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Abstract 

 

The changing landscape of endoscopy over the past decade has seen it evolve from a purely 

diagnostic instrument to an exciting tool for therapy. It is the main mode of diagnosis of early 

neoplasia in both the upper and lower gastrointestinal tract where recent advances in 

chromoendoscopy and electronic image enhanced endoscopy can facilitate earlier detection 

of cancer. Identifying and characterising neoplasia accurately at an early stage enables the 

use of minimally invasive endoscopic resection techniques to remove these cancers with 

curative intent, thereby avoiding surgery with its associated morbidity and mortality. In the 

introductory chapters, we will review the common types of gastrointestinal cancers and their 

precursors (with a focus on Barrett's oesophagus and colorectal polyps) as well as the 

evidence for the various dye-based (chromo) and advanced imaging endoscopic technologies 

that can improve the detection and characterisation of early neoplasia in the oesophagus and 

colon. We will also review the endoscopic resection techniques in use for removal of 

oesophageal and colonic pre-cancerous or early cancerous lesions and discuss the 

management of common complications associated with these resection techniques.  

 

In Chapter 4, we describe a prospective image evaluation study using Blue Light Imaging for 

the optical diagnosis of small colorectal polyps. We studied the baseline performance of two 

groups of endoscopists (experienced and trainees) in optical diagnosis of colorectal polyps 

and then designed and implemented a training module using a bespoke classification in both 

groups. Baseline performance of both groups was similar, and both improved significantly 

when trained to use a bespoke classification to distinguish between adenomatous and 

hyperplastic colorectal polyps. 

 

Chapter 5 presents the development and validation of a new classification system for 

identification of neoplastic and non-neoplastic areas within Barrett's oesophagus using Blue 

Light Imaging. We demonstrated that this unique classification could be used effectively by 

general endoscopists (after undergoing training) with a high level of sensitivity and negative 

predictive value for neoplasia achieved.  
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Chapter 6 describes the use of endoscopic submucosal dissection as a new technique for 

removal of complex early Barrett's cancers. This was studied in a retrospective international 

multi-centre cohort study involving 124 patients. The technique was shown to be safe, 

effective and useful in removing lesions that were large (>2cm), scarred or submucosally 

invasive.  

 

In Chapter 7, we evaluate the safety and efficacy of radiofrequency ablation in a retrospective 

cohort study of 91 patients encompassing 3 groups (either following endoscopic mucosal 

resection, endoscopic submucosal dissection or with no previous resection). There was no 

significant increase in the complication rate when radiofrequency ablation was used following 

endoscopic submucosal dissection.  

 

Chapters 8 and 9 describe 2 studies on the use of a novel self-assembling peptide as an 

endoscopic haemostatic agent. The first study (Chapter 8), is a descriptive cohort study on a 

group of 100 patients undergoing endoscopic resection where the haemostat was used either 

prophylactically to prevent delayed bleeding or to stop intraprocedural bleeding. This showed 

that it was feasible to use under these circumstances.  

 

Chapter 9 describes a randomised controlled trial of 100 patients where the haemostat or 

conventional therapy (heat) was used to stop bleeding. The trial showed that the haemostat 

was effective in reducing the need for diathermy to stop intraprocedural bleeding with no 

additional complications and no increase in delayed bleeding.  

 

Finally, the thesis concludes with a summary in Chapter 10 forming the basis of the direction 

for future travel in endoscopy research arising from the findings of this body of work.   
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Chapter 1 - Neoplasia in the Gastrointestinal Tract and its precursors: A Focus on Colorectal 

and Oesophageal Cancer 

 

1.1 Colorectal Cancer and Colonic Polyps 

Colorectal cancer is the third most common cancer in the UK with 41,804 new cases 

diagnosed in 2015.1 It affects 1 in 14 men and 1 in 19 women in the UK. Patients can present 

with symptoms of rectal bleeding, weight loss and a change in bowel habit prompting further 

investigation. Endoscopic examination (a flexible sigmoidoscopy or colonoscopy) is the usual 

investigation of choice to obtain histological confirmation followed by staging of the cancer 

using CT and magnetic resonance imaging. The commonest site of cancer is in the rectum, 

followed by the sigmoid and a much smaller proportion in the right colon (ascending colon 

and caecum).  

 

 

 
Figure 1.1: Anatomical Distribution of Colorectal Cancer in the UK (2012)  
Source: Cancer Research UK (reproduced with permission) 
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There are four stages of colorectal cancer with treatment options and prognosis varying 

according to stage. Data from the UK National Cancer Registration and Analysis Service 

estimates that the first stage (Duke's A) carries a five year survival rate of 93.2%, second 

(Duke's B) 77%, Duke's C 47.7% and Duke's D 6.6%.2 Curative surgery is undertaken for Duke 

A & B tumours with neoadjuvant chemoradiotherapy if required. However, only a small 

proportion of patients present with early stage disease that is amenable to curative 

treatment. Therefore, much of the focus needs to be on prevention of colorectal cancer and 

understanding risk factors associated with the development of cancer. Age, genetics, colonic 

polyps, a diet rich in red meat and processed foods, obesity, alcohol consumption and 

smoking have been linked to bowel cancer.3  

 

1.1.1 Precursors to Colorectal Cancer and Polyp Subtypes 

The majority of these cancers arise from colonic polyps (adenomas) which are present in 

about a third of the population.4 Adenomas can be further subtyped by histopathologists into 

tubular, tubulovillous and villous adenomas. The adenoma to carcinoma pathway has long 

since been recognised as a major factor in the evolution of colorectal adenocarcinoma which 

takes place over years and involves a series of mutations in pro-oncogenes and tumour 

suppressor genes5,6. The latency period to development of cancer can take at least 10 years. 

Most polyps found have arisen sporadically although a minority originate as part of familial 

polyposis syndromes linked to genetic mutations. Some of the more common polyposis 

syndromes include Lynch syndrome, familial adenomatous polyposis, hamartomatous 

polyposis and serrated polyposis syndromes.  

 

Aside from adenomas, other types of colonic polyps found in the bowel include hyperplastic 

and sessile serrated polyps. Hyperplastic polyps found in the rectum and sigmoid have no true 

malignant potential. However, sessile serrated lesions are increasingly being recognised as 

precursors of colorectal cancer in up to 20-30% of all sporadic cases.7,8 Sessile serrated lesions 

encompass histological subtypes of sessile serrated polyps/adenomas and traditional 

serrated adenomas. The mechanism of cancer development occurs through an alternative 

serrated neoplasia pathway where hypermethylation of mismatch repair genes results in 

microsatellite instability.9 Sessile serrated lesions tend to be associated with colorectal cancer 

identified in the surveillance period after colonoscopy, known as interval cancers. Their subtle 



 26 

endoscopic features may mean that they are easily missed or incompletely removed and 

studies have shown that endoscopists with high adenoma detection rates may find 7-18 fold 

more lesions than endoscopists with lower detection rates.10,11  

 

1.1.2 Colorectal Polyp Size and Cancer Risk 

There has been some debate on the clinical significance of small (6-9 mm) and diminutive (0-

5 mm) polyps given the risk and rapidity of progression of some of these polyps remains 

unclear. A systematic review of the natural history of 1-9 mm colorectal polyp progression 

analysed 9 studies with 721 patients and found that 6% (of 1034 adenomas) progressed to 

advanced adenomas over time (study follow up period 2-3 years).12 Although cancer within 

small and diminutive colorectal polyps has been recognised, the prevalence is low.  

A large single centre American study of 42,630 polyps less than 10 mm showed that the 

prevalence of advanced features (high grade dysplasia or villous histology) was 2.1% in polyps 

<5 mm and 5.6% in polyps between 6-9 mm.13 There were no cancers among the polyps 

analysed in this study. The risk of cancer is related to the size of the polyp, with larger polyps 

more likely to contain cancer. A further recent retrospective study in 2019 compared the risk 

of cancer in 10-19 mm polyps with a control group greater than 20 mm.14 The authors showed 

that among 3,068 polyps 10-19 mm in size, 0.9% had adenocarcinoma, including 1.2% of 

conventional adenomas and 0.3% of serrated lesions. This was lower than the cancer rates in 

polyps >20 mm, where 6.9% of conventional adenomas and 2.0% of serrated lesions 

contained adenocarcinoma.  

  

1.1.3 Early Detection of Colorectal Polyps and Prognosis 

As things stand, detection and subsequent removal of adenomas or colonic polyps with 

malignant potential through polypectomy is an effective method at reducing the risk of 

colorectal cancer.15,16  

 

Given that the cancer prognosis is related to the stage of presentation, several countries 

including the UK have developed national bowel cancer screening programmes. The aim of 

screening is twofold - 1) to detect colorectal cancer at an earlier stage, thereby reducing 

disease mortality and 2) to detect and remove precursor premalignant polyps to prevent 

colorectal cancer development and reduce incidence. The UK National Bowel Cancer 
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Screening programme (BCSP) was introduced in 2006 with the aim of reducing mortality by 

16% in those invited for screening17. Adults aged 55 years are invited for a one off flexible 

sigmoidoscopy and those aged between 60-74 years are sent a biennial guaiac based faecal 

occult blood test kit (currently, the use of guaiac based tests are being replaced by more 

sensitive faecal immunochemical tests). Individuals testing positive (indicating microscopic 

traces of blood found in their stool) are offered a screening colonoscopy. The success of the 

screening programme is dependent on the quality of the colonoscopy and as such, various 

quality assurance standards have been implemented including thresholds for caecal 

intubation rate, adenoma detection, mean withdrawal time, polyp retrieval rate, rectal 

retroflexion rate and bowel preparation score.18,19 Colonoscopists in the screening 

programme are required to pass a formal competency assessment in order to undertake 

screening colonoscopies and are continually audited on key performance indicators of quality 

colonoscopy at regular intervals. A study using prospectively collected data from the NHS 

BCSP database between 2006-2009 showed a mean unadjusted caecal intubation rate of 

95.2% and mean withdrawal time of 9.2 minutes with a mean adenoma detection rate per 

colonoscopist of 46.5% indicating a high standard of colonoscopy being delivered within this 

setting.18  

 

Survival from bowel cancer is now improving and has more than doubled in the last 40 years 

in the UK. The impact of screening will be felt as the incidence of bowel cancer is projected to 

fall by 11% in the UK between 2014 and 2035, to 74 cases per 100,000 in 2035.1 

 

  

1.2 Oesophageal Cancer: Risk Factors, Diagnosis and Treatment 

Oesophageal cancer is the 13th most common cancer in the UK with around 9,000 new cases 

diagnosed each year. Although five year survival rates are poor, with only 3 in 20 (15%) of 

people diagnosed with the cancer in England and Wales surviving for five years or more (2010-

2011), there has been a trend towards improved survival over the past decade. The two main 

subtypes of oesophageal cancer are squamous cell carcinoma (OSCC) and adenocarcinoma 

(OAC).  

 

1.2.1 Oesophageal Squamous Cell Carcinoma (OSCC)  
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OSCC accounts for over 90% of cases globally and is more prominent in a belt stretching from 

northern China through central Asia and northern Iran.20 The main risk factors for OSCC are 

tobacco (containing carcinogens such as polycyclic hydrocarbons, nitrosamine and 

acetaldehyde), alcohol and a diet low in fruits and vegetables predisposing to micronutrient 

deficiencies.21 The consumption of hot beverages such as tea leading to recurrent mucosal 

thermal injury may also account for the high prevalence of this cancer in some parts of the 

world.22,23 The incidence of OSCC has decreased in many countries mainly due to changes in 

diet, tobacco, alcohol use as well as endoscopic screening programmes and early treatment. 

Squamous dysplasia is a recognised pre-cancerous state that can be identified and removed 

endoscopically. Endoscopic screening using a specific dye (Lugol’s chromoendoscopy) has 

been shown to decrease OSCC incidence and disease specific mortality in certain areas of high 

prevalence in China.24 Given the low prevalence of OSCC in the UK and Western Europe, there 

has been no role for universal endoscopic screening. However, in a recent position statement 

released by the European Society of Gastrointestinal Endoscopy (ESGE), endoscopic screening 

may be considered in high risk individuals, for example those with a personal or family history 

of head and neck squamous cancers, achalasia or previous caustic injury.25  

 

1.2.2 Oesophageal Adenocarcinoma (OAC)  

OAC is the predominant subtype in Western industrialised nations and unlike OSCC, its 

incidence has been rising especially amongst men.26 Age standardised incidence rates with an 

observed start between 1960 and 1990 have shown an average annual increase ranging from 

3.5% in Scotland to 8.1% in Hawaii with a maintained three to sixfold higher incidence among 

men.27 The strongest risk factor for development of OAC is gastroesophageal acid or bile 

reflux leading to pre-neoplastic Barrett's oesophagus. The normal oesophageal lining consists 

of non-keratinising stratified squamous epithelium but when subjected to longstanding acid 

or bile reflux undergoes an adaptive response that replaces squamous mucosa with columnar 

intestinal-type mucosa. This condition was described in 1950 by British thoracic surgeon 

Norman Barrett and henceforth known as Barrett's oesophagus. OAC arises through a 

sequential progression from intestinal metaplasia to dysplasia through to carcinoma. The risk 

of progression to high grade dysplasia and adenocarcinoma in Barrett’s oesophagus without 

dysplasia is less than 1% per year.28–31 However, the risk of progression to high grade dysplasia 
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or adenocarcinoma in patients with low grade dysplasia increases to approximately 9% per 

patient year.32  

A population based case control study demonstrated that gastro-oesophageal reflux disease 

is associated with an odds ratio (OR) of 12.00 (95% CI:7.64-18.70) for Barrett's oesophagus 

and 3.48 (95% CI: 2.25-5.41) for OAC.33  

 

1.2.3 Obesity and other risk factors for oesophageal adenocarcinoma 

Obesity is the second strongest risk factor for Barrett's oesophagus and OAC. This may be in 

part due to increased intra-abdominal pressure which can increase reflux and the obesity 

related metabolic syndrome.  

A pooled analysis from an international consortium on Barrett's oesophagus and OAC showed 

that early onset OAC (< 50 years) had stronger associations with recurrent gastro-

oesophageal reflux (OR 8.06, 95% CI: 4.52-14.37) and raised BMI (OR BMI >30 vs <25 = 4.19, 

95% CI: 2.23-7.87).34 

Other risk factors for development of Barrett's and OAC include older age, male sex, tobacco 

smoking, white ethnicity and a diet high in red meat and low fruit and vegetable intake. There 

is also a genetic predisposition to developing Barrett's in individuals with affected first degree 

relatives.35 Conversely there is also some evidence that Helicobacter Pylori infection may 

protect against developing Barrett's oesophagus and OAC as decreasing seropositivity for 

H.pylori due to improved socioeconomic conditions might have a role to play in the rising 

rates of OAC.36,37,38   

 

1.2.4 Symptoms, diagnosis and prognosis 

Oesophageal cancer typically presents late - with symptoms of difficulty in swallowing 

(dysphagia) or painful swallowing (odynophagia), progressive and unintentional weight loss, 

cough or hoarse voice, gastrointestinal bleeding or fatigue from iron deficiency anaemia. 

Unfortunately, due to the expansive nature of the oesophagus, symptoms only become 

apparent when the tumour has enlarged considerably or even spread (metastasised) to other 

organs where it is unlikely that a complete cure can be achieved.  
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Endoscopy is the main method for diagnosis as it allows visualisation of the local tumour 

extent as well as the opportunity for mucosal sampling (biopsies). A minimum of 6 biopsies 

should be taken for histological confirmation.  

 

Once the diagnosis is confirmed, the tumour is staged according to the TNM (tumour, node, 

metastasis) classification that assesses the depth of local invasion (T stage), lymph node 

involvement (N stage) and presence or absence of metastases (M stage). Additional 

diagnostic modalities including endoscopic ultrasound (to assess depth of tumour invasion 

through the oesophageal wall and spread to local lymph nodes), CT and PET-CT (to identify 

occult metastases or foci of tumour/lymph nodes with metabolically active disease) are 

utilised to improve staging accuracy. Staging laparoscopy for patients where curative surgical 

intervention is planned can also reveal a proportion of patients with occult peritoneal disease. 

The figure below illustrates the tumour-node-metastasis categories and depth of invasion 

according to the different layers of the oesophageal wall.   

 

 
 

Figure 1.2: Tumour-node-metastasis categories and depth of invasion 

Adapted with permission from Smyth, E. C. et al. (2017) Oesophageal cancer 
Nat. Rev. Dis. Primers doi:10.1038/nrdp.2017.48 
Tis (HGD) – Tumour in situ or high grade dysplasia; T1a – tumour invasion to muscularis 

mucosae; T1b – tumour invasiona into the submucosal layer; T2 – tumour invasion into the 

muscle layer (muscularis propria); T3 – tumour invasion beyond muscularis propria into 
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adventitia; T4a – tumour invasion into pleura, pericardium, diaphragm, peritoneum; T4b – 

tumour invasion into trachea, blood vessel (aorta) 

N0 – no lymph nodes containing cancer; N1- cancer in 1 or 2 nearby lymph nodes; N2 – cancer 

in 3 to 6 nearby lymph nodes; N3 – cancer in 7 or more nearby lymph nodes 

M1 – metastatic spread of cancer to other parts of the body 

 

Treatment of oesophageal cancer is dependent on the stage, histological subtype of the 

disease and patient fitness. In all cases of cancer management, it is essential that a multi-

disciplinary team approach is used where close attention is paid to the patient's co-

morbidities, nutritional status and preferences as well as opinions from surgical, oncology, 

histopathology and radiology specialists to develop a consensus prior to treatment. Early 

oesophageal cancer (Tis-T1a) is usually suitable for endoscopic resection whereas locally 

advanced, non-metastatic tumours are treated with chemotherapy, chemoradiotherapy and 

surgical resection (or a combination of these). Patients with metastatic spread of the disease 

not suitable for curative surgical treatment can be offered systemic chemotherapy or 

palliative symptom focused treatment such as oesophageal stenting or best supportive care.   
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Chapter 2: Endoscopic Technological Advances in Detection and Characterisation of Early 

Gastrointestinal Neoplasia 

 

Chapter 1 provided an outline of the development of colorectal and oesophageal cancer from 

their pre-cursor lesions. The existence of pre-cursor lesions for these types of cancers lends 

itself well to endoscopic methods of identification and subsequent removal. In the following 

two chapters, we will explore three key concepts – ‘Detection’ (the ability to find lesions 

during endoscopic screening or surveillance), ‘Characterisation’ (the ability to identify polyp 

subtypes and distinguish between benign and neoplastic lesions at the time of endoscopy) 

and ‘Resection’ of these pre-cursor lesions. As the endoscopic approaches to diagnosing and 

managing these lesions continue to advance rapidly, it is worthwhile remembering the 

humble beginnings of the endoscope and a brief overview of its history is provided below.  

 

2.1 A history of the development of the flexible endoscope and the evolution of high 

definition endoscopy 

The story of the development of gastrointestinal endoscopy is one that reflects the progress 

of technology and human intellect, from the early version of straight rigid tubes illuminated 

by light reflected from candles all the way to our current version of a flexible endoscope with 

digital high resolution images transmitted through fibreoptic wires to a screen and processed 

by a computer. The first gastroscopy was in fact carried out in 1868 by Kussmaul using the 

skills of a sword swallower who swallowed a straight 47 cm long metal tube with a diameter 

of 13 mm!39 It also became clear that navigating the gut proffered two main challenges: the 

lack of light and the tortuosity of the lumen. Hoffmann developed an instrument with 

articulated lenses and prisms in 1911 and the first semi-flexible endoscope was developed by 

Wolf and Schindler in 1932.39 This instrument had a light bulb attached near its distal tip and 

was able to bend to a certain degree allowing greater views when examining the 

gastrointestinal lumen. Although image transmission using flexible quartz fibres was 

discovered in the 1920s, it was not until 1958 that the flexible fibreoptic endoscope was 

developed by Curtiss and Hirschowitz.40 Soon, fibreoptic endoscopes were equipped with 

photographic functions and the next stage in the evolution of the endoscope came with the 

development of electronic endoscopes using charge coupled device technology.  
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The charge coupled device (CCD) was invented in 1969. Fundamentally, it is a small 

microelectronic device that converts a pixelated image into a sequence of digital electronic 

signals that can then be displayed on a video screen or monitor. CCD chips were integrated 

into endoscopes over the next two decades and the electronic endoscope was born. This 

revolutionised the field of endoscopy as it allowed not just the endoscopist to view an internal 

image of the organ examined but the same image could be projected on a video screen 

enabling other doctors and nurses to view the image too. This was a step forward in improving 

the safety and quality control of endoscopy.  

 

A later generation of chip technology known as complementary metal-oxide semiconductor 

(CMOS) was used in subsequent generations of endoscopes as they were more energy and 

cost efficient.  

 

2.1.1 Standard definition versus high definition endoscopy 

The resolution of an endoscope refers to the ability of the instrument to distinguish between 

two points and is a function of pixel density (the number of pixels wide x the number of pixels 

or lines of height).41 Standard definition (SD) endoscopes produce an image signal of 100,000 

to 400,000 pixels.42 The image is displayed in a standard 4:3 (width:height) aspect ratio. As 

CCD and CMOS technology evolved, this resulted in smaller chips able to produce higher 

resolution and higher pixel density images. High definition (HD) endoscopes produce images 

with resolution ranging between 850,000 to over a million pixels. HD endoscopic chips also 

display images in either 4:3 or 5:4 aspect ratios.  

 

The resolution of an image also depends on the method of line by line scanning, either 

progressive or interlaced. 60 frames per second are processed with progressive scanning 

technology in CMOS chips compared to only 30 frames per second using the interlaced 

method. Progressive scanning is far better for producing high definition images and video 

display of fast moving objects.  

 

In order for the best quality image to be viewed, all the components of the endoscopic system 

(the chip housed in the endoscope, the endoscopic processor, transmission cables and display 

monitor) must be HD compatible. However, an SD endoscope can be connected to an HD 
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processor and there will be some degree of up regulation of the image signal quality but the 

quality will not approach that of a true HD image.  

 

All three major endoscope manufacturers (Olympus Medical, Pentax Medical and Fujifilm) 

currently produce HD endoscopes and processors. The effectiveness of HD endoscopy has 

been studied although most of these studies have also incorporated the use of other 

advanced imaging technologies or chromoendoscopy showing an advantage against SD 

endoscopy, thereby making it difficult to truly isolate the value of HD endoscopy alone. A 

randomised controlled trial by Rastogi et al., demonstrated that HD endoscopy detected more 

adenomas per patient and more flat and right sided lesions compared to SD endoscopy.43 

Buchner et al., showed in a retrospective study of 2,430 patients that the adenoma detection 

rate was higher among the patients undergoing HD colonoscopy compared to a SD procedure 

(28.8% vs 24.3%, p=0.012).44 A meta-analysis published in 2011 showed a 3.5% increase in 

the detection of adenomas using HD endoscopy and improved detection of small adenomas 

with a number needed to treat of 28.45 More recently, a meta-analysis involving only 

randomised controlled trial evidence (6 trials) showed definitive benefit of HD endoscopy 

with significantly higher adenoma detection rates (40% vs 35%, p=0.001).46  

 

It is now widely accepted that HD endoscopy is the recommended standard for ensuring high 

quality procedures. The European Society of Gastrointestinal Endoscopy (ESGE) published 

performance measures for upper gastrointestinal endoscopy that have incorporated the use 

of HD endoscopy in routine examinations in addition to various other quality improvement 

measures.47  

 

2.2 Lesion detection and its influencing factors 

Lesion detection in the upper and lower gastrointestinal tract is a function of several factors 

– the endoscopist’s performance, the quality of the endoscope and factors related to the 

lesion and patient itself. The higher the lesion detection rate, the more likely it is that pre-

cancerous lesions can be identified and managed appropriately, with the overall aim of 

reducing the burden of cancer. However, it is recognised that there is a miss rate for cancers 

and pre-cancerous lesions in all areas of the gastrointestinal tract. Typically, larger, more 

invasive lesions or frank cancer which is lumen filling or stricturing are unlikely to be missed. 
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Nevertheless, a meta-analysis to determine the event rate of missed upper gastrointestinal 

cancer (oesophageal and gastric) showed that the miss rate was 11.3% within 3 years of 

diagnosis.48 This figure was similar to that quoted in another European study on missed gastric 

cancers that stipulated a miss rate of 9.4% and a UK study demonstrating a miss rate of 

8.3%.49,50 The miss rate of colorectal cancer is lower and a large Canadian study demonstrated 

a miss rate of 4% for right sided cancers.51 Therefore it is not unexpected that the miss rate 

of polyps or adenomas  (sometimes smaller and often more subtle than cancer) can be up to 

20-25% in tandem colonoscopy studies.52,53   

 

2.2.1 Caecal Intubation Rate (CIR) 

In the colon, one such marker of the completeness of examination leading to improved lesion 

detection is the CIR. This refers to the percentage of all colonoscopies where the caecum 

(which is the maximal extent of the large bowel) is reached. This is to ensure that proximal 

colon has been examined to avoid missing lesions here which could be associated with 

interval or post colonoscopy colorectal cancer. Therefore, CIR now forms one of the key 

performance indicators in quality colonoscopy as stipulated in national and international 

guidelines.19,54 The minimum standard recommended for CIR is 90%. In the UK, there is a 

robust system in place through the Joint Advisory Group Global Rating Scale, where 

endoscopist performance data is collected and feedback provided twice a year to ensure that 

quality and safety standards are met.  

 

2.2.2 Adenoma Detection Rate (ADR) 

Another factor related to lesion detection is ADR. This term refers to the proportion of 

colonoscopies performed that detect one or more adenomas. There is strong evidence linking 

a higher ADR to a lower rate of interval colorectal cancers.16,55 A landmark study by Corley et 

al., evaluated 314,872 colonoscopies by 136 gastroenterologists and divided endoscopists 

into quartiles according to their ADR (ranging from 7.4 to 52.5%). Each 1.0% increase in ADR 

was associated with a 3.0% decrease in the risk of cancer (hazard ratio 0.97, 95% CI 0.96-

0.98).56  

 

Given the significance of ADR, several other factors that may impact upon ADR have also been 

identified. This includes withdrawal time, that is the time taken for inspection of the colonic 
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mucosa from the caecum to the rectum once the withdrawal of the colonoscope is 

commenced. Barclay et al., reported that a mean withdrawal time of 6 minutes or longer had 

higher detection rates of neoplasia.57 This has also been incorporated as another key 

performance measure in guidelines on quality colonoscopy.  

