagnosis of LGD (87).  

P53 IHC has also been shown to be a useful adjunct to the histopathological diagnosis of 

dysplasia, assisting the pathologist in interpreting less straightforward pathological patterns 

(88). 

In keeping with this, the 2013 BSG guidelines recommend the use of p53 IHC as adjunct to 

conventional histopathology (2). 

 

Promoter hypermethylation can lead to silencing of gene expression and cancer and has 

been shown to be associated with widespread epigenetic changes involving global DNA 

hypomethylation and targeted hypermethylation of  tumour suppressor genes (89). 

Kaz et al, used a microarray-based approach on 96 oesophageal samples to determine the 

methylation profiles of normal oesophagus, non-dysplastic BE, BE with HGD and OAC, and 

they found increasing methylation levels at gene promoters along the pathological 

progression (90). Hence, similarly to p53, methylation markers could represent a useful 

adjunct to histopathology. In a different study, a four-gene (SLC22A18, PIGR, GJA12, and 

RIN2) methylation panel was found to stratify patients with different stages of BE into three 

risk groups based on the number of genes methylated, with potential clinical utility (low 

risk: <2 genes, intermediate: 2, and high: >2) (91). Hypermethylation of p16 and APC was 

also found to be associated with dysplasia at a biopsy level and correlate with cancer risk at 

a patient level, with an OR for combined HGD/OAC of 14.97 (95% CI 1.7-inf) when both 

genes were methylated (92). 

In a different study methylation of 10 genes (HPP1, RUNX3, RIZ1, CRBP1, 3-OST-2, APC, 

TIMP3, p16, MGMT, p14) were analysed in a large cohort of OAC cases (n=77), BE (n=93) 
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and normal oesophageal specimens (n=64). Three of them, p16, RUNX3 and HPP1, showed 

the most significant hypermethylation levels in cancer and in a case control cohort were 

associated with the risk of histological progression of BE to cancer at 2 year follow up with 

an OR of 1.74 (95% CI 1.33-2.2), 1.8 (95% CI 1.08-2.81) and 1.77 (95% CI 1.06-2.81), 

respectively (93). 

 

Cyclin A is a protein that is involved in the regulation of progression through the cell cycle. In 

normal columnar gastrointestinal tissue, including non-dysplastic BE, the expression of 

cyclin A is confined to the base of the crypts. With increasing grades of dysplasia, the 

expression of cyclin A moves towards the upper third of the  crypts and the surface 

epithelium (Figure 2C). In a study including 16 cases of BE that progressed to cancer and 

twice as many non-progressor controls,  surface expression of cyclin A correlated with the 

risk of progression with an OR for cancer of 7.5 (95% CI  1.8-30.7) (94). 

 

Despite the large number of molecular biomarkers studied, there is generally a lack of large 

prospective studies that have validated these and this has made introduction into clinical 

practice problematic. The biomarker with the largest data available is p53 IHC, which, due to 

the ample validation in independent cohorts and simplicity of the methodology, is currently 

in clinical application. Aneuploidy is also very promising, but validation with the use of cost-

effective techniques is needed to make it compatible with a clinical setting. 

 

 

 

 



 36 

 
 
 



 37 

Figure 2. Patient with Barrett’s oesophagus with positivity at 3 different biomarkers. A 

Flow-cytometric analysis of nuclear DNA content. The aneuploidy peaks (AnG1 and AnG2) 

can be clearly identified separately from the normal G1 and G2 peaks. B. Over-expression 

of p53 detected by immunohistochemistry (10x magnification). C. Immunohistochemistry 

staining for cyclin A shows positive cells on the surface of the epithelium (inserts 40x). 

Positive cells in deep glands are considered within the normal limit 
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1.6 Guidelines 

 

There are recent guidelines on screening and management of patients with BE; however, 

recent data have not provided strong evidence to support screening programmes. The 

American Society of Gastrointestinal Endoscopy (ASGE) guidelines concluded that 

endoscopic screening for BE is controversial due to lack of randomised controlled trials 

(RCT), hence it cannot be recommended (95). 

On the other hand, the European Society of Gastrointestinal Endoscopy (ESGE) recommends 

endoscopic surveillance based on the length of the segment of BE, taking into account 

patient’s age and co-morbidities. The ESGE does not recommend screening of the general 

population but screening can be considered in patients with long standing reflux symptoms 

(>5 years) and multiple risk factors (age ≥ 50 years, white race, male sex, obesity, first-

degree relative with BE or OAC (96). 

. This recommendation is in agreement with that issued by the BSG, which however is more 

practical with respect to the definition of the population at risk when considering multiple 

risk factors. These guidelines state that endoscopic screening should be taken into account 

in a selected population with gastro oesophageal reflux symptoms and multiple risk factors 

(at least three of age 50 years or older, white race, male sex, obesity) (2). 

It is also advised that for individuals with a positive family history of BE and OAC the 

threshold for screening should be lowered. The issue of whether screening should focus on 

individuals with reflux symptoms remains unresolved. On the other hand, GORD is the 

strongest risk factor for BE and OAC, and included as generic risk factor among others, may 
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result in justifying screening in a large population of individual (e.g. every white male over 

50 years of age), with significant burden on the health care system. Clearly there is a need to 

tailor recommendations for screening interventions in order to target the largest proportion 

of patients with prevalent disease, without exposing an unjustified number of individuals to 

procedures which may generate psychological morbidity, reduce the quality of life and 

increase insurance premiums in places where health provision is mainly insurance based. In 

addition, screening performed with conventional endoscopy and tissue biopsies is expensive 

and would have significant bearing on the health care budget. Hence there is a need for less 

invasive and cost-effective modalities for BE screening, ideally applicable to primary care. 

Non-endoscopic cell collection devices like the CytospongeTM, office-based transnasal 

oesophagoscopy and tethered or un-tethered capsule endoscopy are the most promising 

tools but more studies are required to make conclusions regarding their diagnostic accuracy 

and feasibility on a larger scale (22). 

Surveillance in BE is also a controversial issue. While it is generally accepted that patients 

with BE should be monitored over time, definitive evidence that systematic endoscopic 

surveillance improves survival is still lacking.  Several retrospective studies have showed that 

OAC and junctional adenocarcinomas diagnosed within a previous background of known BE 

have an earlier stage and improved survival compared to cancers presenting de novo 

(97)(98)(99); however, these studies are limited by lead time bias. By contrast, a case-

control study from Corley et al, has suggested that previous endoscopic surveillance has no 

significant impact on mortality from OAC (100); however, the study found an unusually high 

prevalence of advanced stage cancers in patients undergoing surveillance, suggesting that in 

this cohort of patients endoscopic surveillance did not efficiently achieve the expected goal 

of detecting early disease. Also in this study, there was a higher proportion of dysplasia in 
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previous biopsies of cases that died of OAC compared to controls that did not die of this 

disease. Hence, there may be methodological problems with surveillance protocols in 

routine practice outside of specialist centres. Nevertheless the practice of surveillance is 

generally accepted and recommended by all gastroenterology societies. 

The surveillance programmes recommended by the British Society of Gastroenterology 

(BSG), the American Society for Gastrointestinal Endoscopy (ASGE) and the European 

Society of Gastrointestinal Endoscopy (ESGE) are summarized in table 1. Overall, while we 

wait for convincing evidence that endoscopic surveillance is beneficial, in view of the well-

established association between BE and OAC and the very poor outcomes from this cancer, 

it seems clinically sensible to survey BE patients over time.  

 

One of the main implications of widespread surveillance is that the current gold standard is 

endoscopy with biopsies, which is invasive and expensive. Research is focusing currently on 

two directions to improve cost-effectiveness of surveillance. As discussed above, one is the 

development of biomarkers to risk stratify patients into low and high risk individuals. The 

rationale is to provide a more objective assessment of the individual cancer risk to 

overcome the shortfalls of a pathological assessment of dysplasia. This would allow 

stretching out intervals for surveillance in low risk patients with the potential to discharge 

them and on the other hand anticipate ablation treatment in high risk patients. The second 

research goal is to devise less invasive and more cost-effective technologies for surveillance. 

Differently from screening devices, those applicable to surveillance setting would need 

some form of tissue collection either for pathological analysis or biomarker assessment.  

Currently little progress has been made with regards to chemoprevention, and this remains 

a key area for investigation. There are retrospective data that suggest that proton pump in-
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hibitors (PPI) correlate with decreased risk of HGD and OAC (101), but definitive proof is 

lacking due to difficulties in designing RCTs with a placebo arm. The only drug that has made 

its way to an RCT is aspirin (AspECT study). Aspirin inhibits cyclooxygenase 1 and 2 (COX-1 

and COX-2), regulator enzymes of prostaglandin E2 production, which has been shown to be 

involved in angiogenesis and invasiveness in OAC and other GI malignancy (102)(103)(104). 

The study concluded that High-dose PPI and aspirin chemoprevention therapy, especially in 

combination, significantly and safely improved outcomes in patients 

with Barrett's oesophagus (105). 
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BSG (2020) ASGE (2018) ESGE (2017) 

Non-dysplastic B0 
Length of BE taken into 

consideration YES NO YES 

Gastric metaplasia compatible 
with BE diagnosis YES NO YES 

Surveillance interval BE < 3cm BE> 3cm 
 

Surveillance interval not 
stated  

BE < 3cm BE> 3cm 

3-5 years 2-3 years 5 years 3 years 
HD WLE recommended YES YES YES 

Indefinite for Dysplasia 

Acid suppression advised YES 
No recommendation 

made 

YES 

Repeat OGD advised YES 
in 6 months# 

YES 
in 6 months# 

Low Grade Dysplasia 

Surveillance or EET EET is recommended EET is recommended EET is recommended 

High Grade Dysplasia 
 

Surveillance or EET 
MDT discussion with 
the view to perform 

EET 

 
EET is recommended 

 
EET is recommended 

 

Table 1. Comparison of surveillance recommendations in recently published guidelines. 
 

# if no definite dysplasia found in 6 month, patient should be regarded as non-dysplastic 

 

 

BSG, British Society of Gastroenterology; ASGE, American Society for Gastrointestinal 

Endoscopy; ESGE, European Society of Gastrointestinal Endoscopy; BE, Barrett’s 

oesophagus;  OGD, Oesophagogastroduodenoscopy; MDT, Multi-Disciplinary Team;  

EET, Endoscopic Eradication Therapy. 
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1.7 Advanced endoscopic imaging to identify 

high risk patients 

 

There has been a great deal of research in an attempt to develop novel endoscopic 

techniques to enhance detection of inconspicuous dysplasia (table 2). This would have the 

potential advantage of enabling biopsies to be targeted towards areas containing 

histological dysplasia and eliminate the need of multiple random sampling. The benefit 

would include, better cost-effectiveness due to shorter endoscopies and reduced work-load 

for the pathologist and Improved patient tolerance. Three main fields have been explored 

so far; i.e. dye chromoendoscopy, light filtering and electronic image reprocessing. 

Chromoendoscopy is a technique by which a chemical agent is sprayed on the Barrett’s 

mucosa in an attempt to enhance the detection of dysplasia. Several different agents have 

been studied including methylene blue (MB), Lugol's solution, indigo carmine (IC) and acetic 

acid (AA). MB is a vital agent that is avidly incorporated by cells with intestinal 

differentiation and has been the first dye investigated in the field of BE. There are conflicting 

results on the utility of MB in dysplasia detection. A meta-analysis by Ngamruengphong et al 

concluded that methylene blue does not provide a clinical advantage compared to the 

Seattle protocol (random quadrantic biopsies every 2 cm) (106).  

IC is a contrast agent which helps highlight areas of subtle mucosal irregularity which are 

otherwise very difficult to identify on conventional white light endoscopy. IC has been 

studied by Kara and collaborators in a randomized crossover study, which compared high 
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resolution endoscopy (HRE), IC chromoendoscopy and NBI (107). In this study, HRE has 

equal yield of dysplasia compared to advanced imaging techniques.  

Acetic acid (AA) at the concentration of 2-3% is an inexpensive and safe imaging adjunct that 

when in contact with surface epithelium causes protein denaturation and induces a typical 

whitening effect on BE mucosa. Increased vascularisation of areas of early neoplasia results 

in enhanced and rapid loss of aceto-whitening, which appears as area of redness on a white 

background. Despite two early randomized studies which failed to show increased detection 

rate of dysplasia by AA chromoendoscopy (108)(109), a more recent large single-centre 

retrospective study has found a higher histological yield in patients which received AA 

enhanced chromoendoscopy (110). 
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1.8 Imaging in BE endoscopy 

 

Narrow band imaging (NBI) is based on optical filters controlled by a button switch, which 

allows one to isolate narrow wave-lengths corresponding to the green and blue spectra of 

light. In the blue-green range light has reduced penetration into tissues and therefore this 

helps visualization of  superficial vessels and mucosal pits (111)(figure 3). 

NBI can be less time consuming and easier to perform in comparison to white light 

endoscopy, but it is still subject to inter-observer variability.  A prospective study with a 

tandem design, Wolfsen and collaborators showed that NBI was superior to standard-

resolution white light endoscopy with random biopsies for the detection of higher grades of 

dysplasia (112). 

A more recent multi-centre randomized cross-over  study which compared NBI with high-

resolution white light endoscopy only found a higher histological yield on the per-location 

analysis but not in the per-patient analysis, suggesting that the clinical overall value of NBI 

may be limited (113). NBI however required fewer biopsies per patient compared with the 

standard approach, which may lead to cost savings. 

A  meta-analysis by Mannath et al included 446 patients with 2194 lesions, reported that 

NBI with magnification shows high diagnostic precision in detecting high-grade dysplasia, 

with a sensitivity of 96% and specificity of 94% (114). 
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    A    B 

 

 

Figure 3. Narrow band imaging in A) Non-dysplastic BE and B) dysplastic BE 

 

 

Autofluorescence imaging (AFI) utilizes high frequency blue light, which has the property to 

excite endogenous fluorophores to emit green fluorescence. In the presence of BE with 

early neoplasia, architectural and molecular changes in the columnar mucosa lead to 

reduction of green fluorescence. Dysplastic lesions therefore can be flagged-up as purple-

red areas on a green background (figure 4). Despite early enthusiasm for the utility of AFI in 

dysplasia detection (115)(116), two cross-over studies and a recent analysis of available 

clinical trials have showed a very limited diagnostic value in this technology for BE 

endoscopic surveillance (117)(118). This is partly due to the high false positive rate of AFI, 

which in some studies has reached 80%. The significance of this false positivity is not yet 

clear. A multicentre European study by Boerwinkel et al, analysed biopsies directed by AFI 

for a large panel of molecular biomarkers and the outcome of the biomarker analysis was 

compared with that of the Seattle protocol. This study showed that AFI positivity correlated 

with molecular abnormalities of the BE tissue and even if that area was not dysplastic on a 
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focal biopsy there was a very high correlation between the molecular read-out from these 

areas and the overall dysplasia status of the patient (119). In the per-patient analysis, a 

small panel of 3 biomarkers (p53 IHC, cyclin A and aneuploidy) assessed on AFI positive 

areas had equal diagnostic accuracy to the Seattle protocol. AFI could therefore be a useful 

tool to direct biopsies for the detection of biomarkers and hence more objectively 

determine the risk status of the patient. In the future the combination of advanced  imaging 

and molecular biomarkers could represent an improved strategy for improved stratification 

of BE patients (120). 

 

    A    B 

 

 

Figure 4. White light (A) and autofluorescence imaging (B) image of a neoplastic lesion in a 

Barrett’s Oesophagus.  
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1.9 Other imaging technologies 

 

Other imaging technologies include confocal laser endomicroscopy, optical coherence 

tomography, diffuse reflectance spectroscopy and light scattering spectroscopy.  

Confocal laser endomicroscopy (CLE) allows for high resolution assessment of the mucosa 

using endoscopically delivered laser light with magnification beyond 1000× allowing for 

imaging of cellular and sub cellular structures and capillaries (121)(figure 5). 

An international multicentre prospective randomized controlled trial by Sharma et al has 

shown that probe-based CLE used as part of a multi-modal imaging approach in combination 

with high-definition white-light endoscopy (HD-WLE) and NBI improves the sensitivity for 

dysplasia detection compared with HD-WLE alone (122). Another randomized controlled 

trial on 192 patients compared HD-WLE with Seattle protocol vs HD-WLE plus endoscope-

integrated CLE (eCLE) and targeted biopsies (123). This study found that the addition of eCLE 

increased the diagnostic yield for neoplasia from 6 to 22%, with a 4.8 fold reduction in the 

number of total biopsies required; however, the main issue of CLE is the narrow field of view 

and the best flagging technique to direct the operator as to which regions to analyse with 

the CLE probe remains to be established. 

 

 

 

 

 



 49 

 
    A    B 

 

 

Figure 5. Confocal laser endomicroscopy showing regular shaped columnar lined 

epithelium with goblet cells (A) and histological image of BE with goblet cells (B).  

 

 

Optical coherence tomography (OCT) relies on the backscattering of light to obtain cross-

sectional images of the tissue. It enhances the endoscopic image of the superficial layers of 

the oesophagus. The technique is similar to endosonography, but the image formation in 

OCT depends on variations in the reflectance of light from different tissue layers (figure 6). 

OCT imaging has demonstrated anatomic structures such as crypts and glands that could 

potentially permit endoscopists to diagnose mucosal abnormalities such as BE, including 

dysplastic changes (124)(125). 
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  A      B          C 

 

 

Figure 6. Optical coherence tomography (OCT) in normal oesophagus shows well defined 

layered structure (A),  dysplastic BE shows loss of layering and irregular glands (B) and in  

oesophageal cancer with loss of layering (C) 

 

 

Currently there is insufficient evidence to recommend advanced imaging modalities for 

routine Barrett’s surveillance. High-resolution endoscopy should be the minimum standard 

and the addition of more complex imaging modalities should be reserved to tertiary referral 

centres with a high volume of dysplastic cases.  In the future multi-modal imaging, in 

combination with molecular information has the potential to overcome many of the 

limitations of the current clinical standard.  
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Technique Advantages Disadvantages 
Methylene blue 
chromoendoscopy  

• Cheap  
• Widely available 

• Conflicting data  
• Concerns about DNA toxicity 

Indigo Carmine 
chromoendoscopy  

• Cheap  
• Widely available 

• Comparable to HRE 

Acetic acid 
chromoendoscopy  

• Cheap  
• Widely available 

• Conflicting data 
• Validation required 

Narrow Band 
Imaging 

• Widely available 
• Endoscope integrated 

• Conflicting data 
• Narrow field if combined to magnification 

Autofluorescence 
Imaging 

• Endoscope integrated 
• Easy read out 
• Wide field of view 

• Conflicting data 
• High false positive rate                  
• Not widely available  

Confocal laser 
endomicroscopy  

• Real time histology         
• Compatible with other red flag 

techniques 

• Narrow field of view          
• Costs 
• Intravenous dye required 

Optical coherence 
tomography 

• Real time readout of histological 
patterns 

• Wide field of view 

• Preliminary data only 
• Complex readout of imaging patterns 
• Costs 

 
Table 2. Comparison of imaging techniques investigated to increase detection rate of 

dysplasia in Barrett’s oesophagus 
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1.10 Endoscopic Treatment of BE 

 

Endoscopic treatment for BE is dependent on the staging of the disease and is indicated for patients 

with BE LGD, HGD, mucosal OAC and ‘low-risk’ submucosal OAC (SM1 disease). Endoscopic therapy 

is the preferred treatment modality over surgery. The aim of endoscopic therapy is to resect all 

visible lesions followed by ablation of all remaining segments of BE (2)(96)(126). Ablation is not used 

as the primary treatment modality for early cancer in BE patients with endoscopically visible lesions 

due to the fact that post ablation, the treated mucosa will no longer be suitable for accurate staging, 

whereas in the absence of endoscopically visible lesions, ablative therapy is considered to be the 

appropriate treatment modality.  

Endoscopic therapy for non-dysplastic BE is not recommended due to low risk of conversion 

to HGD and OAC but surveillance of non-dysplastic BE has been recommended by 

international guidelines.  

 

1.10.1 Endoscopic Mucosal Resection (EMR) 

Patients with BE lesion containing dysplasia and early OAC (SM1 disease) should receive 

EMR as the initial endoscopic therapy taking into account patient’s wishes and co-

morbidities. EMR will also allow accurate staging of disease. The tissue specimens will 

provide data on prognostic factors, such as grade of dysplasia, differentiation grade, 

infiltration depth, vascular invasion and completeness of the resection. EMR of all visible 

lesions has been shown to upgrade the pathological diagnosis in 39% of all patients. Most of 
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the change is associated with upgrading of grade of dysplasia and neoplasia. A study by 

Peters et al analysed 150 EMR specimens with dysplasia and early OAC. The study was able 

to show that Histology of EMR specimens led to a change in diagnosis in 49% of the focal 

lesions (in comparison to the original biopsies obtained by simple biopsy) and subsequently 

resulting in a change in treatment policy in 30% of patients (127). 

Historically, the cap based system with snare (Olympus Ltd.), initially described in Japan by 

Inoue et al, (128) was used. It is an ER modality that uses a transparent cap placed distally at 

the tip of an endoscope.  It allows the placement of a snare in the cap prior to resection. 

After submucosal injection for lifting, the mucosa is suctioned into the cap to create a 

pseudopolyp. The pseudopolyp is then resected by closing the snare at the base of the 

pseudopolyp and applying electrocautery. This technique is a rather complicated and results 

in prolonged procedure time in cases requiring multiple resections (129). Cap EMR has a 

role in select cases but has now been widely replaced by the custom made multiband 

mucosectomy (MBM) devices that utilises a transparent cap placed distally at the tip of an 

endoscope. The cap carries multiple pre-loaded rubber bands that are connected to a hand 

operated controller fixed at the proximal aspect of the accessory channel. The mucosa is 

suctioned into the transparent cap, followed by release of a band, resulting in creation of a 

pseudopolyp. The injection of the submucosal space is not routinely required. A snare is 

passed through the accessory channel of the endoscope and then is placed and closed at the 

base of the pseudopolyp, beneath the band. The pseudopolyp is then resected using 

electrocautery (130). This is a less complicated method as it combines the commonly known 

techniques of variceal band ligation and polypectomy (129). 
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The most commonly utilized MBM device is the Duette® Multi-Band Mucosectomy device 

(Cook Medical, Limerick, Ireland) (131). It is a modified version of the variceal band ligator 

that allows the passage of a snare into the working channel of the endoscope (Figure 7) 

(132). 

 

 

          A    B       C           D  

 
 
 

Figure 7: Duette EMR device: The single use Duette MBM device consists of a transparent 

cap with 6 rubber bands and a control handle (A). The transparent cap is mounted at the 

tip of the endoscope. With a trigger cord, the 6 rubber bands on the outside of the 

transparent cap are connected to the control handle at the proximal end of the accessory 

channel. Without prior submucosal injection for lifting, the neoplastic lesion is delineated 

with the tip of the hot snare (B) and suctioned into the cap until a complete red out 

occurred on the screen due to the entire cap being filled with mucosa and then a 

pseudopolyp is created by releasing a rubber band (C). The pseudopolyp is then resected 

(D) by placing and tightening the snare beneath the rubber band.  
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The Captivator MBM device (Captivator, Boston Scientific Ltd) consists of a cap placed at the 

distal end of an endoscope with a controller placed at the proximal aspect of the working 

channel.  The cap carries 6 rubber bands that are placed at the proximal aspect of the cap 

allowing 360-degree peripheral viewing though the transparent cap (Figure 8). 

 

 

 A          B            C    D 

 
 

 

Figure 8: Captivator EMR device: The Captivator™ EMR device is a single use device. The 

device includes the Captivator™ EMR Band Ligator mounted at the proximal aspect of the 

accessory channel and a banding cap device placed at the distal end of the scope for 

creation of pseudopolyps (A). A pseudopolyp is created by suctioning the neoplastic 

mucosa into the cap (B) until a complete red out occurred on the screen due to the entire 

cap being filled with mucosa and then a band is deployed using a proximally attached 

band ligator (C). A snare is then passed through the accessory channel of the scope, placed 

over the pseudopolyp and then closed beneath the rubber band (C), the pseudopolyp is 

resected (D) in conjunction with coagulation current. The device can be used for up to 6 

resections 
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Large number of studies have shown long-term complete remission rate of 85 to 96% with 

bleeding rates ranging from 0.7-7.9% and perforation rates ranging from 0.2-2.3% 

(133)(132)(134)(135). In a large prospective study of 1000 consecutive patients receiving 

endoscopic resection of mucosal adenocarcinoma, Pech et al were able to show a complete 

response to treatment in 96.3% of patients over a follow up period of 56.6 ± 33.4 months. 

Metachronous lesions or recurrence of cancer developed during the follow-up period in 

14.5% of patients but endoscopic re-treatment was successful, resulting in a long-

term complete remission rate of 93.8%. Major complications such as perforations were 

noted in 1.5% of patient but could be managed conservatively (136). Furthermore, the 

provision of EMR specimens to the pathology department results in an improvement in 

interobserver agreement among pathologists compared with biopsy specimens only 

(137)(138). 

 

 

1.10.2 Endoscopic Submucosal Dissection (ESD) 

Endoscopic submucosal dissection (ESD)  is a more advanced endoscopic technique for 

removal of large mucosal lesions. In particular, it is performed on lesions which are scarred, 

or where there is concern of a risk of developing cancer or already harbouring some early 

cancer cells. ESD enables en bloc resection of lesions of any size that invade the mucosa and 

submucosa. Although ESD is safe and effective in experienced hands, it is technically 

demanding and requires intensive training.  
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Multiple studies have shown high en bloc resection rates ranging from 89-98.6% and R0 

resection rates ranging from 72.4-87% with acceptable perforation (0-8.3%), bleeding (1.4-

1.7%) and stricture rates (2.1-11.6%). When curative resections are achieved, good 

oncologic outcomes are likely in the management of early stage BE neoplasia by ESD 

(139)(140)(141)(142)(143). The ESGE recommendations (2015) state that EMR is acceptable 

for resecting lesions confined to the mucosa, regardless of the size, but ESD may be 

considered for lesions larger than 15 mm, poorly lifting tumours, and lesions at risk for SM 

invasion (144). 

These data show that EMR and ESD are effective treatment modalities in the staging and 

treatment of early BE neoplasia with acceptable side effect profiles. It is however important 

to mention that operator skill and experience will have significant effect on patient outcome 

and therefore good training is paramount.  

 

 

1.11 Endoscopic Ablation 

1.11.1 Radiofrequency ablation 

Radiofrequency ablation (RFA) has revolutionised the management of early BE neoplasia.  In 

RFA, thermal ablation of the mucosa is performed using an electromagnetic current. The 

delivery devices can be focal or circumferential, resulting in delivery heat energy to a focal 

area or the whole circumference of a selected segment in the oesophagus respectively 

(figure 9). Complete ablation of the residual BE epithelium after endoscopic resection of 
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neoplastic lesions can significantly reduce recurrence rates (145). RFA of the residual BE 

epithelium is the current treatment standard and has been studies extensively. The 

multicentre EURO II study showed that RFA can achieve a CR-D and CR-IM rates of 92% and 

87%, respectively (146), in patients with early BE neoplasia. A systematic review by Desai et 

al also showed that ET of BE neoplasia with resection of visible lesions followed by ablation 

of the remaining segment of BE can achieve a CR-D rate of 93.4% and CR-IM of 73.1% (134). 

The efficacy and safety profile of RFA suggests that it is an efficient modality (147) for 

patients with LGD and HGD without visible lesions. 

 

    A    B 

 

Figure 9: The focal RFA device attached at the distal aspect of a gastroscope (A). Post RFA 

ablation of the distal aspect of an oesophagus with the focal RFA device (B) 
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1.11.2 Cryoablation 

 

Cryoablation is a new ablative technology for the treatment of patient with BE. Historically 

two approaches have been available. Endoscopic spray cryotherapy involves spraying either 

liquid nitrogen or rapidly expanding carbon dioxide gas over the BE segment; however, 

Cryoballoon ablation involves expanding a balloon at the level of the BE segment and then a 

focal spray ablation is performed. Both methods destroy the target mucosa by rapid 

freezing of the tissue (figure 9).  Cryoablation with the Cryoballoon device (cryoballoon focal 

ablation system, Pentax Medical Inc) uses cycles of freezing (with nitrous oxide at -80 0C) 

and thawing to induce cell death by intra- and extracellular ice formation, leading to 

vascular injury, and ultimately apoptosis and cell death (148). The technique may ablate 

deeper than RFA whilst preserving the extracellular matrix (149) and therefore resulting into 

lower stricture rates and deeper tissue destruction (150). It is minimally destructive to the 

structural components of tissue, such as collagen, whereas heat-based ablation techniques 

irreversibly destroy proteins and therefore affecting the architecture of the collagen matrix 

(150). The effects of cryoablation are dose-dependent. The overlap of ice patches on 

adjacent treated sites, may result in higher application of cryogen and deeper injury and 

subsequent stricture development (figure 10)(151).   
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Figure 9: Cylinders containing nitrous oxide as the cryogenic agent (A). Hand-held 

controller device (B) and the foot pedal with cryoablation balloon catheters for the 

oesophagus and the GOJ junction.  
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Figure 10: Cryoablation balloon in the oesophagus prior to insufflation (A). Balloon 

partially inflated (B), balloon fully inflated within the oesophagus (C), and Cryoablation of 

the left (D) and right (E) oesophageal wall. Post Cryoablation mucosal erythema as shown 

by the circled white line (F) 
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Recent studies have shown it to be better tolerated by patients and to be less painful 

(152)(153)(154); however, data regarding the treatment of dysplasia and EAC in patients 

with BE using cryoablation are limited.  Previously publishes series have shown that 

cryoablation can achieve CR-D in 75-88% of patients with BE (155)(154)(156). A meta-

analysis by Visrodia et al, analysed 11 studies with 148 patients with BE treated with 

cryotherapy for persistent dysplasia or IM after RFA. CR-D was achieved in 76.0% (95% CI, 

57.7-88.0) and CR-IM in 45.9% (95% CI, 32.0-60.5) of patients (157). The efficacy if 

cryoablation balloon system in treatment-refractory patients with BE neoplasia will be 

presented later in this thesis.  

 

 

1.11.3 Argon Plasma Coagulation 

 

Argon plasma coagulation (APC), is one of the earliest thermal ablation techniques used for 

BE eradication, which relies on non-contact thermal energy to ablate tissue. It involves 

passing a high-frequency electric current through ionized argon gas applied to a lesion 

resulting in coagulation of tissue (figure 11). 

A randomised long term follow up study of 63 patients with BE neoplasia (with previous 

curative resection of HGD or early OAC) analysed the effect of APC for complete BE ablation 

after a follow up period of 28.2±13.7 months (range 0-44). Mean number of 4±1.6 APC 

sessions were used. The study group concluded a 3% secondary lesion in the treatment 
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group with APC, in comparison to 36.7% in the surveillance group, leading to significantly 

higher recurrence-free survival for the patients undergoing ablation (158).  

A major downside of APC is the operator dependency, the larger number of sessions that 

are needed to achieve complete eradication of the BE epithelium and the fairly high risk of 

residual islands of metaplasia. Nonetheless, APC is substantially less expensive than RFA and 

cryoablation.  

 

 

    A    B 

 

Figure 11: Focal (A) and Circumferential (B) ablation of dysplastic BE tissue with APC.  
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1.12 Summary 

 

It is now clear that the endoscopic treatment of BE is effective, combining resection 

techniques with ablative therapy, in order to treat remaining segments of BE. This has now 

become the gold standard therapy focused mainly at tertiary high volume referral centres 

with surgery no longer the first treatment option in patient with BE dysplasia and early OAC. 

Patient’s wishes for endoscopic treatment and the presence of co-morbidities are strong 

influential factors. In addition, endoscopic therapy continues to be part of a 

multidisciplinary approach that includes input from specialist surgeons and histopathologist 

that play a key role in the holistic management of patients with BE. The rapid development 

of imaging and therapeutic technologies by international industries, have allowed the 

endoscopic community to advance significantly in minimally invasive endoscopic therapy in 

the past decade. As the technology and skills develop further, we continue to see 

improvement and development of national and international guidelines that ensure clinical 

practice and healthcare systems are streamlined, efficient and high quality service is 

provided to all patients. Later in this thesis, new resection and ablative endoscopic 

modalities in BE neoplasia will be presented in detail. 

The advancement of endoscopic intervention will inevitably see a arise in expected post 

endoscopic bleeding, which would certainly benefit from advancement  in haemostatic 

modalities.  

The second part of the Introduction chapter will focus on the management of upper 

gastrointestinal bleeding, outlining data on the current burden of upper GI bleeding and the 

development of new therapeutic modalities in recent decades. 
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Chapter 1 

 

Introduction Part 2  

Gastrointestinal Bleeding 
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1.13 Non-Variceal Upper Gastrointestinal 

Bleeding 

 

Upper Gastrointestinal bleeding (UGIB) is one of the most common acute GI emergencies. 

The associated mortality has remained unchanged for the past two decades, being higher 

among elderly patients with co-morbidities (159)(160). In the UK, GI bleeding is one of the 

most common medical emergencies with approximately 85,000 cases per year with 4000 

deaths annually (160). 

 

The majority of upper GI bleeds (80-90 %) are non-variceal. Patients often present with 

symptoms such as haematemesis, coffee-ground vomit, drop in haemoglobin, melaena and 

haematochezia, with or without haemodynamic instability (161). The presence of pre-

existing  co-morbidities is a significant contributor to mortality in elderly patients with UGIB 

(162). 

Common aetiologies include: Peptic Ulcer Disease, Oesophagitis, Gastritis, Mallory-Weiss 

Tear, Dieulafoy Lesion, Gastroesophageal Varices, Cancer, and Haemobilia 

(163)(164)(165)(166)(167). 

Despite advancements in therapeutic and interventional endoscopy, acute UGIB (AUGIB) 

remains a challenge for clinicians and endoscopists worldwide.  The clinical community 

acknowledge that the management of these patients requires streamlining and 

improvement.  
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1.14 What is the problem? 

 

The majority of the Non-Variceal Upper Gastrointestinal Bleed (NVUGIB) in the UK are 

caused by peptic ulcer disease. UGIB has an enormous burden on health care. In-patient bed 

stay, endoscopy provision and blood product transfusions are the main contributors to the 

overall cost of UGIB. The annual initial in-hospital treatment cost for all AUGIB cases in the 

UK was estimated to be £155.5 million with over £93 million (60%) of this cost due to in-

hospital length of stay, £38.5 million (25%) to endoscopy and £12.6 million (8%) to blood 

transfusion (168).  

UGIB have an associated mortality rate of 10% (159) (169) and endoscopic therapy remains 

the gold standard treatment. Early endoscopy (within 24 hours) is recommended for most 

patients with AUGIB, in order to achieve prompt diagnosis, provides risk stratification and 

haemostasis (170).  The UK’s National Confidential Enquiry into Patient Outcome and Death 

(NCEPOD) report in 2015 concluded that only 44% of patients presenting with AUGIB 

received good care overall (159).  
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1.15 The Significance of Co-morbidities  

 

Mortality in AUGIB is rarely related to the actual haemorrhage, but rather to co-existing co-

morbidities. Recent studies have shown that about 18% of the total mortality is directly 

related to GI haemorrhage with the majority of deaths caused by concurrent co-morbidities. 

Pulmonary disease (24%), multi-organ failure (24%), and terminal malignancy (34%) are the 

most common co-morbidities (171).  

 

 

1.16 Blood Product Transfusion before 

endoscopy 

 

The United Kingdom Comparative Audit (2007) of UGIB and the Use of Blood has shown that 

AUGIB is a significant consumer of blood products in the UK. The study included 6750 

patients from 208 hospitals across the UK, with 43% of patients needing at least one unit of 

blood transfusion (172). GI bleeding is the second commonest medical reason for 

transfusion in the UK after haematological malignancy, accounting for 14% of all blood 

transfusions (172). 15% of GI bleed patients receive 4 or more units of blood during their 

inpatient stay. Blood product use is inappropriate in 20% of cases (173).  

Current evidence has shown favourable outcomes in patient’s whose Hb transfusion 

commenced once haemoglobin (Hb) dropped below 70g/L (174). The European Society of 
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Gastrointestinal Endoscopy (ESGE) recommends a restrictive blood transfusion strategy that 

aims for a target Hb between 70g/L and 90g/L. A higher target Hb should be considered in 

patients with significant co-morbidity (e. g. ischaemic cardiovascular disease) (175). In 

addition at the time of discharge, a restrictive target of Hb 80-100 g/L has shown to have 

better outcomes in those presenting with AUGIB (176).  

 

 

1.17 New Anti-Coagulant drugs 

 

The emergence of the direct oral anticoagulants (DOACs: dabigatran, rivaroxaban, apixaban 

and edoxaban) has reduced regular serum monitoring that is required for patients on 

warfarin; however there is a 25-30% increased risk of GI bleeding with the use of DOAC 

when compared with warfarin (177)(178). The risk is mostly relevant in the elderly and 

those with hepatic disease, renal disease and patients on concomitant antiplatelet agents.  

In the case of an AUGIB, reversal agents can be used; however different assays are needed 

to indirectly quantify DOAC level prior to reversal. These assays include the dilute Thrombin 

Time (TT) and Ecarin clotting time (ECT) for dabigatran and the drug-specific calibrated anti- 

Xa factor assay for rivaroxaban, edoxaban and apixaban (179). Reversal agents exist 

(prothrombin complex concentrate (PCC), activated PCC, Idaricizumab) with many others 

currently on clinical trials (178). 
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1.18 What are the commonly used risk 

stratification tools? 

 

Early patient risk stratification will allow the planning and timing of life saving procedures 

such as endoscopic therapy with adequate and safe triage. The primary aim of the initial 

assessment is to determine whether endoscopy is required urgently or it can be delayed or 

even managed in the outpatient setting (160). At present 3 such scores exist and are in 

clinical practise.  

 

 

1.18.1 Glasgow-Blatchford Score (GBS) 

 

The Glasgow-Blatchford Score (GBS) utilises both clinical (Pulse, systolic BP, presence of 

melaena, presentation with syncope, presence of hepatic disease and heart failure) and 

serological parameters (Urea, Hb), that are easily available at initial assessment which 

allows the clinician to identify patients that would be suitable for management in the out-

patient setting (Table 1) (180). The ESGE and NICE recommend the use of the GBS for pre-

endoscopy risk stratification. Patients with the score of 0 or 1 do not require hospital 

admission and can be safely discharged and managed with outpatient endoscopy (175) 

(181). 
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Glasgow Blatchford Score (GBS) for Gastrointestinal bleeding: 

Blood urea (mmol/L) Score value 

6·5–7·9 2 

8·0–9·9 3 

10·0–25.0 4 

>25·0 6 

Haemoglobin for men (g/L) 

120–129   1 

100–119 3 

<100 6 

Haemoglobin for women (g/L 

100–119  1 

<100 6 

Systolic blood pressure (mm Hg) 

100–109 1 

90–99 2 

<90 3 

Other markers 

Pulse ≥100/min 1 

Presentation with melaena 1 

Presentation with syncope 2 

Hepatic disease* 2 

Cardiac failure† 2 

*Known history, or clinical and laboratory evidence, of chronic or acute hepatic 
disease 

†Known history, or clinical and echocardiographic evidence, of cardiac failure 

 

Table 1:  Glasgow Blatchford Score (GBS) 

 

 

 

 



 72 

1.18.2 Rockall Score (RS) 

 

In contrast, the Rockall score (RS) combines clinical parameters with endoscopic findings in 

order to predict the risk of mortality (Table 2). Lack of endoscopic findings in the initial 

assessment of a patient with AUGIB may deter the clinician from using the RS; however full 

post endoscopy RS remains an important tool in predicting mortality rate (182).  

 
Rockall Score for Gastrointestinal bleeding: 

  0 1 2 3 
  

age <60 60-79 >80   

initial score criteria 

shock no shock HR > 100 HR > 100, SBP < 100   

co-morbidity     cardiac failure, 
ischaemic heart disease 

renal failure, liver 
failure, 

disseminated 
malignancy 

diagnosis 
Mallory-Weiss, no 

lesion, no stigmata of 
recent haemorrhage 

all other 
diagnoses 

malignancy of upper 
gastrointestinal tract   

additional criteria for full score  

stigmata of 
recent 

haemorrhage 
none or dark spot   

fresh blood, adherent 
clot, visible or spirting 

vessel 
  

maximum additive score prior to diagnosis = 7 

maximum additive score after diagnosis = 11 

 

Table 2: Rockall Score 
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1.18.3 The AIMS65 score 

 

The AIMS65 score is designed to predict in-hospital mortality, length of stay, and cost of GI 

bleeding (Table 3 & 4). In comparison to GBS and RS, it is superior in predicting in-patient 

mortality (183). AIMS65 score is inferior to GBS and RS in predicting re-bleeding. GBS, RS 

and AIMS 65 are similar in predicting length of hospital stay (183)(184). GBS is more 

accurate in terms of detecting transfusion need, re-bleeding rate and endoscopic 

intervention rate (183)(185). 

AIMS 65 Score: 

  Score 

age > 65 1 

systolic BP < 90 mm Hg 1 

altered mental status 1 

INR > 1.5 1 

albumin < 30 g/L 1 

 
Table 3: AIMS 65 Score 
 

 

In-Hospital mortality rate based on AIMS 65 
Score: 

Total Score mortality rate 

0 0.30 % 

1 1.20 % 

2 5.30 % 

3 10.30 % 

4 16.50 % 

5 24.50 %  

 
Table 4: In-Hospital mortality rate based on AIMS 65 Score 
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1.19 What is the optimal timing of endoscopy? 

 

The benefit of early endoscopy in the management of NVUGIB remains controversial (170); 

however, endoscopy has an important role in obtaining diagnosis with a sensitivity of 90-

95% at locating the bleeding site (181).  

Several studies have investigated the effect of endoscopy timing on clinical outcomes with 

varying results. In haemodynamically stable patients with ASA grade 1 or 2, early endoscopy 

within 12 hours of presentation, has no effect on mortality or recurrent bleeding 

(186)(187)(188); however, more high-risk endoscopic lesions are identified (189) in those 

receiving early endoscopy and these patients tend to have a shorter length of hospital stay. 

(190)(191)(192) Early endoscopy in haemodynamically stable patients with ASA grade 3 to 5 

is associated with lower in-hospital mortality. In patients with hemodynamic instability, 

early endoscopy is associated with lower in-hospital mortality. (190) Although 2–10% of 

patients with AUGIB can die from their AUGIB, mortality in 80 % of these patients is due to 

other non-bleeding co-morbidities (193)(171)(181).  
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1.20 What are the common pharmacological 

therapies? 

 

1.20.1 Proton Pump Inhibitors 

 

Pharmacological agents such as Proton pump inhibitors (PPI) have significantly reduced the 

incidence of peptic ulcer disease (PUD) (194). Pre-endoscopic use of PPI reduces the 

detection rate of high-risk stigmata during endoscopy and the need for endoscopic therapy 

(160); however, there is no significant impact on the amount of blood transfusion, 

rebleeding rate, surgery, or death within 30 days (181)(195). 

 

 

1.20.2 Prokinetic Drugs 

 

The adminstration of prokinetic drugs such as metoclopramide and erythromycin has shown 

to improve endoscopic diagnostic yield in patients with AUGIB and reduced the need for 

repeat endoscopy (160). This is useful in cases where the upper GI tract is filled with large 

volume of blood; however there is lack of evidence in improving the duration of 

hospitalization, transfusion requirements, or surgery (196). 
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1.20.3 Tranexamic Acid 

 

Tranexamic acid, a derivative of the amino acid lysine, has anti-fibrinolytic effect by 

preventing the degradation of fibrin networks (197). Studies have shown that it decreases 

re-bleeding and mortality in AUGIB, without increasing the thromboembolic adverse effects; 

however, it’s routine use in clinical practice has not been recommended as further clinical 

trials are needed (198) (199). 

 

 

1.21 The Forrest Classification 

 

The endoscopic management of UGIB has evolved in recent decades as therapeutic 

modalities available to the endoscopist have evolved, driven by innovations in new 

techniques and accessories. Endoscopy in patients with AUGIB is effective in diagnosing and 

treating most causes of UGIB (160). The Forrest Classification (Figure 1) categorises the 

lesion morphology at the time of index endoscopy, allowing the endoscopist to decide when 

to intervene and prognosticate the risk of re-bleeding (200). This categorization has also 

been shown to correlate with the need for surgery and mortality (201); however, there is 

significant inter-observer disagreement in categorising the bleeding site, hence accurate 

photographic documentation is paramount (202). 

 

 



 77 

 

 

Forrest Classification 

Stage Characteristics Re-bleeding  

Ia Spurting Bleed 60 - 100 % 

Ib Oozing Bleed 50% 

  

IIa Non-Bleeding Visible Vessel 40 - 50 % 

IIb  Adherent Clot 20 - 30 % 

IIc Flat Spot in ulcer crater 7 - 10 % 

  

III Clean Base Ulcer 3 -5 % 

 

Table 5: Forrest Classification 

 

 
 

 

Figure 1: Showing different types of bleed based on the Forrest Classification:  

 

 

 

 

 

Ia Ib IIa IIb IIc III 

Spurting bleed Oozing bleed Non-bleeding 
visible vessel 

Adherent clot Flat spot in 
ulcer crater 

Clean base 
ulcer 
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1.22 What are the available endoscopic 

haemostatic techniques? 

 

Several endoscopic treatment modalities have been developed, these include injection 

methods, heat cauterization, and mechanical therapy. 

 

 

1.22.1 Adrenaline injection Therapy 

 

This includes injection of dilute adrenaline (1:10,000) at the site of bleeding. It reduces 

blood flow by temporary creating local tamponade and vasoconstriction of blood vessels. 

Injection of large volume epinephrine (>13 ml) can reduce the rate of recurrent bleeding in 

patients with high-risk peptic ulcer and is superior to injection of lesser volumes (203) (204) 

(205). 

 

 

1.22.2 Thermo-Coagulation 

 

Thermo-coagulation uses direct contact with the bleeding site with thermal energy 

delivered via a variety of devices. Heater probe consists of a Teflon coated hollow 

aluminium cylinder with inner heating coil. It utilizes electrical current to generate heat.  
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The Gold Probe has a rounded gold distal tip with good conductivity and has irrigation and 

injection capability, in addition to delivering heat for thermo-coagulation (206). 

Argon Plasma coagulation (APC) is a non-contact ablative modality that uses steam of 

ionized gas to conduct electricity for the coagulation of bleeding tissue (207).  

 

 

1.22.3 Mechanical Therapy – Clips 

 

Mechanical therapy is an attractive method for achieving endoscopic haemostasis. It has a 

significant impact on achieving haemostasis in difficult and challenging cases and a 

significant impact on outcomes (208).  

 

Mechanical therapy with endoscopic clips has been shown to be effective by physically 

obstructing the blood flow in the vessel; however, this technique will require direct 

visualisation of the bleeding point and culprit vessel. Successful application of clip is better 

in achieving haemostasis when compared to injection therapy alone but similar to thermo-

coagulation (209).  

 

The over-the-scope clip (OTSC) has been reported to effectively achieve haemostasis and 

significantly reduces re-bleeding and re-bleeding associated mortality in NVUGIB. A recent 

multicentre study was able to show a haemostasis rate of 92.4 % with OTSC as a 

monotherapy in the treatment of acute NVUGIB with significant reduction in the occurrence 

of bleeding and mortality of re-bleeding (210).   
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1.23 Dual and triple therapy is better than 

monotherapy 

 

Dual endoscopic therapy is superior to monotherapy with adrenaline injection alone in the 

management of patients with high risk bleeding peptic ulcer; Dual therapy reduces the risk 

of recurrent bleeding, the risk of emergency surgery (208) and mortality (211). 

The possible adverse events from dual therapy include perforation and gastric wall necrosis, 

with very low occurrence rate. Dual therapy remain to be superior to monotherapy with 

adrenaline (212) (181).  

 

 

1.24 The Doppler endoscopic probe (DEP) 

 

Doppler probe through the accessory channel of a standard endoscope has been used to 

assess the blood flow in the superficial blood vessels at the site of bleeding peptic ulcer post 

endoscopic therapy. The audible signal generated by the probe is able to determine the type 

of blood flow (arterial or venous) and the location of the bleeding vessel (213)(214).  

Doppler signal from an ulcer, post endoscopic therapy has been associated with a higher risk 

of re-bleeding (214) (215); however, lack of audible signal post endoscopic therapy is not 

associated with improvement in re-bleeding rate (201).  
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1.25 Is intervention radiology suitable for GI 

bleeding? 

 

Interventional radiology (IR) has shown to provide diagnostic imaging and endovascular 

therapeutic interventions that can localise the source of bleeding and provide endovascular 

embolization to achieve haemostasis successfully when conventional endoscopic 

haemostasis has been unsuccessful (216)(figure 2). A study by Kramer et al, was able to 

show that IR can control UGIB and achieve haemostasis with the use of minicoils for the 

embolisation of bleeding vessels with reduced risk of serious complications (217). 

 

 

 

Figure 2: Post-short gastric arteries embolization angiographic follow-up (218) 
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1.26 What is the optimum post procedure 

management? 

 

Post endoscopic treatment with high dose infusion of PPI (bolus of 80 mg followed by 8 mg 

per hour for 72 hours) in bleeding peptic ulcers, significantly reduces the risk of recurrent 

bleeding (219). Re-bleeding rate has also been shown to be associated with the Hb at the 

time of discharge. The re-bleeding rate in patients with a discharge Hb between 80 and 100 

g/L is not significantly different when compared to patients with higher Hb at discharge 

(176). In addition, a discharge Hb between 80 and 100 g/L is associated with a lower 

consumption of Red Blood cells (176). 