 

The use of distal attachments has also been studied in relation to improving ADR. These 

attachments (for example caps, Endoring or Endocuff devices – see Figure 2.1) are mounted 

onto the end of the colonoscope and work by flattening the mucosal folds in the colon to 

enable better visualisation, particularly around flexures. Pooled data from a meta-analysis 

has shown that the cap attachment has been associated with a significant increase in polyp 

detection and quicker caecal intubation58, whilst Endocuff can improve ADR this effect was 

most pronounced in endoscopists with a low baseline ADR and no improvement was noted 

in endoscopists with a high ADR of over 45%.59   

 

Hyoscine butylbromide is an antispasmodic agent that can be given intravenously during 

colonoscopy to relax smooth muscle in the colon and minimise bowel contractions, thereby 

improving visibility. Its effects on improving ADR have been marginal at best as noted in two 

meta-analyses60,61 but it did appear to make a significant difference in the ADR of poor 

performing endoscopists when implemented as part of a bundle alongside other quality 

improvement measures.62   
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Figure 2.1: Distal attachments: Cap (top left), Endocuff (top right), Endoring (bottom left) 
(These devices were developed to improve ADR with some, but limited, levels of success) 
 

2.2.3 Bowel Preparation and Adequate Visibility        

In order to be able to detect polyps and dysplastic lesions, it is vital that the gastrointestinal 

mucosa is free from faecal residue and pools of liquid to optimise visibility. To prepare for a 

colonoscopy, all patients are required to take polyethylene glycol based solutions, osmotic 

laxatives (sodium phosphate, magnesium citrate) or stimulant laxatives (sodium 

picosulphate, senna, bisacodyl) that work to empty the colon. Split dose preparations are 

recommended and a low residue diet before the procedure also aids in appropriate cleansing. 

In order to assess the adequacy of bowel preparation, several scoring systems have been used 

such as the Boston Bowel Preparation Scale.63 There is a clear association between 

inadequate bowel preparation and lower polyp detection rates.64,65 General consensus that 

has been adopted into colonoscopy guidelines states that at least 90% of patients undergoing 

colonoscopy should have excellent or at least adequate bowel preparation. 

 

In the upper gastrointestinal tract, the only routine preparation is a mandatory period of 

fasting (no food for at least six hours beforehand and fluids only up to 2 hours pre-procedure). 
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However, the oesophagus and stomach are often coated with a layer of mucous and bubbles 

which can hamper visibility – particularly for flat subtle lesions sometimes typical of early 

gastric or oesophageal neoplasia. There is now strong evidence for the use of a pre-cleansing 

mucolytic solution (usually a combination of N-acetylcysteine, simethicone and water) to 

improve gastric visibility. A randomised controlled trial by Monrroy et al., showed that the 

gastric total visibility scale was significantly better in the groups receiving simethicone with 

N-acetylcysteine.66 Basford et al., also found that a pre-procedure drink containing 

simethicone and N-acetylcysteine improved both gastric and lower oesophageal mucosal 

views which may have implications for surveillance gastroscopy in patients with Barrett’s 

oesophagus or gastric intestinal metaplasia.67  

 

2.2.4 Dye based chromoendoscopy and Virtual Chromoendoscopy or Advanced Endoscopic 

Imaging 

In addition to the measures discussed above, advanced imaging techniques and 

chromoendoscopy do have an important role to play in detecting benign and dysplastic 

lesions within the GI tract. Given the breadth of techniques available and their additional role 

in lesion characterisation, I will discuss this in detail in sections 2.3 to 2.7, with a focus on 

colorectal polyps and Barrett’s oesophagus which are relevant to the subsequent research in 

Chapter 4 and 5.     

 

2.3 Lesion characterisation and the fundamentals of optical diagnosis  

The endoscope was initially used simply as a diagnostic tool for patients with gastrointestinal 

symptoms, and indeed, the endoscopic appearance of an invasive oesophageal cancer in a 

patient with dysphagia is fairly unmistakable. However, as endoscopy expanded to include 

screening and surveillance procedures, it was vital that pre-cancerous lesions were 

recognised and distinguished from benign tissue. In Chapter 1 we discussed the types of 

colorectal polyps and identified subtypes containing malignant potential (for example 

adenomas). The gold standard of diagnosis is histology and traditionally, all lesions were 

removed or biopsied to establish their nature. However, the skill of an endoscopist in 

differentiating benign from neoplastic lesions at the time of endoscopy is increasingly 

important as it facilitates management decisions. For example, recognising the features of 

cancer within a polyp and gauging the depth of invasion enables the endoscopist to decide 
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between endoscopic resection or surgical management (in the case of submucosally invasive 

cancers). Recognising polyps that do not bear malignant potential (hyperplastic polyps) may 

avoid unnecessary polypectomy.   

 

The term optical diagnosis refers to the in-vivo diagnosis of a lesion based on its endoscopic 

appearances. Pioneers in this field recognised that there were distinctly different pit patterns 

across the surface of mucosal lesions and initially used dye and magnification endoscopy to 

qualify these differences. The pits seen reflected openings of the crypts of Lieberkühn on the 

surface of the polyp and provided clues to the underlying histology.  

 

As technology evolved, electronic imaging utilised the neovascularisation in neoplastic or 

dysplastic lesions to highlight differences in vascular patterns.  

 

The following sections will expand on the principles and use of dye based chromoendoscopy 

and electronic imaging (also termed advanced endoscopic imaging or virtual 

chromoendoscopy) for colorectal polyps and Barrett’s oesophagus.  

 

2.4 Dye based chromoendoscopy 

Endoscopic dyes can be divided into absorptive (methylene blue, cresyl violet) and non-

absorptive or contrast (indigocarmine) stains. Methylene blue is absorbed by epithelial cells 

lining the gastrointestinal tract which stain blue whilst dysplastic or cancerous cells remain 

unstained. Contrast stains such as indigocarmine are not absorbed, but line the surface of the 

lesion, delineating depression, crevices, pits and erosions.  

These dyes are typically used at a concentration of 0.04% for pancolonic dye spraying when 

lesion detection is paramount and 0.2% for targeted chromoendoscopy to confirm an 

abnormality and examine its structure in more detail.  

It is essential that good bowel preparation is observed, and the colonic mucosa is cleaned 

prior to application of the dye spray. The dye is diluted with water and can either be applied 

via a syringe and spray catheter through the accessory channel or through a foot pump.  

 

There are two main applications for colonic dye spray. Firstly, for detection of dysplasia in 

patients undergoing surveillance for longstanding inflammatory bowel disease or polyposis 
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syndromes and secondly, for polyp characterisation and optical diagnosis.  The role of 

chromoendoscopy in colitis surveillance is beyond the scope of this work but suffice to say, 

chromoendoscopy combined with targeted biopsies is the recommended method of 

surveillance suggested by the ESGE and British Society of Gastroenterology (BSG).68,69    

 

Chromoendoscopy for polyp characterisation will be discussed in the section below. 

 

2.4.1 Optical Diagnosis using Chromoendoscopy for Colonic Lesions 

Japanese endoscopists have been way ahead of Western counterparts in the use of 

chromoendoscopy and in 1994, Professor Kudo and his team recognised 7 distinct types of 

pits that could be found in normal mucosa and colorectal polyps or cancer using magnification 

endoscopy.70 The pits are as follows: 

 

1) Normal round pit – normal colonic mucosa 

2) Small round pit – found in borderline malignant lesions or adenocarcinoma 

3) Small asteroid pit – found in hyperplastic polyps 

4) Large asteroid pit – found in hyperplastic polyps or serrated adenomas 

5) Oval pits – found in adenomatous polyps 

6) Gyrus-like pit – found in tubulovillous adenomas 

7) Non-pit – found in adenocarcinoma 

 

In subsequent work published in 1996 Kudo analysed 2,050 polyps using magnification 

endoscopy and chromoendoscopy (indigocarmine and cresyl violet stains)71. Five different pit 

patterns were proposed and correlated with stereomicroscopy and histology. Type I and II pit 

patterns were correlated with non-tumours, whereas Type IIIs, IIIL, IV and V with neoplastic 

lesions (ranging from adenomas to adenocarcinoma. The method of application of 

chromoendoscopy is outlined in the figure below followed by examples of the polyp images 

and their corresponding pit patterns and histology.  
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Figure 2.2: Chromoendoscopy method as outlined by Kudo et al.71 (reproduced with 
permission from Elsevier) 
 

 
 

Figure 2.3: Type 1 pit pattern on cresyl violet staining + magnification (normal mucosa) 
Reproduced from Kudo et al.,71 with permission from Elsevier 
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Figure 2.4: Type 2 pit pattern on indigocarmine staining + magnification (hyperplastic 
polyp). Reproduced from Kudo et al.,71 with permission from Elsevier 

 

 

 
 

Figure 2.5: Type 2 pit pattern on cresyl violet staining + magnification (hyperplastic polyp) 
Reproduced from Kudo et al.,71 with permission from Elsevier 
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Figure 2.6: Type IIIs pit pattern in a depressed lesion on indigocarmine staining + 
magnification (adenoma with cellular atypia) 
Reproduced from Kudo et al.,71 with permission from Elsevier 

 

 
 

Figure 2.7: Type IIIL pit pattern on cresyl violet staining + magnification (adenoma) 
Reproduced from Kudo et al.,71 with permission from Elsevier 
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Figure 2.8: Type IV pit pattern on indigocarmine staining + magnification (tubulovillous 
adenoma) 
Reproduced from Kudo et al.,71 with permission from Elsevier 

 

 
 

Figure 2.9: Type V pit pattern on indigocarmine staining + magnification (submucosally 
invasive adenocarcinoma) 
Reproduced from Kudo et al.,71 with permission from Elsevier 

 

Following on from Kudo’s work, Togashi et al., also studied the use of chromoendoscopy with 

magnification (up to 100x) to distinguish neoplastic from non-neoplastic polyps.72 In this study 

of 923 polyps, the sensitivity of neoplasia diagnosis was 92% and the specificity (that is the 

accuracy of diagnosis of non-neoplastic polyps) was 73.3%. The overall diagnostic accuracy 
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was 88.4%. Notably the optical diagnostic accuracy was linked to the size of the polyp, with 

higher accuracy (94.8%) for larger polyps (6-10 mm) compared to diminutive polyps (5 mm or 

less) where accuracy levels were 88.4%. One of the largest studies using magnification 

chromoendoscopy was carried out by Kato et al., analysing 3,438 lesions from 4,445 patients 

undergoing colonoscopy at a tertiary centre in Tokyo between 1993 to 1998.73 A similar trend 

was noted with high accuracy rates for adenomatous polyps (94%) and carcinoma (85%) 

though lower accuracy for non-neoplastic polyps (75%). In 2004, researchers from the same 

centre published a prospective study comparing optical diagnosis of colorectal polyps 10 mm 

or smaller on conventional colonoscopy, chromoendoscopy with 0.2% indigocarmine and 

chromoendoscopy with magnification.74 The diagnostic accuracy was highest with 

magnification chromoendoscopy (95.6%) compared to chromoendoscopy alone (89%) and 

conventional endoscopy (84%). Nevertheless, it should be noted that there was a 

disproportionate distribution of neoplastic polyps (78%) in the study cohort which is not 

reflective of true prevalence.  

 

Although Western endoscopists adopted magnification endoscopy and dye spray techniques 

later than their Japanese counterparts, they too were able to replicate the effects in similar 

studies. Hurlstone et al., reported on 1,008 lesions (62% neoplastic histology) and 

demonstrated sensitivity levels of 97.7% with high specificity (91.6%) although the study was 

not restricted to small or diminutive lesions.75 However, De Palma et al., did show that high 

sensitivity (97.5%) and specificity (94.3%) could be obtained even when using magnification 

chromoendoscopy for lesions 5 mm or less and in contrast to many other studies this cohort 

had a higher prevalence of non-neoplastic lesions (66%).76  

 

Several studies have also been conducted using chromoendoscopy without magnification. 

Magnification endoscopy was still relatively rare at the time to most Western endoscopists 

and required a degree of skill and familiarity to use. Kiesslich et al., utilised non-magnification 

chromoendoscopy and pit pattern classification to predict polyp histology.77 This revealed 

high sensitivity and specificity rates (92% and 93%) to classify adenomas, although notably, 

the mean size in this study was larger at 1.4 cm which could have influenced the optical 

diagnostic performance. Eisen et al., conducted a study with      
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high resolution chromoendoscopy using 520 polyps of 10 mm or less. The sensitivity, 

specificity and negative predictive value of adenoma diagnosis was 82%, 82% and 88% 

respectively.78 Apel et al., found no significant difference in the diagnostic accuracy between 

white light and non-magnification chromoendoscopy (81% vs 83%) in a study of diminutive 

sigmoid and rectal polyps (mostly hyperplastic histology).79 However, a Japanese randomised 

trial of 660 patients comparing polyp differentiation on magnification and non-magnification 

chromoendoscopy using the Kudo classification showed a significant benefit of magnification 

with diagnostic accuracy levels of 92% (vs 68%) in differentiating neoplastic from non-

neoplastic lesions.80 

  

Whilst both magnification and non-magnification chromoendoscopy have a role to play in 

polyp characterisation, colonic dye spray can be laborious and time consuming. With the 

advent of electronic imaging, chromoendoscopy risked falling out of favour with 

endoscopists, particularly in the West where it had less of a foundation. In the following 

sections, we will review the evidence base for relevant advanced imaging technologies and 

its clinical applications.   

 

2.5 Optical Diagnosis using Advanced Endoscopic Imaging for Colonic Lesions 

Advanced endoscopic imaging (or virtual chromoendoscopy) uses image processing 

techniques to provide detailed contrast enhancement of mucosal surface and blood vessels. 

This enhancement is achieved by observation of light transmission at selected wavelengths 

which interact with tissue structures. The technology can be filter based (in the case of narrow 

band imaging) or post processor image based (iScan or Flexible Spectral Imaging Colour 

Enhancement). The advent of these technologies heralded a new era of diagnosis with the 

concept of 'optical biopsy' - diagnosis with visual assessment without the need for tissue 

diagnosis. The sections below explore a plethora of these technologies and their role in the 

optical recognition and differentiation of colorectal polyps.  

 

2.5.1 Narrow Band Imaging 

Narrow band imaging (NBI) is an advanced imaging system that applies optical light filters to 

enhance mucosal and vessel patterns and can be used to characterise gastrointestinal lesions. 

It was developed by Olympus in Japan in the 2000s and utilised the varying penetration 
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depths of light according to wavelengths. Short wavelengths have shallow mucosal 

penetration characteristics whereas long wavelengths penetrate deeper. The normal 

spectrum of white light is between 400-700 nm. NBI uses red, green and blue filters to modify 

the spectrum of light. Haemoglobin present in blood vessels also absorbs light at different 

narrow band peak wavelengths (415 nm and 540 nm). The blue light filter (400-430 nm) 

highlights capillaries in the superficial mucosa through mean peak absorption of haemoglobin 

(415 nm) whereas the green light filter (525-555 nm) penetrates deeper into the mucosa and 

highlights deeper vessels (veins) though peak absorption of haemoglobin at 540 nm. This 

creates a contrast between the superficial mucosal structures and deeper vessels that appear 

brown.  

 

The first generation of NBI systems (Lucera Spectrum and Exera II) produced relatively dark 

images and it was only with the second and subsequent generations released in 2012 and 

2020 (Lucera Elite, Exera III, Evis X1) that this was improved significantly, though by its very 

nature, NBI images are still less bright compared to high definition white light. Near-focus 

imaging was also introduced on newer endoscopes with the later generation of NBI, this 

enabled the focus to be maintained whilst the endoscope lens was moved closer to the image 

target (within 2-6 mm). Traditional magnification endoscopy involved optical magnification 

(up to 150x) and digital zoom (up to 2x) but the use of near-focus enables endoscopists to 

obtain similar image quality with just the touch of a button.   

 

NBI has been shown to be advantageous in detecting and characterising oesophageal 

squamous cell cancer as it highlights the distinct differences in the intraepithelial capillary 

loop pattern (IPCL) in normal squamous mucosa compared to neoplasia where the vessels are 

tortuous.81–84 It can also be used to identify Helicobactor pylori associated gastritis and pre-

malignant/malignant conditions in the stomach (gastric intestinal metaplasia, dysplasia and 

early cancer).85,86 A discussion of the clinical applications of NBI in Barrett’s is provided in 

section 2.7.1.  

 

NBI is also useful to delineate the margins of dysplastic lesions, for example in the case of flat 

laterally spreading lesions in the colon in order to optimise complete endoscopic resection. 

However, the role of NBI in colonic polyp detection is limited. High quality evidence from four 
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meta-analyses and one Cochrane review have shown that there is no significant difference in 

ADR between high definition white light endoscopy and NBI.87–91 In one of these meta-

analyses, the only improvement in ADR with NBI was noted in studies comparing this to 

standard definition endoscopy.91 Recently a meta-analysis by Atkinson et al., using data of 

individual patients from randomised controlled trials (of high definition vs NBI colonoscopy) 

showed that NBI only improved ADR when bowel preparation was best and using the brighter 

second generation system.92 NBI was also better at picking up non-neoplastic and flatter 

polyps compared to white light endoscopy.  

 

The real strength of NBI lies in its ability to highlight mucosal surface and vessel patterns in 

great detail that lends itself nicely to characterisation of colorectal lesions. Early studies 

compared the utility of NBI with magnifying chromoendoscopy in classifying colorectal 

polyps. Tischendorf et al. consecutively allocated 200 polyps from 99 patients to examination 

either with magnifying chromoendoscopy or magnification NBI.93 The Kudo pit pattern 

classification was used to evaluate the polyp surface whilst the vascular pattern was classified 

according to the shape and distribution of vessels to differentiate between neoplastic and 

non-neoplastic polyps (non-neoplastic – fine capillary pattern, normal size and distribution, 

neoplastic – tortuous, corkscrew shaped vessels). The sensitivity and specificity for 

differentiation of the lesions was similar in both chromoendoscopy and NBI groups 

(sensitivity: 91.7% vs 90.5%; specificity: 90.0% vs 89.2%) though notably better than 

magnification endoscopy alone. NBI was also noted to be better in assessing vascular patterns 

compared to chromoendoscopy. Another study of 110 colorectal polyps published in 2006 by 

Su et al., also showed equivalent diagnostic accuracy between NBI and chromoendoscopy 

(92.7% in both) when used to distinguish between neoplastic and non-neoplastic polyps.94 In 

this study, magnification endoscopy was not used in either group.   

 

One of the most useful features of NBI is in revealing fine detail in vascular patterns. 

Neoplastic lesions in a hyperproliferative state generate new vessels (angiogenesis) and 

recognising patterns of vessel formation in various stages of neoplasia (from adenomas to 

cancers) facilitates endoscopic diagnosis. Sano et al., first described the identification of 

‘meshed capillary vessels’ using magnifying NBI as an arrangement of blood vessels in a 

honeycomb pattern around mucosal glands.95 Lesions with invisible or barely visible meshed 
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capillary vessels were associated with non-neoplastic lesions whereas lesions with clearly 

visible meshed capillary vessels were likely to be neoplastic (Figure 2.10). In a subsequent 

study of 150 small colonic polyps (74% adenomas), the researchers found that the diagnostic 

accuracy of meshed capillary vessels for distinguishing between neoplastic and non-

neoplastic lesions was very high (95.3%).96  Over the years, various different NBI classification 

systems have been developed to enable endoscopists to understand and interpret surface 

and vessel patterns seen on NBI (either with or without magnification). A more detailed 

overview of several relevant classifications will be provided in Chapter 4.  

 

 
Figure 2.10: Magnifying endoscopic evaluation of meshed capillary vessels with NBI. A: 
Faintly visible meshed capillary vessels (hyperplastic polyp); B: Clearly visible meshed capillary 
vessels (adenoma) 
Reproduced from Sano et al.96 with permission from Elsevier publishing 

 

NBI may also prove useful in characterising the depth of colorectal cancer submucosal 

invasion. A meta-analysis of 33 studies using either NBI, magnifying chromoendoscopy or 

gross morphological features to identify T1 colorectal cancer and deep submucosal invasion 

showed higher sensitivity for cancer diagnosis using NBI or chromoendoscopy (85% and 90% 

respectively) compared to gross morphology.97 This also applied for the optical diagnosis of 

deep invasion which is relevant to tailor an appropriate management strategy (lesions with 

deep submucosal invasion should be sent for surgery rather than endoscopic resection).  
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Given the extensive evidence base of NBI studies for polyp characterisation, several meta-

analyses have been carried out to consolidate the information available. McGill et al. looked 

at 28 studies and noted high diagnostic accuracy using NBI to distinguish between neoplastic 

and non-neoplastic colorectal lesions [area under the curve (AUC) 0.92, 95% CI 0.90-0.94).98 

This was maintained even with polyps less than 5 mm in size (AUC 0.92, 95% CI 0.89-0.94). 

NBI correctly characterised 91% of neoplastic polyps and 83% of non-neoplastic polyps in this 

study. When it comes to NBI with magnification, a meta-analysis of 16 studies by Guo et al. 

showed a pooled sensitivity and specificity for optical diagnosis of neoplastic polyps <10 mm 

were 0.94 (95% CI 0.92-0.95) and 0.76 (95% CI 0.72-0.80) respectively.99 An assessment of the 

accuracy of the surface pattern, vessel pattern and combination of both for optical diagnosis 

also revealed high area under the curves for these criteria (0.95, 0.95 and 0.99 respectively).  

 

It is clear from the extensive evidence base of NBI studies available that it is a useful tool for 

accurate evaluation of colorectal polyps – ranging from diminutive adenomas to lesions 

containing deep submucosal invasion. As the first optical imaging modality to be developed 

following the era of chromoendoscopy, studies have also shown that it is not inferior to 

chromoendoscopy in differentiating between neoplastic and non-neoplastic lesions. Later on, 

in this chapter we will discuss the real-time application of NBI and key criteria set out to 

evaluate its performance.  

 

2.5.2 iScan 

iScan image processing is the digital image enhanced endoscopy system provided by Pentax 

Medical.100 It has three modes of enhancing mucosal appearances: 

 

1. Surface enhancement (SE) - enhances light-dark contrast by obtaining luminance 

intensity data for each pixel and applying an algorithm that allows detailed 

observation of a mucosal surface structure.100 The edge components of the image are 

enhanced but there is no significant difference in brightness or colour. 

2. Contrast enhancement (CE) - low luminance intensity areas are identified and the 

'blue' component is enhanced relatively whilst the 'red' and 'green' components are 

suppressed. This can cause a slight bluish-white staining of depressed areas.  
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3. Tone enhancement (TE) - The RGB (red-green-blue) components of an image are 

broken down into each component (R, G and B) which is individually converted along 

the tone curve. Then these components are reconstructed to yield a new image (with 

relative suppression of the red image and enhancement or no alteration of the blue 

and green images). The settings on tone enhancement can be varied according to 

different anatomical locations within the GI tract (e.g gastric, colon and oesophagus).  

 

Using the modes above, Pentax developed three settings (iScan 1, 2 and 3) enabling the user 

to switch between high definition white light and these settings with the click of a button on 

the endoscope.  

iScan 1: Surface enhancement & contrast enhancement (creating a sharper image of the 

mucosa and surface vessels) 

iScan 2: Surface enhancement + contrast enhancement + tone enhancement 'colon' 

(improving contrast between the mucosa and vessels) 

iScan 3: Surface enhancement + contrast enhancement + tone enhancement ' gastric' 

(provides better illumination for poorly illuminated far flung regions whilst maintaining 

sharpness of image and contrast with vessels) 

 

In a subsequent generation of the Pentax endoscopy system processor, another advanced 

imaging technology known as 'Optical Enhancement (OE)' was introduced. The combined 

iScan OE function incorporates special optical filters with digital image processing technology. 

There are 2 modes with different OE filters (Mode 1 and Mode 2). In OE-Mode 1, the contrast 

of blood vessels is enhanced by connecting the peaks of the haemoglobin absorption 

spectrum (415 nm, 540 nm and 570 nm) to create a continuous wavelength spectrum. In OE-

Mode 2, the filter used transmits long wavelength (red) light as well as the light spectrum for 

Mode-1 allowing a brighter image with a similar colour spectrum to natural white light. (ref: 

www.i-scanimaging.com/emea/about/i-scan-oe/i-scan-oe-technology/).  

Figure 2.11 and 2.12 provide examples of an adenoma and hyperplastic polyp as captured on 

HDWL and iScan. 
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Figure 2.11: C: Adenoma on high definition white light (HDWL); D: Adenoma on iScan 2; G: 
Hyperplastic polyp on HDWL; H: Adenoma on iScan 
Adapted with permission from Lee et al.101 (Elsevier publishing) 

 

 
Figure 2.12a: Adenoma on HDWL 
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Figure 2.12b: Adenoma on iScan (SE +3, CE +2, TE colon; SE - surface enhancement, CE -
contrast enhancement, TE - tone enhancement)  

 
Figure 2.12c: Hyperplastic polyp on HDWL 

 
Figure 2.12d: Hyperplastic polyp on iScan (SE +3, CE +2, TE colon; SE - surface enhancement, 
CE -contrast enhancement, TE - tone enhancement) 
(Figure 2.12a-d reproduced with permission from Basford et al.,102 Elsevier publishing) 
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Although there have been far fewer studies conducted using iScan, the evidence emerging 

has shown that it can improve polyp and adenoma detection rates. In a prospective 

randomised controlled trial Hoffman et al., found that there was significantly higher neoplasia 

detection on HD colonoscopy with iScan compared to standard definition colonoscopy (38% 

vs 13%) and high accuracy rates (98.6%) in predicting final histology in the HD + I-scan 

group.103 Bowman et al., conducted a prospective study of 1936 patients undergoing 

screening colonoscopy and found that more adenomas were detected in the iScan group 

compared to HDWL (618/1007 or 61.4% vs 402/929 or 43.3%, p<0.01).104 However, a tandem 

colonoscopy study using HDWL, iScan 1 and iScan 2 showed no improvement in ADR or 

adenoma miss rates in the iScan groups but did show that optical diagnosis of neoplastic and 

non-neoplastic polyps was better on iScan 2 compared to HDWL (sensitivity 86.5% vs 72.6%, 

specificity 91.4% vs 80.6%, accuracy 79.3% vs 75.5%).105 It should be noted that this was a 

single centre study with a smaller sample size (389 patients) so the results should be 

interpreted with caution.   

 

iScan does also confer advantages in optical diagnosis and characterisation of colorectal 

polyps. The table below summarises outcome data from real time prospective studies 

conducted using this technology for characterisation.  

 

Table 2.1: Prospective studies using iScan for polyp characterisation  

Author Year Number 

of 

polyps 

Size Sensitivity Specificity Negative 

predictive 

value 

Accuracy 

Lee et al.101 2011 296 Max 

5mm 

94.6% 86.4% 93.4% 90.7% 

Chan et 

al.106 

2012 103 Max 

10mm 

72.2% 71.4% 70% 71.8% 

Pigo et 

al.107 

2013 150 Max 

20mm 

(mean 

6.8mm) 

95% 82% 93% 92% 
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Basford et 

al.102  

2014 209 Max 

10mm 

97.1% 90.7% 100% 94.7% 

Hong et 

al.105 

2012 323 Not 

reported 

86.5% 91.4% 76.2% 79.3% 

Schanschal 

et al.108 

2014 675 Not 

reported 

78.1% 73.4% 69% 76.6% 

Hoffman et 

al.103 

2010 145 Mean 

5.6mm 

98% 100% - 98.6% 

Hoffman et 

al.109 

2010 69 Max 

5mm 

82% 96% - - 

Rath et 

al.110 

2015 121 Max 

5mm 

93.3% 88.7% 93.2% 90.1% 

  

 

2.5.3 Flexible Spectral Imaging Colour Enhancement (FICE) 

Flexible Spectral Imaging Colour Enhancement or Fujinon Intelligent Chromoendoscopy (FICE) 

was the first virtual chromoendoscopy system manufactured by Fujifilm (Tokyo, Japan) over 

a decade ago. It utilises post processor spectral estimation technology to digitally alter the 

bandwiths of light in the displayed image. Unlike NBI, no physical filter is used but the 

principle of reducing 'red' light and enhancing the 'green' or 'blue' light spectrum is applied 

to enhance the mucosal pattern. The user is able to choose from 10 different wavelength 

settings representing variations in absorption of red, green and blue light.  

 

Table 2.2: FICE pre-set bandwidths 
FICE settings 0-9. R, G & B are wavelengths of red, green and blue light in nanometers (nm).  
 

 0 1 2 3 4 5 6 7 8 9 

R 500 500 550 540 520 500 580 520 540 550 

G 445 470 500 490 500 480 520 450 415 500 

B 415 420 470 420 405 420 460 400 415 400 

 

Several studies have assessed its effect both on colonic polyp detection as well as in vivo 

characterisation.  
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In 2009, the results from a prospective randomised five centre trial were published by Pohl 

et al., comparing the adenoma detection rate (ADR) of colonoscopy withdrawal on FICE vs 

white light with targeted indigocarmine chromoendoscopy. In vivo characterisation of polyps 

on FICE and indigocarmine was also assessed.111 In 764 patients, there was no significant 

difference between the ADR in the FICE arm (0.64 per patient) and the control group (0.68). 

Furthermore, the sensitivity of FICE in the optical diagnosis of adenomas was comparable to 

that of indigocarmine (92.7% vs 90.4%, p=0.44) and specificity also remained similar between 

groups (61.2% vs 60%, p=0.91).  

 

Several years later, a larger randomised controlled trial of 1,318 patients involving eight 

experienced endoscopists was carried out to assess the effect of FICE on the adenoma 

detection rate during screening and diagnostic colonoscopy. Each colonoscopy withdrawal 

was randomised to either white light or FICE. There was no difference between both groups 

in adenoma detection rate (0.28 per patient), the total number of adenomas (184 vs 183) or 

the proportion of hyperplastic polyps identified. Another randomised controlled trial was also 

undertaken within a similar period but with a tandem endoscopy design.112 Here, 359 patients 

undergoing screening colonoscopy had either FICE followed by white light or white light 

followed by FICE and the adenoma miss rate as well as ADR was measured. This was again a 

negative study where there was no significant difference between the adenoma miss rate on 

FICE vs white light (6.6% vs 8.3%, p=0.59). The ADR also did not differ significantly (0.64 on 

FICE vs 0.55 on white light per patient).  

 

The accuracy of FICE has also been assessed both in real time in vivo characterisation as well 

as in picture-based studies. Kim et al., used FICE with magnification to interpret the mucosal 

and vascular patterns of 525 small (<10 mm) colorectal polyps in 763 patients undergoing 

screening colonoscopy.113 Using FICE with high magnification enabled the accurate diagnosis 

in 87.0% of polyps with an increased favourable trend noted in diminutive polyps <5 mm. 

However, this study did not compare the characterisation of polyps on white light with FICE, 

merely the effect of magnification when used in addition to FICE.  
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Other studies comparing the performance of FICE with indigocarmine and white light 

endoscopy have also shown that both FICE and indigocarmine perform better than white light 

in the accuracy and sensitivity of adenoma diagnosis but there was no significant difference 

between FICE and chromoendoscopy. This was demonstrated by Togashi et al., in their 

assessment of 107 polyps smaller than 5 mm, Longcroft-Wheaton et al., with 232 polyps 

(maximum 10 mm) and dos Santos et al., with 95 polyps (maximum 4 mm).114–116  

 

The table below summarises the studies conducted using FICE for polyp characterisation.  

 

Table 2.3: FICE for polyp characterisation 

 

Author 

Year Number 

of 

polyps 

Size Sensitivity Specificity Negative 

Predictive 

Value 

Accuracy 

Pohl et 

al.117 

2008 150 Max 

20mm 

(mean 

7.7mm) 

89.9% 

(96.6%)* 

73.8% 

(80.3%)* 

87.3% 

(95.8%)* 

83% 

(90%)* 

Pohl et 

al.111 

2009 321 Max 

65mm 

(mean 

7.5mm) 

93.2% 61.2% 76.5% 84.7% 

Teixeira 

et al.118 

2009 309 Max 

50mm 

(median 

5mm) 

99.2%* 94.9%* 96.6% 98.3%* 

Togashi et 

al.114 

2009 107 Max 

5mm 

93%* 70%* 76% 87%* 

Parra-

Blanco et 

al.119 

2009 19 Max 

5mm 

- - - 58.9% 

(70.5%)* 
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Buchner 

et al.120 

2010 78 Max 

60mm 

(mean 

10mm) 

75% 83% 50% 76.9% 

Longcroft-

Wheaton 

et al.115 

2011 232 Max 

10mm 

88% 82% 84% 85% 

Kim et 

al.113 

2011 525 Max 

10mm 

77.1% 

(87.3%)* 

85.2% 

(86.7%)* 

71.3% 

(82.0%)* 

80.4% 

(87.0%)* 

Yoshida 

et al.121 

2012 151 Max 

20mm 

89.4% 89.2% 83.3% 89.4% 

Dos 

Santos et 

al.116 

2012 215 Max 

4mm 

91.7%* 95.7%* 81.7% 92.6%* 

Kang et 

al.122 

2015 480 Max 

10mm 

78.0% 86.5% 70% 81.4% 

*high magnification endoscopy used 

 

However, given the evidence available, FICE still does not meet the performance criteria for 

an advanced imaging technology to be used in replacement of the gold standard 

histopathological diagnosis in colorectal polyps <5 mm which stipulate that a technology 

needs to achieve a negative predictive value of at least 90%  (when used with high confidence) 

for adenomatous histology.123  

 

2.5.4 Blue Light Imaging (BLI) 

BLI is one of the latest imaging technologies to be developed by Fujifilm. When it was first 

developed in Japan, a laser light source was used with two types of lasers (wavelengths of 

410 nm and 450 nm). The 450 nm laser and fluorescent light generated produces illumination 

for white light imaging whilst the 410 nm laser is used to produce a narrow band light (BLI). 

The powerful laser light with a specific wavelength allows detailed appreciation of the 

mucosal structures and blood vessels. This endoscope system (LASEREO) also had a “BLI-
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bright” mode generated by the combination of white light and BLI by adjusting the power of 

the two lasers. This mode produced a brighter version of BLI and was useful for tumour 

detection.  

 

The LASEREO endoscopy system was only available in the Far East and another system using 

four light emitting diode (LED) technology was developed by Fujifilm and released in 

Europe/USA in 2016-2017. This system (ELUXEO) has four types of light (blue-violet, blue, 

green and red) and produces high intensity white light and blue light imaging. Although 

similar, the blue light imaging produced by ELUXEO system may be brighter than its 

counterpart produced using laser light technology. The figure below illustrates the different 

characteristics of laser and LED endoscopy.  

 

  
Figure 2.13 Characteristics of laser and light emitting diode endoscopy (adapted from 

Yoshida et al.)124 

 

The utility of BLI produced by LASEREO has been studied in the context of polyp and tumour 

characterisation as well as lesion detection. Yoshida et al., analysed 314 colorectal polyps 

using BLI and applied the Hiroshima classification usually used for narrow band imaging to 

distinguish between neoplastic and non-neoplastic polyps.125 Both magnification and non-

magnification BLI images were studied. The overall diagnostic accuracy of BLI was 84.3% and 

the accuracy of differentiating between neoplastic and non-neoplastic lesions less than 10 

mm without magnification was 95.2%. The sensitivity and specificity of invasive colorectal 

tumour diagnosis was 64.3% and 99.3% respectively. In another study by the same group 

comparing BLI with NBI in diagnosing the depth of colorectal neoplasms, the diagnostic 
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accuracy of BLI magnification in the NBI classification was 74.0%, similar to that of NBI 

magnification (77.8%).126 The diagnostic accuracy of BLI has also been compared to using the 

Kudo pit pattern classification with indigocarmine staining of lesions. In an image based study 

of 799 polyps, Nakano et al., showed that the accuracy, sensitivity and specificity of BLI 

magnification in differentiating between neoplastic and non-neoplastic lesions was 98.4%, 

87.9% and 99.4% respectively compared to 98.7%, 93.9% and 99.1% using pit pattern 

analysis.127 The accuracy in diagnosis deep submucosal cancers using BLI magnification was 

also comparable to pit pattern analysis (89.5% vs 92.5%).  

 

The studies outlined above used still images but BLI has since been tested in real time 

prospective randomised studies. Ang et al., carried out a study of 182 patients randomised to 

either BLI (laser light source) or white light imaging on withdrawal during screening 

colonoscopy.128 NBI based classification systems were applied to predict histology using BLI 

and a high sensitivity of 92% was noted for adenoma diagnosis. The sensitivity for hyperplastic 

polyp diagnosis was marginally lower at 87.2%. Rondonotti et al., studied BLI produced by the 

ELUXEO system compared with high definition white light for prediction of 483 small 

colorectal polyps and showed that the overall accuracy using BLI was significantly higher 

compared to white light (92% vs 84%, p=0.01).129 The negative predictive value for diminutive 

rectosigmoid polyps was 88% and post-polypectomy surveillance interval correctly attributed 

in 93.7% of patients, close to achieving stipulated thresholds for optimal diagnostic 

performance in a new technology.  

 

BLI may also have a role in polyp detection during colonoscopy. Ikematsu et al., conducted a 

randomised controlled trial of 963 patients where participants were randomised to white 

light endoscopy or BLI-bright mode (laser light source).130 The mean number of adenomas 

detected per patient was significantly higher in the BLI group compared with white light (1.27 

vs 1.01, p=0.008). In a randomised trial by Shimoda et al., with a tandem colonoscopy design, 

the adenoma miss rate was significantly lower in the BLI arm compared to white light (1.6% 

vs 10.0%, p=0.001).131 Ang et al., also showed a higher adenoma detection rate using BLI 

compared to white light in their randomised study (46.2% vs 27.8%, p=0.01).128  
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Figure 2.14 A comparison of laser and light emitting diode (LED) endoscopes in the detection 
of high grade rectal dysplasia. (A) White light imaging (WLI) with a laser endoscope, (B) Linked 
color imaging (LCI) with a laser endoscope. (C) Blue laser imaging (BLI) with a laser endoscope. 
(D) WLI with an LED endoscope. (E) LCI with an LED endoscope. (F) BLI with an LED endoscope 
(Reproduced with permission from Yoshida N, Dohi O, Inoue K et al. Blue Laser Imaging, Blue 

Light Imaging and Linked Color Imaging for the Detection and Characterisation of Colorectal 

Tumours. Gut Liver 2019;13(2):140-148124) 

 

2.5.5 Linked Colour Imaging (LCI) 

Both Fujifilm endoscopy systems outlined above (LASEREO and ELUXEO) were also designed 

with another advance imaging technology mode known as linked colour imaging. LCI 

emphasises the ‘redness’ of gastrointestinal lesions whilst the surrounding normal mucosa 

remains whiter thereby providing a good contrast for detecting neoplasia. It has been studied 

primarily as a tool for polyp detection. The table below outlines outcomes from various 

clinical trials on the utility of LCI in polyp and tumour detection.  

 

Table 2.4: LCI for colorectal polyp detection 

Author Year System Trial 

design 

Number 

of 

patients 

Outcome measure 

Min et 

al.132 

2017 LCI with 

laser  

RCT 141 Adenoma detection 

rate was 37% in LCI 

vs 28% with WLI 
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Fujimoto 

et al.133 

2018 LCI with 

laser 

RCT, 

tandem 

44 Detection rate of 

SSA/P with LCI higher 

than with WLI (98.3% 

vs 86.7%) 

Paggi et 

al.134 

2018 LCI with 

LED 

RCT, 

tandem 

600 Right colon adenoma 

miss rate of 11.8% 

(LCI-WLI group) vs 

30.6% (WLI-LCI 

group) 

Yoshida et 

al.135 

2018 LCI with 

laser 

Parallel 130 Increased right colon 

adenoma detection 

rate on second 

observation with 

additional 30 second 

exposure using LCI 

(18.5% vs 6.1%) 

Dos 

Santos et 

al.136 

2019 LCI with 

LED 

RCT 379 Increased adenoma 

detection rate on LCI 

compared to WLI 

(56.9% vs 43.2%, 

p=0.03), increased 

mean number of 

adenomas per 

patient on LCI vs WLI 

(1.38 vs 0.82, p=0.03) 

RCT – Randomised controlled trial; WLI – White Light Imaging; SSA/P – Sessile serrated 
adenoma/polyp 
 

Indeed, a meta-analysis of seven studies comparing LCI with high definition white light 

showed that LCI significantly increased the number of polyps and adenomas detected, 

particularly flat, right sided lesions.137 LCI may also have a role in identifying flat, right sided 

lesions or sessile serrated polyps. In a study of 53 non-granular laterally spreading lesions, 
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Suzuki et al., used a visibility scoring system of 1-4 to report images acquired through white 

light, BLI-bright and LCI modes.138 They demonstrated that the mean visibility scores for LCI 

were higher than BLI-bright (3.36 vs 2.94, p<0.001) and white light (3.36 vs 2.74, p<0.001). 

Sessile serrated polyps visualised on LCI also had higher scores.  

 

Fewer studies have been conducted to study the role of LCI in characterising polyps and there 

is no LCI based dedicated classification system. Wu et al., obtained sensitivity, specificity and 

negative predictive values for predicting neoplasia using the Narrow Band Imaging Colorectal 

Endoscopic (NICE) classification of 96.5%, 83.8% and 93.9% respectively.139 Suzuki et al., used 

LCI with crystal violet staining to accurately determine the depth of invasion of three early 

colorectal tumours.140 As with other technologies, computer aided diagnosis is on the horizon 

and Min et al., have designed a computer aided diagnosis system using LCI images.141 The 

systems differentiated between adenomatous and non-adenomatous polyps with an 

accuracy of 78.4%, sensitivity of 83.3% and negative predictive value of 71.2%. However, this 

in this preliminary work, the test set was small (181 polyps only) and still images were used 

which may have affected its validity.  

 

As both BLI and LCI technologies are available on the same endoscopes, there may be 

additional gain in using LCI for polyp detection on withdrawal and BLI to characterise a polyp 

once detected. This strategy has not yet been validated in prospective clinical studies.  

 

2.5.6 Autofluorescence Imaging (AFI) 

Autofluorescence Imaging (AFI) is based on the principle of excitation of biological substances 

(e.g collagen, elastin) when exposed to light of a short wavelength, thereby leading to 

emission of fluorescence light of a longer wavelength. AFI technology on endoscopes has an 

excitation light source that produces 442 nm light via a filter and delivers it to the tissue 

surface.142 Fluorescence emitted from biomolecules in the submucosa is captured and 

transformed into image signals that are displayed as different colours. Normal mucosa 

appears green but a lesion containing thickened mucosa, inflammation or neoplasia appears 

magenta (purple). Figure 2.15 illustrates an example of a hyperplastic polyp, adenoma and 

colorectal cancer as viewed on white light endoscopy and AFI.  
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AFI can detect lesions without a morphological assessment as it is based on fluorescence 

intensity. Therefore, it may be a useful tool for adenoma detection in surveillance 

colonoscopy. However, a meta-analysis of six studies involving 1,199 patients showed no 

significant difference in polyp detection or adenoma detection rates between AFI and white 

light endoscopy (odds ratio of ADR 1.01 with 95% CI 0.74-1.37, PDR 0.64, 95% CI 0.57-1.30) 

although the study did note that the adenoma miss rate in AFI was significantly lower than 

that of WLE (odds ratio 0.62, 95% CI 0.44-0.86).143 The meta-analysis also concluded that AFI 

may prove more useful when used for small and flat lesions or by a cohort of less experienced 

endoscopists. Indeed, another study by Moriichi et al., found that AFI increased ADR and 

reduced the miss rate of adenomas compared to high definition white light endoscopy only 

in less experienced endoscopists.144  

 

One of the drawbacks of AFI is its high false positive rate as it is not specific for neoplasia. 

Therefore, it has been combined with high definition endoscopy and NBI to optimise 

characterisation of detected lesions. This is known as trimodal imaging. Van den Broek et al., 

conducted a randomised trial of tandem colonoscopies with 100 patients where each patient 

had a colonic segment examined twice for lesions using high resolution endoscopy and AFI 

(in a random order).145 Each lesion was then examined with NBI for pit pattern and AFI for 

colour. Any lesions identified on the second examination were considered as missed by the 

first examination. The adenoma miss rates did not differ significantly between the AFI and 

high resolution endoscopy groups (20% vs 29%, p=0.35). When it came to polyp 

differentiation, AFI had a high sensitivity (99%) but very low specificity (35%) and overall 

disappointing accuracy (63%). Given the disappointing results, this group of researchers from 

the Amsterdam Medical Centre developed an algorithm combining the Kudo classification 

using NBI with colour differentiation on AFI to distinguish between neoplastic and non-

neoplastic polyps with the hope of optimising performance.146 They assessed the 

interobserver variability and accuracy of high resolution white light endoscopy, NBI and AFI 

among 3 experienced and 3 inexperienced endoscopists using 50 still polyp images. The 

interobserver agreement was better for AFI compared to NBI in the inexperienced 

endoscopist group (Kappa values of 0.58 for AFI, 0.33 for NBI) and the combination algorithm 

using AFI and NBI obtained high sensitivity and accuracy results (98% and 84% respectively) 

with a specificity of 73%. 
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Rotondano et al., conducted a prospective randomised trial with a similar tandem 

colonoscopy study design and also concluded that adenoma miss rates were not significantly 

different between high resolution endoscopy and AFI (14% vs 16.2%, p=0.29).147 In this study 

however, a combination of AFI and NBI improved accuracy of adenoma characterisation (84%) 

reinforcing the advantage of trimodal imaging in characterisation.  

 

The table below summarises the studies conducted using AFI for colorectal polyp 

characterisation. However, it is still inferior to several other technologies as evidenced by a 

meta-analysis of 91 studies evaluating the diagnostic performance of AFI, NBI, i-scan, FICE and 

confocal laser endomicroscopy.148 The sensitivity, specificity and negative predictive value of 

AFI for optical diagnosis was 86.7%, 65.9% and 81.5% respectively which was lower than the 

other technologies. Currently, its use is limited to the research setting as it is no longer 

commercially available for use.  

 

Table 2.5: AFI for colorectal polyp characterisation 

Author Year Number of 

polyps 

Sensitivity Specificity Negative 

predictive 

value 

Accuracy 

McCallum 

et al.149 

2008 75 85.2% 81.0% 68.0% 84.0% 

Kuiper et 

al.150 

2011 239 89.7% 36.6% 78.9% 62.3% 

Uedo et 

al.151 

2007 58 65% 89% 44% 71% 

Nakaniwa et 

al.152 

2005 168 88.8% 81.4% 71.4% 86.9% 

Moriichi et 

al.144 

2012 86 94.3% 68.8% 73.3% 89.5% 

Wanders et 

al.148 

2013 1152 88.0% 69.2% 81.5% N/A 
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Boparai et 

al.153 

2009 66 63.8% 52.6% 37.0% 60.6% 

*Sato et 

al.154  

2011 424 88.8% 67.1% Not 

recorded 

84.9% 

*results from single expert endoscopist validation. Accuracy of AFI when tested among 

residents was 86.1%, specialists 89.2%. 

 

 
Figure 2.15: The White Light Endoscopy (WLE) and Autofluorescence Imaging (AFI) images 
of hyperplastic polyp, adenoma, and cancer of the colon. A colonic hyperplastic polyp 
generally appears green or as a green lesion with a slight magenta spot (a WLE; b AFI), 
whereas adenoma (c WLE; d AFI) or cancer (e WLE; f AFI) appears magenta or as a magenta 
lesion with a green spot 
(Reproduced with permission from Moriichi et al.,142 Springer Nature publishing) 

 

2.5.7 Confocal Laser Endomicroscopy 

Confocal Laser Endomicroscopy (CLE) combines endoscopy and microscopy to obtain high 

magnification and resolution images of the mucosal layer within the gastrointestinal tract. 

The tissue is illuminated with a low power laser that detects the fluorescence of light reflected 

from the tissue through a pinhole (Figure 2.16)155.Only light reflected from a specific plane 

gets detected whereas light from other planes not in line with the pinhole is not processed. 
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This allows for high spatial resolution and microscopic evaluation of tissue architecture 

(Figure 2.17 and 2.18). Endoscope based CLE (eCLE) uses a confocal microscope integrated 

into the distal tip of a conventional endoscope which allowed white light endoscopy and eCLE 

images to be viewed simultaneously. These endoscopes were manufactured by Pentax, Japan 

but have now been withdrawn and the system is no longer commercially available.  

 

The current CLE available is probe based (pCLE) where a probe comprising a fibreoptic bundle 

and integrated lens connected to a laser scanning unit is inserted through a port down the 

endoscope (Cellvizio Endomicroscopy System, Mauna Kea Technologies, France). There are 

various types of confocal miniprobes available for use in the upper and lower GI tract. 

Contrast agents need to be administered prior to the procedure and in most instances, 

intravenous fluorescein is the preferred contrast agent to highlight the vasculature and 

intercellular spaces. Once fluorescein is given, the miniprobe is placed in contact with the 

mucosa of interest and optimal images are obtained from 30 seconds to 10 minutes after the 

contrast is given (up to 60 minutes). These can be analysed in real time or stored for offline 

analysis.  

 
Figure 2.16: Schematic of confocal laser endomicroscopy principles 
(Reproduced with permission from Chauhan et al.,155 Elsevier publishing) 
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Figure 2.17: Adenoma with high-grade intraepithelial neoplasia. (A) Image from a 
videoendoscopy shows a large polyp. (B) Confocal laser endomicroscopy shows tubular-
shaped crypts with a reduced amount of goblet cells and loss of cellular junctions. (C) 
Corresponding histologic specimen. 1, branched crypt structure in the area of intraepithelial 
neoplasia; 2, reduced amount of goblet cells; 3, loss of cellular junctions; 4, normal-shaped 
crypts. 
(Reproduced with permission from Kiesslich et al.,156 Elsevier publishing) 

 

 

 
 

Figure 2.18: Colorectal cancer: (A) Confocal laser endomicroscopy shows irregular cell 
architecture with total loss of goblet cells. (B) Corresponding histologic specimen 
(Reproduced with permission from Kiesslich et al.,156 Elsevier publishing) 

 

The table below summarises the studies conducted using CLE for optical diagnosis of 

colorectal polyps.  
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Table 2.6 Confocal Laser Endomicroscopy for the optical diagnosis of colorectal neoplasia 

 

Author Year Number 

of polyps 

Size Modali

ty 

Sensitivit

y 

(%) 

Specific

ity (%) 

Accurac

y (%) 

Kiesslich et 

al.156 

2004 134 Mean 

4mm 

eCLE 97.4 99.4 99.2 

Meining et 

al.157 

2007 36 NR pCLE 92.3 91.3 91.7 

Hurlstone et 

al.158 

2008 162 - eCLE 97.4 97.4 99.1 

Sanduleanu et 

al.159 

2010 116 Median 

6-8mm 

eCLE 97.3 92.8 95.7 

Gomez et al.160 2010 75 NR pCLE 76 72 75 

De Palma et 

al.161 

2010 32 Mean 

13mm  

pCLE 100 84.6 92.3 

Buchner et 

al.120 

2010 119 Mean 

10mm  

pCLE 91 76 91 

Shahid et al.162 2012 130 Mean 

4.6mm 

pCLE 86 78 82 

Kuiper et al.163 2012 154 - pCLE 59.5 77.4 71.9 

Belderbos et 

al.164 

2017 100 61% 

<5mm, 

16% 6-

9mm, 

23% 

10mm or 

more 

NBI + 

pCLE 

88 NR 76 

NR – not recorded 
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Although relatively high levels of sensitivity and specificity can be obtained, the technique has 

not taken off outside of academic research settings for several reasons. Procedures using CLE 

can often be time consuming due to the nature of the technique required to obtain optimal 

images and minimise movement artefact. The mean withdrawal time during colonoscopy in 

a study by Sanduleanu et al., was 60 minutes.159 It is unlikely that this would ever be 

compatible with the usual schedule of a busy general endoscopy department. There is a 

learning curve for image interpretation using CLE although this has been shown to be 

achievable over a short period of time (accuracy improved from 63% to 86% over the course 

of interpreting 76 lesions).165 The accuracy of optical diagnosis is also dependent on the 

quality of image or video acquisition. In a study by Kuiper et al., the majority of the videos 

obtained were inadequate and this led to low sensitivity and accuracy.163 Belderbos et al., 

showed that the accuracy increased from 45% in poor quality images to 86% in fair quality 

and 95% in good quality images.164 There is also an additional cost attached to using probe 

based CLE and at present there is still no evidence that its diagnostic performance is 

significantly superior compared to other existing imaging technology.  