Re-bleeding is more common in patients with high stigmata lesions (Forrest Ia, Ib and IIa) at 

the time of endoscopy, hence repeat endoscopy and treatment should be considered in all 

high risk bleeds in particular, those with the need to recommence anti-coagulation and 

patients whom have had limited endoscopic therapy at the initial endoscopy. Surgery should 

be considered in those not responding to endoscopic therapy or radiological embolisation, 

taking into account, patient’s status and co-morbidities (181). 
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1.27 What are the future developments? 

 

The development of a risk stratification tool relevant to all GI bleeds should be an essential 

point of focus for all clinicians managing GI bleeding. Several novel modalities have been 

developed for the investigation and treatment of GI bleeding in recent years. These show 

promising results in achieving prompt diagnosis and haemostasis. 

 

 

1.27.1 Video capsule endoscopy 

 

The use of video capsule endoscopy (VCE) in the emergency department (ED) as a risk 

stratification tool for identifying high and low risk UGIB patients has been evaluated. It has 

shown potential to identify high and low-risk patients presenting with signs of AUGIB, 

helping to determine the need for intervention with significant reduction in the time to 

emergent endoscopic therapy (220). VCE in the ED is safe and effective in identifying AUGIB 

(221). A study by Meltzer et al, looked into the use of VCE in the ED performed by a 

gastroenterologist or a VCE trained clinician.  The aim was to determine whether patients 

with signs and symptoms of upper GI bleeding can be discharged with outpatient follow up 

endoscopy. A total of 25 subjects were enrolled with excellent tolerance to the VCE. The 

study was able to show a sensitivity of 88 % with a specificity of 64 % for the detection of 

fresh blood in the upper GI tract (222). Similar studies have shown significant reduction in 

hospital admissions with no difference in the clinical outcome in terms of recurrent bleeding 
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and 30-day mortality in the VCE group and those receiving standard treatment (223). This is 

very exciting and further studies will be able to provide more data on this unique modality 

for the diagnosis of patients in the ED.  This will potentially have a great impact on the 

number of hospital admissions (222).  

 

 

1.27.2 EndoClot 

 

The EndoClot (EndoClot Plus Inc., Santa Clara, CA, USA) is a polysaccharide haemostatic 

powder that can be delivered endoscopically to the site of bleeding in the GI tract without 

the need for direct mucosal contact. It is composed of absorbable polymer particles, that 

absorbs water from the blood on the surface of the bleeding site, hence increasing the 

concentration of platelets and clotting factors, resulting in haemostasis (224)(225).  

An early clinical study on EndoClot in 21 patients with acute NVUGI bleeding have shown a 

100% immediate haemostasis rates with a 30-day rebleed rate of 4.8 % (95 % confidence 

interval [95 %CI] - 4.34 % to 3.94 %), and a 30-day mortality rate of 19.0 % (95 %CI 2.29 % -

 35.91 %) (224).  

Further prospective study by Prei et al, analysed 70 patients with acute GI bleeding with 

83% (58/70) of the patients had upper and 17% (12/70) had lower GI bleeding. In the UGIT, 

haemostasis was achieved in 64% (30/47, 95% confidence interval, 50%-76%) after primary 

use and in 100% of patients, when EndoClot was used after conventional modalities had 

failed (95% confidence interval, 70%-100%). In lower GI bleeding haemostasis was achieved 
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in 83% of cases (10/12, 95% confidence interval 54%-97%). Rebleeding occurred in 11% 

(8/70) of the patients (226). 

Kim et al, retrospectively studied 12 patients with UGIB secondary to gastric malignancy 

with a median tumour size of 40 mm (range, 15 - 100). Immediate haemostasis post 

EndoClot therapy was achieved in all patients. Rebleeding developed in 2 of 12 patients 

(16 %), 3 and 5 days after treatment. There were no significant EndoClot-related adverse 

events, with no documented mortality at 30 days post therapy (227).  

 EndoClot can be used safely and effectively in NVUG bleeding. It provides further 

therapeutic options in the management of GI bleeding. It can be used in sites with extensive 

bleeding such as diffuse malignancy in the stomach. It can also be used when access to the 

bleeding site is difficult. Further clinical trials are awaited.  

 

 

1.27.3 Hemospray 

 

Hemospray is a novel proprietary mineral blend that forms a mechanical barrier over the 

bleeding site when applied endoscopically. It gives the endoscopist the opportunity to apply 

therapy in challenging anatomies. Data on Hemospray has been shown to achieve good 

haemostasis rates with NVUGIB (228)(229)(230). The highly absorptive powder functions as 

a cohesive and an adhesive. Once in contact with blood in the GI tract, the powder absorbs 

water and forms a stable mechanical barrier which adheres to and covers the bleeding site. 

It promotes platelet aggregation and increases the concentration of clotting factors beneath 

it (231). There is no expected risk of toxicity as the powder is not absorbed by the GI mucosa 
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and the adherent layer is naturally eliminated from the GI tract within 24-72 hours 

(232)(233). Several studies have investigated the haemostatic ability of Hemospray in the 

management of bleeding peptic ulcers (232), malignancy (234), anticoagulated patients 

(235) and oesophago-gastric variceal bleed (236) with encouraging haemostasis rates (65-

98%). 

The multi centre European SEAL study, investigated 63 adult patients with NVUGIB needing 

endoscopic haemostasis that were treated with Hemospray. There were 30 patients with 

bleeding ulcers and 33 with other NVUGIB pathology. Fifty-five (87%) were treated with 

Hemospray as monotherapy; 47 (85%) of them achieved primary haemostasis and 

rebleeding rate at 7 days was 15%. Primary haemostasis rate for Hemospray in patients with 

peptic ulcer bleeds was 76%. Eight patients, who otherwise may have required either 

surgery or interventional radiology, were treated with Hemospray as second-line therapy 

after failure of other conventional endoscopic modalities, all of whom achieved haemostasis 

following the addition of Hemospray (229).  

A systematic review and meta-analysis by Facciorusso et al, analysed 24 studies, of which 3 

were RCT, with 1063 patients were included in the meta-analysis. Immediate haemostasis 

was achieved in 95.3% (93.3%-97.3%) of patients, with no significant difference based on 

treatment strategy, haemostatic agent used and bleeding aetiology. Haemostasis rate was 

lower in Forrest Ia bleed (91.9%). Hemospray showed similar efficacy as compared to 

conventional endoscopic therapy (odds ratio: 0.84, 0.06-11.47; p = 0.9). Thirty-day 

rebleeding rate was 16.9% (9.8%-24%) with no difference in comparison to other 

endoscopic treatments (odds ratio 1.59, 0.35-7.21; p = 0.55). All-cause and bleeding-related 

mortality rates were 7.6% (4%-10.8%) and 1.4% (0.5%-2.4%), respectively (237). 
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The French GRAPHE study analysed 202 patients with UGI bleeding of which 94/202 patients 

(46.5%) received Hemospray as monotherapy and 108/202 patients (53.5%) received 

Hemospray as salvage therapy once conventional modalities failed to achieve haemostasis. 

Overall, immediate haemostasis was achieved in 195/202 patients (96.5%), independently 

of whether Hemospray was used as first-line therapy (91/94; 96.8 %) or salvage therapy 

(104/108; 96.3 %).  

The type of lesion did not influence immediate haemostasis rates, which was achieved in 

96.0% (72/75) of ulcers, 95.1% (58/61) of malignant lesions, 97.1% (34/35) of post-

endoscopic therapy bleedings, and 100% (31/31) of bleedings of other causes. 

 

Recurrence of bleeding occurred in 26.7% (51/191) of the total patients at day 8. At day 30, 

the overall rebleeding rate was 33.5% (62/185). In the case of monotherapy with 

Hemospray, the overall rebleeding rates were 17.2% (15/87) at day 8 and  26.5% (22/83) at 

day 30. When Hemospray was used as salvage therapy, the overall rebleeding rate at day 8 

was 34.6% (36/104) and at day 30, was 39.2% (40/102). Death directly related to bleeding 

occurred in 7 patients (230).  

 

The current and on-going prospective International Multicentre Hemospray Registry 

(Alzoubaidi et al, UCL, London) has shown an overall haemostasis rate of 86%. Expansion of 

this study is currently in progress and shall provide further evidence on the use of 

Hemospray as monotherapy, dual therapy and rescue therapy in various pathologies (238). 

The initial published data from the International Multicentre Hemospray Registry will be 

presented in detail, later in this thesis.  

 



 88 

1.28 Summary 

 

GI bleeding remains to be a challenging clinical emergency with significant mortality and 

morbidity. The current treatment modalities (injection of adrenaline, heat coagulation 

therapy and mechanical clips) provide essential tools to endoscopists treating GI bleeding; 

however, certain skills are required in order to efficiently utilise these conventional 

modalities. There are cases that will not respond to conventional therapies and therefore 

‘easier-to-apply’ modalities are required for those endoscopist with limited options either 

due to skill set or nature/site of bleed. In addition as the industry and technologies in 

endoscopic therapy progress further, in particular the management of early neoplasia in the 

upper gastrointestinal (GI) tract, we will therefore see more challenging and complicating GI 

bleeds due to endoscopic therapy.  

 

This thesis will study the Hemospray technology that is increasing used internationally in the 

management of GI bleeding and bleeding secondary to endoscopic therapy. This thesis will 

also examine the efficacy of Hemospray in various other pathologies and will report success 

and failure rates in a heterogenous population.  

Future studies should focus to explore which treatment modalities are more effective in 

specific pathologies, as currently no single modality is capable of treating all pathologies.  

 

The focus of treatment should not only be the endoscopic therapy and a holistic approach is 

encouraged in order to optimise treatment by managing multi-organ failure and co-

morbidities (171).  
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2.1 Overview of Chapter 2 

 

Background and Aim: Oesophageal adenocarcinoma carries a poor prognosis and therefore 

treatment of early neoplasia arising in the precursor condition Barrett’s Oesophagus (BE) is 

desirable. Visible lesions arising in BE require endoscopic mucosal resection for accurate 

staging and removal. Resection of early neoplastic BE has become more common within the 

clinical community and endoscopists are now performing endoscopic resection on lesions 

that are more complicated and larger than those previously attempted.  

Historically, the resection modalities included the cap based system with snare (now used 

less frequently) and now,  newer custom made multiband mucosectomy (MBM) devices are 

available. The most commonly used MBM device is the Duette device by Cook Medical Ltd. 

Despite its good performance profile, there are limitations which include the small size of 

resection specimens and limited visibility through the cap.  

A new MBM device has recently become available (Captivator, Boston Scientific Ltd), with 

larger resection specimens and better visibility through the cap, which will be the focus of 

the second chapter in this thesis. 

This retrospective pilot study compares the efficacy, safety, specimen size and histology of 

EMR specimens resected with two MBM devices (Cook Duette and Boston Captivator) in 

treatment naive patients undergoing endoscopic resection for BE neoplasia.  

 

Methods: Consecutive EMR procedures carried out by a single experienced endoscopist 

were analysed. All visible lesions were marked and resected using 1 of the 2 MBM devices. 

All resected specimens were analysed by the same two experienced pathologists. The 
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resected specimens in both groups were analysed for maximum diameter, minimum 

diameter, surface area and depth.  

 

Results: Twenty consecutive patients were analysed (18M+2F; mean age 74) in the Duette 

group and 20 (17M+3F; mean age 72) in the captivator group. A total of 58 specimens 

resected in the Duette and 63 in the captivator group. Min diameter, Max diameter, Surface 

area and Depth of the ER specimens resected by the Captivator device were significantly 

larger than that by the Duette device [Min Diameter 9.89 mm vs 9.07 mm (p=0.019); Max 

Diameter: 13.54 mm vs 12.38 mm (p=0.024); Surface Area: 135.40 mm2 vs 113.89 mm2, 

(P=0.005); Depth 3.71 mm vs 2.89 (p=0.001)].  

 

Conclusions:  These two MBM devices showed equivalent efficacy and safety outcomes, but 

the EMR Captivator device resected specimens with a larger surface area in the oesophagus 

when compared with the Duette device. A possible advantage of this is in situations where 

en bloc resections with fewer EMRs are desirable for larger lesions. 
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2.2 Introduction 

 

Barrett’s oesophagus (BE) is a precancerous condition that predisposes to oesophageal 

adenocarcinoma (OAC) and is characterised by a change of normal squamous epithelium 

lining the oesophagus to metaplastic columnar epithelium due to chronic acid reflux (239). 

The incidence of OAC in Western countries has increased in recent years and despite 

advances in surgical and oncological interventions, long-term survival remains poor. Surgical 

management of early oesophageal neoplasia carries significant mortality rates (240) (241) 

(242). In recent years there have been significant developments in minimally invasive 

endoscopic eradication therapy (EET) of BE neoplasia with high eradication rates and a good 

safety profile; therefore, there has been more emphasis on targeting patients at an earlier 

stage which can be amenable to EET that can improve patient outcomes. Endoscopic 

therapy of dysplastic BE and adenocarcinoma has been recommended by various major 

societal guidelines (2) (96). 

 

Current consensus is that visible lesions arising in BE are removed by endoscopic resection 

(ER) as they may harbour the most advanced histological stage. Accurate staging with 

endoscopic mucosal resection (EMR) is a key step in the treatment of early neoplasia as it 

allows accurate risk stratification of patients. Resection specimens provide information on 

depth of mucosal or submucosal invasion and presence or absence of lympho-vascular 

invasion, which subsequently would allow appropriate modalities of further treatment to be 

offered (243). Endoscopic resection is effective and safe in selected patients with early BE 

neoplasia with significantly high (up to 94%) long term complete remission rates and low 
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major complication rates (244) (136). The endoscopic management of early BE neoplasia is 

the preferred treatment modality as surgical options carry a much higher complication rate 

(240) (241) (245). 

 

Historically, the cap based system with snare (Olympus Ltd.), initially described in Japan by 

Inoue et al, (128) was used. This is an ER modality that uses a transparent cap placed distally 

at the tip of the endoscope.  The cap contains a distal internal ridge, allowing the placement 

of a snare in the cap prior to resection. The submucosal space is initially injected for lifting 

and subsequently the mucosa is suctioned into the cap in order to create a pseudopolyp. 

The pseudopolyp is then resected by closing the snare at the base of the pseudopolyp and 

applying electrocautery. This technique is a rather complicated process for the less 

experienced endoscopists, as it requires submucosal lifting and placing the snare at the 

distal ridge of the transparent cap prior to resection. This technique also results in 

prolonged procedure time in cases requiring multiple resections (129). 

 

Cap EMR has a role in select cases but has now been widely replaced by the custom made 

multiband mucosectomy (MBM) devices that utilises a transparent cap placed distally at the 

tip of the endoscope. The cap carries multiple pre-loaded rubber bands that are connected 

to a hand operated controller fixed at the proximal aspect of the accessory channel. The 

neoplastic mucosa is suctioned into the transparent cap, followed by release of a band by 

the controller, resulting in the creation of a pseudopolyp. The contraction of the rubber 

band at the base of the pseudopolyp is only adequate to withhold the mucosa but not the 

underlying muscularis propria, hence the injection of the submucosal space is not routinely 

required. A snare is passed through the accessory channel of the endoscope and then is 
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placed and closed at the base of the pseudopolyp, beneath the band. The pseudopolyp is 

then resected using electrocautery (130). This is a an easier method and the learning curve 

for MBM is shorter compared with that of ER cap as it combines the commonly known 

techniques of variceal band ligation and polypectomy (129). 

 

The most commonly utilized MBM device is the Duette® Multi-Band Mucosectomy device 

(Cook Medical, Limerick, Ireland) (131). It is a modified version of the variceal band ligator 

that allows the passage of a snare into the working channel of the endoscope (Figure 1) 

(132). A new MBM device has been launched (Captivator, Boston Scientific Ltd). This device 

also consists of a cap placed at the distal end of the scope with a controller placed at the 

proximal aspect of the working channel.  The cap carries 6 rubber bands that are placed at 

the proximal aspect of the cap allowing 360-degree peripheral viewing though the 

transparent cap without obstructions by the ligator bands (Figure 2). An in vitro assessment 

of the performance of the new EMR Captivator device by Scholvinck et al, showed that the 

new MBM device potentially allows better visualisation through the cap and easier passage 

of accessories through the scope with significantly better suction power (246). 
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Figure 1: Duette EMR device: The single use Duette MBM device consists of a transparent 

cap with 6 rubber bands and a control handle (A). The transparent cap is mounted at the tip 

of the endoscope. With a trigger cord, the 6 rubber bands on the outside of the transparent 

cap are connected to the control handle at the proximal end of the accessory channel. 

Without prior submucosal injection for lifting, the neoplastic lesion is delineated with the tip 

of the hot snare (B) and suctioned into the cap until a complete red out occurred on the 

screen due to the entire cap being filled with mucosa and then a pseudopolyp is created by 

releasing a rubber band (C). The pseudopolyp is then resected (D) by placing and tightening 

the snare beneath the rubber band.  
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Figure 2: Captivator EMR device: The Captivator™ EMR device is a single use device. The 

device includes the Captivator™ EMR Band Ligator mounted at the proximal aspect of the 

accessory channel and a banding cap device placed at the distal end of the scope for 

creation of pseudopolyps (A). A pseudopolyp is created by suctioning the neoplastic mucosa 

into the cap (B) until a complete red out occurred on the screen due to the entire cap being 

filled with mucosa and then a band is deployed using a proximally attached band ligator (C). 

A snare is then passed through the accessory channel of the scope, placed over the 

pseudopolyp and then closed beneath the rubber band (C), the pseudopolyp is resected (D) 

in conjunction with coagulation current. The device can be used for up to 6 resections.  

 

 

 

 

 

 

 

 



 99 

2.2.1 Objectives 

 

The primary objectives of this study were to assess the efficacy (defined by successful 

resection of all the delineated areas in one single session) and safety of the two MBM 

devices (Cook Duette and Boston Captivator) in treatment naïve patients with BE neoplasia 

undergoing EMR.  

 

Secondary objectives included retrospective comparison of the size of the resected EMR 

specimens by the 2 MBM devices in consecutive patients with BE neoplasia. Minimum 

diameter, maximum diameter, surface area and depth (defined as microscopically measured 

thickness) of the resected EMR specimens were compared to identify if either of the devices 

is capable of resecting larger EMR specimens. Final histology of EMR specimens obtained by 

the 2 MBM devices were also compared.  
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2.3 Materials and Methods 

2.3.1 Patient selection and Inclusion Criteria 

 

A retrospective study looking at treatment naive patients (defined as those with no prior 

endotherapy and radiotherapy) with BE neoplasia undergoing EMR from March 2015 to 

October 2017. Consecutive patients treated by the Cook Duette or the Boston Captivator 

device in a high volume tertiary referral centre were analysed. Patients aged 18-90 years 

with a visible lesion detected on white light endoscopy (WLE), narrow band imaging (NBI) or 

optical enhancement (OE), confirmed on recent endoscopy and deemed suitable for 

endoscopic resection were included. Written informed consent was obtained from all 

patients prior to the procedure.  

 

 

2.3.2 Exclusion Criteria 

 

Patients with previous oesophageal EET, including EMR / Endoscopic Submucosal Dissection, 

radio frequency ablation (RFA), cryoablative therapy, laser treatment, photodynamic 

therapy (PDT), argon plasma coagulation (APC) or radiotherapy were excluded from the 

study.  In addition, patients with oesophageal stenosis (preventing the passage of a 

gastroscope), oesophageal varices, and coagulopathy were also excluded from this study.  
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IRB approval was not required as this project was a retrospective audit of routine clinical 

care and deemed exempt as per UK guidelines on clinical audit (247).  

 

 

2.3.3 Endoscopic Procedure 

 

All endoscopic resections were performed by a single experienced senior endoscopist with 

extensive experience in endoscopic mucosal resection in the oesophagus using both the 

Duette and the Captivator devices.  The same PENTAX therapeutic gastroscope with a 3.2 

mm working channel was used.  

 

At the time of endoscopy, the distance of the visible lesions (cm) from the incisors was 

recorded in addition to the location and estimated size of the lesion (mm). Lesions were 

classified according to the Paris classification (248). The length of the BE segment was also 

defined as per Prague Classification (249). Visible lesions were delineated (figure 1) with the 

tip of the device snare (ERBE VIO 300D, Forced Coag, Effect 2, 40 W). After delineation, 

lesions were resected using one of the 2 MBM devices, Duette or Boston Captivator (Figure 

1 and 2). The decision on which device was used was non-randomized and not controlled for 

in the study and device selection was done at the outset of each case at the endoscopist’s 

discretion. 

 

Immediately after the resection in both groups, the snare was retracted, the resected 

specimen was pushed into the stomach, and the resection base was inspected. Subsequent 
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resections were performed (if necessary) in the same way to cover all marked areas, with 

only a small overlap between adjacent resections to prevent residual tissue bridges. After 

completion of resection of the delineated area, the resection base was carefully re-

inspected to ensure that all delineation markings have been removed.  

 

Identical diathermy setting (ERBE VIO 300D, Forced Coag, Effect 2, 40 W) and suction 

pressures (100 kPa) were used in all resections.  Submucosal injection and lifting of the 

mucosa was not used in any of the cases. All resected specimens were successfully retrieved 

from the stomach using a Roth Net ® (US endoscopy, a subsidiary of STERIS corporation).  All 

specimens were pinned down to cork board (figure 3) by the same endoscopy nurses and 

preserved in identical volumes of formalin for histological evaluation by the same 2 

experienced senior GI pathologists.  

The endoscopist and the endoscopy nurses were not blinded to the type of device used but 

the GI pathologists (performing the measurements on the specimens) were not aware of 

the devices used for the mucosal resection. 
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Figure 3: EMR specimen post resection 

Pinned down on cork board, showing the Maximum Diameter and the Minimum Diameter. 

These measurements were done macroscopically by the GI pathologist.  
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2.3.4 Preparation of Histological specimens 

 

EMR specimens were placed in formalin after fixation to a non-absorbent cork board (figure 

3), then sectioned in 2-mm slices, and embedded in paraffin, after which 4 µm thick slices 

were cut, placed on glass slides, and stained with haematoxylin and eosin. The dimensions 

of resected EMR specimens were measured macroscopically by the pathologist prior to 

sectioning. These included the maximum diameter and the minimum diameter (figure 3).  

The depth (defined as the microscopically measured thickness) of each EMR specimen 

including submucosal invasion was measured microscopically by the pathologist. These 

measurements were provided on the histology report. Grading of intraepithelial neoplasia 

was in concordance with the Vienna classification. (250) The surface area (mm2) of each 

specimen was then approximated by multiplying the minimum diameter (mm) by the 

maximum diameter (mm) for each specimen.  

 

 

2.3.5 Statistical Analysis 

 

Statistical analysis was performed using the SPSS Statistics software (Version 25). 

Quantitative variables were expressed as means (±SD) and qualitative variables were 

presented as percentages. The mean value in the two groups (Duette and Captivator) was 

compared using Student t-test. Fisher's exact test used to compare R0 and R1 between the 

two groups. 
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2.4 Results 

 

The study included 20 patients in each group (Duette: 18M+2F; mean age 74 years; 

Captivator: 17M+3F; mean age 72 years) with a mean length of BE of C4M6 in the Duette 

and C3M5 in the Captivator group, p=NS (Table 1). The endoscopically estimated mean 

lesion diameter was 12 mm in the Duette and 15 mm in the Captivator group (p=0.22). This 

estimate was carried out prior to resection by the endoscopist.  Successful resection was 

achieved in 100% of the cases with a total of 58 specimens resected in the Duette and 63 in 

the captivator group. The mean number of EMRs performed per delineated lesion was 2.6 in 

the Duette and 2.8 in the Captivator group, p=0.67 (Table 2).  

 

 
  Duette Captivator t-test 

Number of patients 20 (18M + 2F) 20 (17M + 3F)   
Mean Age  74 72 

p=0.51 SD ±9 ±10 
95% CI 70-78 67-76 

Mean Prague 
Classification  

C 4 3 
p=0.76 

Range 0-15 0-13 
M 6 5 

p=0.85 
Range 1-15 1-15 

 

Table 1: Patient demographic and mean Prague classification for the Duette and the 

Captivator group. SD: Standard Deviation, 95% CI: 95% Confidence interval 
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  Duette Captivator t-test 

Total Number of specimens 58 63   

Mean Endoscopically Estimated Lesion 
Diameter (mm)  12 15 

p=0.22 
SD ±9 ±13 

95% CI 7-16 10-21 

Mean No. of EMR per lesion 2.6 2.8 
P=0.67 SD ±1.6 ±2.1 

95% CI 1.9-3.4 1.9-3.7 

 
Table 2: Total number of specimens, mean endoscopically estimated lesion diameter and 

mean number of EMR per lesion for the Duette and the Captivator group. SD: Standard 

Deviation, 95% CI: 95% Confidence interval 

 

 

2.4.1 Histology 

 

All lesions were described using the Paris classification prior to EMR. Paris IIa was the most 

common lesion seen (table 3) in both groups [80% (16/20) in the Captivator and 75% 

(15/20) in the Duette group; p=0.70]. Table 3 shows the Paris classification of all the lesions.  