 

2.5.8 Endocytoscopy 

Endocytoscopy utilises contact light microscopy with a fixed focus lens and ultra high power 

lens that project high magnification images from a minute sampling site to a charge coupled 

device.166 This system of continuous magnification (up to 520 fold) allows the epithelial layer 

to be visualised in great detail, highlighting the vascular pattern, size, shape and arrangement 

of cells and nuclei. In order to visualise nuclei, it is necessary that the mucosa is stained with 

a contrast absorptive agent (for example 0.5-1% methylene blue or crystal violet). The mucosa 

should also be cleaned with a mucolytic agent like N-acetylcysteine to optimise views and a 

soft cap used to stabilise contact of the scope with the mucosa when endocytoscopy is 

performed. The technology can be probe based (flexible catheter devices inserted through 

the accessory channel on the endoscope providing high power magnification upon contact 

with the mucosa) or integrated into the endoscope. Later generation integrated 

endocytoscopes manufactured by Olympus Medical (Tokyo, Japan) also have NBI and optical 

zoom capabilities enabling multiple modalities of imaging to be carried out during lesion 

assessment.  
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The diagnostic accuracy of endocytoscopy in differentiating neoplastic from non-neoplastic 

lesions has been reported to be as high as 94.1 to 100%.167–169 Kudo et al., developed a novel 

classification system with five categories (EC 1a: normal mucosa, EC 1b: hyperplastic mucosa, 

EC 2: dysplasia, EC 3a: superficial cancer, EC 3b: invasive submucosal cancer).169 They were 

able to obtain sensitivity and specificity levels of 100% in distinguishing between neoplastic 

and non-neoplastic lesions and sensitivity of 90%, specificity of 99% when it came to 

differentiating submucosal invasion from other neoplasia. Kudo et al., also categorised the 

microvasculature to differentiate between neoplastic and non-neoplastic lesions using three 

categories (V1, V2, V3 – ranging from uniform arrangement to dilated non-homogenous 

microvessels).170 Sensitivity, specificity and accuracy for diagnosis of hyperplastic polyps were 

95.5%, 99.4% and 99.0% respectively. This was comparable to other modalities assessed in 

the same study (Narrow Band Imaging, pit pattern and the endocytoscopic mucosal 

classification).  

 

The high diagnostic performance of endocystoscopy was also applicable when it was 

restricted to diminutive polyps (5 mm of less). In this study by Utsumi et al., (39 patients with 

63 polyps, mean size 3.3 mm) the sensitivity, specificity, negative predictive value and 

accuracy of EC2 for adenoma compared with EC1b for hyperplastic polyps were 98.0%, 92.3%, 

92.3% and 96.8% respectively.171  

 

 
Figure 2.19: Example endocytoscopic images of EC1b (hyperplastic) and EC2 (adenomatous) 
polyps. A: EC1b shows narrow serrated lumina and small roundish nuclei; B: EC2 shows slit 
like smooth lumina and uniform fusiform or roundish nuclei  
(Figure reproduced from Utsumi et al.,171 with permission) 
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Endocytoscopy can also be used to assess features suggestive of submucosal invasion in large 

polyps (greater than 10 mm). Diagnostic accuracy for non-granular laterally spreading lesions 

was noted to be 90.5% compared to 80.6% for protruding lesions.172 It may also have a role 

to play in differentiating serrated adenomas from hyperplastic mucosa given differing crypt 

lumen and nuclear morphology in these groups.173 With integrated endocytoscopes using 

narrow band imaging there is potential for even more accurate polyp characterisation.  

 

However, this still remains an emerging field with its use mostly restricted to academic 

research settings and in Japan where magnification endoscopy is already commonplace. Like 

confocal laser endomicroscopy, it is time consuming technique and requires dye spray 

staining and understanding of image interpretation and unique classification systems. With 

the advent of computer aided diagnosis and artificial intelligence, endocytoscopy may gain 

traction when computer aided diagnostic algorithms are used to interpret endocytoscopy 

images real time thereby making it a more user friendly tool for optical diagnosis174,175.  

     

2.6 Optical Diagnosis using Chromoendoscopy in Barrett's Oesophagus 

 

2.6.1 Acetic acid 

The use of acetic acid on Barrett's mucosa originates from gynaecology where it has been 

used to highlight dysplastic areas during screening for cervical intraepithelial neoplasia.176 

Low concentrations (1-3%) of AA sprayed onto Barrett's mucosa cause a reversible acetylation 

of cellular proteins and a change in the spatial properties of nuclear and cytoplasmic proteins. 

This leads to an appearance of acetowhitening where the mucosal surface pattern is 

highlighted. The AA reaches stromal capillaries and causes focal erythema that is visible once 

the acetowhitening reaction wears off (loss of acetowhitening). This loss of acetowhitening 

reaction has been associated with dysplasia and neoplasia. Whilst there has been no 

definitive research studying the mechanism of this reaction, it is thought that the difference 

in acetowhitening between non-neoplastic and neoplastic mucosa is related to the different 

nuclear cytoplasmic ratio in these areas. Neoplastic mucosa has a lower cytoplasmic content 

which allows it to lose acetowhitening quicker than non-neoplastic mucosa thereby leading 

to focal erythematous appearances - a typical sign of neoplasia.  
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Guelrud et al., were the first to describe the mucosal surface patterns of Barrett's intestinal 

metaplasia with acetic acid (chromoendoscopy).177 Round pits (pattern I) correlated to fundic 

or cardiac type mucosa without intestinal metaplasia. Reticular, villous and ridged (pattern II, 

III, IV respectively) corresponded to Barrett's with intestinal metaplasia (Figure 2.20). Several 

other studies then went on to identify the surface patterns associated with neoplasia - 

mucosal architectural distortion and hypervascularity.178,179 

 

 
Figure 2.20: Endoscopic views after acetic acid instillation; A: Pattern I: round pits with a 
characteristic pattern of regular and orderly arranged circular dots. B, Pattern II: reticular pits 
that are circular or oval and are regular in shape and arrangement. C, Pattern III: villous with 
no pits present but a fine villiform appearance with regular shape and arrangement is evident. 
D, Pattern IV: ridged with no pits present but a thick villous convoluted shape with a 
cerebriform appearance with regular shape and arrangement is evident. 
(Reproduced with permission from Guelrud et al.,177 Elsevier publishing) 
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Most recently, Kandiah et al., from Portsmouth developed and validated a classification 

system for the use of acetic acid in identification of neoplastic and non-neoplastic Barrett's.180 

The classification uses focal loss of acetowhitening (either absent or present) and surface 

pattern (uniform/compact/focal irregularity/absent) to enable the endoscopist to make a 

prediction. Very high sensitivity (98.1%) and negative predictive value/NPV (97.4%) for 

neoplasia was obtained using this classification and the authors also demonstration that the 

results were applicable to a broad range of users including non-endoscopists (sensitivity 

95.9% and NPV 96.0%).  

Acetic acid has also been validated in-vivo albeit in tertiary referral centre populations 

enriched with Barrett's neoplasia. The Wiesbaden group carried out a prospective 

randomised crossover tandem endoscopy study of 57 patients with a history of Barrett's 

neoplasia using acetic acid or virtual chromoendoscopy (FICE), 4-6 weeks apart.181 Targeted 

biopsies (early loss of acetowhitening) and standard quadrantic biopsies were taken. The 

sensitivity of acetic acid for neoplasia detection was 87%. Longcroft-Wheaton et al., carried 

out a similar study with 190 procedures in 119 patients.182 Acetic acid targeted biopsy 

demonstrated a sensitivity of 95.5% and specificity of 80% for neoplasia detection.  

A meta-analysis by Coletta et al., analysed the results from 9 studies (1379 patients) where 

acetic acid chromoendoscopy was used for identification of Barrett's neoplasia (high grade 

dysplasia/early adenocarcinoma).183 The pooled sensitivity, specificity, positive likelihood 

ratio and negative likelihood ratio were 0.92 (95% confidence interval [CI] 0.83-0.97), 0.96 

(95% CI 0.85-0.99), 25.0 (95% CI 5.9-105.3) and 0.08 (95% CI 0.04-0.18).  

 

The cost effectiveness of acetic acid guided targeted biopsy protocols have also been studied. 

The Wiesbaden group demonstrated that the mean number of targeted biopsies required to 

diagnose one case of neoplasia was 5.2 vs 1828 for quadrantic biopsies.184 Tholoor et al., 

retrospectively analysed the neoplasia yield of acetic acid chromoendoscopy (AAC) with 

quadrantic biopsies in a routine Barrett's surveillance population (972 patients).185 An almost 

15 fold increase in neoplasia detection was noted in the AAC group per biopsy compared to 

quadrantic biopsies. The number of biopsies needed to detect one neoplasia was 15x lower 

in the AAC cohort compared to the standard quadrantic biopsy cohort.  

In 2012, the American Society of Gastrointestinal Endoscopy (ASGE) introduced certain 

diagnostic thresholds (also known as ‘PIVI or Preservation and Incorporation of Valuable 



 75 

endoscopic Innovations criteria’) to provide a useful standard in evaluating new technologies 

or techniques used for real time imaging of Barrett’s oesophagus. In order for random 

biopsies to be eliminated during routine Barrett’ surveillance, a technology would need to 

have a per-patient sensitivity of at least 90% and a negative predictive value of at least 98% 

with a specificity of 80% and above for detection of Barrett’s high grade dysplasia or 

adenocarcinoma.186 The evidence so far supports the use of AAC as an effective tool in 

detecting Barrett's neoplasia, meeting ASGE PIVI criteria in expert hands.  

 

2.6.2 Methylene Blue & Indigocarmine 

Methylene blue is a vital stain that was first used in the upper GI tract to detect early gastric 

cancer. As early as the 1970s, Ida et al.,187 and Suzuki et al.,188 showed that it was selectively 

taken up by specialised gastric intestinal metaplasia and early cancerous cells enabling the 

endoscopist to delineate these lesions. In the context of Barrett's oesophagus, a prospective 

randomised crossover study comparing four quadrant random biopsies versus methylene 

blue directed targeted biopsies for the detection of intestinal metaplasia and dysplasia was 

carried out over a decade ago. This showed that the methylene blue directed strategy 

required significantly fewer biopsies than four quadrant (mean number of biopsies 9.23 vs 

18.92).189 Canto et al., also conducted a study in 43 patients demonstrating that methylene 

blue directed targeted biopsies improve the detection of Barret's intestinal metaplasia and 

dysplasia despite using fewer biopsies.190 However, Ragunath et al., showed no significant 

differences in the diagnosis of dysplasia and carcinoma on methylene blue targeted versus 

random biopsies but that the technique diagnosed significantly more specialised intestinal 

metaplasia (75% versus 68%, p=0.03).191 Finally in 2009 a meta-analysis of 9 studies on 

methylene blue directed chromoendoscopy (450 patients) showed that the diagnostic yield 

of this technique was comparable (not superior) to random biopsies in detecting intestinal 

metaplasia, dysplasia and early cancer.192  

 

There has been limited evidence for the use of indigocarmine (a contrast stain) 

chromoendoscopy for Barrett's surveillance. A study published in 2003 utilised high 

magnification chromoendoscopy with this stain to detect intestinal metaplasia, low and high 

grade dysplasia in the surveillance of 80 patients. The diagnostic yield of intestinal metaplasia 

and high grade dysplasia on target biopsies was high (97% for tubular/ridged IM, 100% for 
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irregular/distorted mucosa suggestive of HGD).193 However, the results were not helpful for 

diagnosing low grade dysplasia which remains difficult to detect.  

 

Both these techniques have fallen out of favour with endoscopists over time given the limited 

evidence base and shift towards the use of virtual chromoendoscopy via push button 

technology that may be quicker to perform than time consuming traditional dye spray based 

techniques.  

 

2.7 Optical Diagnosis using Advanced Endoscopic Imaging in Barrett's Oesophagus 

 

2.7.1 Narrow Band Imaging 

This proprietary technology is manufactured by Olympus Medical Systems and based on the 

principle of differing penetrating properties of white light depending on its wavelength. Short 

wavelengths penetrate superficially whereas longer wavelengths penetrate more deeply into 

the mucosa. A narrow band filter placed directly in front of the xenon lamp produces 2 narrow 

bands of light at specific wavelengths (415 and 540 nm) which correspond to the absorption 

peaks of haemoglobin. Blood vessels in the superficial mucosal highlighted by the 415 nm 

wavelength appear brown whereas the capillaries penetrated by the longer 540 nm 

wavelength appear blue-green. The NBI image therefore sharply enhances the contrast 

between the blood vessels and other structures within the mucosa.  

Three generations of NBI systems are currently available for commercial use in the market. 

The first generation (Evis Lucera 260 Spectrum series) features white-light and narrow band 

illumination through a single light source. The switch from white light to NBI can be made by 

the push of a button on the endoscope or directly from the endoscopy processor. However, 

the NBI image on the Spectrum series has been noted to be dark due to the filtering out of 

other wavelengths of white light, particularly in wider lumen areas such as the stomach. This 

has been corrected in the second generation of Olympus NBI endoscopy processors (Evis 

Lucera Elite) which was launched in 2012. These processors use an upgraded xenon light 

source with two filters transmitting blue light and one filter transmitting green light. Olympus 

also introduced a near-focus function with the new generation processors and endoscopes 

enabling simple one step magnification. More recently, Olympus introduced the Evis-X1 
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processor with an even brighter NBI function using a 5 LED light technology alongside other 

advanced imaging technologies (TXI & RDI).  

 

There have been numerous studies assessing the performance of NBI in diagnosing Barrett's 

intestinal metaplasia and high grade dysplasia. It is important to note that in the earlier 

studies, NBI was compared to standard resolution white light endoscopy. Wolfsen et al., 

found in a prospective controlled tandem endoscopy study of 65 patients that high definition 

NBI (HD-NBI) without magnification was superior to standard resolution white light 

endoscopy in detecting dysplasia. The authors also found that more biopsies were required 

in the standard resolution random biopsy group compared to the targeted NBI biopsy group 

(mean 8.5 vs 4.7 biopsy specimen, p<0.001).194 The utility of NBI was also supported in a 

randomised controlled trial comparing HDWL with NBI for the detection of intestinal 

metaplasia and neoplasia which conclusively showed that NBI detected a higher proportion 

of dysplastic areas (30% vs 21%, p=0.01).195 HDWL and NBI detected intestinal metaplasia in 

92% of all 123 patients but fewer biopsies per patient were required with the NBI directed 

strategy (3.6 vs 7.6, p<0.001).  

 

A meta-analysis by Mannath et al., included eight studies comparing NBI driven optical 

diagnosis of Barrett’s high grade dysplasia and intestinal metaplasia with histology as the gold 

standard.196 The pooled sensitivity, specificity and area under the curve were 96%, 94% and 

99% respectively. Results were similar for diagnosis of intestinal metaplasia except that 

specificity was noted to be much lower (65%).  

 

The table below describes studies where the utility of NBI in characterising Barrett’s neoplasia 

was assessed.  

 

Table 2.7: Narrow Band Imaging for the Characterisation of Barrett’s Neoplasia 

 

Author/year Sample size Trial Type Modality Outcome 

Kara et al.197 

(2005) 

28 patients 

(14 with high 

grade dysplasia/ 

Prospective 

randomised 

crossover  

HD-WLE with 

indigocarmine 

vs HD-NBI 

Sensitivity of targeted biopsies 

with HD-WLE alone – 79% 
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cancer) Sensitivity for neoplasia 

diagnosis in HD-WLE with 

indigocarmine was 93% vs 86% 

in HD-NBI 

Kara et al. 

(2006)198 

63 patients 

161 lesions 

Post hoc 

image 

evaluation 

Magnification 

NBI 

Sensitivity of neoplasia 

diagnosis = 94%, specificity = 

76%, NPV = 98% 

Sharma et al.199 

(2006) 

51 patients, 204 

lesions 

Cross-

sectional, 

image 

evaluation 

Magnification 

NBI 

Sensitivity of HGD diagnosis = 

100%, specificity = 98.7% 

Anagnostopoulous 

et al.200  

(2007) 

50 patients, 344 

lesions 

Cross-

sectional, 

real time 

evaluation 

Magnification 

NBI 

Sensitivity, specificity, NPV for 

prediction of HGD = 90%, 100% 

and 100% respectively 

Goda et al.201  

(2007) 

58 patients, 217 

lesions 

 

Cross-

sectional, 

real time 

evaluation 

Magnification 

NBI 

Sensitivity and specificity of 

irregular mucosal and capillary 

patterns for all 6 

adenocarcinoma sites = 100% 

Curvers et al.202 

(2008) 

84 patients, 165 

lesions 

Cross-

sectional, 

real time 

evaluation 

HD-WLE, 

magnification 

NBI 

Diagnostic yield for optical 

diagnosis of Barrett’s neoplasia 

72% with NBI, 81% with HD-

WLE and 83% with HD-WLE + 

NBI (no difference between 

experts and non-experts) 

Singh et al.203 

(2008) 

109 patients, 

1021 biopsies 

Cross-

sectional, 

post hoc 

image 

evaluation 

Magnification 

NBI 

NPV for optical diagnosis of 

Barrett’s neoplasia using a 

simple classification = 99%, PPV 

= 81% 

(good agreement between 

experts and non-experts) 

Alvarez Herrero et 

al.204 

(2009) 

200 images (57 

HGD/cancer) 

Prospective 

Image 

evaluation 

by 8 

endoscopists 

NBI Sensitivity for neoplasia 

diagnosis = 71%, specificity = 

68% 

Moderate interobserver 

agreement  
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(4 experts, 4 

non-experts) 

Singh et al.205  

(2011) 

75 patients, 252 

images 

Prospective 

post hoc 

image 

evaluation 

by 7 

endoscopists 

(3 experts, 4 

non-experts) 

NBI Sensitivity for dysplasia 

prediction = 47% 

Specificity = 72% 

Interobserver agreement for 

mucosal, vascular pattern and 

dysplasia prediction was fair 

(experts and non-experts) 

 

Jayasekara et al.206  

(2012) 

50 patients, 1190 

biopsies (91 

containing 

HGD/cancer) 

Cross-

sectional, 

real time 

evaluation 

HD-WLE, NBI Sensitivity, specificity, accuracy 

for neoplasia detection with 

NBI = 89.0%, 80.1%, and 81.4% 

respectively 

Baldaque-Silva et 

al.207  

(2013) 

209 videos - 70 

selected 

Prospective, 

post hoc 

video 

evaluation 

Magnification 

NBI 

Sensitivity for neoplasia 67-90% 

post training, fair interobserver 

agreement  

Sharma et al.195 

(2013) 

113 patients Prospective 

randomised 

controlled 

trial 

HD-WLE vs 

HD-NBI 

NBI detected higher proportion 

of areas with dysplasia 

compared to HD-WLE (30% vs 

21%); sensitivity of Barrett’s 

neoplasia diagnosis with NBI = 

100% 

Sharma et al.208 

(2016) 

170 images  Prospective, 

post hoc 

image 

evaluation 

by 

international 

NBI experts 

NBI Sensitivity, specificity, PPV and 

NPV for dysplasia prediction= 

80%, 88%, 81%, 88%  

When dysplasia was identified 

with a high level of confidence, 

these values were 91%, 93%, 

89%, and 95%, respectively 

Nogales et al.209  

(2017) 

100 images Image 

evaluation 

NBI  Sensitivity, specificity, PPV and 

NPV for dysplasia 
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by 4 

experienced 

and 4 trainee 

endoscopists 

prediction=48.4%, 91%, 61.4%, 

81.5% 

 

Many of these studies were carried out with experts which may have influenced the 

diagnostic performance given that the interpretation and utilisation of any advanced imaging 

modality takes time and sufficient exposure to both normal and neoplastic Barrett’s to learn. 

Nevertheless, the overall strength of NBI in diagnosing Barrett’s neoplasia has meant that it 

is a viable means of optical diagnosis and has been endorsed by the American Society of 

Gastrointestinal Endoscopy as a tool to guide targeted biopsies during Barrett’s surveillance 

procedures.210  

 

2.7.2 iScan 

In comparison to NBI, there have been far fewer studies on the use of iScan in Barrett’s 

oesophagus. A small case series by Hancock et al., introduced the concept of using iScan for 

detection of various upper GI tract abnormalities including Barrett’s dysplasia and cancer.211 

The accuracy and effectiveness of targeted oesophageal biopsies in Barrett’s to detect 

dysplasia using iScan was assessed in a study carried out by Verna et al., in 2013.212 Here, 54 

consecutive patients underwent targeted biopsies using acetic acid, magnification and iScan 

followed by random quadrantic biopsies. The dysplasia detection rate was compared. This 

was a negative study with a very low rate of dysplasia detected on targeted biopsies graded 

by 2 separate histopathologists (5.5% and 9.2% respectively) with a low level of interobserver 

agreement (K=0.45). However, when it came to detection of specialised columnar epithelium 

representing Barrett’s oesophagus, Hoffman et al., showed in a randomised study that 

compared iScan with acetic acid, the diagnostic yield of targeted biopsies using iScan or acetic 

acid was significantly higher compared to random biopsies (iScan: 66% vs 21%, p=0.009; acetic 

acid 57% vs 26%, p=0.012).213 The accuracy for predicting specialised columnar epithelium 

was very high (96%) with iScan. 

 

Subsequent studies using iScan have focused around the development and validation of a 

specific iScan MV (mucosal and vascular) classification system to identify Barrett’s dysplasia 
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and distinguish between normal and abnormal microvasculature and surface patterns. 

Lipman et al., showed that the combination of iScan magnification and acetic acid improved 

the accuracy of dysplasia detection from 69-79%.214  

The same research group also assessed whether the new iScan Optical Enhancement (OE) 

system improves the detection of Barrett’s neoplasia compared with HDWL endoscopy in 

both seven expert and seven trainee endoscopists.215 They used the previously validated MV 

classification system to classify dysplastic and non-dysplastic Barrett’s. When this 

classification and OE magnification endoscopy was used, there were improvements 

demonstrated in the accuracy (79.9% vs 66.7%), sensitivity (86.3% vs 83.4%) and specificity 

(71.2% vs 53.6%) of dysplasia detection in trainees and most experts.  

 

However, given the paucity of studies on iScan in Barrett’s dysplasia detection, there is 

insufficient evidence to support its use solely without standard quadrantic biopsies.  

 

 
Figure 2.21: Raised nodule of Barrett’s adenocarcinoma as seen on iScan 1, iScan 2 and iScan 
3 (ordered from left to right).  
(Adapted and reproduced with permission from Hancock et al.211) 

 

2.7.3 Flexible Spectral Imaging Colour Enhancement (FICE) 

Early studies on FICE in the upper GI tract showed that it can improve the identification of 

palisade vessels and the demarcation between Barrett’s mucosa and gastric mucosa thereby 

aiding the endoscopic diagnosis of Barrett’s oesophagus.216 However, limited evidence exists 

to support the use of FICE in the identification and characterisation of Barrett’s dysplasia. A 

proof of concept study of 57 patients by Pohl et al., published in 2007 showed that virtual 

chromoendoscopy with FICE was not inferior to chromoendoscopy with acetic acid.181 

Sensitivity of targeted biopsies for high grade dysplasia/adenocarcinoma was 87% in both 

groups. Another small study (20 patients including 2 controls) has explored this concept 
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though we note here that FICE was not used in isolation but rather with acetic acid. Videos of 

patients with high grade dysplasia viewed by experts identified an irregular mucosal pattern 

in 100% using acetic acid and FICE compared to just 14% with high definition white light 

endoscopy alone.217  

 

 

Figure 2.22: Example of a neoplastic lesion within Barrett’s as visualised with computed 
virtual chromoendoscopy 
(adapted with permission from Pohl et al.,181 Thieme publishing) 

 

2.7.4 Blue Light Imaging (BLI) and Linked Colour Imaging (LCI) 

Both these technologies are available on Fujifilm endoscopes using the latest generation 

processors (ELUXEO with multi-light LED technology available in Europe/USA and LASEREO 

with laser light technology available in the Far East). There is limited literature on the role of 

BLI and LCI in detecting and characterising Barrett’s neoplasia. De Groof et al., utilised six 

international experts to assess white light and BLI images of 40 lesions within Barrett’s 

oesophagus (Figure 2.23).218 The experts used visual analog scales (VAS) to appreciate the 

macroscopic appearances and delineate the lesions (Figure 2.24). VAS scores ranged from 1 

(lowest appreciation) to 10 (highest appreciation). VAS scores were significantly better for BLI 

compared to white light endoscopy (WLE) when it came to macroscopic appearance (8.0 vs 

7.0, p<0.001), surface relief (8.0 vs 6.0, p<0.001) and the ability to delineate neoplastic lesions 

(8.0 vs 6.0, p<0.001). In lesions that were hard to delineate with WLE alone, the addition of 

BLI offered further value and the quantitative agreement amongst experts increased.  
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The same group subsequently tested BLI and LCI for visualisation of Barrett’s neoplasia 

compared to WLE alone amongst non-expert endoscopists in a separate study. 76 non-expert 

endoscopists were tested in four phases using a web based tool: Phase 1: WLE only; Phase 2: 

WLE + BLI; Phase 3: WLE + LCI; Phase 4: WLE + BLI + LCI. The median VAS scores for 

appreciation of Paris classification, surface relief and ability to delineate the lesion were 

higher in phase 2, 3, and 4 compared to phase 1.219   

 

 
 

Figure 2.23: Examples of the difference between white light endoscopy and blue light 
imaging in appreciation of surface relief (A & B) and the demarcation line (C & D) 
(Reproduced from de Groof et al.,218 with permission from Elsevier publishing) 
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Figure 2.24: Examples of prospectively collected corresponding images in white light 
endoscopy and blue light imaging before (A, B, E, F) and after (C, D, G, H) online delineation 
by experts 
(Reproduced from de Groof et al.,218 with permission from Elsevier publishing) 

 

2.7.5 Autofluorescence Imaging (AFI)  

AFI may also be used as a diagnostic tool in Barrett’s neoplasia. This was first noted over two 

decades ago by Panjehpour et al., in a study of 36 patients with Barrett’s oesophagus where 

all high grade dysplastic samples were correctly identified using a differential normalised 
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fluorescence index technique.220  A multicentre randomised controlled trial by Borovicka et 

al., showed a higher rate of neoplasia detection with AFI (12%) compared to white light 

endoscopy (5.3%).221 In view of the high false positive rate with AFI, Curvers et al., attempted 

to identify endoscopic features to predict neoplasia in AFI positive areas using expert 

validation of images.222 They proposed that AFI intensity, proximity of gastric folds <1cm and 

a different appearance on white light endoscopy were independently associated with early 

neoplasia in AFI positive areas.  

 

Despite some early promising results with AFI, it did not appear to result in a clinically 

significant and sustained improvement in neoplasia detection. A meta-analysis of five studies 

with 371 patients in total showed only a marginal improvement (approximately 2%) in 

neoplasia detection using AFI compared to conventional white light endoscopy.223 Giacchino 

et al., used AFI and magnification NBI in a tandem approach to optimise neoplasia 

detection.224 However, even these results were disappointing with no difference in accuracy 

although an improvement in sensitivity was noted with the addition of magnification NBI 

compared to AFI alone (50% to 71%). Several other studies have assessed the utility of 

endoscopic trimodal imaging (white light endoscopy combined with AFI and NBI) but the 

results have still not proved adequate enough to replace conventional surveillance with 

Seattle protocol biopsies although the use of NBI did reduce the high false positive rate seen 

with AFI.225,226 

 

di Pietro et al., used a novel approach of AFI to target biopsies and applied a biomarker panel 

when analysing the histology to identify dysplastic Barrett’s mucosa.227 The diagnostic 

accuracy for high grade dysplasia or adenocarcinoma when using the biomarker panel from 

AFI targeted biopsy areas was significantly higher than in AFI negative zones (p<0.001), with 

a receiver operating characteristic curve of 0.97 (95% CI 0.95-0.99), sensitivity of 100% and 

specificity of 85%. Another study by this research group combined AFI directed confocal 

endomicroscopy with the triple biomarker panel to obtain sensitivity and specificity rates for 

dysplasia approaching 90%.228    

 

2.7.6 Confocal Laser Endomicroscopy (CLE) 
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The typical field of view using a gastric probe (GastroFlex UHD) is 240 µm with a confocal 

depth of 55-65 µm. In patients with Barrett’s oesophagus, CLE can distinguish between 

normal epithelium and dysplasia or neoplasia. A meta-analysis of 14 studies using CLE for the 

detection of neoplasia in patients with Barrett’s oesophagus showed the pooled sensitivity 

and specificity were 89% (95% CI: 0.82-0.94) and 83% (95% CI 0.78-0.86) respectively.229 The 

study also noted that pCLE was superior to integrated CLE in specificity of neoplasia detection 

(91.4% vs 86.1%). In a study of 101 patients undergoing Barrett’s surveillance or endoscopic 

treatment of high grade dysplasia or early cancer, pCLE was used in addition to white light 

endoscopy and NBI. The sensitivity and specificity for HD-WLE alone was 34.2% and 92.7% 

but this improved to 68.3% and 87.8% respectively (p<0.001) when pCLE was combined. 

When pCLE was used with AFI in the in-vivo detection of dysplasia, the sensitivity of optical 

biopsy reached an impressive 96.4% compared to 57.1% when AFI was used with NBI. 

However, it must be noted that the studies conducted on CLE are borne out of tertiary centres 

with experts validating this technology therefore its utility in the general endoscopist cohort 

is unknown.  

 

2.7.7 Optical Coherence Tomography and Volumetric Laser Endomicroscopy 

High resolution cross sectional images can be obtained through optical coherence 

tomography (OCT) based on the principle of backscattering of light.230 A low coherence laser 

analyses the backscattered infrared light combined with a reflective mirror source. Scanning 

depths of 1-2mm can be achieved which encompass epithelial and subsquamous structures 

(vessels, glands, crypts) and two-dimensional images are produced. Poneros et al., found that 

the sensitivity and specificity of diagnosing Barrett’s metaplasia was high (97% and 92% 

respectively) using OCT.231 However, the in-vivo accuracy for diagnosing dysplasia and early 

stage cancer was lower, with a systematic review by Kohli et al. in 2017 reporting that the 

technique had sensitivities ranging from 68% to 83% and specificities of 75% to 82%.232 In 

another meta-analysis233, subgroup results on the per-lesion diagnostic accuracy of Barrett’s 

high grade dysplasia and adenocarcinoma showed a pooled sensitivity of 89%, specificity of 

91% and accuracy of 95% though this was based on data from only four studies.  

 

OCT does have its drawbacks as earlier iterations of the technology had insufficient 

resolution, two dimensional images and slow scanning speeds impacting the speed of image 
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acquisition. Volumetric laser endomicroscopy (VLE) is advanced OCT that involves balloon 

centred imaging probes introduced through the working channel of the endoscope. The 

length of the balloon is 6 cm and imaging is performed by automatic pullback of the probe 

from the distal to the proximal end of the balloon over a 90 second period. VLE uses superior 

axial and transverse resolution enable visualisation up to a depth of 3 mm (mucosa and 

submucosa). A meta-analysis of eight VLE studies found a pooled sensitivity and negative 

predictive value of 100% in the per-patient analysis of identification of high grade dysplasia 

and adenocarcinoma but low specificity of 55%.233 When a per-lesion analysis was conducted 

the sensitivity was 85% and specificity 73%. The pooled sensitivity for dysplasia in general 

(including low grade dysplasia) in this study was 93% though specificity still remained low 

(54%).  

 

Another advantage of VLE is laser marking can be performed to guide accurate tissue 

sampling or delineate neoplastic lesion margins for endoscopic resection. Swager et al., 

conducted the first in human pilot study on the feasibility of laser marking in Barrett’s 

oesophagus and showed that the technique was safe and feasible in 17 patients, with 97% of 

laser marks visible on white light endoscopy and all on VLE.234 Alshelleh et al., compared the 

dysplasia yield of four different Barrett’s surveillance strategies (random biopsies, Seattle 

protocol guided biopsies, VLE and laser guided VLE) and obtained results of 5.7%, 19.6%, 

24.8% and 33.7% respectively.235 Both the laser guided VLE group and the VLE group had 

statistically significant differences in neoplasia detection compared to the Seattle protocol 

group (14% vs 1%, p=0.001 and 11% vs 1%, p=0.003) though the difference was greater in the 

laser guided group.  

 

OCT and VLE are promising technologies but as things stand, there is insufficient data with 

large in-vivo human trials indicating that OCT or VLE targeted biopsies can replace the current 

standard biopsy protocol in Barrett’s surveillance. Developing standardised diagnostic 

algorithms may help improve the performance of these technologies and as with other 

imaging modalities, the future may lie in utilising computer aided diagnosis (sensitivity and 

specificity over 90% for Barrett’s neoplasia in an image based study by Swager et al., testing 

the feasibility of a computer algorithm in VLE236). 
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2.8 Clinical Significance of Optical Diagnosis and Characterisation of Small and Diminutive 

Colorectal Polyps 

With increasing focus on earlier detection and resection of colorectal polyps as an effective 

treatment for the prevention of colorectal cancer, there comes a corresponding increase in 

medical costs and labour associated with colonoscopy. This may arise as a result of increasing 

numbers of colorectal polyps sent for histopathological analysis. The information garnered 

from histopathological evaluation is used to assign subsequent colonoscopy intervals 

(depending on whether polyps are adenomatous or hyperplastic). The majority of colorectal 

polyps found during colonoscopy are small (6-9 mm) or diminutive (<5 mm). In current 

practice, most polyps (except polyps <5 mm in the rectosigmoid that clearly appear 

hyperplastic) are resected and sent for histopathological analysis. Multiple polypectomies 

contribute to the cost, time and add to the risks of a surveillance colonoscopy. Furthermore, 

the risk of malignant potential in small and diminutive polyps is very low (<2% with villous 

histology or low grade dysplasia and even less containing high grade dysplasia or cancer). 

Therefore, the ability to confidently characterise polyp histology during the time of the 

procedure (optical diagnosis) can lend itself to two potential strategies outlined below that 

may reduce the histopathological burden and increased risks from multiple unnecessary 

polypectomies. There are also benefits conferred from being able to assign an accurate 

surveillance interval at the time of the procedure without waiting for histopathology, thereby 

saving on administrative time and cost.   

 

2.8.1 ‘Resect and Discard’ – Resect small adenomas without sending for formal histology 

This strategy introduced the concept of characterising, resecting and discarding small or 

diminutive polyps confidently identified as adenomas without sending the resected specimen 

for histological analysis. This was introduced by Ignatovic et al., in a landmark study published 

in 2009237 where the strategy of Detect, Inspect, Characterise, Resect and Discard was 

implemented in surveillance colonoscopy in 130 patients. 278 polyps (<10 mm) in this study 

had an optical diagnosis (using high definition white light +/- NBI +/- chromoendoscopy) and 

histopathological diagnosis. The endoscopists assigned a level of confidence (high or low) to 

their optical diagnoses. The sensitivity of adenoma diagnosis was 94% and specificity 89% 

with an overall accuracy of 93% for polyp characterisation. 82 out of 130 patients could be 

given a surveillance interval immediately after colonoscopy using optical diagnosis alone and 
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in 80 out of 82, this was in concordance with the surveillance interval determined with 

histopathological diagnosis. Paggi et al., also assessed the application of the resect and 

discard strategy in clinical practice using 511 small (<10 mm) polyps that were evaluated using 

NBI during colonoscopy.238 The sensitivity for adenoma diagnosis in this study was high 

(94.9%) though it lacked optimum specificity (65.8%). The accuracy in using an endoscopy 

directed surveillance strategy was 82.9%. Subsequently, a multicentre study by Repici et al. 

(429 polyps <5 mm), achieved better results as sensitivity of adenoma diagnosis reached 90%, 

specificity 88% and accurate surveillance strategy based on optical diagnosis in 92-99%.239 

However, it should be noted that these were results obtained using high confidence 

endoscopic predictions.  

 

2.8.2 ‘Diagnose and Leave’ – Allow rectosigmoid hyperplastic polyps to be left behind  

This strategy is based on the assumption that after a prediction of a hyperplastic polyp, the 

likelihood of leaving behind a <5 mm adenoma is extremely low and therefore unlikely to 

warrant the cost of polypectomy itself. It is worth noting that this applies to rectosigmoid 

polyps only as the risk of serrated lesions or adenomas with neoplastic potential increases 

proximal to the rectosigmoid. Several studies have looked at the natural history of 

rectosigmoid polyps left behind during colonoscopy with reassuring results. Hofstad et al., 

followed up 253 subcentimetre polyps for 2 years noting that no diminutive polyp progressed 

to >5 mm in size and there were no cases of severe dysplasia or carcinoma.240 Hisabe et al., 

followed up 408 subcentimetre lesions for 43 months with only 2.9% reaching >10 mm in size 

and again, no instances of carcinoma were found.241  

 

2.8.3. Challenges in implementing ‘Resect and Discard’ or ‘Diagnose and Leave’ strategies  

However, there are several issues that need to be addressed before these strategies can be 

implemented. Firstly, there needs to be a sufficiently high level of accuracy in optical diagnosis 

in order to avoid concurrent histopathological examination for confirmation of the polyp 

type. One of the criticisms of using advanced endoscopic imaging based policies is the risk of 

the technology missing advanced neoplasia. This is mitigated when it is used in diminutive 

polyps <5 mm where the risk of neoplasia is low (<1%). Although the risk of neoplasia in 6-9 

mm polyps is higher (still <5%), this is offset by the lower overall prevalence of 6-9 mm polyps 

compared to diminutive lesions.242 Another potential drawback is around the consequence of 
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false positives/negatives on surveillance intervals. This depends on the individual country’s 

guidelines where surveillance thresholds differ. For example, the British Society of 

Gastroenterology recently updated its surveillance guidelines so that only patients with high 

risk findings are planned for a surveillance colonoscopy in 3 years. At least 2 premalignant 

polyps (including 1 with advanced features) or 5 premalignant polyps are required for the 

definition of what is classed as ‘high risk’. This is in contrast with older guidance where 

patients with at least 5 adenomas (premalignant) required surveillance colonoscopy in 1 year. 

If optical diagnosis directed surveillance intervals were used without adequate validation, 

then there may be a risk of missed surveillance in the event adenomas are misclassified as 

benign hyperplastic polyps.  

 

Secondly, optical diagnosis needs to be easy to learn and have high interobserver and 

intraobserver agreement in order for high accuracy to be generalised across multiple 

endoscopists practising in both academic centres as well as community based settings. Finally, 

the technology used for optical diagnosis (e.g high definition white light or advanced 

endoscopic imaging) needs to be widely available without a substantial increase in cost that 

may negate the savings made on reducing the polyps sent for histopathology.  

 

Based on this, the American Society for Gastrointestinal Endoscopy (ASGE) proposed a 

Preservation and Incorporation of Valuable Endoscopic Innovations (PIVI) statement to guide 

the real time endoscopic assessment of diminutive colorectal polyps.243 This aimed to set a 

standard for advanced imaging technologies that needed to be met before optical diagnosis 

could be adopted safely. At the crux of this were two statements outlined below: 

 

1) ‘For colorectal polyps <5 mm in size to be resected and discarded without pathologic 

assessment, endoscopic technology (when used with high confidence) used to 

determine histology of polyps <5 mm in size, when combined with histopathologic 

assessment of polyps >5 mm in size, should provide a >90% agreement in assignment 

of postpolypectomy surveillance intervals when compared with decisions based on 

pathology assessment of all identified polyps.’ 
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2) ‘For a technology to be used to guide the decision to leave suspected rectosigmoid 

hyperplastic polyps <5 mm in size in place (without resection), the technology should provide 

>90% negative predictive value (when used with high confidence) for adenomatous 

histology.’ 

 

Many studies have now been carried out to assess the ability of endoscopists and advanced 

imaging technologies to apply the proposed PIVI criteria. The table below summarises the 

existing literature using high definition endoscopy with optical imaging on this subject. 

 

Table 2.8: Application of PIVI criteria for characterisation of colorectal polyps and 

appropriate surveillance interval using high definition endoscopy with optical imaging 

 

Author Year Imaging 

modality 

Number of 

patients 

Number of 

polyps 

High 

confidence 

NPV for 

adenoma 

identification 

Concordanc

e with 

surveillance 

interval 

determined 

by 

histopathol

ogy 

Rex et al.244 2009 NBI 136 451 Yes Yes Yes 

Ignatovic et 

al.237 

2009 NBI 130 278 Yes Yes Yes 

Togashi et 

al.114 

2009 FICE 133 107 No Yes No 

Buchner et 

al.120 

2010 FICE 79 119 No Yes No 

Dos Santos 

et al.245 

2010 FICE 72 111 No Yes No 

Henry et 

al.246 

2010 NBI 52 126 No Yes No 

Hoffman et 

al.103 

2010 iScan 100 145 No Yes No 

Lee et al.101 2011 NBI 142 296 Yes Yes No 
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Rastogi et 

al.43 

2011 NBI 210 97 

adenomas 

No No No 

Kim et al.113 2011 FICE 763 525 No Yes No 

Hong et 

al.105 

2012 iScan 236 292 No Yes No 

Gupta et 

al.247 

2012 

 

NBI 410 1254 No Yes Yes 

Hewett et 

al.248 

2012 NBI 108 236 Yes Yes No 

Shahid et 

al.162 

2012 NBI & 

pCLE 

65 130 Yes Yes No 

Kuiper et 

al.249 

2012 NBI 108 281 Yes No No 

Hewett et 

al.250  

2012 NBI 31 235 Yes Yes No 

Dos Santos 

et al.116 

2012 FICE 65 95 No Yes No 

Repici et 

al.239 

2013 NBI 278 574 Yes Yes Yes 

Paggi et 

al.238 

2012 NBI 286 511 Yes No No 

Singh et 

al.251 

2013 NBI 87 164 Yes Yes Yes 

Pigo et al.107 2013 iScan 78 150 No Yes No 

Longcroft-

Wheaton et 

al.115 

2011 FICE 51 150 No Yes Yes 

Longcroft-

Wheaton et 

al.252 

2012 FICE 50 143 No Yes Yes 

Ladabaum 

et al.253 

2013 

 

NBI 1673 2596 Yes Yes No 

Wallace et 

al.254 

2014 NBI 522 927 Yes Yes Yes 

Schachschal 

et al.108 

2014 iScan 198 198 No No No 
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Basford et 

al.102  

2014 iScan 84 209 Yes Yes Yes 

Kaltenbach 

et al.255 

2015 NBI 558 1309 Yes Yes Yes 

Patel et 

al.256 

2016 NBI 1451 3051 Yes Yes Yes 

Klare et 

al.257 

2016 

 

NBI  189 243 Yes Yes Yes 

Neumann et 

al.258 

2018 BLI 56 80 Yes Yes Yes 

Rondonotti 

et al.259 

2020 BLI 333 748 Yes Yes Yes 

NPV: Negative Predictive Value; NBI: Narrow Band Imaging; FICE: Flexible Intelligent 

Chromoendoscopy; BLI: Blue Light Imaging; pCLE: probe based confocal laser endomicroscopy 

  

Even if resect and discard could be adopted effectively, there are several other issues to 

consider. If adenomas were resected and discarded (diagnosis proven optically but not via 

histopathology), this will have a bearing on the endoscopist’s adenoma detection rate (ADR) 

which is a quality metric in colonoscopy. A high ADR may be obtained by removing as many 

polyps as possible (particularly diminutive ones) or simply improving inspection and mucosal 

visualisation to confirm adenomas before removal. If resect and discard were implemented, 

it may also prompt us to revisit the calculation of quality metrics in colonoscopy e.g ADR – 

including perhaps a revised estimate of ‘optical ADR’ though this is likely to prove less 

accurate.   

 

It is also important to consider the patient’s opinion on the acceptability of optical diagnosis 

without histopathological analysis. Both strategies of ‘resect and discard’ as well as ‘diagnose 

and leave’ may lead to high levels of patient anxiety. A survey of assessment of patient 

approval of these strategies showed that only 60.8% of patients supported resect and discard 

and 49.6% supported diagnose and leave.260 Patients were less likely to accept resect and 

discard strategies if there was a family history of bowel cancer or missed cancer diagnosis and 

were also more likely to seek compensation should errors in optical diagnosis occur.  

 

2.8.4 Adoption of optical diagnosis in community based settings 



 94 

It is worth noting that the majority of studies on the accuracy of optical diagnosis with various 

enhanced imaging technologies and using appropriate classification systems have been 

carried out in academic centres with experts. Therefore, we may expect that the real life 

performance of optical diagnosis is less optimal when practised by non-experts (e.g general 

endoscopists in a community setting or even trainee endoscopists). The DISCOUNT study by 

Kuiper et al249 used 3 non-academic endoscopists to characterise small colorectal polyps 

during surveillance colonoscopy with low or high confidence using high resolution endoscopy 

and NBI. The results were disappointing with sensitivity levels of only 77% (even on high 

confidence predictions) and accurate surveillance intervals determined in situ for only 81% of 

patients. Ladabaum et al., used a computerised module with still images to train 13 

gastroenterologists in optical diagnosis using NBI and found that only 25% achieved accuracy 

levels of over 90% in predicting polyp histology and agreement with surveillance intervals 

determined by endoscopic diagnosis compared to histopathology was only achieved in 

80%.253 Vu et al., however showed that the concordance for surveillance intervals was similar 

between community and academic gastroenterologists (80.2% vs 76.3%, p=0.38), neither 

result satisfying the ASGE PIVI recommendation.261  

 

The lack of generalisability between optical diagnostic performance in tertiary and 

community settings may have arisen due to a lack of systematic, rigorous training and 

feedback on performance. However, results from studies on the effect of training have been 

conflicting. Bae et al., evaluated a comprehensive training programme for real-time optical 

diagnosis of colorectal polyps (including sessile serrated lesions).262 This study of 15 

endoscopists trained with the WASP classification demonstrated an improvement in accuracy 

post training from 73.5% to 77.1%, NPV from 82.1% to 92.5% and surveillance interval 

concordance from 80.7% to 89.7%. Vleugels et al., conducted a study of 27 endoscopists using 

the NBI WASP classification for FIT positive patients undergoing screening colonoscopy in The 

Netherlands.263 The pooled NPV for identifying neoplastic lesions was 90.8% and surveillance 

intervals agreed with histopathology in 95.4%. When rectosigmoid lesions alone were 

considered, only 59% of endoscopists met the PIVI thresholds for NPV and surveillance. 

Interestingly, there was no difference in the results between the group of endoscopists that 

received regular feedback on their performance during the study and the group that did not. 

The intensity and method of training may have a bearing on the endoscopists performance. 
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Indeed, Paggi et al. utilised a fairly rigorous structure of training in their study to reassess the 

performance of endoscopists following the implementation of a quality assurance 

programme.264 They started off using a baseline one hour training session with pre and post 

test assessments of a slide set of endoscopic pictures to teach endoscopists to classify 

adenomatous and hyperplastic lesions. This was followed by refresher sessions every 2 

months where various different sets of 20 endoscopic images/videos of NBI classified polyps 

were evaluated and any discrepancies between NBI evaluation and histology were discussed 

collectively between the endoscopists. In this study, both PIVI criteria were met (NPV for 

rectosigmoid adenomas was 91.3%, correct surveillance interval predicted endoscopically in 

95.8% according to European guidelines).   

 

Despite these challenges, the latest European Society of Gastrointestinal Endoscopy 

guidelines for advanced imaging do support the use of real-time optical diagnosis under 

strictly controlled conditions for diminutive (<5mm) colorectal polyps to replace 

histopathology.69 To achieve optimum results, the optical diagnosis should be reported using 

a validated scale (classification), adequately photodocumented and can only be performed 

by experienced endoscopists who are adequately trained and audited.  

   

2.9 Clinical Significance of Optical Diagnosis and Characterisation of Barrett’s Neoplasia 

Barrett’s oesophagus is a known risk factor for development of oesophageal adenocarcinoma. 

As outlined in Chapter 1, adenocarcinoma originates from a transition of mucosa to low grade 

dysplasia, high grade dysplasia and eventually cancer. As Barrett’s oesophagus is a pre-

cancerous condition, there is strong evidence for surveillance of patients with the condition 

as recommended by international society guidelines.  

 

However, even with surveillance, early Barrett’s neoplasia can be very subtle and difficult to 

detect on standard white light endoscopy. In order to maximise detection of dysplasia, 

current surveillance guidelines for Barrett’s oesophagus advocate the use of quadrantic 

biopsy protocols.   

 

We have previously reviewed the evidence behind the use of dye based (e.g acetic acid) 

chromoendoscopy and advanced imaging technologies for the characterisation of Barrett’s 
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neoplasia. Given the range of modalities available, the ASGE technology committee published 

a systematic review and meta-analysis assessing the ASGE PIVI thresholds for adopting real-

time imaging assisted endoscopic biopsy in the surveillance of Barrett’s oesophagus.210 This 

encompassed studies using acetic acid and methylene blue chromoendoscopy, narrow band 

imaging and confocal laser endomicroscopy. The pooled sensitivity and NPV for acetic acid 

chromoendoscopy were very high (96.6% and 98.3% respectively). Similarly, the sensitivity 

and NPV for NBI was 94.2% and 97.5% whereas the figures for CLE were 90.4% and 98.3%. 

These three modalities (acetic acid, NBI and CLE) met the ASGE PIVI thresholds and could be 

recommended to guide targeted biopsies for dysplasia detection in Barrett’s surveillance in 

place of current random biopsy protocols.  
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Chapter 3: Endoscopic Techniques for the Treatment of Early Gastrointestinal Neoplasia 

 

3.1 A history of endoscopic resection techniques 

 

As the flexible endoscope continued to gain traction in the diagnosis of luminal 

gastrointestinal pathology, the first inroads into using the endoscope as a therapeutic 

device were made in the late 1960s/early 1970s. Two surgeons (Dr Shinya and Dr Wolff) 

working in the Beth Israel Medical Center, New York, USA designed a wire loop polypectomy 

snare that could be advanced through the biopsy channel of the flexible fibreoptic 

colonoscope and placed around a polyp to remove it using electrocautery. They reported 

their findings in a landmark paper published in 1973 in the New England Journal of Medicine 

where they described its use to remove 303 polyps in 218 patients.265 Even in this early 

description of polypectomy, there were only 5 patients who experienced complications of 

bleeding (with only one requiring a blood transfusion). Another large series at the time 

reported the successful removal of 300 polyps up to 4.5cm in diameter using a diathermy 

snare with no serious complications.266 The polypectomy technique was innovated further 

by the use of injection of fluid under the colonic mucosa to prevent diathermic injury that 

may lead to perforation. Deyhle et al., first demonstrated this in experiments with 10 dogs 

before showing that 7 sessile colonic polyps could be removed in humans without 

complications.267 It became apparent that there were clear advantages to removing polyps 

endoscopically (uncomplicated, effective, time saving, no hospital stay required) compared 

to more invasive colorectal surgical resections for benign pre-cancerous lesions. A recent 

prospective study of 12,732 patients who underwent elective surgery for a non malignant 

colorectal polyp showed the risk of a major postoperative adverse event to be as high as 

14%.268 Endoscopic removal of polyps has also been shown to be cost effective with cost 

savings of $5108.45 per patient compared with surgery (UK data) and $6990 saving per 

patient in an Australian setting.269,270 There is a case to be made for surgery being reserved 

for endoscopically unresectable lesions or lesions with invasive malignancy.  

 

In the upper GI tract, the first endoscopic polypectomy to treat an early gastric cancer was 

described in Japan in 1974. In 1984, the ‘strip biopsy’ technique was invented by Tada and 

colleagues as an alternative resection technique using a double channel endoscope.271 Here, 
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the lesion was injected with saline to create a mucosal elevation. A forceps was used to 

grasp the lesion which was then pulled into an open snare prior to resection with electro-

coagulation. The technique could be used for to remove specimens up to 3cm in length even 

if the lesion was flat or depressed and was designed to be used for small lesions with a 

surrounding normal margin to enable accurate histopathological assessment. It can also be 

used in the colon as shown in a study by Karita et al., where 71 lesions were removed and 

confirmed to be entirely intramucosal (including 21 adenocarcinomas).272 The study findings 

suggest that this technique permits resection of tissue down to the submucosal layer which 

lent weight to its role as an endoscopic method for removal of early colorectal cancers. 