 

 

 

Table 3: Comparison of Paris Classification of all the lesions in the Duette and the 

Captivator group (p=0.70) 

Paris Classification Is Ip IIa IIb IIa/IIc 

Captivator 2/20 (10%) 0 16/20 (80%) 1/20 (5%) 1/20 (5%) 

Duette 0 1/20 (5%) 15/20 (75%) 2/20 (10%) 2/20 (10%) 
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Nineteen patients in the Captivator group had EMR specimens with clear deep margin in 

comparison to 17 in the Duette group, p=0.61 (Table 4). Fifteen of the patients in the 

Captivator group showed cancer on the EMR specimens in comparison to 12 in the Duette 

group (p=0.50). Of those with cancer on EMR specimens, 50% showed submucosal 

involvement in the Duette group and 20% in the Captivator group, p=0.13 (Table 5).  

 

 

  R0 R1 
Number of patients in the 

Captivator group 19/20 (95 %) 1/20 (5 %) 

Number of patients in the 
Duette group 17/20 (85 %) 3/20 (15 %) 

Fisher's exact test P=0.61 
 
Table 4: Invasion of deep margin of EMR specimens with BE neoplasia in the Duette and 

the Captivator group 

 

 
  CANCER Mucosal Cancer Submucosal Cancer 

Number of patients in the 
Captivator group 15/20 (75 %) 12/15 (80 %) 3/15 (20 %) 

Number of patients in the 
Duette group 12/20 (60 %) 6/12 (50 %) 6 /12 (50 %) 

 Fisher's exact test P=0.50 P=0.13 
 

Table 5: Cancer cases with Submucosal invasion based on the EMR specimens in the 

Duette and the captivator group 
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2.4.2 EMR specimen size comparison 

 

The mean Minimum diameter, Maximum diameter, Surface area and Depth of all resected 

specimens with the Captivator device was compared with that resected by the Duette 

device (Table 6). The data showed that the captivator EMR specimens to be significantly 

larger than similar specimens resected with the Duette device [Minimum diameter 9.89 mm 

vs 9.07 mm (p=0.019); Maximum diameter: 13.54 mm vs 12.38 mm (p=0.024); Surface area: 

135.40 mm2 vs 113.89 mm2, (P=0.005); Depth 3.71 mm vs 2.89 (p=0.001)]. 
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  Duette group Captivator group t-test 

Number of specimens 58 61   

Mean Min Diameter (mm) 9.07 9.89 p = 0.019  

SD ± 1.99 ± 1.76   

Lower 95% CI of mean 8.55 9.45   

Upper 95% CI of mean 9.59 10.33   

Mean Max Diameter (mm) 12.38 13.54 p = 0.024  

SD ± 2.63 ± 2.89   

Lower 95% CI of mean 11.69 12.82   

Upper 95% CI of mean 13.06 14.26   

Mean Surface Area (mm2) 113.89 135.40 p = 0.005 

SD ±38.75 ± 42.68   

Lower 95% CI of mean 103.83 124.77   

Upper 95% CI of mean 123.95 146.02   

Mean Depth (mm) 2.89 3.71 p = 0.001 

SD ± 1.19 ± 1.53   

Lower 95% CI of mean 2.58 3.33   

Upper 95% CI of mean 3.20 4.09   

 

Table 6: Comparing Specimen Size between the Duette and the Captivator group. SD: 

Standard Deviation, CI: Confidence Interval 
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2.4.3 Complications 

 

There were no reported perforations in either group. There was minor bleeding during the 

procedure that occurred in 2 (10%) patients in the Captivator group and 1 (5%) patient in 

the Duette group (p=NS). These were successfully treated with the tip of the hot snare and 

there were no reported re-bleeding or hospitalization.  In our study re-bleeding was only 

considered a relevant complication if it led to unplanned admission, endoscopic re-

intervention and the need for blood transfusion. There was 1 (5%) delayed bleed at 48 

hours post Captivator EMR and 1 (5%) at 9 days post Duette EMR (p=NS). Both cases 

required conventional endoscopic therapy that was successful on first attempt. Both 

patients had an in-patient stay of 48 hours post endotherapy for routine observation only. 

First follow up endoscopy (3-months post EMR) showed 1 (5%) stricture in both groups 

(p=NS) requiring 1 endoscopic dilatation. 
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2.5 Discussion 

 

ER for visible BE neoplasia can achieve successful outcomes if diagnosed at an early stage. 

(251) (134) (135) Minimally invasive EET has significantly developed in the past decade and 

has shown improved mortality and morbidity in comparison to surgical management of 

early BE neoplasia (240) (241). 

 

MBM is a widely used technique for the endoscopic resection of neoplasia in the 

oesophagus. MBM is effective in selected groups of patients (136) and it allows safe piece-

meal resections in patients with BE neoplasia. Time and costs are saved compared with the 

cap and snare technique (252). 

 

This study showed that the EMR specimens resected with Captivator device appear to have 

a larger minimum diameter, maximum diameter, surface area and depth in the oesophagus 

when compared with the Duette device in similar treatment naive BE segments. Baseline 

lesion morphology and subsequent resection pathology were similar in both cohorts of 

examined patients. A possible clinical advantage of this is in situations where en bloc 

resection is wanted for larger or more extensive lesions (>10mm) with fewer resections per 

lesion. This may also have a positive impact on reducing procedure time as fewer resections 

may be needed for any given lesion size and shorter procedure time is known to reduce the 

total cost of treatment (129); however our study did not formally assess the procedure time 

between the 2 groups and we do not have data to support this notion in this study. In 

addition, fewer resections may reduce the number of complications such as bleeding and 
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perforation; however our study showed no significant difference between the two groups 

with regards to bleeding and there were no recorded perforations.  This is a potential 

objective for future studies on the Captivator device. Successful resection was achieved in 

100% of the cases which illustrates that both devices are very effective in this respect. 

 

Complete resection of an extensively large lesion during the first endotherapy session is 

desirable as subsequent strictures and fibrosis may preclude further endotherapy and 

resection. Also resecting larger areas at baseline endoscopy may leave less residual BE 

reducing the number of sessions for further endotherapy with ablation and the potential 

need for rescue EMR (253). A large study by Pech et al, from 1000 consecutive patients with 

IMC suggested that complete removal of the whole neoplastic lesion in one session is 

favourable in order to reduce the risk of treatment failure (136). This further supports the 

use of the Captivator device in patients with large lesions requiring complete successful 

resection in one session.  

 

A previous study by Matsuzaki et al, demonstrated that larger ER specimens result in deeper 

resections (254). Our study was able to show that the Captivator device resected specimens 

that had significantly larger microscopically measured depth in comparison to that with the 

Duette device; however, this did not result in higher perforation or bleeding rates, which 

were not significantly different, compared to that in the Duette group. The deep resection 

margins and radicality of neoplasia resection in our cohort of cases was not different in both 

the cancer and dysplasia cases. Deeper resection may be an important factor to consider in 

patients with suspicions of submucosal invasion at baseline. In these patients, for example 

those that have significant contraindications to surgery, EET with a device with the potential 
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of deeper resection capability may provide them with the best chance of curative 

endoscopic therapy. Larger and deeper EMR specimens also allow more precise evaluation 

of the depth of tumour penetration than any other available methods, which would allow 

differentiation of mucosal from submucosal tumours (253). Large EMR specimens may be 

able to identify patients with submucosal invasion suitable for escalation to surgical 

management and therefore excluded from endoscopic therapy that may result in a less 

favourable long term outcome.  

 

In recent years, en bloc resection with Endoscopic Submucosal Dissection (ESD) in large 

lesions have become attractive in the management of patients with BE neoplasia (255) (256) 

(257). ESD is only available in expert centers with highly skilled operators. The use of the 

EMR Captivator device in BE neoplasia can potentially mimic this for larger lesions by 

acquiring larger tissue specimens and therefore in comparison to the Duette device, it may 

become the preferred tool for larger lesions.   

 

Both MBM devices were shown to be equally safe and effective at resecting visible lesions in 

patients with BE neoplasia when performed by an experienced endoscopist in identical 

clinical environment. The intra-procedural acute minor bleeding episodes were considered 

clinically irrelevant because all were treated endoscopically during the same procedure by 

coagulation using the tip of the hot snare. The intra-procedural acute minor bleeding and 

delayed bleeding in both groups were not significantly different. The acute and delayed 

bleeding rates were better than that of recently published data (134) (135). There were no 

reported perforations. Sample size was not calculated and therefore the patient numbers in 

both groups may have been inadequate to show statistically significant difference in 
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complication rates between the Captivator and the Duette group. We emphasize that this 

was a clinical audit and feasibility analysis that may in due course support a large scale 

powered RCT. In addition, the stricture rates for both groups (Captivator 5%, Duette 5%; 

p=NS) were lower than that documented in major recent studies (10%-37%) (134) (135); 

however, one must take into account that all procedures were performed by the same 

senior endoscopist with extensive experience in endoscopic mucosal resection. Considering 

the total number of patients and resections performed in this study, it may be possible to 

see more accurate bleeding, perforation and stricture rates if the number of participants 

were to increase significantly and if endoscopists with variable range of experiences were to 

perform the procedure.  

 

The visualisation through the Captivator cap is potentially better compared with the Duette 

cap. This is due to the position of the bands on the Captivator cap which are placed at the 

very proximal end of the cap, allowing a clear and unobstructed view through the 

transparent cap. This visualisation is further improved with each release of a rubber band. 

Improved view through the Captivator cap was based on the endoscopist’s experience with 

the devices and not formally assessed in our study. A formal analysis of visualisation through 

the Captivator cap was analysed by Scholvinck et al, that showed significantly higher overall 

median score for the visualization with the Captivator cap (246). The endoscopist also noted 

that the passage of accessories through the working channel of the scope was better with 

the Captivator device; however, this was not formally assessed, but again previously 

confirmed by Scholvinck et al, that showed the passage of accessories to be significantly 

easier with the Captivator device (246). 

 



 115 

There are several limitations to our retrospective study. First, retrospective collection of 

data may have resulted in information bias and may have underestimated adverse events. 

Secondly, this study was performed by an experienced endoscopist at a high volume tertiary 

referral centre with extensive experience in resection of large and complicated oesophageal 

neoplastic lesions, which may have influenced the results significantly and therefore we may 

have observed different results if the procedure were performed by endoscopists with less 

experience. Third, EMR specimens were placed in formalin, post resection and then sent to 

the pathology lab for measurement of their dimensions and histological analysis. Formalin 

may have affected the size of these specimens and therefore the measured dimensions may 

have been under or overestimated. The specimens were not measured directly after the 

resection. Fourth, in order to create a pseudopolyp, the EMR cap was angulated against the 

oesophageal wall and the mucosa was suctioned into the cap until a complete red out was 

visualized on the screen, prior to the deployment of the band. The quantity and volume of 

the suctioned mucosa into the cap is dependent on the angulation of the cap against the 

mucosa, where in the oesophagus the resection may be taking place and the elasticity of the 

tissue. The angulation of the cap against the mucosa was not controlled for in each group. In 

addition, tissue elasticity and fibrosis can affect the volume of mucosa suctioned into the 

cap. Variable prior exposure to acid reflux and scarring may have altered the tissue elasticity 

and fibrosis amongst some patients limiting the volume of tissue being suctioned and 

subsequently affecting the size of the resected specimens. Fifth, device selection was done 

at the outset of each case, which was non-randomized and not controlled for in the study 

and at the endoscopist’s discretion. This introduces a selection bias. Finally, we measured 

the surface area of each EMR specimen by multiplying the minimum diameter by maximum 
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diameter of each specimen. These two dimensions are not independent of each other and 

therefore the calculated surface area may have created an artificial endpoint. 

In conclusion, our data show that both the Captivator and the Duette MBM Devices 

demonstrate excellent safety and efficacy to successfully resect delineated oesophageal 

mucosal lesions in treatment naive patients with BE neoplasia. The Captivator device can 

resect larger specimens and therefore may be preferred for en bloc resections of larger 

complex oesophageal lesions. This may improve procedure time by reducing the number of 

overall resections which would contribute to a reduction of total procedure time for 

piecemeal endoscopic resection. Improved visualisation and passage of accessories through 

the working channel and comparable bleeding and perforation rates are features that are 

desirable by senior and trainee endoscopist. A large scale randomized controlled trial to 

compare the two endoscopic devices in order to define efficacy and safety in more detail 

would confirm these findings further. 
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CHAPTER 3 

 

Cryoballoon ablation for the treatment of 

patients with refractory oesophageal neoplasia 

after first line endoscopic eradication therapy 
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3.1 Overview of Chapter 3: 

 

Background and study aims: Endoscopic eradication therapy (EET) with endoscopic mucosal 

resection (EMR) for visible lesions followed by Radiofrequency ablation (RFA) for flat 

Barrett’s Oesophagus (BE) is the accepted gold standard treatment for patients with early 

BE related neoplasia. In a minority of patients (up to 15%) first line EET is unsuccessful and 

alternative therapies are desirable to eradicate disease and avoid progression to cancer. 

Cryoablation with the Cryoballoon device is a novel ablative therapy that uses cycles of 

freezing and thawing to induce cell death. This chapter of the thesis presents a single centre 

prospective study that evaluated the feasibility of the new focal cryoablation device for the 

treatment of areas of refractory oesophageal neoplasia in patients who had undergone first 

line Endoscopic Eradication Therapy. Complete Remission of Dysplasia (CR-D) and Complete 

Remission of Intestinal Metaplasia (CR-IM) at first follow-up endoscopy, durability of disease 

reversal, rates of stenosis and adverse events were also studied. 
 

 

Patients and methods: Eighteen cases treated. Baseline histology: 9 patients with Low 

Grade Dysplasia (LGD), 6 High grade Dysplasia (HGD) and 3 Intramucosal Carcinoma (IMC). 

Median length of dysplastic Barrett’s Oesophagus (BE) treated was 3 centimetres. Median of 

11 ablations applied per patient. Each selected area of visible dysplasia received 10 seconds 

of ablation. 1 session of cryoablation per patient. Biopsy taken at around 3-month post 

ablation. 
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Results: CR-D was achieved in 78% and CR-IM in 39% of all patient. There were no device 

malfunction or adverse events. Stenosis noted in 11% of cases. At a median follow up of 19-

months, CR-D was maintained in 72% of patients and CR-IM in 33%. 

 

 

Conclusions: Cryoablation appears to be a viable rescue strategy in patients with refractory 

neoplasia.  It is well tolerated and successful in obtaining CR-D and CR-IM in “treatment-

refractory” patients with BE. Further trials of dosimetry, efficacy and safety in “treatment-

naive” patients are underway. 
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3.2 Introduction 

 

Barrett’s oesophagus (BE) is a pre-malignant condition with metaplastic cells that can 

progress to oesophageal adenocarcinoma (OAC). It is characterised by a change of normal 

squamous epithelial cells lining the oesophagus to metaplastic columnar cells (239). In most 

patients, BE only exists in the metaplastic stage without progression to dysplasia. Chronic 

exposure to acid reflux can result in epithelial cell inflammation and proliferation that can 

lead to the development of BE metaplasia and progression to low grade dysplasia (LGD), 

high grade dysplasia (HGD) and invasive oesophageal adenocarcinoma (OAC) (258). The 

incidence of OAC has increased in recent years and despite advances in medical and surgical 

interventions, long-term survival remains poor (259)(260) with only less than 20% of 

patients surviving at 5 years (31). Surgical management of early oesophageal neoplasia 

carries significant mortality rates (240)(241)(242). In recent years there have been 

significant developments in minimally invasive endoscopic eradication therapy (EET) of BE 

neoplasia with high eradication rates and a good safety profile.  

 

The current endoscopic treatment of BE neoplasia consists of endoscopic resection (ER) of 

visible lesions for accurate staging and risk stratification of patients (243) followed by field 

ablation of remaining areas of flat BE to prevent the development of metachronous lesions 

(261). The most commonly used and studied ablative modality is radiofrequency ablation 

(RFA), that utilises pulsed radiofrequency energy to destroy superficial mucosal tissue with 

preservation of deeper tissue (262). This technique has been shown to be effective in 

achieving CR-D and CR-IM; however it can result into pain, bleeding and stricture in the 
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oesophagus (146)(134)(263). In a minority of patients, ablative therapy with RFA is 

ineffective and therefore alternative ablative techniques are warranted.  

 

Recurrence of IM and dysplasia can occur after achieving CR-IM and therefore surveillance 

has been recommended. Data from the United States RFA registry noted a 20% recurrence 

of BE over a follow up period of 2.4 years and recurrence of dysplasia reported in 14% of 

those who had BE recurrence (264).  A systematic review and meta-analysis by 

Krishnamoorthi et al, showed a recurrence rate for IM to be 7.1% per patient year, 1.3% for 

LGD and 0.8% for HGD/EAC (after first line EET) (265).  

 

BE refractory to endoscopic therapy has been documented in various studies with overall 

rate ranging from 2% to 25% (146)(155). 

 

The treatment of BE neoplasia by endoscopic submucosal dissection (ESD)  and endoscopic 

mucosal resection (EMR) have shown to be effective and less invasive than surgical 

oesophagectomy. Both techniques allow histological assessment of resected specimens that 

can be used to guide further therapy; however these techniques require advanced training 

in endoscopic therapy with noticeable adverse events such as bleeding (2.1%), perforation 

(2.5-5%) and stenosis (10%).  

 

A new treatment for oesophageal neoplasia has been developed. Cryoablation with the 

Cryoballoon device (cryoballoon focal ablation system, Pentax Medical Inc) is a novel 

ablative therapy that uses cycles of freezing (with nitrous oxide at -80 0C) and thawing to 

induce cell death by intra- and extracellular ice formation, leading to vascular injury, and 
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ultimately apoptosis and cell death (148). The technique may ablate deeper than RFA whilst 

preserving the extracellular matrix (149) and therefore may result into lower stricture rates 

and deeper tissue destruction (150). In addition, recent studies have shown that 

cryoablation to be better tolerated by patients and to be less painful (152)(153)(154). 

 

The aim of this study was to prospectively evaluate the feasibility of the focal cryoablation 

device for the treatment of areas of refractory oesophageal neoplasia in patients who had 

undergone first line EET in a single high volume tertiary referral centre.  
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3.3 Patients/Material and methods 

 

Patients were treated by a single experienced endoscopist with several years’ experience in 

advanced endoscopic management of oesophageal neoplasia including resection and 

ablative modalities. 

 

Refractory oesophageal neoplasia was defined as: 

• Failed 3 ablative procedures (APC or RFA) for patients with BE neoplasia 

• Failed 2 ablative procedures (APC or RFA) with less than 50% reduction of BE after 

second ablation  

The reduction in the length of BE was determined by measuring the remaining length 

of BE using the Prague classification. 

 

Primary objectives were: Complete resolution of dysplasia (CR-D) and Complete resolution 

of intestinal metaplasia (CR-IM) at 3 month follow up endoscopy. Secondary objectives 

included the rate of stenosis, adverse events and durability of disease reversal. Stenosis was 

defined as any stricture causing symptomatic dysphagia to solid and liquid and strictures 

preventing the passage of an adult gastroscope requiring endoscopic dilatation. 
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3.3.1 Inclusion Criteria 

 

• All patients over the age of 18 years 

• Previously received first line EET [ER and ablation (with RFA or APC for at least 3 

sessions excluding cryoablation) for patient with BE neoplasia with biopsy proven 

residual disease 

• Persistent flat areas of oesophageal neoplasia post first line EET confirmed by two 

expert pathologists 

• Patients with IMC were included only if there was no evidence of poorly 

differentiated malignancy, involvement of deep resection margin (i.e. T1b deep) and 

lympho-vascular involvement on previous ER specimens 

 

 

3.3.2 Exclusion Criteria 

 

• The presence of oesophageal stricture preventing the passage of a therapeutic 

gastroscope and deployment of the cryoballoon ablation device 

• Active GI bleeding or Perforations  

• Active inflammation in the upper GI tract  

• The presence of raised or high risk lesion requiring endoscopic resection 
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3.3.3 Baseline Histology 

 

The baseline histology was persistent BE with Low Grade Dysplasia (LGD), High Grade 

Dysplasia (HGD) and Intramucosal cancer (IMC).  

 

 

3.3.4 The Cryoablation Device and the endoscopic 

procedure 

 

The cryoablation balloon system has two main components: The delivery catheter with a 

balloon probe (30mm in length) and a hand held controller device for the application of the 

cryogenic fluid with a small cylinder containing the nitrous oxide. The delivery catheter 

utilises one balloon probe for all sizes of oesophagi (Figure 1). The delivery catheter is 

introduced via the working channel of a therapeutic gastroscope (Pentax EG34-i10) and the 

balloon is inflated by the trigger on the foot pedal. The balloon is automatically inflated until 

it reaches the diameter of the treated oesophagus, hence preventing over inflation and 

trauma to the wall of the oesophagus. The inflated balloon is cooled by spraying nitrous 

oxide via the diffuser within the inflated balloon, which subsequently freezes the targeted 

mucosa to -80 0C. The cryogenic spray covers an area of about 2 cm2. Rotation of the 

diffuser within the balloon (360  degree), is controlled by the foot pedal, which allows 

targeting of specific areas of the mucosa (Figure 2) (266). Following deflation of the balloon, 
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the gas is aspirated back automatically into the hand held controller and condensed. The 

treated mucosa becomes erythematous immediately after deflation of the balloon, allowing 

the endoscopist clear visualisation of the treated segment of the mucosa.  

 

 
 
Figure 1: Cylinders containing nitrous oxide as the cryogenic agent (A). Hand-held 

controller device (B) and the foot pedal with cryoablation balloon catheters for the 

oesophagus and the GOJ junction.  
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Figure 2: Cryoablation balloon in the oesophagus prior to insufflation (A). Balloon partially 

inflated (B), balloon fully inflated within the oesophagus (C), and Cryoablation of the left 

(D) and right (E) oesophageal wall. Post Cryoablation mucosal erythema as shown by the 

circled white line (F) 
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3.3.5 Endoscopic Therapy and Follow Up 

 

The endoscopic procedure was performed under conscious sedation by the same GI 

endoscopist. The refractory areas of BE were measured as per the Prague C & M 

classification and careful inspection for any visible raised lesions was first carried out. The 

refractory areas of BE were ablated for 10 seconds by the cryoballoon device. After each 

ablation, the adjacent area was subsequently ablated until all areas of visible BE including 

the GOJ were treated. In patients with long segment of BE, there was a minimum 

overlapping area of cryoablation to ensure that all areas were treated adequately. Scraping 

of the ablated mucosa was not performed.   

All patients received post ablative care, which included high dose acid suppressive 

medication (Omeprazole 40 mg bd, Ranitidine 300 mg nocte and Sucralfate liquid 2g TDS) 

and liquid diet for 24 hours followed by soft diet for 1 week. All patients received follow up 

endoscopy at about 3 months post cryoablation. At follow endoscopy, all treated area were 

inspected with white light endoscopy (WLE), virtual chromoendoscopy (NBI or OE) and 

chromoendoscopy (with acetic acid). All remaining areas of neoplasia were documented. In 

addition the presence of stenosis (if present) was also documented. Biopsies were then 

taken from 1 cm below the GOJ, the GOJ and the remaining segment of BE at 2 cm intervals, 

including target biopsies from any suspicious areas (Figure 1. Study Flow Chart).  
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3.3.6 Biopsy Specimen 

 

All biopsies specimens were placed in formalin and fixed in paraffin and subsequently 

stained with haematoxylin and eosin. All our histological specimens were examined by the 

same 2 senior BE expert pathologist (MN, MJ) at University College London Hospital (UCLH).  

 

 

3.3.7 Study Approval and Patient Consent 

 

This project was presented to the local Clinical Effectiveness Steering Group (CESG) at UCLH  

for approval as a new procedure. The CESG committee gave their final approval in June 2016 

and subsequently patient recruitment started. Written informed consent was taken from all 

participating patients prior to the endoscopic therapy with cryoablation.  

 

 

3.3.8 Statistical Analysis 

 

Statistical analysis was performed using the SPSS Statistics software (Version 25). 

Quantitative variables were expressed as median with range and qualitative variables were 

presented as percentages. This was a feasibility study and therefore sample size calculation 

was not performed. Kaplan–Meier analysis was used to determine the durability of CR-IM 

and CR-D post Cryoablation. 
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3.4 Results 

 

A total of 18 patients with BE neoplasia (15 Male, 3 Female; median age 71.5, IQR 65-74), 

refractory to first line EET were treated with cryoablation from June 2016 to March 2018 

(Table 1 and 2)(Figure 3).  

 

 

  

 
Baseline Histology prior to 

failed first line EET 
 

Baseline Histology prior to 
Cryoballoon Therapy 

BE 
neoplasia 

Low Grade Dysplasia (LGD) 4 (22%) 9 (50%) 

High Grade Dysplasia (HGD) 6 (33%) 6 (33%) 

Intramucosal Carcinoma (IMC) 8 (44%) 3 (17%) 

 
Table 1: Baseline histology 
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Patient No. Pre EET Histology Pre Cryoablation Histology Post Cryoablation Histology 

1 IMC HGD Normal Squamous Mucosa 
2 HGD HGD Normal Squamous Mucosa 
3 IMC IMC Normal Squamous Mucosa 
4 IMC HGD Normal Squamous Mucosa 
5 LGD LGD Normal Squamous Mucosa 
6 LGD LGD Normal Squamous Mucosa 
7 IMC LGD Normal Squamous Mucosa 
8 LGD LGD IM only. No dysplasia 

9 HGD LGD IM only, no dysplasia 

10 HGD HGD IM only, no dysplasia 

11 HGD LGD IM only, no dysplasia 

12 LGD LGD IM only, no dysplasia 

13 IMC IMC IM only. No dysplasia 

14 HGD LGD IM only. No dysplasia 

15 IMC HGD LGD 

16 HGD LGD HGD 

*17 IMC HGD HGD 

18 IMC IMC IMC 

*Patient received inadequate ablation with the cryoballoon due to a tortuous and dilated oesophagus 

 

Table 2: Baseline histology with corresponding post cryoablation histology at 3 months 

follow up for all patients 

 



 134 

 
 

Figure 3: Study flow chart 
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The baseline sequential EET included a combination of EMR and RFA in 13 (72%) patients  

and RFA only in 5 (28%) patients with BE neoplasia with a median length of dysplastic BE 

treated was 3 cm (IQR 3-4.25)(Table 3). 

 

 

No. Gender Age 

 
 

Pre EET 
Length of BE 

Pre Cryoablation 
Length of BE 

 
 

Post Cryoablation 
Length of BE No. of Cryoablation  

1 F 71 C14M14 C1M3 4 small islands < 1cm 14 
2 M 75 C6M7 COM1 All resolved 2 
3 M 70 C1M4 C0M2 C0M1 9 
4 M 83 C10M11 C0M2 All resolved 11 
5 M 55 C8M9 C0M3 All resolved 12 
6 F 70 C8M8 C0M3 1 small islands < 1cm 9 
7 M 85 C2M2 C0M3 C0M2 11 
8 M 63 C7M8 C0M3 C0M1 11 
9 M 63 C1M10 C1M3 3 small islands < 1 cm 8 

10 M 63 C2M3 C0M4 All resolved 6 
11 F 73 C4M7 C0M3 All resolved 4 
12 M 76 C14M14 COM10 C0M2 22 
13 M 65 C9M15 C0M3 All resolved 9 
14 M 70 C16M16 C6M8 C4M6 24 
15 M 74 C2M4 C1M3 All resolved 10 
16 M 74 C10M11 C6M6 C1M2 18 
17 M 74 C7M8 C2M4 C1M2 15 
18 M 72 C8M8 C1M5 C0M4 19 

 
Table 3: Baseline length of BE with corresponding number of cryoablation for each patient 
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Successful ablation was achieved in 17 (94%) patients with only 1 (5.5%) patient receiving 

inadequate ablation with the cryoballoon due to a tortuous and dilated oesophagus, 

preventing adequate contact between the mucosa and the cryoballoon device.  

 

Median of 11 (IQR 9-16) ablations applied per patient. Each patient received only 1 session 

of cryoablation (table 3). At follow up endoscopy 3 months after treatment with 

cryoablation, CR-D was achieved in 78% (14/18) of patients and CR-IM was achieved in 39% 

(7/18) of patients (table 4). Lack of response to Cryoablation was seen in 1 (5.5%) patient 

with IMC and disease progression from LGD to HGD was confirmed in 1 (5.5%) patient at 3 

months follow up endoscopy (Table 4). All patients with remaining segment of BE (with IM 

or dysplasia) post cryoablation, received further endoscopic therapy with EMR, RFA or both, 

with the aim to achieve complete eradication of BE.  

 

 

Technical difficulty due to Anatomy 5.5% (1/18)                                                      
Tortuous and dilated oesophagus 

Stenosis 11% (2/18)  

No response 5.5% (1/18)                                                    
1 case with IMC 

Progression 5.5% (1/18)                                                    
Progressed from LGD to HGD 

CR-D 78% (14/18)  

CR-IM 39% (7/18) 

 

Table 4: Summary of results 
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There were 2 (11%) reported oesophageal strictures post cryoablation, each requiring 1 

successful endoscopic dilatation. There were no recorded complications or adverse events.  

Durability of disease reversal: 

 

The analysis of all patients post endoscopic therapy with cryoablation, showed that CR-D 

was maintained in 72% (13/18) and CR-IM in 33% (6/18) after a median follow up of 19 

months (IQR 13-28) (figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Kaplan Meier curve showing the durability of disease reversal in all patients with 

BE neoplasia, treated with cryoballoon therapy 
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3.5 Discussion 

 

The endoscopic treatment of early oesophageal neoplasia has significantly developed in the 

past decade. The current consensus is to resect any visible lesions followed by ablative 

therapy using RFA or APC for BE neoplasia. Depressed lesions are associated with high risk 

submucosal invasion and would be undertreated by ablation.  

RFA is safe and effective treatment modality (146)(267)(253) in BE neoplasia. ET is also more 

cost effective than surgery (268); however, the treatment can be painful and risk of stenosis 

post ET is not negligible (269), especially in those requiring circumferential ablation (270). 

 

Recurrence of BE and BE neoplasia has been documented in various studies ranging from 5% 

to 40%. Long term surveillance are therefore needed in order to maintain remission and 

detect early recurrence of disease (271)(272)(273)(274). Non-compliance with endoscopic 

surveillance and failure to achieve complete remission at 12 months post ET are predictors 

of progression (275). In addition, a number of patients (2%-25%) (146)(155) will not respond 

to first line EET and therefore alternative rescue treatment modalities other than surgery 

are needed as some of these patient may not be suitable surgical candidates and surgery 

can be associated with a noticeable mortality and morbidity rates (134)(276)(277). Acid 

suppression is an important factor in the treatment of patients with BE and refractory 

disease. GORD is associated with BE and therefore controlling acid reflux is essential part of 

the treatment. Uncontrolled acid reflux is associated with persistent IM post RFA. Persistent 

acid reflux is also associated with higher mean number of RFA sessions needed to achieve 

CR-IM and recurrence of disease after EET (278)(279). Challenging anatomy due to dilated 
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and tortuous oesophagus and  strictures post EET and the presence of submucosal 

carcinoma has been shown to limit efficacy of endoscopic therapy and subsequently 

resulting in treatment failure and relapse (146). 

 

Cryoballoon therapy using nitrous oxide as the cryogenic agent is a novel new therapy for 

the management of early BE neoplasia that has been shown to be safe and effective with 

success rates that are comparable to that of RFA (153)(280).  In this single centre 

prospective feasibility cohort study, Cryoablation with the cryoballoon device appears to be 

a viable treatment modality in patients with BE neoplasia refractory to sequential first line 

EET.  

 

This study was able to achieve CR-D and CR-IM in patients that previously did not respond 

completely to  standard first line EET. We were able to achieve these eradication rates (CR-

D: 78% and CR-IM: 39% in patient with BE) with only one session of cryoablation in 

treatment-refractory patients with wide range of pre-cryoablation pathologies including 

LGD, HGD and IMC.  

We were also able to demonstrate a durability of disease reversal with 72% (13/18) of 

patients with BE neoplasia maintained CR-D and 33% (6/18) maintained CR-IM after a 

median follow up of 19 months (IQR 13-28). 

 

Our data is in line with previously publishes series (CR-D achieved in 75-88% of patients) 

(155)(154)(156). A recent meta-analysis by Visrodia et al, analysed 11 studies with 148 

patients with BE treated with cryotherapy for persistent dysplasia or IM after RFA. CR-D was 
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achieved in 76.0% (95% CI, 57.7-88.0) and CR-IM in 45.9% (95% CI, 32.0-60.5) of patients 

(157). 

 

 We have also shown that cryoablation is a safe modality with acceptable stricture rate. The 

documented symptomatic stricture rate  from several major studies on BE endotherapy 

range from 2.1-14% (134)(270)(141) requiring a median of 2-4 dilatations post endotherapy. 

Despite circumferential ablation of the GOJ in all patients and pre-ablation EMR rate of 71%, 

we were able to show a stricture rate of 11% that is comparable with that reported by 

similar studies (280)(151)(281).  

 

The benefit of Cryoablative therapy over RFA is due to intrinsic and technical differences 

between the two modalities. The rapid freeze and thaw cycles delivered by cryotherapy 

achieves a greater depth of tissue penetration with relative preservation of tissue 

architecture (282). Cryotherapy is minimally destructive to the structural components of 

tissue, such as collagen, whereas heat-based ablation techniques like RFA, irreversibly 

destroy proteins and therefore affecting the architecture of the collagen matrix (150). The 

effects of cryoablation are dose-dependent. The overlap of ice patches on adjacent treated 

sites, may result in higher application of cryogen and deeper injury and subsequent stricture 

development (151).  The cryoballoon pressure is regulated by the controller to 3.5 pound-

force per square inch (psi), which is significantly lower that the dilating balloons that exert 

pressures of 44 to 147 psi (283). The procedure time for cryoballoon ablation are short and 

the portability and ease of use of the cryoballoon ablation device is appealing.  

Our data suggest that cryoballoon ablation is a promising treatment modality for refractory 

BE neoplasia. Our study showed that this technique is relatively easy and quick without 
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serious adverse events. It allows the treatment of large circumferential areas in the 

oesophagus in addition to small islands. There is no significant published data showing how 

deep cryoablation can reach into the mucosa or submucosa. Several studies in BE neoplasia 

(154) and other fields of medicine have shown that cryoablation is less painful (284)(285). 

Pain perception was not formally assessed in this study, but previous studies have shown 

that the cooling process may have an anaesthetic effect (286) by reducing or blocking nerve 

conduction and therefore less postprocedural discomfort than that seen with RFA (284). In 

addition the vasoconstriction of blood vessels as the result of the cooling process may 

reduce the development of oedema and the release of painful inflammatory mediators 

(287). 

 

There were some limitations to this study. First, there was a small sample size  and patients 

were treated in a single high volume tertiary referral centre with no control group, which 

was due to only a small number of treatment refractory patients with residual disease in our 

hospital. An increase in the number of patients may alter the results achieved. In addition it 

may have been possible for patients with long segments of BE refractory to RFA sessions to 

achieved CR-IM if further RFA therapy session was utilised and therefore cryoablation may 

have never been required. The median segment of treated BE was 3 cm and the efficacy of 

cryoablation on long segments of BE refractory to EET is yet to be studied.  

There was no formal assessment of pain perception and use of analgesia amongst patients 

participating in this study.  

There was only a relatively short follow up period after treatment, which is important taking 

into account the late recurrence of disease reported in major studies. This has therefore 
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limited the conclusions regarding the risk of progression or recurrence in this high risk group 

of patients.  

Side by side ablation for 10 seconds of a large segment of BE maybe time consuming. Our 

study did not formally assess the duration of the procedures.  

Finally, analysis for determinants for successful ablation and for complications was not 

performed. 

 

In conclusion, Cryoablation is a promising treatment modality for the treatment of patients 

with BE neoplasia refractory to first line EET. The achieved CR-D and CR-IM rates in this 

study with the encouraging safety profile, shows that it may be an alternative therapeutic 

modality for those that are not suitable for RFA or in cases where RFA was not successful.  

Longer-term follow-up is needed to determine complete remission durability for 

cryoablation with application to larger/circumferential areas in order to determine efficacy 

and stricture rate. Further studies to illicit the effects of double or multiple session of 

cryoablation with randomised controlled trials and comparison with RFA are recommended. 
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CHAPTER 4 

 

Quality Indicators for Barrett’s EndoTherapy 

(QBET): UK consensus statements for patients 

undergoing Endoscopic therapy for Barrett’s 
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4.1 Overview of Chapter 4 

 

Background and study aim: Endoscopic therapy for the management of patients with BE 

neoplasia has significantly developed in the past decade. The previous chapters of this thesis 

have shown new developments in endoscopic eradication therapy (EET) in BE neoplasia; 

however, the clinical practice in the UK remains variable, with patients still on the 

surveillance program despite guidelines that recommend endoscopic therapy. This chapter 

presents the development of Quality Indicators for Barrett’s Endoscopic Therapy using 

expert opinion combined with the best available evidence, aimed at unify clinical practice in 

BE endotherapy in the UK.  

 

Method: The RAND/UCLA Appropriateness Method was utilised to combine the best 

available scientific evidence with the collective judgment of experts to develop QBET in 4 

sub-groups: Pre-endoscopy, intra-procedure (resection & ablation) and post-endoscopy. 

International experts including gastroenterologists, surgeons, BE pathologist, clinical nurse 

specialist, and patient representative participated in a 3-round process to develop 15 QIs 

that fulfilled the RAND/UCLA definition of appropriateness.  

 

Results:  Seventeen experts participated in Round 1 and 20 in Round 2. Of the 24 proposed 

QIs in round 1, 20 were ranked as appropriate (put through to round 2) and 4 as uncertain 

(discarded). At the end of round 2 a final list of 15 QIs were scored as appropriate.  

 



 147 

Conclusions: This UK national consensus project has successfully developed QIs for patients 

undergoing BET. These QIs can be used by service providers to ensure that all patients with 

BE neoplasia receive uniform and high quality care. 
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4.2 Introduction 

 

The past decade has seen significant advancement in minimally invasive endoscopic 

treatment modalities for Barrett’s oesophagus (BE) neoplasia. Short and long term data 

report high eradication rates, acceptable disease eradication durability and good safety 

profile that are comparable to the outcomes of surgical treatment (288). There has been 

great emphasis on targeting patients at earlier disease stages amenable to endoscopic 

eradication therapy (EET). EET for early neoplastic BE has been recommended by various 

major international guidelines (2)(96). 

EET for BE neoplasia has revolutionised the management of patients with BE neoplasia and 

is increasingly used at high volume tertiary referral centres and smaller district general 

hospitals (289). Adherence to Quality Indicators (QIs) introduced by the American 

Gastroenterological Association for the endoscopic management of patients with BE has 

been shown to improve dysplasia detection rate (290). Despite various societal guidelines 

(2)(291)(126), there still exist a great variation in clinical practice that results in variable 

patient outcomes.  

It is important to note that the management of patients with BE neoplasia is just not 

confined to the endoscopic procedure only. It requires case discussion in a dedicated 

Multidisciplinary team (MDT) meeting with careful explanations to patients of their disease 

status and available therapies prior to and after endotherapy.  
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The current endoscopic management of BE neoplasia consists of endoscopic resection (ER) 

of visible lesions for accurate staging and risk stratification of patients (243) followed by 

field ablation of remaining areas of flat BE to prevent the development of metachronous 

neoplasia (261). It is therefore important that cases are carefully selected for endoscopic 

therapy following discussion in MDTs with appropriate choice of therapy (after discussion 

with the patient) with strict follow up of these cases to ensure high quality service provision 

and better patient outcomes (292). 

 

It is essential that medical resources are used appropriately and that health provision is 

shaped and maintained at the highest standard in order to ensure the best possible patient 

outcomes. Healthcare systems and providers will therefore need to be aligned to ensure a 

streamlined, efficient and high quality service provision to all patients. QI for Barrett’s 

endotherapy (BET) in the United Kingdom (UK) and Europe are lacking and have led to 

variable outcomes in the past (253). 

The aim of this project was to develop physician-lead Quality Indicators in BE Endotherapy 

(QBET) to define standardised clinical practice and achieve optimal clinical outcomes for all 

patients with BE neoplasia.  

The aim from this project is not to replace existing guidelines but to create an adjunct so 

that clinicians can measure performance in a systematic way.  
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4.3 Method 

 

4.3.1 The RAND/UCLA Appropriateness Method (RAM) 

RAND/UCLA Appropriateness Method (RAM) was developed in the 1980s as part of the 

RAND Corporation/UCLA Health Services Utilisation Study. It is a tool used to measure the 

overuse and underuse of resources. In the RAM an appropriate measure refers to one in 

which the expected health benefit exceeds the expected negative consequences by a wide 

margin such that the procedure is worth performing without considering the cost (293). This 

methodology is used in situations where there is no adequate high quality research (e.g. 

randomised controlled trials) to guide clinical practice and therefore the best available 

evidence is combined with expert opinion, in order to develop quality indicators. RAM is a 

modified Delphi method that gives experts the opportunity to have a face to face discussion. 

RAM has been utilised in various clinical specialties including gastroenterology (292). This 

methodology was successfully utilised in establishing similar quality measures in EET in the 

US endorsed by the ASGE and ACG (292).  

We utilised RAM to combine the best available scientific evidence with the collective 

judgment of experts to develop QBET in 4 sub-groups that are integral to patient selection, 

treatment and follow up in BET (Figure 1). The expert panel was selected based on 

membership in the UK RFA registry and publication history in the field of BE and BET. In 

addition, geographical variation was considered to ensure expert representation from all 

regions in the UK, which could be representative of the European variation in practice. The 

experts consisted of gastroenterologists and therapeutic endoscopists (n=20), including 2 
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surgeons performing surgery for advanced oesophageal adenocarcinoma (OAC) and 

providing BET and 1 BE expert pathologist. We also had participation from a BE clinical nurse 

specialist, a medical statistician and a patient representative. We developed QIs in 4 

subgroups, as follows: 

- Pre-endoscopy 

- Intra-procedure (resection) 

- Intra-procedure (ablation) 

- Post endoscopy  

 

 

Round Zero: 

 

RAND/UCLA utilises 3 rounds as shown in figure 1. In round zero, experts were introduced 

to the project methodology and objectives (via teleconference on the 18th September 2017 

by RJH, DA and KR) and familiarised with the RAM process. In addition, one expert was 

allocated as lead for each subgroup to facilitate the discussions during the face to face 

meeting (round 2).  After round zero, the core group leading the project (RJH, DA, KR, PS, 

OP) met to collate a list of potential QI’s. These were then reviewed with the project leads 

and the project leads (consisting of national and international experts) then proposed 

potential QIs for each of the 4 subgroups, which were put forward for ranking at round 1 (24 

QIs in total).  
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Round One: 

 

In round 1, 17 experts had the opportunity to rank each of the 24 QIs electronically in an 

independent fashion. This was done without interaction with other colleagues. The 

proposed QIs were sent to all the participating experts via a REDCap database.  

Study data were collected and managed using REDCap electronic data capture tools hosted 

at University College London Hospital (294)(295).  REDCap (Research Electronic Data 

Capture) is a secure, web-based software platform designed to support data capture for 

research studies, providing 1) an intuitive interface for validated data capture; 2) audit trails 

for tracking data manipulation and export procedures; 3) automated export procedures for 

seamless data downloads to common statistical packages; and 4) procedures for data 

integration and interoperability with external sources. 

 

Instructions were also sent to the panel indicating that each QI should be scored by each 

expert based on their current expertise and knowledge on the topic. The experts were 

advised to score each QI as it would be applied to an average patient presenting to an 

average medical facility and to an average physician without the consideration for cost or 

feasibility of applying the QI in clinical practice. Each QI was ranked from 1 to 9 as per RAM 

protocol.  

 

• Score of 1,2,3 = Inappropriate QI 

• Score of 4,5,6 = Uncertain QI 

• Score of 7, 8, 9 = Appropriate QI 
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Following round 1 voting, all the scores were collected and analysed using 4 statistical 

methods by an expert statistician with knowledge of the RAM process.  

In addition, an extensive literature search on PubMed on the topic of BE and BET was 

performed around the proposed QIs. The literature search was limited to publications from 

1st January 1990 to 23rd January 2018.  

 

Prior to the round 2 face to face interaction and voting, the following was sent to all the 

investigators: 

• A summary copy of the literature search for each QI  

• A document showing the distribution of all the responses from round 1, including the 

investigator’s personal response. 

 

 

Round Two: 

 

Only QIs that were deemed appropriate at round 1 (based on round 1 voting and statistical 

analysis), were put forward for discussion at round 2. The round 2 meeting (face to face 

meeting) took place on the 14th of March 2018 in London. At this meeting 20 investigators 

were provided with individual iPads containing all the overall results of the round 1 voting, a 

summary of all the literature searches around the QI’s, and full text copies of all manuscripts 

and references for reference and discussion. The lead for each subgroup led the discussion 

for each QI in that subgroup during this meeting. Each QI was discussed in detail taking into 

account the opinion from all those present and the available scientific literature. QIs were 
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reworded, deleted and new QIs were developed (where necessary) for each of the 4 sub-

groups.  

 

At the end of round 2 meeting, a set of 15 QIs were finalised and scored by each investigator 

[pre-endoscopy 2 QIs; intra-procedure (resection) 5 QIs; intra-procedure (ablation) 6 QIs; 

and post-procedure 2 QIs]. The experts also agreed on setting performance thresholds for 

each QI (if indicated) in order to set aspirational targets for all service providers. The median 

score (and range) of suggested performance thresholds are included with each QI. There 

were no set aspirational targets for QIs with pre-defined performance target in the text [e.g. 

Intra-procedural (ablation) QI number 4].  The expert panel recognised that some 

performance targets had to be set cautiously in order to avoid undermining established 

efficient practices and therefore aspirational targets were set to encourage centres to work 

towards enhancing their practice and performance. 

There were no attempts to force the expert panel to reach a consensus and each expert had 

the opportunity to score the finalised QIs independently.  
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Recruitment of International Experts 

ß 

Round 0 Meeting (Familiarity with RAM) 

ß 

 
Generation of List of Potential Quality Indicators (QI) for 4 groups: pre-endoscopy,  

intra-procedure (resection), intra-procedure (ablation) and post-procedure   
ß 
 

Qls Proposed (n=24)  
ß 

Round 1: Independent electronic voting  

ß 

Analysis of Round 1 Voting and Literature Search 

ß 

Qls Appropriate (n=20), Inappropriate (n=0), Uncertain (n=4) 

ß 

Round 2: Panel Meeting (in-person discussion, re-wording, re-ranking) 

ß 
 

Qls Proposed (n=15)  
ß 

Determine Overall Appropriateness (Based on RAM Scoring Guide) 

ß 

 
Formally Validated Quality Indicators for EET:  

Pre-procedure Qls: 2 
Intra-procedure Qls (Resection): 5 
Intra-procedure Qls (Ablation): 6 

Post-procedure Qls: 2  

 

Figure 1: RAND/UCLA Appropriateness Method (RAM) – Summary 
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4.3.2 Statistical Method 

 

Firstly, summaries of the number of responses in three categories were produced. Each 

response was categorised into one of the following categories: 

• Inappropriate: Score 1-3 

• Uncertain: Score 4-6 

• Appropriate: Score 7-9 

In addition to the categorisation, the median score for each QI was calculated and 

summarised. 

 
 
Group QI Inappropriate 

n (%) 
Uncertain 

n (%) 
Appropriate 

n (%) 
Median Median 

interpretati
on 

       
Pre- 1 0 (0%) 0 (0%) 20 (100%) 9 Appropriate 
Endoscopy 2 0 (0%) 0 (0%) 20 (100%) 9 Appropriate 
       
Intra- 1 0 (0%) 0 (0%) 20 (100%) 9 Appropriate 
Procedure 2 0 (0%) 0 (0%) 20 (100%) 9 Appropriate 
(EMR) 3 0 (0%) 0 (0%) 20 (100%) 9 Appropriate 

 4 0 (0%) 0 (0%) 20 (100%) 8.5 Appropriate 

 5 0 (0%) 0 (0%) 20 (100%) 8.5 Appropriate 
       
Intra- 1 0 (0%) 0 (0%) 20 (100%) 9 Appropriate 
Procedure 2 0 (0%) 0 (0%) 20 (100%) 9 Appropriate 
(RFA) 3 0 (0%) 0 (0%) 20 (100%) 8 Appropriate 

 4 0 (0%) 0 (0%) 20 (100%) 8 Appropriate 

 5 0 (0%) 0 (0%) 20 (100%) 9 Appropriate 

 6 0 (0%) 0 (0%) 20 (100%) 8 Appropriate 
       
Post- 1 0 (0%) 0 (0%) 20 (100%) 9 Appropriate 
Endoscopy 2 0 (0%) 0 (0%) 20 (100%) 8 Appropriate 
       
 

Table 1: Summary of responses from round 2 to individual QI 
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The deviation in the responses between the panel members was assessed using a number of 

different methods. Firstly, deviation was assessed by the MAD-M statistics. This is the mean 

absolute deviation from the median. Higher values of MAD-M indicate more spread in 

responses between the panel. A second measure was based on the BIOMED Concerted 

Action on Appropriateness definition. This method calculates the number of raters outside 

of the response category (i.e. inappropriate uncertain, appropriate) containing the median 

response.  Disagreement was assumed if the number of raters outside this category meets a 

pre-defined threshold. In the RAND/UCLA handbook guidance is given for panel sizes up to 

16 raters, but none is provided for 20 raters, as per this panel. Although there were no set 

guidelines for this number of raters, the decision was based on the same criteria as for a 16 

rater panel (agreement if ≤4 raters outside the category). The third measure used the RAND 

method that tests hypotheses about the distribution of ratings in a hypothetical population 

of repeated ratings. It is hypothesised that 90% of the hypothetical population of repeated 

ratings are within one of two extra wide regions (1-6 or 4-9). The binomial test was used to 

calculate the probability (p-value) that that ‘true’ value is below 90%.  If the calculated 

probability is below the pre-determined level of 0.10, the conclusion will be reached that 

there is disagreement amongst raters. The final measure of deviation uses the IPRAS 

methods. This method is based on the inter-percentile range (IPR) between the 30th to 70th 

percentiles. The IPRAS is a statistic based on the IPR which is adjusted for symmetry. 