Kudo et al., used the strip biopsy endoscopic mucosal resection technique on 633 colorectal 

lesions (including 89 that had invaded the submucosa) and only 10 patients required 

surgery.273 The technique can also be applied to larger lesions where successive strip 

biopsies are taken to remove the lesions piecemeal.274 The impact of strip biopsy in the 

subsequent management strategy of early gastric cancer was also demonstrated in a more 

recent study where it was an effective treatment in 92.3% of a curative indication group and 

reversed the decision of surgery (which had been based on inaccurate pretherapeutic 

information) in 20% of cases.275  

 

The strip biopsy technique formed the basis of the modern endoscopic mucosal resection 

method (Figure 3.1). The next step in its evolution was the development of the endoscopic 

resection with local injection of hypertonic saline epinephrine solution (ERHSE) technique in 

1988.276,277 After saline epinephrine solution injection, the edges of the lesion were incised 

using a needle knife prior to removing the lesion en bloc with a snare. The downside of this 

was the risk of perforation from the use of the needle knife.  
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Figure 3.1: Schematic representation of the strip biopsy procedure  
Reproduced from Kudo et al.,273 with permission from Thieme publishing 

 

Other modifications to the endoscopic mucosal resection technique include the use of a 

‘cap and snare’ method for removal of early oesophageal or gastric neoplasia.278,279 A 

transparent plastic cap is fitted onto the end of a standard gastroscope and a specialised 

prelooped snare in the groove of the inner cap is used to cut lesions that are suctioned into 

the cap. The area of interest is always injected and lifted before being suctioned into the 

cap.  

An extension of this technique is the use of a band ligating device to create a “pseudopolyp” 

when the lesion is suctioned into a cap prior to deploying a band around it.280 A snare is 

then placed down the biopsy channel around the banded lesion to remove it through 

electrocautery. Submucosal injection is not required. Multiband mucosectomy devices 

usually contain six bands and can be used to remove neoplastic lesions that are less than 
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2cm en bloc. The role of this device in the management of Barrett’s neoplasia will be 

discussed in subsequent sections.  

 

 
 

Figure 3.2 EMR devices in the upper gastrointestinal tract  
(M: muscularis mucosae, SM: submucosa, MP: muscularis propria, A: adventitia) 
Reproduced from Komanduri et al.281 with permission from Elsevier publishing 

 

As endoscopic treatment for early gastrointestinal neoplasia in the oesophagus, stomach 

and colon was fast becoming the primary treatment of choice, increasing importance was 

placed on the value of en bloc removal for accurate histopathological staging and to reduce 

the risk of local recurrence. This led to the next evolution in therapeutic luminal endoscopy 

with the introduction of a new technique known as endoscopic submucosal dissection 

(ESD). The procedure can be performed with the patient under sedation or with general 

anaesthesia, the latter being more common for oesophageal or gastric lesions, where 

retching would make the procedure unsafe. The lesion is identified, margins are marked and 

the submucosa is injected with fluid to raise the lesion away from the muscle layer. The fluid 

commonly used is a colloid solution to maintain prolonged lifting. However, other solutions 

can be safely used, including normal saline, and hyaluronic acid. An initial circumferential 

mucosal incision is made around the lesion using an electro-surgical needle type knife. 

Submucosal dissection is then performed using the knife for dissection within the 

submucosa just parallel to the muscle layer. Diathermy coagulation is used to achieve 

haemostasis when blood vessels are encountered during submucosal dissection. In 1995, 

the insulated tip (IT) knife was the first of its kind to be used successfully in resecting early 

gastric cancers in Japan.282 The unique property of the knife is its ceramic ball tip that 
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minimises the risk of perforation during application of electrocautery. In addition to using 

the knife for mucosal incision, it can also be used to dissect the submucosa in layers thereby 

enabling en bloc resection of lesions larger than 2-3cm.  

 

The role of ESD has grown over the past decade and is now also a viable technique for 

removal of colorectal and oesophageal lesions. Various knives (needle knife type and 

scissors type) have been developed to suit the expanding indications of the procedure. 

Whilst ESD has many advantages over endoscopic mucosal resection (EMR) in the resection 

of large lesions, it may be associated with more complications, a long procedure time and 

long learning curve. Nevertheless, in expert hands, it shows high rates of en bloc resection 

with low rates of recurrence which we will discuss in more detail subsequently.  

 

3.2: Endoscopic Mucosal Resection (EMR) 

The EMR technique is widely used for resection of lesions in the oesophagus, stomach, 

duodenum and colorectum. A submucosal fluid injection is used to elevate the lesion prior 

to placement of an electrocautery snare around the lesion for removal. Depending on the 

snare and lesion size, it may not be possible to remove the lesion in one piece thus leading 

to piecemeal resection. In this section, we will focus on the use of this technique for 

removal of lesions in the colorectum and oesophagus which falls within the remit of the 

scope of research conducted for this work.  

 

3.2.1 Endoscopic Mucosal Resection for Colorectal Lesions 

The introduction of chromoendoscopy and virtual chromoendoscopy has led to the 

increased identification of flat (non-pedunculated) colorectal polyps that harbour increased 

potential for colorectal cancer. EMR has evolved as a therapeutic strategy for the 

management of non-pedunculated colorectal polyps and promoted, in particular, the shift 

away from surgery for the management of these lesions (though of course, surgery remains 

essential for lesions with more than just superficial neoplastic submucosal invasion). Early 

on, Kudo outlined the importance of appreciating the morphology of these lesions in 

predicting the degree of submucosal invasion.273 ‘Penetrating type’ lesions may involve the 

submucosal layer and indeed, if infiltration extends beyond the upper third of the 
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submucosal layer it would not be advisable to undertake endoscopic resection due to the 

risk of perforation and incomplete neoplasia clearance.   

 

  
Figure 3.3: Schematic representation of infiltrative types of flat and depressed early 
colorectal cancers 
Reproduced from Kudo et al.273 with permission from Thieme publishing 

 

The Paris classification was described in 2002 to evaluate the different morphological 

subtypes of colonic polyps.283 Lesions were classified as follows: 

 

0-I – pedunculated and sessile polyps 

0-Ip – pedunculated 

0-Isp – semi pedunculated 

0-Is – sessile 

 

0-II – flat 

0-Iia – superficial elevated 

0-Iib – flat 

0-Iic – depressed 

 

0-III – excavated 
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Figure 3.4: Schematic representation of colorectal lesion morphology according to the 
Paris Classification284 
 

Lesion morphology is correlated with the presence of malignancy and non protruding, 

depressed lesions (Paris 0-Iic) have a higher risk of malignancy compared to sessile (0-Is) 

lesions (61% vs 3%).283 Given the risk of deep submucosal invasion (a predictor of 

lymphovascular invasion), it follows that EMR would not be suitable for IIC lesions.  

However, in the vast majority of other cases, EMR is effective with curative rates of 

approximately 90%.285,286 The Australian Colonic Endoscopic (ACE) resection study group 

published outcomes from 479 patients undergoing EMR (mean lesion size 35.6mm) and 

showed that 89.2% had complete removal of the polyp in a single session.285 A prior attempt 

at EMR and ileocaecal valve involvement were predictors of unsuccessful endoscopic 

resection whilst lesion size over 40mm and use of argon plasma coagulation were predictors 

of recurrence after effective EMR. The success of EMR was also echoed in an American 
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study by Ginsberg et al., where 91% of 315 lesions were resected completely in a single 

attempt.286 However, not all colonic EMRs will have the same degree of technical difficulty 

and this may impact on outcomes. A novel method for determining the difficulty of 

polypectomy was developed by Gupta et al., using four parameters – size (S), morphology 

(M), site (S) and access (A).287 A scoring system was established using these criteria with 

increasing complexity the higher the grade (SMSA 1 to 4 – Table 3.1 and 3.2). A UK study of 

220 polyps by Longcroft-Wheaton et al., demonstrated that the probability of lesion 

clearance at the first EMR attempt was affected by SMSA grade, with 97.5% of SMSA 2-3 

lesions removed completely vs 87.5% of SMSA 4 lesions (p=0.009).288  

 

Table 3.1: Scoring system for determining the difficulty level of a polyp287 

 

Parameter Range Score 

Size <1cm 1 

 1-1.9cm 3 

 2-2.9cm 5 

 3-3.9cm 7 

 >4cm 9 

Morphology Pedunculated 1 

 Sessile 2 

 Flat 3 

Site Left colon 1 

 Right colon 2 

Access Easy 1 

 Difficult 3 

 

Table 3.2: Range of scores for each polyp level287 

 

Polyp level Range of scores 

Level 1 4-5 

Level 2 6-8 
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Level 3 9-12 

Level 4 >12 

 

The traditional doctrine of EMR proposes that lesions less than 2cm should be removed en 

bloc whereas piecemeal resection may be used for larger lesions (bearing in mind that the 

risk of recurrence is higher with piecemeal resection and close endoscopic follow up is 

required). A study of 360 patients observed local recurrence in 8.6% after a year and noted 

that piecemeal resection was an independent risk factor for recurrence.289 Data from other 

large EMR trials show 3 month recurrence rates ranging from 14.5 to 27% and 12 month 

recurrence rates ranging from 2 to 16.3%.285,286,288 EMR is considered a safe procedure and 

in these studies, complication rates from bleeding and perforation were low, ranging 

between 0.4 to 1.3% for perforation and 2.7 to 7.2% for delayed bleeding.285,286,288  

 

As EMR gained traction amongst endoscopists and detection of flat lesions including sessile 

serrated polyps improved, the use of this technique in the resection of this subgroup of 

polyps has also been studied. Given the nature of sessile serrated polyps (flat lesions, often 

with an overlying mucous cap), standard polypectomy sometimes proved challenging due to 

snare slippage. The use of submucosal injection to lift the lesion has helped to delineate the 

often subtle borders of these lesions, improving the chances of complete resection. Cold 

snare piecemeal resection is a modified EMR technique (without the use of heat) that has 

been used with good effect here.290 A recent systematic review of the technique using data 

from eight studies (522 lesions – including adenomas and sessile serrated polyps) showed 

very high complete resection rates (99.3%, 95% CI 98.6-100.0%) and low complication rates 

(0.5% post procedural bleeding rate and no perforations).291  

 

Another variant of the EMR technique that is gaining popularity is underwater EMR. In 2012, 

Binmoeller et al., described this technique of snare resection “underwater” (that is with the 

colonic lumen immersed in water) thereby negating the need for submucosal injection and 

in theory, reducing the risk of diathermy related injury as the water provides a cushion away 

from the muscularis propria.292 Several cohort studies have suggested that the use of the 

water interface may confer advantages including lower complication rates, better 
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tolerability (lower pain scores) and lower recurrence rates though definitive randomised 

controlled evidence is still lacking.293,294    

 

As the use of EMR techniques have become first line management for benign non 

pedunculated large colorectal polyps, there needs to be a focus on quality control to 

achieve optimal outcomes. The British Society of Gastroenterology identified several key 

performance indicators and quality measures of EMR as a guide for all endoscopists 

undertaking this procedure.269 This includes a perforation rate of less than 2%, delayed 

bleeding rate of less than 5%, and 12 month recurrence/residual polyp rate of less than 

10%. However, thus far, no national audit of these standards has been undertaken though it 

is envisaged that with the introduction of a UK national endoscopy database this may 

change in the future.  

 

3.2.2 EMR in the Oesophagus: A Focus on Barrett’s Neoplasia 

 

EMR was used for the removal of early squamous neoplasia but has largely given way to the 

use of ESD techniques given the more substantial risk of lymph node metastases in 

squamous cancer. The use of ESD for squamous neoplasia is outlined in further detail in 

section 3.3.2 and this section will focus on the use of oesophageal EMR for Barrett’s 

neoplasia.  

 

The past decade has seen a shift away from surgical treatment of high grade dysplasia 

(HGD) and early (T1a) oesophageal adenocarcinoma to endoscopic resection followed by 

ablation as first line management. Surgery (oesophagectomy) is associated with higher rates 

of perioperative morbidity and mortality and is now reserved for treatment of locally 

advanced adenocarcinoma or carcinoma in situ with poor prognostic features 

(lymphovascular invasion, poor differentiation, incomplete initial resection). This is reflected 

in guidelines from the American College of Gastroenterology and British Society of 

Gastroenterology that recommend endotherapy as the preferred treatment for HGD and 

intramucosal carcinoma.295,296 The risk of lymph node metastases for patients with 

intramucosal neoplasms in Barrett’s oesophagus is around 1-2% and whilst mortality from 

oesophagectomy can often exceed 2%.297 The advances in high resolution endoscopy 
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coupled with enhanced imaging and magnification now permit high levels of accuracy in 

detecting and characterising early neoplasia. Visible, raised or nodular areas of dysplasia 

within the Barrett’s segment are associated with higher rates of malignancy and should be 

resected for accurate histopathological staging and to determine subsequent steps in 

management. Peters et al., correlated the endoscopic characteristics with histopathological 

findings in a Dutch study of 293 endoscopic resections and demonstrated that Paris 0-I and 

0-IIC lesions were significantly associated with submucosal invasion.298  

 

EMR remains the most widely used and established method of resection but the role of ESD 

is emerging and will be discussed in section 3.3.2. In 2014, Pech et al., published long term 

outcomes (median follow up time 56 months) from 1000 EMR patients and showed 

complete remission in 94% and a low complication rate of 1.5%.299 Another study of 681 

patients noted no perforations and a low post procedural bleeding rate of 1.2% with most 

complications handled endoscopically.300 The largest study on MBM EMR to date provides 

further reassurance. A total of 3827 procedures were carried out among 14 centres with 

very few serious adverse events noted, the perforation rate was 0.4% and post procedural 

bleeding rate was 0.9%.301 

 

EMR can be performed using either the multiband mucosectomy (MBM) technique or with 

an endoscopic resection cap and use of a snare. Both techniques have similar success rates 

between 85-98%. There have been 2 randomised controlled trials comparing both 

techniques which did not show a significant difference in the depth of resection or 

complication rates.302,303 However, the study by Pouw et al., did demonstrate that the MBM 

method was faster (34 vs 50 minutes) and cheaper (€240 vs €322) than ‘cap and snare’.302  

 

There have been several Dutch studies exploring the role of complete endoscopic resection 

in a stepwise fashion of Barrett’s oesophagus containing neoplasia.304,305 These have shown 

a high rate of neoplasia eradication but high stricture rates compared with focal EMR 

followed by ablation. Belghazi et al., published six year follow up outcomes on 73 patients 

undergoing stepwise radical endoscopic resection demonstrating it was a durable technique 

as recurrent neoplasia was noted in only 1 patient.306 A systematic review of nine studies 

(774 patients) of focal EMR plus ablation and eleven studies (751 patients) of segmental 
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EMR showed high neoplasia clearance rates (93.4% vs 94.9%) in both groups but a higher 

rate of adverse events in the segmental EMR group (strictures 33.5% vs 10.2%, bleeding 

7.5% vs 1.1% and perforation 1.3% vs 0.2%).307 Therefore, combination therapy with 

endoscopic resection followed by ablation is the recommended treatment option that 

achieves optimum neoplasia clearance with minimal complications. This approach proved 

effective in the seminal multicentre EURO-II trial of 132 patients where clearance of 

neoplasia and intestinal metaplasia was achieved in 92% and 87% of patients 

respectively.308 

 

 

3.3 Endoscopic Submucosal Dissection (ESD) 

 

 

Figure 3.5: Examples of knives used for endoscopic submucosal dissection 
A: DualKnife; B: FlushKnife BT; C:Jet B-knife; D: Hook knife; E: SBknifeJr; F: Clutch cutter; G: 
ITknife-nano; H: Mucosectome-short blade; I: Mucosectome-long blade; J: Swanblade 
(Reproduced from ASGE Technology Status Evaluation Report on Endoscopic Submucosal 
Dissection, Gastrointestinal Endoscopy, 2015309) 
 

The technique of ESD was first used over two decades ago for endoscopic resection of early 

gastric cancers in the East. Although the incidence of gastric cancer has declined globally 

over time, it still remains one of the leading cancers worldwide with a high mortality rate. 

The majority of cases occur in East Asian countries such as China, Korea and Japan and many 

of these regions have screening programmes to enable early detection of these cancers. If 

detected early when the cancer is confined to the mucosa or submucosa, endoscopic 

resection is an excellent method to achieve a curative outcome. Oncological principles of 
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cancer resection support the en bloc removal of a lesion to aid accurate histological 

assessment and promote lower rates of local recurrence. A large meta-analysis of 6723 

patients with early gastric cancer demonstrated that ESD was associated with a higher rate 

of en bloc and curative resection, with a lower risk of local recurrence when compared to 

EMR.310 The use of ESD has enabled the incorporation of expanded criteria for endoscopic 

resection into Japanese guidelines on early gastric cancer management311 including the 

removal of undifferentiated or ulcerated lesions and superficially submucosally invasive 

cancers depending on size. ESGE guidelines312 also recommend the use of ESD for removal 

of most gastric superficial neoplasms although the applicability of the expanded criteria for 

endoscopic resection in the West remains debatable. Lower procedural volume in the West, 

fewer training opportunities and lower rates of en-bloc and R0 resection for expanded 

criteria lesions313 mean that ESD is still restricted to expert centres in the West. The 

following sections (3.3.1 & 3.3.2) will focus on the use of ESD in the colon and in the 

oesophagus to provide more background for the reader in preparation for the following 

chapters where these techniques were applied in the studies conducted for this thesis.   

 

3.3.1 Endoscopic Submucosal Dissection for Colorectal Lesions 

Performing ESD in the colon was not as widespread as in the stomach in the early years of 

the adoption of this technique due to technical difficulty associated with this anatomical 

location (lesion access, varying thickness of colorectal mucosa, perforation risk). It can be 

used for lesions requiring en bloc resection where standard EMR snare technique would be 

difficult (for example non-granular laterally spreading tumours), lesions with endoscopic 

evidence of superficial submucosal invasion or large nodular lesions with a high suspicion of 

early cancer. ESD also has a role in removing lesions with significant submucosal fibrosis (for 

example from previous biopsies or recurrence following prior resection) or lesions arising 

from a background of scarred mucosa such as in inflammatory bowel disease. In 2010, Saito 

et al., published one of the largest colorectal ESD series on outcomes from 1111 resections 

undertaken between 1998 to 2008 across 10 Japanese centres.314 The authors quoted en 

bloc and curative resection rates of 88 and 89% respectively, with a 4.9% perforation rate 

and 1.5% delayed bleeding rate. A large meta-analysis of 13603 patients who underwent 

colorectal ESD between 1998 and 2014 demonstrated en bloc resection rates of 92% and 

curative resection rates of 86%.315 Immediate and delayed perforation occurred in 4.2% and 
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0.22% respectively whilst immediate bleeding was noted in 0.75% and delayed bleeding in 

2.1%. Over a 19 month follow up period, the overall recurrence rate was just 1.0%. Another 

study looking at longer term outcomes after ESD for superficial colorectal tumours showed 

five year overall survival rates of 94.6% and disease specific survival rates of 100%.316 

Although one of the aims of ESD is to remove a lesion en bloc, it may not always be 

technically possible and in this study, piecemeal resection rates were approximately 10%. 

Local recurrence rates were higher in piecemeal resections (9.1%) compared to en bloc 

resections (0.6%).  

 

It is evident that ESD does confer certain advantages over EMR as removing a lesion in one 

piece allows for optimum histological assessment (depth of invasion of tumours and the 

distance of the tumour from the edge of resection can be quantified) and can reduce the 

risk of recurrence. Wang et al., conducted a meta-analysis of six case controlled studies 

(total of 1642 lesions) and noted a higher en bloc resection rate and lower recurrence rate 

in the ESD compared to EMR group (OR = 7.94; 95% CI: 3.96-15.91; OR = 0.09; 95% CI: 0.04-

0.19).317 There was no significant difference in complications between the two resection 

methods although the length of time taken to complete ESD procedures was longer 

compared to EMR.  

 

The majority of ESD studies originated from the East where the technique was first 

developed though it has been slower to take off in Western settings due to a variety of 

reasons including case selection/volume and fewer opportunities for training or mentorship. 

A hybrid ESD technique arose that combined the use of an endoscopic knife (or tip of the 

snare) to make a circumferential incision prior to using the snare to remove the lesion in 

one piece without the need for extensive submucosal dissection.318,319 This adaptation has 

increasingly been used in western settings as a bridge from EMR to ESD which is quicker to 

learn and less technically challenging than complete submucosal dissection. A meta-analysis 

by Fuccio et al., evaluated both standard and hybrid ESD techniques, analysing data from 97 

standard ESD studies and 12 hybrid ESD studies from Asian and non-Asian countries.320 This 

study revealed that the outcomes from studies in non-Asian countries practising standard 

ESD were worse compared to their Asian counterparts (for example en bloc resection rates 

of 81% vs 93% and R0 resection rates of 71% vs 86%). Overall delayed bleeding rates were 
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lower in standard ESD (2.7%) compared to hybrid ESD (4.0%) and there was also a higher 

rate of these complications in non-Asian vs Asian countries. It is likely that complication 

rates are associated with lower case volumes which would explain the differences in Eastern 

vs Western settings. 

 

The European Society of Gastrointestinal Endoscopy (ESGE) published guidelines on the 

indications for colorectal ESD and the recommended number of procedures required to 

maximise clinical effectiveness and minimise complications.312 The guidelines suggest a 

minimum of 40 procedures to avoid adverse events and 80 procedures to remove large 

colorectal tumours. Prior experience (for example in gastric ESD) may shorten the learning 

curve but given the low incidence of these lesions in Western countries preventing a 

graduated step up process in training, it can take far longer for Western endoscopists to 

master ESD compared to their counterparts in the Far East.  

 

Nevertheless, the use of ESD for the resection of colorectal neoplasia continues to expand 

worldwide and endoscopists have begun to innovate the technique to reduce the technical 

challenges faced during resection or enable larger and more complex lesions to be resected 

completely. The tunnelling or ‘pocket’ ESD techniques were recently developed to enable 

large circumferential lesions to be removed with shorter procedure times.321 Methods to 

assist traction in ESD using the ‘clip and line’ approach or with other endoscopic devices 

have also been employed to optimise resection.322 As ESD continues to evolve and progress 

both in the East and in the West, it is no surprise that the boundaries of endoscopic 

resection for curative treatment of early colorectal cancer continue to move forward in 

parallel.   

 

3.3.2 Endoscopic Submucosal Dissection for the treatment of early oesophageal cancer 

Over the past several years, ESD has gained popularity as an alternative endoscopic 

resection method for oesophageal neoplasia. A major advantage of the technique is it 

enables en bloc resection thereby leading to a curative resection and lower recurrence 

rates. This is of particular importance in oesophageal lesions larger than 2cm, or where 

submucosal fibrosis is encountered which hampers complete en bloc removal using the 

EMR technique. However, a much higher level of endoscopic skill and control is required in 
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order to master the ESD technique and to minimise the risk of complications such as 

bleeding and perforation. The ESGE guidelines on ESD advocate learning the technique on 

animal models initially prior to undertaking it in humans.312 Even at this stage, the practice 

of ESD should be started on lesions in the stomach and rectum where the mucosal layer is 

thicker thereby reducing the risk of perforation. Due to the longstanding tradition of ESD in 

the Far East, established training pathways coupled with the higher prevalence of gastric 

neoplasia enables the endoscopist to achieve competency in this technique within a shorter 

period of time compared to the Western world where the learning curve is much longer and 

there are far fewer opportunities for supervised training.  

 

The Japan Oesophageal Society guidelines for treatment of oesophageal cancer recommend 

that the absolute indication for EMR is defined as flat lesions (Paris 0-II), m1-m2 invasion, as 

well as involvement of two-thirds or less of the luminal circumference. There are also 

relative indications for m3-sm1 oesophageal cancer.323,324 With ESD, these criteria expand, 

accepting endoscopic treatment of lesions larger than 3 cm, occupying the entire 

circumference of the oesophagus, provided that all are restricted to the mucosa. ESD results 

in a superior pathology specimen that allows these criteria to be assessed much more 

accurately, and a much greater confidence in confirmation of complete resection is possible. 

The term R0 resection refers to a tumour free resection margin assessed histopathologically. 

En bloc R0 resection is mandatory for removal of oesophageal squamous cell carcinoma to 

provide a better disease free survival in a cancer with a high risk of lymph node metastases. 

The risk of lymph node metastases can only be assessed on a single pathological specimen 

to avoid missing important histological features. EMR may not provide en bloc resection 

(and R0 excision) in large lesions, with recurrence rates ranging from 9 to 26% in piecemeal 

excision.325,326,327 

 

There have been several Asian studies on the use of ESD for removal of oesophageal 

squamous cell carcinoma, the predominant subtype of oesophageal cancer in the East. 

These have demonstrated rates of en bloc resection of 83-100%, complete resection rates 

of 78-100% and local recurrence rates of 0-2.6%.328–331,332–334  Traditionally, ESD was 

considered curative only for m1-m2 cancers given their low lymphometastatic potential. In 

patients with comorbid diseases or unwilling to undergo oesophagectomy, ESD can be 
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considered as an appropriate alternative for m3 or sm1 well-differentiated cancers without 

lymphatic or vessel infiltration and with free margins, particularly in older patients and/or 

significant comorbidities.335,336 Here, the risk of lymph node metastasis of m3 or sm1 lesions 

without lymphovascular invasion has been shown to be low (4.7%). Furthermore, morbidity 

is lower for endoscopic resection than surgery.333  

 

There are fewer studies on the outcomes of ESD in Barrett’s neoplasia. In Western 

countries, the safety and high success rates of EMR are offset by technical difficulties and 

the risk of ESD to the oesophagus, whilst in Asian countries, Barrett’s oesophagus is 

uncommon.  The main limitation of EMR is the piecemeal nature of the resection which 

hampers histopathological assessment and curative resection based on ’oncology standards’ 

of en bloc resection and free margins. 

 

The data on this technique for Barrett’s neoplasia is derived mainly from several 

retrospective observational studies. All studies report a high rate of en bloc resection (81-

100%), with a low rate of complications (bleeding: 0-2.7%, perforation: 0-4%), most 

managed endoscopically. The mean operation time ranged from 70 to 145 minutes. 

Complete resection rate (R0) ranges from 78% to 100% and local recurrence rate is low (0-

8%), with 0% mortality procedure-related. Two recent European studies confirm that similar 

results may be obtained in Western countries.337,338 There has been one randomised 

controlled trial comparing EMR (n=20) and ESD (n=20) for early Barrett’s neoplasia <3cm in 

size.339 ESD achieved greater R0 resection rates but there was no significant difference in 

neoplasia remission between both techniques. Two severe adverse events were noted in 

the ESD group compared to none in the EMR group.  