Disagreement was assumed if the IRPAS was larger than the IPR. 

 

An additional set of analyses examined the threshold values for questions where these were 

appropriate. Median values and ranges were calculated for the thresholds. 
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The measures of spread included: 

 

• The count of responses in each 3-point region (1,2,3 – 4,5,6 – 7,8,9)  

• The mean absolute deviation from the median (MAD-M)  

 

 

Appropriateness was measured using: 

 

• Median rating 

• BIOMED Concerted Action on Appropriateness definition 

• P-value 

• Interpercentile range adjusted for symmetry (IPRAS) 

 

A QI was deemed appropriate if it met the definition of appropriateness, using ALL defined 

statistical methods. 
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4.4 Results 

 

Summary of responses from round 2 for each individual QI are shown in table 1. At round 2, 

20 investigators ranked 15 QIs that were all deemed appropriate and shown in tables 2 to 5 

with corresponding aspirational performance target (if indicated) and evidence summary. 

During round 1, 17 investigators ranked 24 QIs of which 20 were deemed appropriate and 4 

uncertain (Table 6). 

 

 

4.4.1 Appropriate Pre-Procedure Quality Indicators 

 

1. BET should be performed in high volume centres within a local cancer network to 

meet efficacy and safety standards 

Aspirational performance target: 100% (range: 90-100)    

 

Evidence summary: 

 

Endoscopic training should start with knowledge acquisition, followed by resection and 

ablation in animal models, before training in human subjects. Endoscopist proficiency 

increases with the numbers of treatment sessions performed (296). Adherence to BE 

surveillance biopsy protocol in non-tertiary centres are poor, resulting in reduced dysplasia 

detection rate. Adherence to this protocol is further reduced with an increasing length of BE 
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segment (297)(298). Advanced imaging with HD-WLE and NBI have been shown to improve 

the detection rate of early neoplasia in patients with BE (112)(107)(113). The majority of 

gastroenterologists from academic centres use HD-WLE to classify BE as per guidelines and 

perform significantly more EET procedures per month, in comparison to those in district 

general hospitals. These factors favour the referral of patients with BE neoplasia to 

dedicated high volume centres (299). 

In addition, data from the UK RFA registry has shown that increasing experience in 

performing EET is associated with significantly improved Complete Remission of Dysplasia 

(CR-D) and Complete Remission of Intestinal Metaplasia (CR-IM) rates, less number of 

rescue EMRs and faster protocol completion. At the start of the registry and at a time when 

only less than 20 patients were enrolled, the documented CR-D and CR-IM after completing 

EET were 79.8% and 71.3% respectively; however with increasing experience (i.e. once > 40 

patients enrolled), the study was able to show significantly better CR-D (91%) and CR-IM 

(83.9%) (p<005) (300). This data supports improvement in experience and outcomes with 

increase in the number of procedures performed. The expert panel has therefore suggested 

that endoscopic therapy should be performed in high volume referral centres to optimise 

outcomes. Hospitals performing > 40 EET cases per year, may therefore be suitable centres 

for performing BE endoscopic eradication therapy. 
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2. Patients considered for BET, should be discussed in an Oesophago-Gastric MDT 

Aspirational performance target: 93% (range: 85-100 )    

 

Evidence summary: 

 

The National Institute for Health and Clinical Excellence (NICE) (August 2010) guidelines on 

ablative therapy for the treatment of BE, recommends to discuss the MDT’s views on the 

range of appropriate treatments with the patient. It also recommends giving patients verbal 

and written information about their diagnosis, available treatments, patient support groups, 

and the uncertainty of the long-term outcomes of ablative therapies (301). In addition the 

BSG recommends that the treatment of patients with BE neoplasia should be discussed in a 

dedicated GI specialist MDT taking into account patient comorbidities, nutritional status, 

patient preferences and staging (2). Patients should be provided with information on all 

treatment options and offered verbal and written information on support groups available 

to them (2) including clinical nurse specialists. Despite little evidence, the expert panel 

advocates a MDT approach (including an expert BE pathologist) for these patients in order 

to safeguard against incorrect use of BET in patients with more advanced disease and to 

ensure that the case management provided is directed to best patient interest.   
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Pre-endoscopy QIs Median 
Score 

MAD-
M 

BIOMED 
Analysis 

P-
Value 

IPRAS 
Analysis 

Performance 
Threshold 
Median % 

(Range) 
 
BET should be performed in high volume 
centres within a local cancer network to 
meet efficacy and safety standards 
  

9 0.2 No 
disagreement 1 No 

disagreement 100 (90, 100) 

Patients considered for BET, should be 
discussed in an Oesophago-Gastric MDT 9 0.3 No 

disagreement 1 No 
disagreement 93 (85, 100) 

 
 
Table 2: Appropriate Pre-endoscopy quality indicators after Round 2 voting with the 

median score, MAD-M, BIOMED Analysis, p-value, IPRAS analysis and the performance 

threshold  
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4.4.2 Appropriate Intra-Procedure (Resection) Quality 

Indictors 

 

1. Adherence to the Prague and Paris classification is mandatory 

Aspirational performance target: 95% (range: 80-100)    

 

Evidence summary: 

 

Several studies have investigated the validity of the Prague circumferential and maximum 

length (C & M) classification showing high overall validity for the endoscopic assessment of 

visualised BE lengths amongst expert endoscopists (302)(303), community hospital 

endoscopists (303) and trainees (249). The BSG guidelines recommend endoscopic reporting 

be performed using the Prague criteria (2)(290)(304). 

Description of lesion morphology using the Paris classification is based on the Japanese 

system used to classify early gastric cancer. This provides information on the likelihood of 

invasion of cancer and helps communication between endoscopists  (305)(248). Description 

of lesion morphology using the Paris classification improves lesion recognition at the time of 

endoscopic therapy. It gives an indication of the likelihood of invasive cancer and aids 

communication between clinicians. The BSG recommends the use of Paris classification for 

all visible lesions (2)(306); therefore adherence to the Prague and Paris classification is 

recommended.  
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2. All patients undergoing BET and follow up, should have assessment with High-

definition white light (WL) endoscopy with (virtual) chromoendoscopy 

Aspirational performance target: 93% (range: 80-100)    

 

Evidence summary: 

 

Endoscopy in BE patients should be performed with careful inspection of the columnar-lined 

oesophagus using HD-WLE, with biopsy of any suspicious areas followed by 4-quadrant 

biopsies of the BE metaplasia. The use of the HD-WLE is associated with improved detection 

of dysplasia during routine BE surveillance (307). In addition, chromoendoscopy allows for 

detailed imaging of the mucosal and vascular surface patterns in BE. Recent studies have 

shown that imaging techniques such as chromoendoscopy or virtual chromoendoscopy 

increase the diagnostic yield for identification of dysplasia or cancer in patients with BE; 

however the evidence for advanced endoscopy boosting dysplasia detection rate on a per-

patient basis is slim (308).  

 

The application of a dilute acetic acid (AA) solution to the BE mucosa results in mucosal 

colour change and highlights mucosal patterns more clearly, facilitating sensitive and 

specific identification of potentially neoplastic areas. Furthermore, the premature loss of 

aceto-whitening in areas of the mucosa and the speed at which it disappears is also 

associated with the presence of early neoplasia. The efficacy of AA chromoendoscopy has 

been demonstrated in few studies showing a sensitivity and specificity of up to 98% and 

96%, respectively (309)(310).  
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Three main virtual chromoendoscopy modalities are currently available: narrow band 

imaging (NBI - Olympus), the i-Scan imaging system (Pentax), and blue laser imaging (BLI – 

Fujifilm). Recent studies have indicated the potential of NBI as a replacement for AA 

chromoendoscopy with an accuracy of 92%, and sensitivity and specificity of 91% and 93%, 

respectively, in the identification of early dysplastic lesions on still images (311). Other 

studies have also shown that i-Scan can improve neoplasia detection in patients with BE 

with an impressive accuracy and sensitivity, of up to 94% and 83%, respectively. The use of i-

Scan in combination with zoom magnified endoscopy and the addition of AA can also 

provide further improvement in dysplasia detection rate (312). A recent study by 

Subramaniam et al validated a classification system for Blue laser imaging (BLI) which 

identifies dysplastic BE tissue with sensitivity and specificity of 96%, based on both 

increased pit pattern irregularity and the presence of disordered and dilated micro-vessels 

(313). Currently, only AA and NBI have reached the ASGE PIVI requirement.  

The current data on advanced imaging modalities in improving dysplasia yield is 

encouraging, but the data does not provide evidence on how these modalities can impact 

EET. Most studies to date have either been performed using still images or have been 

limited to high volume BE referral centres. The expert panel has therefore suggested that all 

patients undergoing BET and follow up should have assessment with HD WLE with 

chromoendoscopy or virtual chromoendoscopy.  
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3. All visible lesions should be entirely resected with EMR or ESD 

Aspirational performance target: 93% (range: 80-100)    

 

Evidence summary: 

 

ER is the cornerstone of endoscopic therapy of early oesophageal neoplasia, which aims to 

provide accurate histological staging with therapeutic intent. ER of early BE neoplasia with 

Multiband Mucosectomy (MBM) is effective and safe. Large number of studies have shown 

long-term complete remission rate of 85 to 96% with bleeding rates ranging from 0.7-7.9% 

and perforation rates ranging from 0.2-2.3% (136)(133)(132)(134)(135). EMR of all visible 

lesions has been shown to upgrade the pathological diagnosis in 39% of all patients. Most of 

the change was associated with upgrading of grade of dysplasia and neoplasia. EMR for all 

visible lesions have been recommended by the ASGE (126). In addition the provision of EMR 

specimens to the pathology department results in an improvement in interobserver 

agreement among pathologists compared with biopsy specimens only (137)(138).   

 

ESD for early stage BE neoplasia is also a feasible treatment option as it allows en-bloc 

resection and accurate histopathologic analysis of lateral resection margins in BE neoplasia.  

Multiple studies have shown high en bloc resection rates ranging from 89-98.6% and R0 

resection rates ranging from 72.4-87% with acceptable perforation (0-8.3%), bleeding (1.4-

1.7%) and stricture rates (2.1-11.6%). When curative resections are achieved, good 

oncologic outcomes are likely in the management of early stage BE neoplasia by ESD 

(139)(140)(141)(142)(143). 
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The ESGE recommendations (2015) state that EMR is acceptable for resecting lesions 

confined to the mucosa, regardless of the size, but ESD may be considered for lesions larger 

than 15 mm, poorly lifting tumours, and lesions at risk for SM invasion (144). 

These data show that EMR and ESD are effective treatment modalities in the staging and 

treatment of early BE neoplasia with acceptable side effect profiles. It is however important 

to mention that operator skill and experience will have significant effect on patient outcome 

and therefore good training is paramount.  
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4. The use of EUS is not routinely recommended for patients undergoing BET 

Aspirational performance target: 90% (range: 70-100) 

 

Evidence summary: 

 

A systematic review and meta-analysis by Qumseya et al showed that EUS was able to 

detect only 14% of patients presenting with advanced disease and 4% in patients with 

advanced disease in the absence of nodules (314). A prospective study by May et al 

compared staging of early oesophageal neoplasia using HR endoscopy with staging using HR 

endosonography. The accuracy of the endoscopic and endosonographic staging were 83.4% 

and 79.6%, respectively. Sensitivity for mucosal tumours was more than 90% (EUS 91.2%, 

endoscopy 94.1%) while sensitivity for submucosal tumours was 48% for EUS and 56% for 

endoscopic staging. A combination of the two techniques increased the sensitivity for 

submucosal tumours to 60%. The overall diagnostic accuracy of both HR endoscopy and HR 

endosonography in early oesophageal cancer is approximately 80% with no significant 

differences between the two techniques (315). EUS can provide staging in patients with BE 

neoplasia, however there is a significant degree of over-staging and under-staging when 

compared with endoscopic resection (316)(317). The expert panel agreed that EUS is not 

recommended for the workup of patients with early oesophageal neoplasia, but only to 

exclude T2 disease or nodal involvement.  
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5. Lesions with SM invasion are only to be considered for curative BET if deemed to 

present a low risk of metastasis  

Aspirational performance target: 90% (range: 80-100) 

 

Evidence summary: 

 

Neoplastic lesions confined to the mucosa have a better prognosis when compared to those 

invading the submucosa. Lymph node metastasis and recurrence of the tumour correlates 

with the depth of invasion of the lesion into deeper tissue layers. Depth of tumour invasion, 

the grade of differentiation and lymphatic involvement are important decision making 

factors (318). Lesions confined to the mucosa and SM1 have a very low risk of 

lymphovascular invasion, however invasion beyond SM1 (>500µm measured from the 

deepest fibre of the muscularis mucosae) are at increased risk of developing recurrent 

disease within 5 years (319). 

EET is used to treat superficial neoplasms in BE, but cannot cure cancers that have 

metastasized to lymph nodes (LN). The risk of occult LN metastases for patients with 

mucosal neoplasms in BE is in the range of 1% to 2% (276) . Oesophagectomy has a 

mortality rate that often exceeds 2% with substantial morbidity. Therefore, the risk of LN 

metastases alone does not warrant the choice of oesophagectomy over ET for HGD and IMC 

in BE (276).  A study by Manner et al concluded that the rate of LN metastasis in pT1b SM1 

early adenocarcinoma with histological low risk pattern was 2%, which was lower than the 

mortality rate of oesophagectomy (3%); high risk lesions, however, had a LN metastasis risk 

of 9%, suggesting that ET may be used as an alternative to surgery in low risk lesions only 
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(320)(321)(322). The expert panel has therefore recommended that only low risk lesions 

with SM invasion should be considered for curative BET and ALL patients with high risk SM 

lesions should be considered for surgery (unless not suitable due to comorbidities) following 

discussion at MDT and with the patient.  

 

 

Intra-Procedure QIs 
(Resection) 

Median 
Score 

MAD-
M 

BIOMED 
Analysis 

P-
Value 

IPRAS Analysis 

Performance 
Threshold 
Median % 

(Range) 

Adherence to the Prague and Paris 
classification is mandatory 

9 0.1 No 
disagreement 

1 No 
disagreement 

95 (80, 100) 

 
All patients undergoing BET and follow up, 
should have assessment with High-definition 
white light (WL) endoscopy with (virtual) 
chromoendoscopy 
  

9 0.4 No 
disagreement 

1 No 
disagreement 

93 (80, 100) 

 
All visible lesions should be entirely resected 
with EMR or ESD 
  

9 0.3 No 
disagreement 1 No 

disagreement 93 (80, 100) 

1.  
2. The use of EUS is not routinely recommended 

for patients undergoing BET 
3.   

8.5 0.6 
No 

disagreement 1 
No 

disagreement 90 (70, 100) 

 
Lesions with SM invasion are only to be 
considered for curative BET if deemed to 
present a low risk of metastasis  
  

8.5 0.6 No 
disagreement 1 No 

disagreement 90 (80, 100) 

 

Table 3: Appropriate Intra-procedure (Resection) quality indicators after Round 2 voting 

with the median score, MAD-M, BIOMED Analysis, p-value, IPRAS analysis and the 

performance threshold  
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4.4.3 Appropriate Intra-Procedure (Ablation) Quality 

Indictors 

 

1. Low and High grade dysplasia without visible lesions should undergo endoscopic 

ablation 

Aspirational performance target: 95% (range: 80-100) 

 

Evidence summary: 

 

The multicentre EURO II study showed that RFA can achieve a CR-D and CR-IM rates of 92% 

and 87%, respectively (146), in patients with early BE neoplasia. A systematic review by 

Desai et al also showed that ET of BE neoplasia with resection of visible lesions followed by 

ablation of the remaining segment of BE can achieve a CR-D rate of 93.4% and CR-IM of 

73.1% (134). ET for early BE neoplasia should therefore be offered after appropriate 

discussion with the patient as ET is associated with high rate of CR-D and CR-IM and 

reduction in disease progression and development of cancer (323). The efficacy and safety 

profile of RFA suggests that it is the best ablative modality currently available (147) for 

patients with LGD and HGD without visible lesions. The diagnosis of dysplasia should be 

reproduced and confirmed by expert BE pathologists prior to consideration for EET. Recent 

meta-analysis by Qumseya et al, studied the progression rates in LGD patients based on 

review by an expert GI pathologist. The group was able to show that the rate of progression 

from LGD to HGD/OAC was significantly higher among studies where expert GI pathologist 
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confirmed the diagnosis of LGD compared with studies that did not use a GI pathologist 

(126).  

2. Following endoscopic resection, patients undergo ablative therapy, every 2-4 

months in order to achieve CR-IM 

Aspirational performance target: 90% (range: 80-100) 

 

Evidence summary: 

 

The initial UK RFA registry of 335 patients with BE and neoplasia that received ER for visible 

lesion followed by RFA every 3 months until all areas of BE were ablated or cancer 

developed showed that by 12 months after initial RFA treatment CR-D was achieved in 81% 

and CR-IM in 62% of patients (324). The registry’s later report in 2015 (consisting of 508 

patients) showed a CR-D and CR-IM rates of 92% and 83%, respectively (253). There is 

increasing evidence to support the use of RFA (325) post-ER of any visible lesion in order to 

achieve CR-IM in the first 12-18 months post initial endoscopic ablation. Data is lacking on 

how often and at which interval RFA should be provided to these patients; however, our 

panel of experts suggest that an interval of 2-4 months would be acceptable practice.  

 

 

 

 

 

 



 173 

3. For patients undergoing RFA with a focal device, the dosimetry and treatment 

regimen is 12 J / cm2 ☓ 3, without interval cleaning and for patients undergoing 

RFA with a circumferential device the dosimetry and treatment regimen  is 

10J/cm2, clean, 10J/cm2 

Aspirational performance target: N/A 

 

Evidence summary: 

 

Focal application of RFA without cleaning in between each ablation has been shown to be 

effective with 94% CR-D and 87% CR-IM with a stenosis rate of 11% (152). A multicentre 

randomised trial by Vilsteren et al showed that a simplified  ablative regimen (3 X 15 J/cm2–

no clean) is highly effective and can achieve higher complete remission of residual BE islands 

(73% vs 67%) than the standard method (2 X 15 J/cm2–clean–2 X 15 J/cm2) at 2 months 

(326). The same group was also able to show that the simplified regimen without cleaning 

was able to achieve higher BE surface regression (88% vs 83%) in comparison to the 

standard regimen in circumferential balloon based RFA with significantly shorter ablation 

time with the simplified technique (P < 0.01) (327). Furthermore, a multicentre RCT on focal 

RFA for dysplastic BE showed that the simplified RFA regimen (3 × 12 J/cm2, without 

cleaning) is non-inferior to the standard regimen (2 × 15 J/cm2, followed by cleaning, 

followed by 2 × 15 J/cm2) and therefore is the preferred RFA regimen for the management 

of patients with BE dysplasia (328). 
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The volume of evidence supporting the use of the circumferential RFA device in published 

literature is increasing. Recent data have shown a regression of 78% of BE segment at 3 

months post ablation with the circumferential device using a dose of 12J and 85% regression 

with 10J (329). Furthermore a randomised trial in the Netherlands assessed treatment 

regimens for the 360 Express RFA balloon catheter (360 Express) using standard (1x10J/cm2-

clean- 1x10J/cm2), simple-double (2x10J/cm2-no clean) and simple-single ablation regimen 

(1x10J/cm2-no clean). The simple-double arm of the study was terminated early as the 

result of significant severe stenosis; however, the study was able to show higher median BE 

regression in the standard arm compared to the simple-single group: 85% (IQR 75-94), 95% 

CI:78-92% versus 73% (IQR 48-90), 95% CI:59-85%( p0.009) (329). It would therefore be 

appropriate to consider standard regimen (1x10J/cm2-clean- 1x10J/cm2) for the use of the 

circumferential RFA device.  
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4. Centres undertaking BET should achieve CR-D ≥ 90 % and CR-IM ≥ 80 % within 18 

months after the first treatment 

Aspirational performance target: N/A 

 

Evidence summary: 

 

The Ablation of Intestinal Metaplasia Containing Dysplasia (AIM) trial included a 5-year 

follow up analysis of patients with BE and dysplasia managed by RFA in a randomized 

controlled trial. Data showed BE recurrence after CR-IM by RFA in almost one-third of 

patients with baseline dysplastic BE. Most recurrences occurred during the first year after 

CR-IM. However, patients that achieved CR-IM and remained BE free at 1 year after RFA had 

a low risk of BE recurrence (330). In addition, data from the UK RFA registry, the multicentre 

community practice registry, and the multicentre interventional EURO II study have all 

shown that ET is capable of achieving CR-D in 81-92% and CR-IM of 72-87% in patients with 

BE neoplasia at 12 months (253)(146)(324)(331). Recent systematic reviews and a meta-

analysis have also shown that EMR followed by RFA in patients with early BE neoplasia can 

achieve CR-D of 91-93% and CR-IM of 73-78% with 5-10% stricture rate, 1% bleeding rate 

and 0.2% perforation rate (134)(271). Based on recent studies the expert panel suggests 

that centres undertaking BET should aim for CR-D > 90 % and CR-IM > 80 % at 18 months 

after the first treatment and end of treatment should be confirmed by 2 successive negative 

endoscopies after which patients should receive follow up endoscopies at appropriate 

intervals stratified according to risk of recurrence. The expert panel agreed that 18 months-
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time point is appropriate as standard clinical practice cannot always ensure timely visits and 

a 12month time point would be too restrictive. 

 

 

5. Patients with residual dysplasia after 18 months, are to be re-discussed at a 

Oesophago-Gastric MDT 

Aspirational performance target: 90% (range: 80-100) 

 

Evidence summary: 

 

The recurrence of neoplasia after ER can be significantly reduced if the residual BE is 

completely ablated (332). A prospective study by Pech et al showed a significant (96.6%) 

response to ET in patients with BE neoplasia. However, metachronous lesions in the BE 

segment developed in 21.5% of patients within 2 years.  The risk factors most frequently 

associated with recurrence were piecemeal resection, long-segment BE, no ablative therapy 

of BE after complete response, time until complete response achieved >10 months, and 

multifocal neoplasia (273). It is therefore recommended that all patients with residual BE 

neoplasia after 18 months of endotherapy to be discussed in a dedicated OG neoplasia MDT 

and considered for further investigation and treatment.  
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6. Post BET symptomatic stricture rate should not exceed 10-15 % 

Aspirational performance target: N/A 

 

Evidence summary: 

 

The documented symptomatic stricture rate (SSR) from several major studies range from 

2.1-14%  (133)(134)(141)[90](270) requiring a median of 2-4 dilatations post therapy. These 

also include data from EURO II study (SSR=6%) (146), UK RFA Registry (SSR=6.2%) (253) and 

the meta-analysis by Yang et al (SSR=11.6%) (141) and Qumseya et al (SSR=5.6%) (333). EMR 

and ESD are increasingly used in the management of BE neoplasia and stricture rates are 

expected to rise accordingly. It is therefore reasonable to suggest that all centres 

undertaking BET should not have symptomatic stricture rate exceeding 10-15% post BET. 
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Intra-Procedure QIs 
(Ablation) 

Median 
Score 

MAD-
M 

BIOMED 
Analysis 

P-
Value IPRAS Analysis 

Performance 
Threshold 
Median % 

(Range) 

Low and High grade dysplasia without visible 
lesions should undergo endoscopic ablation  

9 0.4 No 
disagreement 

1 No 
disagreement 

95 (80, 100) 

 
Following endoscopic resection, patients 
undergo ablative therapy, every 2-4 months in 
order to achieve CR-IM 
  

9 0.3 
No 

disagreement 1 
No 

disagreement 90 (80, 100) 

 
For patients undergoing RFA with a focal 
device, the dosimetry and treatment regimen is 
12 J / cm2 ☓ 3, without interval cleaning and for 
patients undergoing RFA with a circumferential 
device the dosimetry and treatment regimen  is 
10J/cm2, clean, 10J/cm2 

  

8 0.4 No 
disagreement 

1 No 
disagreement 

N/A 

 
Centres undertaking BET should achieve CR-D ≥ 
90 % and CR-IM ≥ 80 % within 18 months after 
the first treatment 
  

8 0.4 No 
disagreement 1 No 

disagreement N/A 

 
Patients with residual dysplasia after 18 
months, are to be re-discussed at a Oesophago-
Gastric MDT 
  

9 0.7 
No 

disagreement 1 
No 

disagreement 90 (80, 100) 

Post BET symptomatic stricture rate should not 
exceed 10-15 %  8 0.5 No 

disagreement 1 No 
disagreement N/A 

 
Table 4: Appropriate Intra-procedure (Ablation) quality indicators after Round 2 voting 

with the median score, MAD-M, BIOMED Analysis, p-value, IPRAS analysis and the 

performance threshold  
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4.4.4 Appropriate Post-Procedure Quality Indictors 

 

1. Following successful BET, patients undergo follow up endoscopies at appropriate 

intervals stratified according to risk of recurrence  

Aspirational performance target: 90% (range: 80-100) 

 

Evidence summary: 

 

ET does not eliminate the need for continued endoscopic surveillance or completely 

eliminate the risk of synchronous or metachronous disease. Particular concern remains over 

IM, which is buried under neo-squamous epithelium after ET (334)(335). This is a rare but 

recognized finding (336). The identification of these cases indicates the need for continued 

surveillance following RFA therapy, even after CR-IM (337). Increasing age and length of BE 

segment are associated with a longer time to achieve CR-IM. It is therefore essential to 

continue surveillance after RFA (272). By dividing patients into simple categories, clinicians 

may stratify risk to choose the appropriate surveillance regimen (338). A large prospective 

study by Shaheen et al has shown impressive CR-D and CR-IM rates at 2 years (CR-D 95% 

and CR-IM 93%) and 3 years (CR-D 98% and CR-IM 91%) post initial BET with an annual rate 

of neoplastic progression of 1.37% per patient-years (325). Phoa et al also showed a 90% 

remission at 5 years post BET (339). The UK RFA registry has demonstrated a risk of 

neoplasia recurrence of 19% at 5 years with the predicted risk of IM recurrence of 13% at 26 

months with a 32% risk of IM recurrence at 5 years (253). 
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The literature supports an IM/neoplasia recurrence rate between 10-32% at 5 years. 