 

Nevertheless, a meta-analysis of 11 studies encompassing both Asian and Western 

literature on the safety and efficacy of ESD in Barrett’s neoplasia showed a pooled en bloc 

resection rate of 92.9%, R0 (complete) resection rate of 74.5% with low bleeding (1.7%) and 

perforation (1.5%) rates, concluding that this technique should be considered as part of the 

armamentarium for management of the disease.340  

 

3.4 Ablative Therapies for the Management of Barrett’s Dysplasia/Neoplasia 
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Several endoscopic ablative techniques have been developed over the past two decades to 

eradicate Barrett’s oesophagus and reduce the risk of progression to oesophageal 

adenocarcinoma. Ablation is used over areas of flat dysplasia and following removal of a 

visible neoplastic lesion using EMR or ESD. Ablative therapy induces tissue necrosis and 

subsequent neosquamous mucosa formation. 

 

3.4.1 Photodynamic Therapy 

One of the first modalities of ablation used was photodynamic therapy (PDT) which utilised 

light activation of a photosensitiser drug leading to oxygen radical formation and cell 

apoptosis. The photosensitising drug selectively accumulates in dysplastic or malignant 

oesophageal mucosa. A multicentre study demonstrated eradication of HGD in 77% of cases 

with maintenance of remission in 85% of cases during a 5 year follow up period. It has also 

been used in combination with endoscopic resection where 26 out of 28 patients receiving 

this therapy for early Barrett’s neoplasia (intramucosal) achieved local remission.341 

However, PDT had several drawbacks that hampered its widespread adoption including high 

procedure cost and a high rate of post ablation strictures (36%).   

 

3.4.2 Radiofrequency Ablation 

Radiofrequency ablation (RFA) has become the treatment of choice for eradication of 

Barrett’s dysplasia and intestinal metaplasia. It is delivered using the HALO system (Barrx 

Medical, Sunnyvale, California USA) which provides a high frequency alternating current in 

order to deliver a depth of energy to the oesophageal mucosal lining. Several types of 

catheters are available depending on the area of mucosa to be ablated. The HALO 360 is a 

balloon based circumferential ablation catheter with a 3cm long bipolar electrode on its 

outer service. The balloon is inflated to bring the electrode into contact with the 

oesophageal lining. The HALO 90, HALO Ultra (4cm long bipolar electrode) and HALO 60 

probe catheters are used for focal ablation and are attached to the distal end of the 

endoscope to target treatment to selected areas of the mucosa. A preset amount of energy 

is delivered (between 12-15J/cm2 with a power of 40W/cm2) to a depth of 0.5cm and the 

number of ablations or hits is adjusted according to type of catheter used and area to be 

ablated. 
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Figure 3.6: Available radiofrequency ablation devices that can be either attached to the tip 
or placed through the working channel of a gastroscope 
Figure reproduced from Eluri et al.342 with permission from Elsevier publishing 

 

The first multicentre, sham-controlled trial of RFA involving 127 patients with dysplastic 

Barrett’s oesophagus (63 HGD, 64 LGD) was published in 2009.343 After 1 year follow up, 

complete eradication of dysplasia was demonstrated in 90.5% of those with low grade 

dysplasia and 81% of high grade dysplasia (compared with 22.7% and 19.0% in the control 

groups for each histologic grade respectively). The study also reported one case of 

haemorrhage and 5 (6.0%) of oesophageal stricture formation in the ablation group. Over 

the past decade the evidence for efficacy and durability of response to RFA has been 

strengthening including even in low grade dysplasia where a randomised controlled trial 

(SURF trial) comparing ablation versus endoscopic surveillance showed a complete 

eradication of dysplasia and intestinal metaplasia in 92.6% and 88.2%. Ablation reduced the 

risk of neoplastic progression to HGD and adenocarcinoma by 25% over 3 years (1.5% for 

ablation versus 26.5% for control).344 However, a subsequent cost effectiveness study 

conducted alongside the SURF trial showed that although ablation for LGD is more effective 

than endoscopic surveillance, it has increased costs estimated at $40,915 per prevented 

event of neoplastic progression.345 An earlier study however did show that RFA can be more 

effective and less expensive than surveillance alone for confirmed LGD.346 Given the 
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evidence available, the strategy for ablation in Barrett’s with confirmed LGD (agreed by two 

expert histopathologists and present on at least two consecutive gastroscopies) has been 

incorporated into the latest British Society of Gastroenterology Barrett’s oesophagus 

guidelines.296  

 

The tables below summarise the studies conducted for RFA in low grade and high grade 

dysplastic Barrett’s. 

 

Table 3.3: Efficacy and safety of RFA for Barrett’s oesophagus with low grade dysplasia 

and intestinal metaplasia 

 

Author/year n Barrett’s 

Length 

(cm) 

ER 

pre 

RFA 

CRD CRIM Recurrence 

of 

dysplasia 

Recurrence 

of 

intestinal 

metaplasia 

Complications 

Sharma et 

al., 2008347 

10 4.4 

(mean) 

0% 100% 90% 0% 0% 10% (1 bleed) 

Sharma et 

al., 2009348 

38 4 

(median) 

0% 95% 87% - - 2.6% (1 

stricture) 

Shaheen et 

al., 2009343 

42 4.6 

(mean) 

- 90.5% 81% - - 9.5% (5 

strictures, 1 

bleed, 2 

chest pain) 

Pouw et al., 

2010349 

11 8 

(median) 

96% 91% 91% 0% 0% 8% (1 bleed, 

1 stricture) 

Lyday et al., 

2010350 

13 3 

(median) 

0% 100% 85% - - 3.9% (9 

strictures, 4 

bleeds, 1 

superficial 

mucosal 

injury) 

Shaheen et 

al., 2011351 

52 4.5 

(mean) 

9% 98% 98% 2% 2% 10.9% (1 

bleeding, 3 
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chest pain, 9 

strictures) 

Okoro et 

al., 2012352 

13 4.5 

(mean) 

0% 61.5% 61.5% - - 16.6% (10 

strictures, 5 

chest pain) 

Bulsiewicz 

et al., 

2013353 

44 4 (mean) 9% 93% 86% - - 8.2% (18 

strictures, 2 

bleeds) 

Dulai et al., 

2013354 

5  

(ULSBE) 

10.8 

(median) 

38% 100% 77% 0% 23% 21% (7% 

mucosal 

tears, 14% 

strictures) 

 7 

(LSBE) 

4.7 

(median) 

24% 100% 82% 0% 16% 

Phoa et al., 

2014344 

68 4 (mean) - 92.6% 88.2% 1.6% 10% 19.1% (8 

strictures, 3 

mucosal 

tears) 

Small et al., 

2015355 

45 5 

(median) 

4.4% 95.6% 77.8% 16% - - 

ER: endoscopic resection; CRD: clearance of dysplasia; CRIM: clearance of intestinal 
metaplasia; ULSBE: ultra long segment Barrett’s oesophagus; LSBE: long segment Barrett’s 
oesophagus 
(table adapted from Luigiano et al., Outcomes of Radiofrequency Ablation for Dysplastic 
Barrett’s Oesophagus: a comprehensive review, Gastroenterol Res Pract. 2016356) 
 

Table 3.4: Efficacy and safety of RFA for the management of Barrett’s with high grade 

dysplasia 

 

Author/year n Barrett’s 

Length 

(cm) 

ER 

pre 

RFA 

CRD CRIM Recurrence 

of 

dysplasia 

Recurrence 

of 

intestinal 

metaplasia 

Complications 

Gondrie et 

al., 2008357 

9 5 

(median) 

55% 88.9% 100% 0% 0% 0% 

Ganz et al., 

2008358 

142 6 

(median) 

17% 80.4% 54.3% - - 0.4% (1 

stricture) 

Sharma et 

al., 2009348 

24 6 

(median) 

8% 79% 67% - - 0% 
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Shaheen et 

al., 2009343 

42 5.3 

(mean) 

- 81% 74% - - 9.5% (5 

strictures, 1 

bleed, 2 chest 

pain) 

Pouw et al., 

2010349 

24 8 

(median) 

96% 95% 88% 0% 12.5% 8% (1 

bleeding, 1 

stricture) 

Van 

Vilsteren et 

al., 2011305 

22 4 

(median) 

82% 96% 96% 0% 0% 31.8% (3 

bleeds, 3 

strictures, 1 

mucosal tear) 

Lyday et al., 

2010350 

10 3 

(median) 

10% 100% 80% - - 3.9% (9 

strictures, 4 

bleeds, 1 

mucosal tear) 

Shaheen et 

al., 2011351 

54 5.2 

(mean) 

8% 92.6% 89% 7.4% 11% 10.9% (1 

bleed, 3 chest 

pain, 9 

strictures) 

Okoro et al., 

2012352 

39 

ER + 

RFA 

6.9 

(mean) 

100% 74.4% 41% - - 16.6% (10 

strictures, 5 

chest pain) 

8 

RFA 

only 

4.5 

(mean) 

0% 87.5% 87.5% - - 

Bulesiewicz 

et al., 

2013353 

166 4 (mean) 39.2% 84.9% 78.3% - - 8.2% (18 

stricture, 2 

bleeds) 

Dulai et al., 

2013354 

25 

ULSBE 

10.8 

(median) 

38% 88% 77% 0% 23% 21% (7 

mucosal tears, 

14 strictures) 26 

LSBE 

4.7 

(median) 

24% 84% 82% 0% 16% 

Haidry et al., 

2013359 

335 5.8 

(median) 

49% 81% 62% 6% 9% 9.3% (30 

strictures, 1 

perforation) 
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Strauss et 

al., 2014360 

36 3.5 

(mean) 

86% 89% 75% 9% 27% 22% (7 

strictures, 1 

bleed) 

Perry et al., 

2014361  

17 5 

(median) 

53% 88% 65% 17.6% 46% 0% 

Lada et al., 

2014362 

57 5.1 

(mean) 

49% 79% 49% 21% 7.6% 3.8% (2 

strictures, 2 

chest pain) 

Le Page et 

al., 2015363 

36 5 

(median) 

47.8% 97% 61% 6% - 16% (6 chest 

pain, 1 

stricture, 1 

bleed) 

Barret et al., 

2016364 

40 2 

(median) 

100% 85% 82.5% 0% 2.9% 35% (13 

strictures, 1 

perforation) 

ER: endoscopic resection; CRD: clearance of dysplasia; CRIM: clearance of intestinal 
metaplasia; ULSBE: ultra long segment Barrett’s oesophagus; LSBE: long segment Barrett’s 
oesophagus 
(table adapted from Luigiano et al., Outcomes of Radiofrequency Ablation for Dysplastic 
Barrett’s Oesophagus: a comprehensive review, Gastroenterol Res Pract. 2016356) 
 

Longer term cohort follow up studies and meta-analyses have also demonstrated a 

sustained response to ablation with relatively low recurrence rates over time. Follow up 

from a randomised trial of 127 patients receiving RFA for dysplastic Barrett’s showed 

dysplasia clearance rates of 98% and intestinal metaplasia clearance rates of 91% after 3 

years. When stratified according to low and high grade dysplasia, rates were slightly lower 

in patients with baseline high grade dysplasia though even then, dysplasia clearance was 

93% and intestinal metaplasia was eradicated in 89%.351 A Dutch 5 year cohort study of 54 

patients who received EMR (if focal lesions were noted) followed by serial RFA showed 

sustained complete remission of neoplasia and intestinal metaplasia in 90%.365 Orman et al., 

conducted a systematic review and meta-analysis of 18 studies (3802 patients) reporting 

efficacy and 6 studies (540 patients) reporting durability of RFA.366 Clearance of dysplasia 

and intestinal metaplasia was reported in 91% and 78% respectively with low complication 

rates (5% rate of oesophageal strictures). Progression to oesophageal adenocarcinoma was 

noted to be 2.1% in a 6 year experience of patients undergoing endoscopic therapy (EMR + 

RFA) as part of the UK RFA registry.367 This study also showed an improvement in clearance 
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of dysplasia and intestinal metaplasia outcomes (77% and 56% to 92% and 83%, P<0.001) 

between 2008-2010 and 2011-2013. One of the reasons for this was the increased use of 

EMR pre RFA thereby requiring less ‘rescue’ EMR. This points towards an increased 

understanding of the technique, improvement in lesion recognition and decision making 

with increased numbers of procedures performed.  

 

3.4.3 Cryoablation 

Recently, cryoablation has emerged as a newer ablation treatment modality. The 

Cryoballoon focal ablation device uses a non contact spray (nitrous oxide) to induce cycles 

of rapid freezing and thawing.  This causes cell death by intra and extracellular ice formation 

and vascular ischaemia leading to apoptosis. Unlike thermal ablative techniques, 

cryoablation may preserve the extracellular matrix thereby allowing for deeper tissue 

ablation penetration whilst preserving the tissue architecture of more superficial 

oesophageal layers. It could therefore be a useful management tool for RFA refractory 

Barrett’s oesophagus with a lower stricture formation rate. However, there is a relative 

paucity of long term data demonstrating the effectiveness of this technique for eradication 

of HGD and intestinal metaplasia. A study of 50 patients followed up for 3 years and 40 for 5 

years found initial dysplasia clearance rates of 90% and intestinal metaplasia clearance of 

60%. At 5 years, these rates were 88% and 75% respectively.368 In 2018, the first meta-

analysis of cryotherapy for persistent Barrett’s oesophagus after radiofrequency ablation 

was published.369 Eleven studies with 148 patients were included with pooled dysplasia 

clearance rates of 76.0% (95% CI, 57.7-88.0) and pooled clearance of intestinal metaplasia 

rates of 45.9% (95% CI, 32.0-60.5). Adverse effects were reported in 6.7%. Although the 

data from this study is promising, further large scale multicentre studies are required before 

it becomes the recommended second line option for RFA refractory Barrett’s.   

 

3.4.4 Argon Plasma Coagulation 

Argon plasma coagulation (APC) is another form of thermal ablation that has been used for 

eradication of Barrett’s oesophagus since the late 1990s. An early study published in 1998 

showed that when used in combination with acid suppression therapy, complete re-

epithelialisation was seen in 81% of the 31 patients participating in the study.370 Shorter 

length of Barrett’s (e.g <4cm), absence of circumferential extension and normalisation of pH 
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with acid suppression therapy were factors related to complete eradication and long term 

re-epithelialisation.370,371 Outcomes from randomised controlled trials comparing APC with 

endoscopy surveillance alone showed a reduction in the length of Barrett’s (mean 4.2cm to 

2.7cm)372 and a significantly higher recurrence free survival in the APC cohort (number of 

secondary lesions 3% in APC group vs 36.7% in the surveillance group, p=0.005).373 More 

recently, the technique has been innovated to incorporate submucosal injection of 0.9% 

saline through a flexible water jet probe prior to APC ablation (known as hybrid-APC) in 

order to minimise the risk of stricture formation. An intention to treat analysis in a study of 

50 patients showed that 96% achieved macroscopically complete remission after a median 

of 3.5 APC sessions. Clearance of intestinal metaplasia was obtained in 78% and the rate of 

post treatment stricture was just 2% (1 patient).374  

 

3.4.5 Surveillance of Barrett’s Oesophagus following Endoscopic Therapy 

Despite the effectiveness of endoscopic therapy, there remains a risk of recurrence of 

dysplasia and intestinal metaplasia after complete eradication of Barrett’s intestinal 

metaplasia. A recent meta-analysis of 41 studies375 revealed an annual incidence of 

recurrent intestinal metaplasia, dysplasia and HGD/adenocarcinoma of 7.1%, 1.3% and 0.8% 

respectively over more than 10000 patient years of follow up time. When only RFA studies 

(21) were included, the pooled incidence rate of recurrent IM, dysplasia and 

HGD/adenocarcinoma were 9.5%, 2.0% and 1.2% per patient-year respectively. The main 

predictors of recurrence identified were increasing age and length of Barrett’s (although 

only 10 studies reported predictors of recurrence, so these estimates are limited by a small 

number of studies providing relevant data).  

 

In light of the above recurrence rates, post ablation surveillance is essential. At present, the 

surveillance intervals are dictated by baseline histology and expert opinion as no consensus 

driven guidelines are available. A recent meta-analysis of 22 studies (5176 patient years) on 

the incidence of IM and dysplasia post endoscopic therapy raises an interesting finding.376 

The authors noted that the IM detection rate in the first year was significantly higher (12%) 

compared to the years thereafter (relative risk 1.8, 95% CI 1.29-2.49). A similar parallel was 

seen with the dysplasia detection rate (3% per patient-year in the first year vs 1% after this 

year, relative risk 1.92, 95% CI 1.32-2.8). This is most likely due to incompletely treated 
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prevalent disease rather than true recurrence. Therefore, there is an argument for an initial 

1 to 2 year period of more intensive post ablation surveillance (3-6 monthly gastroscopies) 

prior to reducing the frequency to annual procedures. During each surveillance gastroscopy, 

both targeted and random (quadrantic, every 1cm of neosquamous mucosa) biopsies should 

be taken in order to improve the yield of dysplasia detection. Further endoscopic therapy 

(endoscopic resection and or ablation) may be undertaken to manage recurrent intestinal 

metaplasia or dysplasia.   

 

3.5 Complications of Endoscopic Resection and Ablation 

Given the expanding indications for complex endoscopic therapy, the number of adverse 

events are expected to increase. As skills for complex endoscopic resection are acquired, 

our understanding of complications and their management should be acquired in tandem as 

experience grows. The main complications of endotherapy in the upper and lower GI tract 

are bleeding and perforation. Both these complications can occur intraprocedurally or in a 

delayed fashion up to 4 weeks post procedure. In addition, post therapy stricture formation 

is also a recognised risk following endoscopic resection or ablation in the oesophagus. A 

stricture results in a narrowing of the oesophageal lumen secondary to scar tissue 

preventing the smooth passage of a normal diet. The patient classically describes difficulty 

in swallowing (dysphagia). This can typically be managed by endoscopic balloon dilatation 

where an endoscopic balloon is inserted through the accessory channel and inflated to 

cause mucosal stretch and disrupt the scar tissue. The dilatation is repeated over several 

weeks with increasing balloon diameters until normal function is restored. Alternative 

methods to managing strictures include administration of steroids, either via intralesional 

injection or per orally.  

 

The rest of this chapter will focus on providing the reader with further detail on bleeding 

related to endoscopic resection and its management as this forms the background of the 

research projects outlined in Chapters 8 and 9. A detailed literature review on the 

endoscopic management of other complications falls outside of the scope of this work.  

 

3.5.1 Bleeding 
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Blood vessels in the gastrointestinal tract wall are located within the submucosal layer. 

Smaller fenestrating capillaries supply the mucosal surface. The anatomical location of 

blood vessels is relevant as resecting a lesion from the mucosal and submucosal layer can 

lead to injury or perforation of these vessels resulting in intraprocedural bleeding.  

 

3.5.1.1 Bleeding associated with oesophageal endoscopic resection 

 

Significant bleeding can occur in oesophageal endoscopic resections (EMR and ESD). Minor 

intraprocedural bleeding is anticipated during ESD but is not always recorded in the 

literature if managed endoscopically without requiring a hospital admission, blood 

transfusion or other modes of treatment. The recent ESGE guidelines on ESD demonstrate a 

pooled procedure related bleeding rate of 2.8% (range 0-22.8%) among 38 studies. The 

pooled incidence of bleeding in a meta-analysis of ESD for resection of Barrett’s neoplasia 

was 1.8%.340 The table below summarises the evidence available on complication rates in 

large oesophageal EMR and ESD studies for early oesophageal cancers (adenocarcinoma or 

squamous).  

 

Table 3.5: Complication rates of oesophageal endoscopic resection 

 

Author, year Number 

of 

patients/ 

lesions 

Mode of 

resection  

Bleeding Perforation Stricture 

Soehendra et 

al., 2006377 

10 EMR 

(Barrett’s) 

20% (2/10) 

*Minor bleeds 

0% (0/10) 70% (7/10) 

*segmental 

EMR (adj 

0%) 

Ell et al., 

2007378 

100 EMR 

(Barrett’s) 

0% (0/100) 0% (0/100) 0% (0/100) 

Peters et al., 

2007379 

121 EMR 

(Barrett’s) 

2.5% 1.6% 0% 
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Pouw et al., 

2010304 

169 EMR 

(Barrett’s) 

1.8% (3/169) 2.4% (4/169) 50% 

(84/169) 

*segmental 

EMR (adj 

0%) 

Moss et al., 

2010380 

75 EMR 

(Barrett’s) 

Not available Not available 8% (6/75) 

*segmental 

EMR (adj 

1%, 1/70) 

Pouw et al., 

2011302 

42 EMR 

(Barrett’s) 

0% (0/42) 2% (1/42) 0% (0/42) 

Alvarez 

Herrero et al., 

2011381 

243 EMR 

(Barrett’s) 

2% (5/243) 0% (0/243) 13% 

(33/243) 

*adj 

=0/174 

Tomizawa et 

al., 2013300 

681 EMR 

(Barrett’s) 

1.2% 0% 1.0% 

Konda et al., 

2014382 

107 EMR 

(Barrett’s) 

3.7% (4/107)   

Pech et al., 

2008383 

349 EMR 

(Barrett’s) 

0.6% (2/349) 0% 15/349 

Pech et al., 

2014299 

1000 EMR 

(Barrett’s) 

Overall complication rate 1.5% 

Yoshinaga et 

al., 2008384 

25 ESD (GOJ) 0% (0/25) 0% (0/25) 8% (2/25) 

Hirasawa et 

al., 2010385 

58 ESD (GOJ) 5% (3/58) 0% (0/58) 2% (1/58) 

Neuhaus et al., 

2012386 

30 ESD 

(Barrett’s) 

6.6% 0% 0% 

Omae et al, 

2013 

44 ESD (GOJ) 0% (0/44) 0% (0/44) 0% (0/44) 
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Imai et al., 

2013387 

50 ESD (GOJ) 6% (3/50) 0% (0/50) 6% (3/50) 

Hoteya et al., 

2013388 

128 ESD (GOJ) 0.7% (1/128) 3% (4/128) Not 

available 

Kagemoto et 

al., 2014389 

23 ESD 

(Barrett’s) 

4% 0% 15% 

Hobel et al., 

2015390 

22 ESD 

(Barrett’s) 

9.1% 4.5% 13.6% 

Chevaux et al., 

2015337 

75 ESD 

(Barrett’s) 

2.7% 4% 60% 

Probst et al., 

2015391 

87 ESD 

(Barrett’s & 

squamous)  

1.1% 0% 9.2% 

Terheggen et 

al., 2016339 

20 ESD 

(Barrett’s) 

0% 10% 0% 

Barret et al., 

2016392 

36 ESD 

(Barrett’s) 

0% 8.3% 5.6% 

Coman et al., 

2016393 

36 ESD 

(Barrett’s) 

2.8% 0% 19.4% 

Yang et al., 

2016394 

46 ESD 

(Barrett’s) 

6.5% 2.2% 15.2% 

Takahashi et 

al., 2010325 

116 ESD 

(squamous) 

- 2.6% 17% 

184 EMR 

(squamous) 

- 1.6% 9.2% 

Ono et al., 

2010329 

107 ESD 

(squamous) 

0% 4% 18% 

Oyama et al., 

2005332 

102 ESD 

(squamous) 

- 6% 6.8% 

Fujishiro et al., 

2006328  

48 ESD 

(squamous) 

0% 6.9% 16% 
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Ishii et al., 

2010330 

37 ESD 

(34 

squamous 

+ 3 

columnar 

neoplasia) 

0% 0% 24.3% 

Ishihara et al., 

2008395 

46 EMR 

(squamous) 

0% 0% 22% 

32 ESD 

(squamous) 

0% 6.3% 

Repici et al., 

2010331 

20 ESD 

(squamous) 

0% 10% 5% 

Isomoto et al., 

2013396 

291 ESD 

(squamous) 

0.7% 0% 6.9% 

Katada et 

al.,2007397 

104 EMR 

(squamous) 

9.9% 0% 11.7% 

Pech et al., 

2004398 

39 EMR 

(squamous) 

7.6% 0% 7.6% 

Ciocirlan et al., 

2007326 

51 EMR 

(squamous) 

0% 0% 5.9% 

 

Despite the differences in resection technique, it is interesting to note that the bleeding 

rates for oesophageal EMR and ESD are similar. A pooled analysis of 16 studies (686 lesions 

in the EMR group, 335 lesions in the ESD group) showed that the delayed bleeding rate in 

the EMR group was not significantly different to that of the ESD group (1.2% vs 2.1%, odds 

ratio 0.46, p=0.26).399 This was also substantiated by a meta-analysis of 5 Eastern studies of 

EMR and ESD for early oesophageal adenocarcinoma where the overall complication rate 

was 16.9% in the ESD group and 13.6% in EMR (OR 1.14, 95% CI 0.5-2.62).400  

 

3.5.1.2 Bleeding associated with gastric endoscopic resection 
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Intraprocedural and delayed bleeding can be a complication for both gastric EMR and ESD. 

The intraprocedural bleeding rate for gastric EMR can range between 0% to 11.5%.401,402,403 

A retrospective study of 476 patients who had undergone gastric EMR showed a delayed 

bleeding rate of 5.3% and that when intraprocedural bleeding occurred, there was an 

increased risk of delayed bleeding.404 Oka et al., showed in a comparative study between 

711 patients who had EMR and 185 patients who had ESD for early gastric cancers that the 

delayed bleeding rate for EMR was around 3-4% whereas this figure was approximately 6% 

for ESD.401 The intraprocedural bleeding rates were higher in the ESD group (approximately 

23%) than the EMR group (7%) though all bleeding was controlled with endoscopic 

treatment and did not require surgical intervention. It is still rare to require a blood 

transfusion during endoscopic resection and in fact despite the high ESD intraprocedural 

bleeding rate quoted in this study, only 0.5% required a transfusion. This is likely to be due 

to the efficacy and advances in haemostatic control (for example electrocoagulation and clip 

application which will be discussed in section 3.6) enabling swift and optimal bleed control 

during the procedure thereby reducing the need for a blood transfusion.  