Therefore, follow up post endoscopic therapy of BE neoplasia is needed to exclude 

recurrence and to deliver further therapy as needed (2). A recent study by Cotton et al 

provided evidence-based surveillance intervals after completion of ET in patients with BE 

neoplasia. For patients with LGD the group proposed surveillance endoscopy at 1 and 3 

years after achieving CR-IM with ET (340). For patients with HGD or IMC, the proposed 

surveillance endoscopy was at 3 months, 6 months and 1 year and then annually (for 5 

years) after achieving CR-IM with ET (340). Based on recent evidence, our expert panel felt 

that it would be reasonable to consider  endoscopic follow-up proposed by Cotton et al 

(340). 
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2. At follow up endoscopy, biopsies should be taken from the Squamo-columnar 

junction and within the extent of the original BE length, for the first 2 years; 

thereafter biopsies should be taken from the Squamo-columnar junction and any 

visible lesion 

Aspirational performance target: 90% (range: 80-100) 

 

Evidence summary: 

 

Adherence to biopsy protocol will significantly increase the detection rate of dysplasia in 

patients with BE (304). IM can reoccur at the gastro-oesophageal junction in the absence of 

visible BE following the successful eradication of BE neoplasia. Recent studies have 

suggested evidence of buried glands post BET in 5.5-7% of patients, but the majority of 

these were not detectable at subsequent endoscopies (339)(341)(342). Our expert panel 

suggests that endoscopic follow-up should include biopsies at the GOJ and within the 

previous extent of the BE epithelium (2). This should include a high resolution gastroscope 

to assess the treated and remaining area of BE (292). In order to exclude synchronous 

neoplastic lesions, 4 quadrant biopsies should be performed at 1–2-cm intervals throughout 

the entire BE segment (292).  
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Post-Procedure QIs 
Median 

Score 
MAD-

M 
BIOMED 
Analysis 

P-
Value IPRAS Analysis 

Performance 
Threshold 
Median % 

(Range) 

 
Following successful BET, patients undergo 
follow up endoscopies at appropriate intervals 
stratified according to risk of recurrence   

9 0.6 No 
disagreement 1 No 

disagreement 90 (80, 100) 

 
At follow up endoscopy, biopsies should be 
taken from the Squamo-columnar junction 
and within the extent of the original BE 
length, for the first 2 years; thereafter 
biopsies should be taken from the Squamo-
columnar junction and any visible lesion 
  

8 0.6 No 
disagreement 1 No 

disagreement 90 (80, 100) 

 
 

Table 5: Appropriate Post-Procedure quality indicators after Round 2 voting with the 

median score, MAD-M, BIOMED Analysis, p-value, IPRAS analysis and the performance 

threshold  
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Median 

Score 
MAD-

M 
BIOMED 
Analysis 

P-
Value 

IPRAS 
Analysis 

Pre-
Endoscopy 

Before undertaking EET, endoscopists need to have 
attended BET academia platforms.    7 1.2 Disagreement 0.83 

No 
disagreement 

It is recommended that prior to starting BET, a 
minimum of 30 supervised cases of endoscopic 
resection and 30 cases of endoscopic ablation should 
be performed to acquire competence in technical 
skills, management pathways and complications. 

7 1.2 Disagreement 0.83 
No 

disagreement 

Intra-
procedure 
(Ablation)  

For patients undergoing RFA with a circumferential 
device, the recommended dose is 10 J / cm2 CLEAN 
10J/cm2 (EXPRESS) 

7 1.5 Disagreement 0.83 
No 

disagreement 

Post 
Procedure 

Following successful eradication after BET, patients 
should undergo follow up surveillance endoscopies 
at 3, 6, 9, 21 months and then annually (if fit for 
endoscopy)  

8 1.7 Disagreement 0.51 
No 

disagreement 

 

Table 6: Quality indicators ranked as uncertain after Round 1 voting with the median 

score, MAD-M, BIOMED Analysis, p-value, IPRAS analysis 
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4.5 Discussion 

 

Endoscopic treatment for dysplastic BE and early OAC has been recommended by various 

major societal guidelines (2)(96); however QIs for the management of patients with BE 

neoplasia have been lacking. This piece of work delivers a UK-based collection of QIs that 

will allow streamlined and accountable delivery of best clinical practice to patients 

undergoing BET. 

 

This nationwide project combined the best available evidence with the collective judgment 

of national and international experts in order to develop a set of formally validated QIs for 

the management of patient with BE neoplasia using a rigorous and validated methodology 

(RAM). The RAM, unlike the original Delphi, provides the expert panel with the opportunity 

to have a face-face discussion in round 2. Unlike guidelines which use a consensus 

methodology, the RAM reduces the possibility of results being influenced by the opinion of 

the most senior or most vocal member of the panel (343). 

 

These UK-based QIs reflect those recently published QIs in BET in the United States (292); 

We were able to develop QIs for the intra-procedure component of patient care and for the 

management of patients at the pre-endoscopy and post endoscopy stage.  In addition this 

UK-based project covered various aspects of patient care including the importance of formal 

training of endoscopists prior to service provision, the use of high quality endoscopic 

imaging modalities for lesion recognition in BE surveillance (112)(107)(344) and the need for 

individual patient discussion at dedicated MDTs.  
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Adherence to Prague classification is known to result in improved dysplasia detection in 

patient with BE. This may be influenced by data from tertiary centres where diagnosis was 

obtained by expert BE endoscopist that are more likely to adhere to Prague classification 

with access to better endoscopic equipment including high definition endoscopy and virtual 

chromoendoscopy. 

 

Our expert panel acknowledged the importance of endoscopic resection modalities (EMR 

and ESD) for the management of visible lesions in BE neoplasia. ESD is a feasible treatment 

option that allows en-bloc resection for histological staging and treatment of patients with 

early BE neoplasia. ESD is likely to expand in the near future and these QIs may need to 

evolve in order to cater for that in due course (139)(140)(141)(142)(143). 

 

It is important that the clinical community recognises the balance between performing BET 

and the rate of success and stenosis. Therefore the expert group emphasized the 

importance of minimising stricture rates (not exceeding 10-15%) post BET and the need for 

discussion of patients’ care in MDTs prior to BET and when BET fails to achieve successful 

outcomes.  

 

The current published evidence in BET (253)(267)(340) provides data that is confined to a 

limited time period (less than 10 years); however BET is expanding rapidly and therefore we 

need to continue long-term follow up in these patients and monitor outcomes, which will 

provide us with essential information that will shape our future practice.  
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In this project we were also able to set aspirational performance thresholds to ensure that 

patient care is of highest standard. Regulatory and accrediting agencies as well as hospitals 

and clinicians may use these QIs to measure performance and highlight areas for 

improvement. The regular audit of outcomes and adverse events will ensure the efficacy 

and safety of endoscopic therapy for patients with early BE neoplasia (345). Auditing results 

may be used to implement changes in routine practice nationally, allowing comparison of 

local practices to national standards. These QIs may also be used for teaching, service 

development and standardisation of care at all hospitals preforming BET. Future studies will 

need to investigate the positive and the negative impact of these QI on patient outcomes.  

 

There were some limitations to this study. First, high-quality evidence such as randomised 

controlled trials (RCTs) in the literature was not available for some QIs; however, this 

situation is common in many aspects of health care, and it was the very reason that the 

expert panel methodology such as RAM was developed (293). Second, some health care 

centres in the country may not be equipped with high quality endoscopic modalities and 

therefore these QIs may have a negative impact on their practice. Third, there was lack of 

validation of these QIs by an external committee and our expert panel voted on QIs that 

they developed themselves hence all the QIs in round 2 voting performed very well. Finally, 

the expert panel failed to determine the number of procedure needed to be performed by a 

centre to qualify as high volume centre and also failed to determine the adequate number 

of procedures needed by an endoscopist prior to performing independent BET. 

 

In conclusion, this is the first UK national consensus project that has utilised a validated 

methodology to successfully develop process-based QIs for patients undergoing endoscopic 
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treatment for early BE neoplasia. These indicators identify meaningful and important steps 

for providing a unified high quality care based on the best available evidence and expert 

opinion. These QIs may also be used for the training of the new generation of advanced 

endoscopists and adherence to these measures would ultimately result in improving patient 

outcomes.   
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CHAPTER 5 

 

Outcomes from an International Multicentre 

Registry of patients with acute gastrointestinal 

bleeding undergoing endoscopic treatment with 

Hemospray 
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5.1 Overview of Chapter 5 

 

Background and study aim: Acute Gastrointestinal bleeding carries poor outcomes unless 

prompt endoscopic haemostasis is achieved. Mortality in these patients remains significant. 

The rapid development of endoscopic therapy (including resection and ablation technology) 

in recent decade has provided new challenges to the clinical community that is battling 

gastrointestinal bleeding secondary to endoscopic therapy. Conventional haemostatic 

modalities (adrenaline injection, heat coagulation and mechanical clips) may not be 

adequate in challenging cases either due to the nature and site of bleeding or the limited 

skills of the endoscopist. Hemospray is a novel intervention that creates a mechanical 

barrier over bleeding sites. It can be used at sites that may not be directly accessible by 

conventional modalities and requires little expertise for its usage in the GI tract. This 

chapter of the thesis reports the largest dataset of patient outcomes after treatment with 

Hemospray from an international multicentre registry in a heterogenous population with 

various pathologies. 

 

Patients and Methods: Prospective data (Jan 2016 – May 2018) from 12 centres across 

Europe were collected. Immediate haemostasis was defined as endoscopic cessation of 

bleeding within 5 minutes after application of Hemospray. Re-bleeding was defined as 

subsequent drop in haemoglobin, haematemesis, persistent melaena with haemodynamic 

compromise post therapy.  
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Results: 314 cases have been recruited worldwide (231M & 83F). Median pre-treatment 

Blatchford score was 11 (IQR: 8-14) and median Complete Rockall score was 7 (IQR: 6-8) for 

all patients. Peptic ulcer disease was the most common pathology (167/314 = 53%) and 

Forrest Ib the most common bleed type in PUD (100/167 = 60%). 281 patients (89.5%) 

achieved immediate haemostasis after successful endoscopic therapy with Hemospray. Re-

bleeding occurred in 29 (10.3%) of the 281 patients who achieved immediate haemostasis. 

7-day and 30-day all-cause mortality were 11.5% (36/314) and 20% (63/314) respectively 

(lower than the predicted rates as per the RS). Similar haemostasis rates were noted in the 

Hemospray monotherapy (92.4%), combination therapy (88.7%) and rescue therapy (85.5%) 

group.  

Conclusions: This data shows high rates of immediate haemostasis overall and in all 

subgroups. Re-bleeding and mortality rates were in keeping/lower than the predicted rates.  
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5.2 Introduction 

Upper gastrointestinal bleeding (UGIB) is one of the most common acute gastrointestinal 

(GI) emergencies. Worldwide annual incidence of about 37 to 172 per 100000 (166) with 

significant mortality rate (3-14%) (166)(346)(172). Endoscopic therapy remains the gold 

standard treatment. Several endoscopic hemostatic techniques have been developed (160). 

Various guidelines recommend the use of at least dual therapy in the management of 

NVUGIB (181) (175) and there remains variation in their application in routine clinical use 

(159). A UK audit has shown that 22% of endoscopists still use monotherapy for the 

management of NVUGIB (159).  Limited operator skill and higher cost of other modalities 

are contributing factors (347). 

 

Despite the current haemostatic modalities, the endoscopic management of NVUGIB carries  

failure rate of 8-15% and re-bleeding rate of 10-25% in some series with subsequent effects 

on mortality and morbidity (348).  

 

We have seen the emergence of topically applied powders in the endoscopic management 

of acute UGIB. Hemospray (TC-325; Cook Medical, Winston Salem, North Carolina, USA) is a 

novel agent. A proprietary mineral powder that is CE-marked and FDA approved for use in 

the endoscopic treatment of NVUGIB. 

 

Data on Hemospray has been shown to achieve good haemostasis rates with NVUGIB 

(228)(229)(230). The highly absorptive powder functions as a cohesive and an adhesive. 

Once in contact with blood in the GI tract, the powder absorbs water and forms a stable 
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mechanical barrier which adheres to and covers the bleeding site. It promotes platelet 

aggregation and increases the concentration of clotting factors beneath it (231) (Figure 1). 

There is no expected risk of toxicity as the powder is not absorbed by the GI mucosa and the 

adherent layer is naturally eliminated from the GI tract within 24-72 hours (232)(233). 

 

 

  A    B    C 

 

 

Figure 1: A) oozing duodenal ulcer (Forrest Ib), B) application of Hemospray on the 

bleeding lesion, C) haemostasis achieved after application of Hemospray 
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5.3 Patient/Material and Methods 

 

5.3.1 Patient Recruitment 

 

Patients (over 18 years of age) presenting with signs of acute UGIB (hematemesis, melaena, 

acute drop in haemoglobin and hemodynamic instability) and with post endotherapy 

bleeding (post EMR, ESD and Ablation) were recruited prospectively from January 2016 to 

May 2018. 12 centres participated (8 centres in England, 1 in Northern Ireland, 2 in 

Germany and 1 in France). The decision to use Hemospray was at the endoscopist’s 

discretion at the time of endoscopy. All participating clinicians had training in Hemospray 

use. Patients were consented using the endoscopy consent forms as hemospray was 

performed as part of routine clinical practice.  

 

 

5.3.2 Data Collection 

 

A custom made on line electronic database (https://secure.amplitude-registry.com) was 

created for prospective collection of patient’s data that was maintained anonymized.  Data 

was collected on: 

 

• Baseline patient characteristics 

• Initial clinical assessment 
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• Endoscopic findings 

• Biochemical parameters 

• Comorbidities 

• Mode of Hemospray use (monotherapy, combination therapy or rescue therapy) 

• Device performance 

• Site of bleeding lesion 

• Blatchford (BS) and full Rockall scores (RS) 

• Forrest classification (in peptic ulcer bleed) 

• Use of anticoagulants 

• Success of primary haemostasis  

• Re-bleed 

• All-cause mortality 

• Complications  

 

 

5.3.3 Device, Procedure and Follow up 

 

Hemospray device consists of a syringe containing hemostatic powder that is propelled 

through a 7 or 10 Fr catheter using a built-in pressurized CO2 canister. Hemospray is sprayed 

under direct vision until complete coating of the lesion with the hemostatic material is 

achieved (349). The site was then observed for 5 minutes to ensure complete haemostasis 

was achieved.  

Patients that failed to achieve immediate haemostasis (treatment failure) were 

subsequently managed with either surgery, radiological embolization or conservative. 
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Patients were followed up for 30 days from the initial date of endotherapy with Hemospray. 

Data was collected at day 0, 1, 3, 7, 14 and 30 days post endotherapy with Hemospray. 

Patient follow up was achieved by direct patient review on the ward, in clinics and by 

telephone interviews and included review of all patient paper and electronic records.   

 

 

5.3.4 Risk Stratification 

 

The risk stratification of patients at initial clinical assessment allows the planning of 

endoscopic therapy and can predict re-bleeding and mortality rates. It  can also determine 

whether endoscopy is required urgently (160). Our study looked at the Blatchford score and 

the complete Rockall score (172)(164)(182). 

 

 

5.3.5 Outcomes 

 

The primary outcome of our study was: 

• The immediate endoscopic haemostasis (observed cessation of bleeding within 5 minutes 

after endoscopic application of hemospray) of GIB when Hemospray is used on its own as 

Monotherapy, as Dual therapy and as Rescue therapy in UGIB, irrespective of the severity of 

bleed.  

[Monotherapy is defined as the use of Hemospray on its own. Combination therapy 

referred to the use of Hemospray with conventional modalities (adrenaline injection, 
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thermocoagulation and mechanical clips) as an adjunct therapy to a single modality 

to help achieve haemostasis or as an adjunct with two other modalities after 

successful haemostasis. Rescue therapy is the use of Hemospray when all other 

conventional modalities failed to achieve haemostasis on the same endoscopic 

session]. 

 

 Secondary outcomes were:  

• Re-bleeding less than 24 hours post initial endoscopy, at 24-72 hours, 4-7 days,  

7-14 days and more than 14 days after initial endoscopic therapy with Hemospray. 

(Re-bleeding was defined as a subsequent and sustained drop in Hb (>2g/l), 

haematemesis, haematochezia and persistent melaena with ongoing haemodynamic 

compromise post endoscopic therapy) (350) 

• 7-day and 30-day all-cause mortality 

• Baseline pathology and disease specific outcomes (PUD, post endotherapy and malignancy)  

• Adverse events 

 

There was no scheduled second-look endoscopy unless clinical signs of re-bleeding. In the 

event of re-bleeding, patients were referred for further endoscopic therapy with 

conventional modalities or other therapeutic approaches such radiological embolisation, 

surgery or conservative management.  
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5.3.6 Research Ethics Committee (REC) Approval 

 

This study was presented to the local research ethics committee (London - South East REC). 

REC concluded that the study should be classified and managed as service evaluation and 

development project in England. Centres in other participating countries also obtained 

approval from their local authorities.   

 

 

5.3.7 Statistical Analysis 

 

Statistical analysis was performed using the Stata 15.1 software (StataCorp LP, College 

Station, Texas, USA). Data are presented as median with inter-quartile range and frequency 

(percentage of the total study population). The separate association between each patient 

factor and the outcome was examined separately. Odds ratios (OR) were computed. The  

factors were then considered jointly in a single multivariable analysis using logistic 

regression. A P value < 0.05 was considered statistically significant. 
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5.4 Results 

 

314 patients were enrolled to the registry from January 2016 to May 2018. The most 

common pathology was peptic ulcer, 167/314 (53%) [oesophageal ulcers 24% (41/167), 

gastric ulcers 22% (36/167) and duodenal ulcers 54% (90/167)]. Other pathologies included 

malignancy 50/314 (16%), bleeding post endoscopic procedure 49/314 (16%), bleeding from 

severe inflammation (oesophagitis, gastritis, duodenitis) 35/314 (11%), oesophageal variceal 

bleed 8/314 (2.5%) and cases with no obvious source found despite stigmata of UGI 

bleeding 5/314 (1.6%) (Table 1). 
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 Overall PUD Malignancy Post- 
Endotherapy 

Severe bleeding  
inflammation 

 
Other 

Age, median (IQR), years 71(60-80) 73 (61-82) 
 

71 (78-67) 
 

72 (67-79) 69 (56-78) 
 

59 (29-90) 

Male, n (%) 231 (74%) 
 

121 (72%) 
 

35 (70%) 33 (67%) 26 (74%) 
 

10 (77%) 

Female, n (%)  83 (26%) 46 (28%) 
 

15 (30%) 
 

16 (33%) 9 (26%) 
 

3 (23%) 

Initial hypotension, n (%) 105 (33%) 76 (46%) 
 

16 (32%) 
 

0 9 (26%) 
 

6 (46%) 

Antiplatelets, n (%) 55 (18%) 40 (24%) 
 

3 (6%) 
 

6 (12%) 5 (14%) 
 

1 (8%) 

Anticoagulants, n (%) 40 (13%) 23 (14%) 
 

6 (12%) 
 

5 (10%) 6 (17%) 
 

0 

 
Patients on  

combination of anti-
thrombotic drugs 

 

12 (4%) 7 (4%) 2 (4%) 0 2 (6%) 

 
 

1 (8%) 

 

Table 1: Baseline characteristics of patients 
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The median baseline BS and RS for all patients was 11 (IQR: 8–14) and 7 (IQR: 6 - 8) 

respectively. Immediate haemostasis following endoscopic application of Hemospray was 

achieved in 281 (89.5%) patients. 33 did not achieve immediate haemostasis [10.5% 

(33/314)] (Table 2). Multivariate analysis showed that only BS was significantly associated 

with treatment failure. A higher BS was associated with a higher risk of treatment failure. A 

one-unit increase in the score was associated with a 21% increase in the odds of not 

achieving haemostasis [OR:1.21(1.10-1.34);P<0.001].  

 

 

 
Treatment Success 

achieved immediate 
haemostasis 

 
Treatment Failure 

Did not achieve immediate 
haemostasis 

 

 

No. Patients 
 

89.5%  
(281/314)  

 
10.5%  

(33/314) 

 

 
Median 

Rockall Score  
7 (IQR: 6-8) 

 
8 (IQR: 7-9) 

 

 
p=0.12 

 
Median 

Blatchford 
Score  

11 (IQR: 7-14) 

 
14 (IQR: 11-16) 

 

 
p<0.001 

 

Table 2: Treatment Success and Failure post endoscopic therapy with Hemospray for all 

patients (n=314) 
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5.4.1 Re-bleeding 

 

Re-bleeding occurred in 29/281 patients who achieved immediate haemostasis (10.3%). The 

median re-bleed time was 24-72 hours. Multivariate analysis showed that only BS was 

associated with increased re-bleeding risk. Re-bleeding significantly increased with higher 

Blatchford scores. A one-unit increase in the score was associated with a 13% increase in the 

odds of re-bleeding [OR:1.13(1.03,1.25);P=0.01].  

 

 

5.4.2 All-cause mortality 

 

The 7-day and 30-day all-cause mortality were 11.5% and 20.1% respectively (Table 3 & 4). 

78% of those who died had achieved immediate endoscopic haemostasis with Hemospray 

and cause of death was due to progression of other co-morbidities.  

In the monotherapy group (118 patients), there was a total of 30 deaths (25.4%) of which 24 

patients (80%) achieved immediate haemostasis with Hemospray and the cause of death 

was due to progression of other co-morbidities and only 6 patients (20%) did not achieve 

haemostasis with Hemospray.  

Multivariate analysis of data showed that only BS was associated with an increased risk of 

dying. A higher BS was associated with a higher risk of dying. A one-unit increase in the BS 

was associated with a 38% increase in the odds of 7-day mortality [OR: 1.38 (1.22, 1.56); 

P<0.001] and a 29% increase in the odds of 30-day mortality [OR: 1.29 (1.18, 1.41); P< 

0.001].  
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Treatment Success 
(achieved immediate 

haemostasis)  

Re-bleed 

 
 
 
 
 
 

Rockall 8 
Predicted 
Re-bleed 

rate 
25-40% 

 

7-day 
all-cause  
mortality 

30-day  
all-cause  
mortality 

 
 
 
 
 
 

Rockall 8 
Predicted 
Mortality 

rate 
40-45% 

 

No. 
patients 

89.5% 
281 / 314 

 
10.3%             

29 / 281 
 

11.5%                
36 / 314 

20.1%                   
63 / 314 

Median 
Rockall 
Score 

7 
IQR: 6-8 

 
8 

IQR: 7-9 
 

8 
IQR: 6.25-9 

8 
IQR: 7-9 

Median 
Blatchford 

Score 

11 
IQR: 7-14 

 
13 

IQR: 11-15 
 

15 
IQR: 13-16 

14 
IQR: 12-16 

 

Table 3: Re-bleed following successful endoscopic therapy with Hemospray and all-cause 

Mortality for all patients (n=314) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 205 

 

 

 Mono-Therapy 
(n=118) 

Combination Therapy 
(n=141) 

Rescue Therapy 
(n=55) P-Value 

Achieved Immediate 
Haemostasis 

92.4% 
109/118 

88.7% 
125/141 

85.5% 
47/55 p=0.35 

Median 
Blatchford Score 

10 
IQR: 8-14 

11 
IQR: 8-14 

11 
IQR: 6-14 p=0.94 

Median 
Rockall Score 

8 
IQR: 7-9 

7 
IQR: 6-8 

7 
IQR: 6-8 p=0.004 

Rockall Score 7 & 8 Predicted Re-bleeding rate: 25-40% 

Re-bleeding 7.3% 
8/109 

9.6% 
12/125 

19.1% 
9/47 p=0.08 

Rockall Score 7 Predicted Mortality rate:20-30% 
Rockall Score 8 Predicted Mortality rate:40-45% 

7-day 
mortality 

11.9% 
14/118 

9.9% 
14/141 

14.5% 
8/55 

p=0.66 

30-day 
mortality 

25.4% 
30/118 

14.9% 
21/141 

21.8% 
12/55 

p=0.04 

 
Monotherapy is defined as the use of Hemospray on its own in the endoscopic management of GIB. Combination therapy referred to the 
use of Hemospray with conventional modalities . Rescue therapy is the use of Hemospray when all other conventional modalities 
(injection therapy, thermocoagulation and mechanical clips)  failed to achieve haemostasis on the same endoscopic session. In the 
combination therapy and rescue therapy groups, Hemospray was the last modality used in the management of GI bleeding. 

 
 

Table 4: Subgroup Analysis [Mono-Therapy (n=118), Combination therapy (n=141) and 

Rescue therapy group (n=55)] post endoscopic therapy with Hemospray  
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5.4.3 Subgroup Analysis (Monotherapy, Combination 

therapy and Rescue therapy group) 

 

There was no significant difference in immediate haemostasis amongst the 3 groups 

(monotherapy = 92.4%, combination therapy = 88.7% and rescue therapy 85.5%, p=0.35). 

Higher re-bleeding rate of 19.1% was noted in the Rescue therapy group (p=0.08). 

Higher 30-day all-cause mortality rates were seen in the Monotherapy (25.4%) compared to 

the other groups (p=0.04).  

In the combination therapy group, the use of Hemospray with injection therapy (adrenaline) 

was the most common mode of therapy, with a haemostasis rate of 89% (Table 5).  
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Combination therapy (n=141)  

Combination Modality No. Patients 
Achieved 
Haemosta

sis 
Re-bleed 

7-day  
all-cause 
mortality 

30-day  
all-cause 
mortality 

Injection + Hemospray 44/141 = 31% 39/44 = 89% 3/39 = 8% 3/44 = 7% 6/44 = 14% 

Thermal + Hemospray 8/141 = 6% 8/8 = 100% 0 0 0 

Mechanical + Hemospray 20/141 = 14% 15/20 = 75% 1/15 = 7% 3/20 = 15% 3/20 = 15% 

Injection + Thermal + Hemospray 19/141 = 13.5% 16/19 = 84% 1/16 = 6% 2/19 = 11% 2/19 = 11% 

Injection + mechanical + Hemospray 37/141 = 26% 35/37 = 95% 5/35 = 14% 3/37 = 8% 5/37 = 14% 

Mechanical + Thermal + Hemospray 13/141 = 9% 12/13 = 92% 2/12 = 17% 1/13 = 8% 3/13 = 23% 

In this group, Hemospray was used when bleeding had persisted after therapy by a single or dual standard modalities. Hemospray was the last 
modality for therapy in all cases. 

 

Table 5: Subgroup Analysis – Outcomes for the Combination Therapy of Hemospray with 

conventional modalities (n=141) 
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5.4.4 Subgroup Analysis - Peptic Ulcer Disease outcomes 

(n=167) 

 

There were 167 Patients in the PUD group [oesophageal ulcers 24% (41/167), gastric ulcers 

22% (36/167)and duodenal ulcers 54% (90/167)]. The most common type of bleeding lesion 

was Forrest Ib. The overall haemostasis rate was 86%. Combination therapy was the most 

common mode of therapy with a haemostasis rate of 87%. High median BS and RS was 

noted in the PUD group at baseline (13 and 7 respectively) with an overall re-bleeding rate 

of 12.7%. All-cause 7 and 30 day mortality rates in this group were 16.2% and 24.6% 

respectively (Table 6 & 7). 41% of the patients in the oesophageal ulcer group were on 

anticoagulants, antiplatelets or a combination of both in comparison to 47% in the gastric 

ulcer group and 62% in the duodenal ulcer group.  
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   No. 
Patients Monotherapy 

Combination 
therapy 

Rescue 
therapy 

Median 
Blatchford 

Score 

Median 
Rockall 
Score 

Re-bleeding 
7-day  

all-cause 
mortality 

30-day  
all-cause 
mortality 

PUD 

n = 167 44/167 = 26% 87/167 = 52% 36/167 = 22% 

13                
IQR: 10-15 

7                
IQR: 6-8 

 
18/142 = 12.7%  

27/167 = 16.2% 41/167 = 24.6% 

Achieved 
Haemostasis 38/44 = 86% 76/87 = 87% 29/36 = 81% 

Post 
Endotherapy   

n = 49 14/49 = 29%  28/49 = 57%  7/49 = 14%  

n/a 6                
IQR: 5-6  0 0 0 

Achieved 
Haemostasis 14/14 = 100%  27/28 = 96%  7/7 = 100%  

Malignancy 

n = 50 33/50 = 66% 13/50 = 26% 4/50 = 8% 

10  
IQR: 7-12 

9  
IQR: 9-10 

 
 

7/47 = 14% 
  

1/50 = 2% 11/50 = 22% 

Achieved 
Haemostasis 33/33 = 100% 11/13 = 85% 3/4 = 75% 

Anti-
Thrombotic 

Therapy 

n = 107 31/107 = 29% 54/107 = 50% 22/107 = 21% 

12               
IQR: 8-14 

8                  
IQR: 7-8 10/95 = 11% 11/107 = 10% 21/107 = 19.6% 

Achieved 
Haemostasis 28/31 = 90% 48/54 = 89% 19/22 = 86% 

Bleeding 
severe 

inflammation  

n = 35 22/35 = 63% 10/35 = 29% 3/35 = 9% 

10               
IQR: 8-14 

7                 
IQR: 6-8 3/32 = 9.4% 5/35 = 14% 8/35 = 23% 

Achieved 
Haemostasis 19/22 = 86% 10/10 = 100% 3/3 = 100% 

Rockall 7 Predicted Re-bleeding rate:  25-40%           Rockall 7 Predicted Mortality: 20-30% 
Rockall 8 Predicted Re-bleeding rate: 25-40%            Rockall 8 Predicted Mortality rate: 40-45% 
Rockall 9 Predicted Re-bleeding rate > 40%                Rockall 9 Predicted Mortality rate > 40% 

 

Table 6: Outcomes for all treated pathology subgroups 
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5.4.5 Subgroup Analysis - Post Endotherapy outcomes 

(n=49) 

 

An overall haemostasis rate of 98% was achieved in the post endotherapy group. 

Combination therapy was the most common mode of therapy (28/49 = 57%) with a 

haemostasis rate of 96%. There was no re-bleeding or mortality (Table 6).  

 

 

5.4.6 Subgroup Analysis - Malignancy outcomes (n=50) 

 

There were 50 documented patients with malignancy [oesophageal 17 (34%), gastric 30 

(60%) and duodenal 3 (6%)]. Overall immediate haemostasis was achieved in 47 (94%) 

patients with symptomatic bleeding secondary to UGI malignancy. Monotherapy was the 

most common mode of therapy (33/50 = 66%) with a haemostasis rate of 100%. Re-bleeding 

occurred in 2 patients at 24-72 hours, 2 patients at 4-7 days, 1 patient at 7-14 days and 2 

patients > 14 days after achieving the initial endoscopic haemostasis with Hemospray. The 

7-day and 30-day all-cause mortality rates were 2% and 22% respectively (Table 6). In the 3 

cases with treatment failure, 1 was maintained with supportive care, 1 had surgery and the 

other died.  The overall documented mortality rate in this group was due to progression of 

disease rather than treatment failure.  
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Forrest Classification Achieved 
Haemostasis Median BS Median RS Re-bleed 

7-day  
all-cause 
mortality 

30-day  
all-cause 
mortality 

Ia 29/167 = 17% 24/29 = 83% 13                                    
IQR = 10-15 

8                           
IQR = 6-8 6/24 = 25% 6/29 = 21% 8/29 = 27.5% 

Ib 100/167 = 60% 82/100 = 82% 13                                    
IQR = 10-15 

7                           
IQR = 6-8 7/82 = 8.5% 16/100 = 16% 25/100 = 25% 

IIa 14/167 = 8% 14/14 = 100% 12                                               
IQR = 9-15 

7                           
IQR = 6-8 1/14 = 7% 1/14 = 7% 2/14 = 14% 

IIb 16/167 = 10% 15/16 = 94% 12                                               
IQR = 9-15 

7                           
IQR = 6-8 3/15 = 20% 3/16 =  19% 4/16 = 25% 

III 8/167 = 5% 7/8 = 88% 14 
IQR = 8-15 

7 
IQR  = 6-8 1/7 = 14% 1/8 = 13% 2/8 = 25% 

 
• Rockall 7 Predicted Re-bleeding rate = 25-40% and Predicted Mortality rate = 20-30%. 
• Rockall 8:  Predicted Re-bleeding rate = 25-40% and Predicted Mortality rate = 40-45%. 

 

 

Table 7: Outcomes of patients with Peptic Ulcer Disease post therapy with Hemospray as 

per Forrest Classification (n=167)  
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5.5 Discussion 

 

Data on Hemospray show it to be a successful agent as a result of its ability to form a barrier 

over the bleeding lesion (231). The endoscopic application of Hemospray is simple (230). It 

may therefore be a more desirable modality for the less experienced endoscopist. Several 

studies have investigated the haemostatic ability of Hemospray in the management of 

bleeding peptic ulcers (232), malignancy (234), anticoagulated patients (235) and 

oesophagogastric variceal bleed (236) with encouraging haemostasis rates (65-98%). Other 

endoscopic haemostatic powders are available. EndoClot (EndoClot Plus, Santa Clara, CA, 

USA) is a polysaccharide haemostatic that can be delivered endoscopically to the site of 

bleeding in the GI tract without the need for direct mucosal contact. It is composed of 

absorbable polymer particles that absorb water from the blood on the surface of the 

bleeding site, hence increasing the concentration of platelets and clotting factors, resulting 

in haemostasis; however strong data on its efficacy is limited and further clinical trials are 

awaited (224)(225). 

Our data demonstrated the use of Hemospray in diverse, heterogeneous and high-risk 

populations based on the varied baseline pathologies and median BS (=11) and complete RS 

(=7). Hemospray was effective in achieving primary haemostasis with an overall haemostasis 

rate of 89.5%. High haemostasis rates were achieved when Hemospray was used on its own 

(92.4%), in combination with other modalities (88.7%) and as a rescue therapy (85.5%). 

These results reflect those of recently published studies (346)(229)(230)(351). 

In comparison to major recent studies (346)(230)(351)(352), we were able to show lower re-



 213 

bleeding rates overall and in all subgroups despite our high risk population.  

Published data have shown that dual endoscopic therapy for GIB is superior to monotherapy 

with adrenaline injection alone (181)(175); Dual therapy reduces the risk of re-bleeding, the 

risk of emergency surgery (208) and mortality (211). Our study was able to show that 

Hemospray in combination with conventional modalities had lower re-bleed rate and all-

cause mortality rate than monotherapy and rescue therapy. Data have suggested that using 

a combination of conventional modalities in the UGIT, may have a potential risk of 

perforation and gastric wall necrosis (212); however our study did not show any adverse 

events.  

A recent study by Barkun et al, showed that the use of Hemospray in combination with 

conventional modalities, was cost effective (353). Our study did not formally investigate the 

cost of treatment; however the outcomes in this study support the use of Hemospray in 

combination with other modalities.  

A UK audit on the management of UGI bleeding (354) showed that 38% of patients 

presenting with acute UGIB received dual endoscopic therapy despite various guidelines 

(181)(175). Endoscopist’s limited experience or challenging anatomy could have been a 

contributing factor. Hemospray may be able to resolve these issues as it does not require 

highly experienced hands and the application of the hemostatic powder does not rely on 

direct contact with the bleeding lesion (229).    

 

PUD was the most common pathology in our study. Despite high baseline BS and RS, the 

PUD group was able to achieve an overall haemostasis rate of 86%, compatible with 

previously published data (346)(229)(230) with overall re-bleeding and all-cause mortality 

rates in keeping with the predicted values. Hemospray in combination with other modalities 
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was the most common mode of therapy in bleeding PUD lesions (Table 5). In this subgroup, 

haemostasis was achieved in 87% of cases. This data supports the use of Hemospray in 

combination therapy with conventional modalities. Based on the rapid elimination of the 

powder from the GI tract, and the observed mortality rates, Hemospray as monotherapy 

should be used with caution in bleeding PUD. Further analysis of our data showed high 

haemostasis rates in all Forrest groups (82-100%) with re-bleeding rates (7-25%) that were 

in keeping or lower than that in major recent studies (346)(229)(230)(355).  

The management of UGIB secondary to malignancy can be very challenging due to the 

limited response to conventional therapies as a result of fragile nature of malignant tissue 

and lesion size.  Our study included 50 patients with UGI malignancy that as expected had 

high BS and RS. Overall haemostasis was achieved in 94% and Hemospray as a monotherapy 

was the most common mode of therapy. The monotherapy subgroup achieved immediate 

haemostasis in 100% of cases. This is significantly higher than recently published data 

(351)(356). We also observed an overall re-bleeding rate of 14% and a 7-day and 30-day all-

cause mortality of 2% and 22% respectively, which were lower than the predicted rates as 

per the RS (=9). Our results suggest that Hemospray may provide a solution to challenging 

UGI malignant lesions as first line therapy and may become the treatment of choice in this 

group of patients.  

 

The rapid development of endoscopic therapy in the past decade has had significant impact 

on patient outcomes (357); however endotherapy can result in re-bleeding. Excellent 

haemostasis rates were achieved (98%) in this group and there was no re-bleeding or 

mortality. Hemospray has the potential to become the treatment of choice in post 

endotherapy bleeds as conventional therapies can damage the fragile submucosa. There 
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were no documented adverse events, allergic reaction or systemic toxicity. 

 

Patients on anti-thrombotic therapy are a difficult group to treat in GI bleeding. The 

haemostasis rates achieved in the mono, combination and rescue therapy groups are not 

widely different (90%, 89% and 86% respectively) and the combination therapy was used in 

50% of patients with UGIB while on anti-thrombotic therapy. This data favours the use of 

Hemospray in patients with UGIB on anti-thrombotic therapy.  

 

Limitation to our study include the lack of control group and randomization. The inclusion of 

patients was non-consecutive and at the discretion of the endoscopist at the time of 

endoscopy with possible non-intentional selection bias, reflected by relatively more UGIB 

cases secondary to malignancy than previous studies as it seems that Hemospray was 

selected more frequently for the treatment of bleeding tumours which are difficult to treat 

by other conventional modalities, and conversely, the PUD with Forrest Ia, which may have 

been avoided; Furthermore selection bias may have contributed to the fact that RS was not 

found to be significantly associated with treatment success and failure whereas there was a 

significant association between BS and treatment success and failure (Table 2). Due to this 

possible selection bias, our study cannot suggest which of the 2 scores (BS and RS) is better 

for risk prediction and stratification; however, our study compared its outcomes rates with 

the predicted rates as per the RS. This study remains to be valuable for real-world data. No 

consensus was decided on criteria for when to apply Hemospray and therefore there could 

be variation as to when Hemospray is applied.  
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Registered PU were variable with respect to their locations and aetiologies including use of 

anticoagulants, antiplatelets and NSAIDs. Detection of Helicobacter pylori was not 

documented in this database, which is considered a limitation.  

The documented malignancies were confined to bleeding lesions in the oesophagus, 

stomach and the duodenum; however gross macroscopic features of these lesions and exact 

histological diagnosis was not documented in the database.  

Severe bleeding inflammation group consisted of oesophagitis, gastritis and duodenitis with 

bleeding mucosa; however gross macroscopic features, exact location and cause of 

inflammation was not documented.  

The exact cause of death and list of co-morbidities were not documented but only the all-

cause mortality was noted in the registry. Due to this, we cannot comment on the exact 

nature of death in various groups, but the majority of deaths occurred due to progression of 

co-morbidities.  

Finally ulcers may have been wrongly classified as noted in Table 7, that 7 of 8 Forrest III 

ulcers achieved immediate haemostasis. Forrest III ulcers are defined as those with a clean 

base and no active bleeding.  

 

Conclusion: 

This multicentre international registry was able to investigate the efficacy and safety of 

Hemospray. In addition, we were able to investigate the efficacy of Hemospray as 

monotherapy, in combination therapy and as a rescue therapy. Despite having a high-risk 

population, our registry was able to show high haemostasis rates. Hemospray is a safe novel 

agent that is easy to use, and our study supports its use in routine and emergency cases.  
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This study further supported the results of previous studies on Hemospray (346)(229)(230), 

supporting a recommendation of its use regardless of the endoscopists' skill or bleeding 

source. Larger studies with randomisation and controlled groups will be needed to further 

support the use of Hemospray in GI bleeding.  
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6.1 The Burden of BE disease 

 

The prevalence and incidence of BE in the western world is low but not insignificant. It is 

now increasingly clear that BE is a multifactorial disease, where a genetic predisposition 

interacts with the environment. Since the initial description of BE in 1950, significant 

progress has been made in understanding of BE pathogenesis and extensive research has 

yielded improvements in endoscopic diagnosis and management of BE and the identification 

of dysplasia; however, many challenges in clinical practice and research still remain. 

 

In the absence of practical ways to identify individuals at high risk based on their genetic 

profile, for the time being it seems logical to look for clinical risk factors, such as reflux 

symptoms, age >50 years, white race, male sex and obesity. These are the key elements that 

trigger referral for endoscopic screening.  

 

The advancement in medical technologies and improvement in health care systems have 

improved access to early diagnostic procedures. The rate of oesophageal cancer on a 

background of BE has significantly increased in the past two decades in western civilisations 

with no significant change in survival rates. Survival of patients with oesophageal cancer 

remain to be low and only a small number of patients have potentially curable disease at 

presentation.  

 

The current surveillance algorithm heavily relies on the histological assessment of dysplasia 

based on random biopsies. It is still debated whether endoscopic surveillance is an effective 
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measure to improve survival in patients with BE. Dysplasia is difficult to detect 

endoscopically, as well as the fact that endoscopists adhere poorly to recommended 

protocols and pathologists struggle to agree on the diagnosis of dysplasia (297). There is 

uncertainty over the most appropriate surveillance strategy which is reflected by the various 

published international guidelines, hence earlier in this thesis the QBET project aimed at 

identifying quality indicators in order to unifying clinical practice in BE endotherapy in the 

UK.  

 

The surveillance interval for patients with BE and BE neoplasia will remain a subject for 

debate amongst the clinical community, but it is important to mention that current 

diagnostic modalities have certainly aided early diagnosis resulting in provision of 

endoscopic therapy in early BE neoplasia. The advancement in endoscopic therapy as seen 

earlier in this thesis, have also provided additional treatment modalities to patients that did 

not respond well to  conventional therapies  

 

It is important that future research is focused on identifying a minimally invasive screening 

test, with low cost and wide applicability to both primary and secondary care.  
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6.2 Therapeutic endoscopy 

6.2.1 Endoscopic resection 

The endoscopic eradication therapy of BE neoplasia has significantly advanced in recent 

years as shown earlier in this thesis.  Endoscopic eradication therapy for early BE neoplasia 

have now replaced surgical oesophagectomy that once was deemed the treatment of 

choice, despite its limitations and adverse events. As mentioned earlier in this thesis, the 

standard of care in the endoscopic management of early BE neoplasia is mucosal resection 

of visible lesions (with EMR or ESD), followed by ablation of the flat mucosa (with RFA, APC 

or Cryoablation), with the aim of achieving complete eradication of intestinal metaplasia 

(358)(70). A key part of treatment is maximal acid suppression. After eradication is 

confirmed, continued surveillance is necessary.  

Endoscopic resection of early BE neoplasia has certainly evolved from the cap based system 

with snare (Olympus Ltd.), initially described in Japan by Inoue et al, (128) to the current 

multiband mucosectomy (MBM) devices (129). 

 

Earlier in this thesis, it was shown that the EMR Captivator device, a new innovation in 

endoscopic therapy, offers an alternative modality in the management of BE neoplasia but 

also it provides larger ER specimens with deeper resections. Complete resection of an 

extensively large lesion during the first endotherapy session is desirable as subsequent 

strictures and fibrosis may prevent further resections. Resection of larger areas at baseline 

endoscopy can result in less residual BE, reducing the number of sessions for further 

therapy with ablation and the potential need for rescue EMR (253). Published data from 
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large series have shown that removal of the whole neoplastic lesion in one session is 

favourable in order to reduce the risk of treatment failure (136). This further supports the 

use of the Captivator device in patients with large lesions requiring complete successful 

resection in one session, in particular, those with significant co-morbidities that may not be 

fit for repeated sessions of endoscopic resection.  

A previous study by Scholvinck et al, has shown that the new EMR captivator device, 

provides improved endoscopic visibility, smoother passage of accessories, and higher 

suction power in the management of early oesophageal neoplasia (246). Furthermore, 

randomised study by Belghazi et al, have shown that the EMR captivator device is capable of 

resecting specimens in the oesophagus as efficiently as the more commonly used Duette 

device (359). Future large randomised studies will be able to provide further insight into the 

efficacy and performance of the EMR captivator device.  
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6.2.2 Endoscopic ablation 

 

Radiofrequency ablation (RFA) for BE neoplasia is a well-established therapeutic modality 

with strong published data in the past decades; however there still remains a group of 

patients that do not fully respond to RFA and therefore alternative ablative modalities have 

been studied.  

Cryoablation with the Cryoballoon device is a novel ablative therapy that uses cycles of 

freezing and thawing to induce cell death with comparable safety and efficacy profile to 

RFA.  

Earlier in this thesis, data was presented on the efficacy of Cryoablation in treatment 

refractory patients with BE neoplasia (CR-D = 78% and CR-IM = 39%) with good safety 

profile.  

There are emerging data on the use of Cryoablation, but currently published data are based 

on small studies. A comparative study by Van Munster et al, analysed BE regression in 

patients with BE neoplasia undergoing ablative therapy with RFA and cryoablation. The 

group was able to show that BE regression post ablative therapy was comparable 

(cryoablation 88% vs RFA 90%, P=0.62) (154). Further systematic review and meta-analysis 

by Westerveld et al, studied 258 patients with BE neoplasia (HGD = 131, LGD = 75 and IMC  = 

 52). The reported pooled rates of CR-IM and CR-D were 85.8 % and 93.8 %, respectively with 

an overall stricture rate of 5.8 % (360).   
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There is now evidence to suggest that Cryoablation is a safe and effective new innovation in 

ablative therapy for the treatment of BE neoplasia; however, further studies are needed to 

analyse efficacy and safety profile in large randomised controlled trials.  

 

The above mentioned treatment modalities have shown that the battle against BE neoplasia 

is heading the right direction and have provided alternative treatment options that can be 

used in a heterogenous patient group.  

 

 

6.2.3 Gastrointestinal bleed 

 

All endoscopic therapies present a risk of bleeding. The advancement in endoscopic therapy 

means that we will see more complicated post endotherapy bleeds that may not respond 

adequately to conventional therapy, hence the need for new modalities that are easy to use 

even by those with limited endoscopic skills.  

Historically the management of GI bleeding relied on the injection of diluted adrenaline, 

heat coagulation and mechanical clips. Recent decade has seen the emergence of adhesive 

powders which can be applied endoscopically and require little expertise in advanced 

endoscopic therapy. Hemospray is an effective treatment modality in the management of GI 

bleeding and several large prospective studies including the International Multicentre 

Registry that was presented earlier in this thesis have shown the effect of Hemospray 

therapy in various pathologies when used as a single modality or as an adjunct with 

conventional methods (229)(230)(361).  
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There is certainly a hesitation amongst some endoscopists to use Hemospray. This may be 

related to lack of experience in the use of Hemospray, but also the cost of the product 

which  fortunately is currently significantly lower in the UK and EU when compared to that 

in the USA. The fast emerging data on Hemospray with the rapid expansion of the 

international Hemospray registry will provide further understanding of this haemostatic 

powder not only in uncomplicated bleeding scenarios, but also in refractory bleeding 

lesions, not responsive to conventional therapies and in those with bleeding post 

endoscopic therapy.  

 

 

6.3 The Future 

 

Despite recent advancement in interventional endoscopy, there are still several knowledge 

and skill gaps which would require further development.  

There is limited data on the extent of training required to perform independent endoscopic 

therapy.  Formalisation of training is needed in order to achieve competency in endoscopic 

therapy (362)(363)(364).  

 

In the future, it is possible to envisage a scenario where inexpensive and minimally invasive 

screening techniques will help diagnose a large proportion of unknown BE. Coupled with the 

objective assessment of an individual’s risk for cancer, this will allow tailoring patient 

management with choosing between early intervention in high risk BE and prolonged 
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endoscopic surveillance intervals or monitoring with minimally invasive devices in patients 

with low risk BE .   

Further studies are currently under way to advance the work done in this thesis. Large 

prospective studies analysing cryoablation in treatment naïve patients with BE neoplasia are 

being developed. Furthermore, the expansion of the international Hemospray registry in 

particular in the USA and Australia will provide better understanding of the haemostatic 

agent in large heterogenous populations with various pathologies.  

 

There is still room for further development in advanced endoscopy; however the current 

direction of travel is indeed on the right path. 
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