 

Park et al., conducted a meta-analysis of 12 cohort studies comparing outcomes between 

gastric ESD and EMR.405 As expected, ESD was more effective than EMR for en bloc resection 

and curative resection but the intraprocedural bleeding risk (relative risk or RR 2.16, 95% CI 

1.14-4.09) and perforation risk (RR 3.58, 95% CI 1.95-6.55) were greater for ESD. 

Nevertheless, there was no significant difference in the overall bleeding risk between the 

two groups (RR 1.22, 95% CI 0.76-1.98). A more recent meta-analysis of 18 studies (6723 

patients) also confirmed no significant difference between the risk of significant bleeding in 

ESD and EMR (odds ratio 1.26, 95% CI 0.88-1.80) though did note that ESD was associated 

with a higher risk of perforation and longer procedure time.310  

 

Although the bleeding risk in gastric endoscopic resection appears to be higher than data 

noted from oesophageal resection, the vast majority of bleeds (either intraprocedural or 

postprocedural) can be managed endoscopically and only a small minority of patients 

require a blood transfusion or surgery for intractable bleeding.  

 

3.5.1.3 Bleeding associated with colonic endoscopic resection 
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Intraprocedural bleeding rates from EMR of large colonic polyps (>20mm) range from 2% to 

11%.406 Data from the Australian Colonic EMR consortium showed an intraprocedural 

bleeding rate of 11.3% in a study of 1172 EMR patients with large non-pedunculated lesions 

and a delayed bleeding rate of 6.2%. In this study, lesion size, Paris classification (0-Iia + Is), 

tubulovillous or villous histology and low resection volume were correlated with a higher 

incidence of intraprocedural bleeding. Proximal colon location, the use of an electrosurgical 

current not controlled by a microprocessor and the presence of intraprocedural bleeding 

was associated with a higher incidence of delayed bleeding.407 

 

Significant bleeding is a relatively uncommon complication of colorectal ESD when 

undertaken by experienced operators. In a seminal study of 1111 colorectal ESDs published 

by Saito et al., the delayed bleeding rate was 1.5% and complication risk was associated 

with lesions larger than 50mm.314 The bleeding rate quoted by two other large Japanese 

studies ranges from 1.2-1.6% (8303 and 1143 ESD procedures in these respective 

cohorts).408,409 Given the slower uptake of colorectal ESD in the West and lower case 

volume, the bleeding rate quoted in several studies (Poland, Sweden, Germany, United 

Kingdom) is higher, ranging between 3.4 to 11.9%.410–412,413 A meta-analysis including both 

Asian and Western colorectal ESD studies showed an overall immediate bleeding rate of 

0.75% and delayed bleeding rate of 2.1%.315 However, when these complications were 

stratified according to the location of the studies then it was apparent that complication 

rates were slightly higher in a Western setting (immediate bleeding – Asian: 0.39% vs 

Western: 3.3%; delayed bleeding – Asian: 1.8% vs Western: 3.9%).  

 

3.5.2 Factors affecting the risk of bleeding: Patient, lesion and procedure characteristics 

Delayed bleeding is the most common adverse event associated with endoscopic resection 

and several studies have endeavoured to identify various factors that may affect the risk of 

bleeding. A systematic review of risk factors for bleeding after gastric ESD identified male 

gender (OR 1.25), cardiopathy (OR 1.54), antithrombotic drugs (OR 1.63), cirrhosis (OR 

1.76), chronic kidney disease (OR 3.38), tumour size >20mm (OR 2.70), localisation in the 

lesser curve where submucosal vasculature is more prevalent (OR 1.74), flat/depressed 

morphology (OR 1.43), carcinoma on histology (OR 1.46) and ulceration (OR 1.64) as 

significant patient related risk factors.414 Procedure duration longer than 60 minutes was 
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also noted to be a procedure related risk factor for delayed bleeding. Second look 

endoscopy (routine endoscopy to inspect the resection base 5 days post procedure) was 

shown in this study and others not to be associated with a decreased risk of delayed 

bleeding.  

 

In a large retrospective study of 1123 early gastric cancers treated by ESD in 3 Japanese 

tertiary centres, the delayed bleeding rate was noted to be 5%.415 Lesions located in the 

upper stomach (OR 4.88), age >80 years (OR 2.15) and a long procedure time (OR 1.01) were 

significant risk factors for delayed bleeding. Unsurprisingly, the en bloc resection rate (74% 

vs 94%) and curative resection rate (48% vs 85%) were lower in lesions that had delayed 

bleeding. This finding was also accompanied by a higher residual disease rate (5.4% vs 

0.84%). A large Korean study of 1000 ESDs showed a delayed bleeding rate of 15.6% but 

significant variance in these rates depending on lesion location (upper vs lower stomach, 

28.6% vs 13.8%), size (>40mm vs <20mm, 28.6% vs 13.7%), lesion recurrence (29.4% vs 

15.1%) and morphology (flat vs elevated, 18.8% vs 12.4%).416  

 

Antithrombotic therapy may also increase the risk of delayed bleeding. Warfarin is a well 

established anticoagulant that functions by inhibiting vitamin K dependent synthesis of 

clotting factors II, VII, IX and X as well as protein C and S. It can be reversed quickly and 

easily using vitamin K or prothrombin complex concentrate. However, due to its 

pharmocodynamic properties, management of dosing can be complex and requires regular 

coagulation profile monitoring to ensure levels are within a narrow pre-determined 

therapeutic range. In recent years, newer anticoagulants (direct oral anticoagulants or 

DOACs) that function as direct thrombin or factor Xa inhibitors have been introduced. The 

advantage of these drugs is that dosages can be fixed with no need for blood monitoring. 

The downside is that antidotes or reversal agents for most DOACs are lacking. Icarizumab 

was recently approved for the reversal of dabigatran (a direct thrombin inhibitor) by the US 

Food and Drug Administration (FDA) but is not available for use in the UK. There are several 

national society guidelines (British Society of Gastroenterology/American Society of 

Gastrointestinal Endoscopy)417,418 on the peri-operative management of anticoagulant 

therapy for patients undergoing both high risk and low risk endoscopic procedures. 

Endoscopic polypectomy, EMR, ESD were classed as high risk procedures whilst diagnostic 
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OGD and colonoscopy, argon plasma coagulation and Barrett’s ablation as low risk. The 

guidelines recommend continuing antithrombotic therapy in low risk procedures but 

temporarily stopping it several days (2-5 depending on the type of anticoagulant) before 

high risk procedures. In patients identified as high risk for thromboembolism (e.g with 

mechanical mitral valve replacement), bridging therapy with heparin may be required. The 

absolute risk of an embolic event in patients whose anticoagulation therapy has been 

interrupted for 4-7 days is 1%.419,420 However, in each case, the balance of risk between 

bleeding and the risk of thromboembolism needs to be carefully considered in order to 

personalise periprocedural management.   

 

Due to the low prevalence of anticoagulant use in patients undergoing high risk endoscopic 

procedures (<4%)421, data on bleeding risk in this group has generally been obtained 

through large retrospective multicentre studies or national database reviews. A large 

Japanese study of 1192 gastric neoplasms removed via ESD identified a specimen size of 

>40mm and the use of antithrombotic therapy as independent risk factors for delayed 

bleeding (bleed rate 11.6% compared to overall postoperative bleed rate of 5.3%).422 

However, not all types of antithrombotic therapy confer the same risk. A nationwide 

Japanese database analysis of 16977 patients who underwent 13 types of high risk 

endoscopic procedures with pre-operative warfarin or DOACs showed that the risk of 

postendoscopy GI bleeding was higher in warfarin than DOAC users (12.0% vs 9.9%; 

p=0.002).423 Interestingly, the risks of GI bleeding and thromboembolism were greater in 

patients treated with warfarin or DOACs plus heparin bridging compared to patients treated 

with DOACs alone. Another study looking at the relationship of individual antithrombotics to 

postoperative bleeding in 2488 gastric ESDs carried out over a 15 year period from 2001 to 

2016 also identified heparin bridging therapy and dual antiplatelets/multiple antithrombotic 

agents as risk factors.424 A retrospective study with multivariate analysis of 1591 gastric ESD 

patients (of whom, 274 were on aspirin) showed that continuous antiplatelet usage was not 

an independent risk factor for delayed bleeding.425 In fact in this study, the authors noted 

that 1/102 patients (1%) who did discontinue antiplatelets developed an acute cerebral 

infarction. A recent meta-analysis (16 studies) on the effects of antithrombotic therapy on 

post ESD bleeding also confirmed that continuous use of low dose aspirin did not 

significantly increase the bleeding risk. The bleeding rate was also higher in the group of 
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patients on multiple antithrombotics compared to single antithrombotics or single 

antiplatelet despite discontinuation.426   

 

The majority of the literature on post endoscopic resection bleeding arose from large scale 

Eastern retrospective studies of gastric ESD. The high prevalence of these cancers in the East 

coupled with a highly vascular anatomical location provided a large cohort for risk factor 

analysis. By contrast, there are fewer studies on factors related to delayed bleeding in the 

colon. In a study of 302 colonic lesions removed via EMR, the overall delayed bleeding rate 

was 7%.427 Several other studies on intraprocedural or delayed bleeding after colonic EMR 

have identified a proximal colon location, age or co-morbidities, anti-thrombotic use and 

large lesion size as risk factors implicated in bleeding.407,428  

 

Colorectal ESD is well recognised as a technically more challenging procedure although 

delayed bleed rates are still low relative to ESD in other locations (for example the 

stomach). However, there are fewer studies on the factors associated with delayed bleeding 

in ESD and given the inherent differences in EMR and ESD techniques, these factors cannot 

be assumed to match what we know about bleeding in EMR. A large multi-centre study 

designed to develop a risk scoring model for prediction of delayed bleeding post colonic ESD 

also confirmed that a rectosigmoid location, lesion size >30mm and use of antithrombotic 

agents (except for aspirin alone) were independent risk factors for delayed bleeding.429 The 

difference in locations associated with delayed bleeding (rectal in ESD but proximal colon in 

EMR) could be related to the vascular supply in the rectum and thick submucosal layer 

possibly preventing optimal electrocoagulation of blood vessels.  

 

3.6 Endoscopic management of bleeding related to endoscopic resection 

As outlined above, bleeding is a recognised phenomenon of endoscopic resection and 

endoscopists embarking upon these procedures should be well versed in techniques to 

manage bleeding and other complications. Bleeding related to endoscopic resection 

(whether intraprocedural or delayed) can usually be managed with endoscopic techniques 

and very rarely requires rescue surgery or embolization. The mainstay of treatment is with 

electrocoagulation administered through the snare tip (in the case of EMR) or knife tip (ESD) 

or coagulation forceps (for more severe cases or larger vessels). Adrenaline is sometimes 
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used (1:10000 or 1:20000 dilution) to gain quick control of intraprocedural bleeding but 

needs to be combined with a second haemostatic method (thermal or mechanical with 

clips) to achieve sustained bleed control. Minor bleeding during ESD is common as the 

endoscopic knife comes into contact with submucosal vessels during dissection and can be 

treated by contact coagulation with the tip of the knife or haemostatic forceps.    

 

3.6.1 Electrocoagulation 

Electrosurgical units convert energy from high frequency currents into heat. When current 

flows from a snare wire or through a conducting endoscopic knife and comes into contact 

with mucosal tissue this results in a rise in tissue temperature. There are two types of 

current – cutting and coagulation. Cutting currents are produced at temperatures greater 

than 100 degrees Celsius resulting in boiling of cellular water causing cellular rupture. 

Coagulation currents are produced at lower temperatures between 70 to 100 degrees 

Celsius and cause dehydration and contracture of cells without rupture. Electrosurgical units 

can control the ratio of cutting to coagulation current producing a blended current which is 

optimal for endoscopic resection. The use of pure cutting current can lead to immediate 

bleeding whilst pure coagulation current has haemostatic properties but can cause deep 

thermal injury that may increase the risk of perforation. There is also a risk of delayed 

bleeding post polypectomy if a pure coagulation current is used.430  

 

When bleeding is encountered during EMR or ESD, there are several coagulation modes on 

the modern electrosurgical unit that can be used to stop it. The depth of thermal 

penetration and tissue injury depends on the electrical discharge which is regulated by the 

peak voltage. Swift coagulation and forced coagulation modes utilise a high output voltage 

(peak voltage greater than 200Vp) that creates sparks which coagulate on superficial 

tissues. Swift coagulation mode is used for fast and efficient haemostasis whilst dissecting 

during ESD procedures. When small vessels are encountered during submucosal dissection 

resulting in bleeding, the coagulation current generated via the tip of the knife can be used 

for haemostasis. The forced coagulation mode can also be used for coagulation of small 

vessels or capillaries but runs the risk of cutting through larger vessels before they are 

completely dehydrated if used on a higher power setting. However, Ishida et al., showed 

that it could be used on a low power settting (effect 1, 10W) to pre-coagulate and seal off 
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larger vessels that are encountered during submucosal dissection to minimise 

intraprocedural bleeding .431  

 

Soft coagulation limits the peak voltage between the active electrode and the target tissue 

to less than 200Vp. No sparks are generated, and this is a pure coagulation mode with no 

cutting current. It is suitable for coagulating minor bleeds in 1-2 second application bursts. 

Larger vessels may be grasped with haemostatic forceps (for example, Coagrasper, Olympus 

Medical) to elevate the tissue from the resection base and coagulate it using the soft 

coagulation mode (effect 4, 80W). Takizawa et al., showed that routine coagulation of of 

visible vessels may reduce the delayed bleeding rate after ESD in a study of 1083 early 

gastric cancers (delayed bleeding rate in this study was 5.8%).432 However, a large 

prospective randomised controlled trial of 347 patients undergoing wide field EMR of 

colonic lesions showed that prophylactic endoscopic coagulation did not make a clinically 

significant difference in reducing the delayed bleeding rate (5.2% in the group receiving 

prophylactic coagulation vs 8.0% in controls, p=0.30).433 

 

If delayed bleeding is encountered, a repeat endoscopy is warranted to identify the site of 

the bleeding. In such situations, the resection base is usually covered with adherent clot 

that can be cleared by irrigation to expose underlying visible vessels as the source of the 

bleed. Depending on the depth of the cautery burn over the resection base and the 

thickness of the gastrointestinal wall, the endoscopist may opt for thermal haemostasis with 

electrocoagulation or the application of endoscopic clips over the vessel. Clips may be 

preferred when the gastrointestinal wall is thin – particularly in the right colon or 

oesophagus to reduce the risk of significant thermal injury and perforation.  
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Figure 3.7 Properties of the different coagulation modes generated by the Erbe Vio 
200D/300D electrosurgical unit  
(Reproduced from Erbe marketing material https://www.erbe-
med.com/erbe/media/Marketingmaterialien/85800-
131_ERBE_EN_Application_brochure_of_gastroenterology__D064045.pdf) 
 

3.6.2 Clips 

Endoscopic clips can be used to control immediate bleeding witnessed post EMR and to 

close small defects or perforations. Their impact on preventing delayed bleeding is less 

clear. A randomised controlled trial of complete endoscopic clip closure of resection base 

defects following colorectal tumour endoscopic resection showed a marked difference in 

delayed bleeding rates (6.9% in the controls group versus 1.1% in the clip closure group).434 

However, a meta-analysis of 10 randomised controlled trials including the one mentioned 

above showed no overall benefit of endoscopic clipping in preventing delayed bleeding post 

colonic polypectomy or EMR (pooled relative risk of 0.86, 95% CI 0.55 to 1.36).435 The 

authors did acknowledge that this study was likely to be underpowered given the wide 

confidence intervals and small overall number of polyps measuring greater than 20mm. 

Furthermore, not all 10 trials in this analysis provided information on the location of the 

lesions resected which could be significant as proximal locations have been associated with 

higher rates of bleeding. 
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Since the publication of this meta-analysis, two further large randomised controlled trials 

have since been published indicating clear benefit for prophylactic clipping following 

resection of lesions greater than 20mm and in proximal locations. Pohl et al., showed that 

the delayed bleeding rate was 9.6% in proximal colonic lesions without clipping compared to 

3.3% with clipping (p = 0.001).436 Albeniz et al., demonstrated a marked reduction in the 

delayed bleeding rate of up to 89% with clipping and noted that the greatest benefit was 

derived when the resection base was fully clipped closed (delayed bleeding rate of 1.5% vs 

12.1% in controls).437 This may not always be possible in lesions greater than 40mm.  

 

Suffice to say, the emerging literature seems to favour prophylactic clipping of resection 

defects greater than 20mm in the right colon in order to reduce the rate of post endoscopic 

resection bleeding. Further research will still be required to answer questions around the 

cost effectiveness of this strategy and if a general endoscopist may be able to replicate the 

positive results seen in these studies on clipping originating from expert high volume 

centres.  

 

3.6.3 Novel devices – topical haemostats 

Topical haemostats first emerged within the field of surgery over 50 years ago. The use of 

fibrin sealants were described by Bergel as early as 1909 and since then, various other 

topical agents have been developed.438 Gelatin based haemostatic agents were introduced 

in the 1940s followed by microfibrillar collagen products (bovine source) in the 1970s. The 

first commercially available fibrin sealant was approved by the US FDA in 1998. Progress 

within this area later lead to the development of endoscopic topical haemostats. There are 

3 main powder based sprays that are available for use – Ankaferd BloodStopper (ABS), TC-

325 (Haemospray) and EndoClot. They function by adsorbing water, aggregating red blood 

cells and activating the clotting cascade. 

 

3.6.3.1 Ankaferd BloodStopper (ABS) 

This haemostat originates from Turkey and is a derivative of a traditional herbal mixture of 

plants (Thymus vulgaris, Glycyrrhiza glaba, Vitis vinifera, Alpinia officinarum, Urtica 

dioica).439 It interacts with endothelium and blood cells, causing aggregation of red blood 

cells that then integrates with the classic coagulation cascade.440 However its exact 
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mechanism of action is not fully understood. ABS can be applied through the working 

channel of a diagnostic endoscope by injecting the content of a 50ml vial through a 

catheter. Several clinical studies have reported on its efficacy. In a retrospective study of 

10,711 patients with upper or lower endoscopy procedures, it was used successfully in 26 

patients bleeding from Mallory Weiss tears, polypectomies and Dieulafoy lesions.441 It has 

also been used in radiation colitis and variceal bleeding (as a bridge to definitive treatment 

and as rescue therapy post failed banding/cyano-acrylate glue injection).442,443 ABS was also 

used successfully in a small retrospective study of 10 patients with GI bleeding from 

neoplastic lesions444 as it may reduce tumour vascularisation.445 

 

3.6.3.2 TC-325 (Haemospray) 

This novel proprietary mineral powder is a highly absorptive compound that has cohesive 

and adhesive properties upon contact with moisture (blood/water). It rapidly forms a 

mechanical barrier across the bleeding site and can achieve haemostasis within seconds. Its 

mechanism of action is multimodal – by forming a mechanical barrier and physical lattice to 

exert tamponade as well as aggregating platelets and concentrating clotting factors over the 

bleeding site that activates the natural clotting cascade. It has been shown to decrease the 

clotting times (extrinsic clotting pathway measured by prothrombin time) in-vitro and 

enhance clot formation in-vivo.446 It is safe and non-toxic as the powder is not systemically 

absorbed by the GI mucosa and forms an adherent layer that sloughs off within 24-72 hours 

and is passed through the GI tract. Haemospray is supplied in a pressurised CO2 canister 

that can be connected to a 7-10 Fr catheter. The catheter is passed down through the 

diagnostic endoscope channel and Haemospray is propelled under direct vision in short 1 to 

2 second bursts. It is important that the channel is dry prior to Haemospray application in 

order to prevent blockage. The optimal distance between the end of the catheter and the 

bleeding site is 1-2cm and during application, the entire visible bleeding site should be 

covered with this opaque white powder.  

 

Haemospray is the most widely studied endoscopic topical haemostat. Its clinical application 

has mainly been for haemostasis in non-variceal upper GI bleeding. The central dogma for 

endoscopic management of acute non-variceal bleeding recommends dual therapy (e.g 

adrenaline injections combined with heat application or clips). There may now also be a role 
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for a topical haemostat such as Haemospray in combination with existing haemostatic 

modalities or as rescue therapy. Studies have shown that it has been used successfully in 

the management of bleeding peptic ulcers, malignancy and in patients on antithrombotic 

therapy with haemostasis rates from 76-98%.447–449 It may be particularly useful for the 

treatment of malignant GI bleeding with a recent pilot randomised controlled trial revealing 

haemostasis rates of 90% in the group receiving Haemospray compared to 40% receiving 

standard haemostatic interventions (p=0.057).450 Haemospray has also been used to stem 

bleeding following endoscopic resection. A large multicentre European study noted an 

overall haemostasis rate of 98% in a subgroup of 49 patients receiving Haemospray for this 

indication with no instances of rebleeding.451  

 

3.6.3.3 Endoclot Polysaccharide Haemostatic System 

Endoclot is a starch based product made up of absorbable modified polymers that rapidly 

absorbs water and concentrates clotting factors and platelets at the bleeding site to trigger 

the coagulation cascade. It forms a matrix over the bleeding site that seals off the bleeding 

tissue. Similar to other powder based haemostats, Endoclot is also applied using an air 

compressor to propel polymer particles through a catheter passed down the endoscope 

channel.  

It is CE marked and licensed for use to treat bleeding within the gastrointestinal tract. It has 

been used prophylactically post colonic endoscopic mucosal resection in a study of 82 

patients where 3 patients experienced delayed bleeding.452 In another observational study 

of 173 patients requiring endoscopic therapy for non-variceal upper GI bleeding, Endoclot 

was used in 21 patients with immediate haemostasis achieved in all cases.453 There was no 

significant difference between the 30 day mortality rate and rebleeding rate in the Endoclot 

group compared to a historic cohort of patients treated with standard endoscopic 

haemostatic techniques. The effectiveness of Endoclot as a primary or secondary haemostat 

has also been studied. A study of 70 patients with acute GI bleeding demonstrated 

treatment success in 64% of upper GI bleeds after primary use, 100% after all other 

modalities had failed and 83% in lower GI bleeds.454  

 

3.6.3.4 The future of topical haemostats 
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Based on the evidence available, we know that these topical haemostats have an excellent 

safety profile and prove effective in controlling GI bleeding in a variety of circumstances and 

in combination with existing modalities of treatment. The advantage these powders have is 

that they can be applied to the bleeding site easily and can be sprayed over a wide area with 

no need for precise targeting. This makes them the ideal agent for less experienced 

endoscopists or when access to the bleeding site is difficult. However, we must recognise 

their limitations (blocked catheters or endoscope channel, theoretical risk of embolic 

events). Furthermore, the majority of the evidence on these devices come from 

observational studies, often retrospective in nature.  

 

In this expanding field of development, a new topical endoscopic haemostat was recently 

released (PuraStat®, 3D-Matrix Ltd, France). This novel self assembling peptide is supplied as 

a transparent gel (unlike its aforementioned counterparts – opaque powders). The data on 

its use in endoscopic bleeding is limited and this forms the subject of subsequent chapters 

(8 & 9) where its mechanism and use will be explored in greater detail.  
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Chapter 4: Optical Diagnosis of Small Colorectal Polyps using Blue Light Imaging – 

Validating an existing classification system and training novices and experienced 

endoscopists on its use 

 

4.1 INTRODUCTION: Importance of classifying neoplastic and non-neoplastic polyps  

 

The pathway to development of cancer from adenomas is well recognised through the 

adenoma-carcinoma sequence which takes place over years and involves a series of 

mutations in pro oncogenes and tumour suppressor genes.6 Detection and subsequent 

removal of adenomas through polypectomy has been shown to be very effective at reducing 

the risk of colorectal cancer15,16,19.  

However, not all polyps bear malignant potential. Distal (rectosigmoid) hyperplastic polyps 

harbour no malignant potential and therefore if recognised accurately, can safely be left in 

situ. This practice, known as ‘diagnose and leave’, can have significant cost savings and 

reduces the risk of unnecessary polypectomy. Optical diagnosis at the time of endoscopy will 

also enable accurate surveillance intervals to be determined on the same visit. 

Innovation in endoscopy has led to various techniques being devised to facilitate the 

recognition of colorectal adenomas during colonoscopy. In addition to better resolution, 

‘push button’ enhanced imaging technologies such as narrow band imaging (NBI; Olympus, 

Tokyo Japan), I-SCAN (Pentax, Tokyo, Japan) and Flexible Spectral Imaging Colour 

Enhancement (FICE; Fujifilm, Tokyo, Japan) have also been incorporated into later 

generations of endoscopy systems. These technologies enhance the appearance of mucosal 

surface and vessel patterns, which may improve recognition of neoplastic lesions. The 

American Society for Gastrointestinal Endoscopy (ASGE) Preservation and Incorporation of 

Valuable Endoscopic Innovations (PIVI) initiative recommends that a technology achieves a 

threshold of 90% or greater negative predictive value (NPV), when used with high confidence, 

for adenomatous histology in order to guide the decision to leave suspected diminutive 

rectosigmoid hyperplastic polyps in place.243 

 

4.2 Existing systems for colorectal polyp characterisation using dye based 

chromoendoscopy and virtual chromoendoscopy 
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Endoscopists have long since recognised that there is a variation in mucosal pit and vascular 

structure in different polyp subtypes. Classification systems were developed in order to group 

these features into patterns pertaining to individual polyp subtypes to provide a uniform and 

reproducible structure to diagnosis. The most well established classification system is the 

Kudo classification71 that was first introduced over 20 years ago. Using magnification 

chromoendoscopy (100x magnification + 0.2% cresyl violet staining), Kudo et al., classified 

colorectal polyps according to their appearance, structure and staining patterns.71 They used 

these different pit patterns to differentiate between neoplastic and non-neoplastic polyps 

(Figure 4.1 & 4.2). Polyps with Type I and II pits are non-neoplastic (normal, inflammatory or 

hyperplastic) and polyps with Type IIIs, IIIL, IV (adenomas) and V (cancer) are neoplastic. Type 

V patterns have been further subclassified into VI and VN that may predict the depth of 

submucosal cancer invasion. VI pits have been described as an irregular arrangement and size 

of IIIs,IIIL and Type IV patterns whereas VN show a loss or decrease of pits with an amorphous 

structure.  
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Figure 4.1: Kudo pit pattern classification (reproduced from Kudo et al with permission from 
Elsevier, https://www.giejournal.org/article/S0016-5107(96)70222-5/fulltext) 
 



 142 

 
Figure 4.2: Kudo pit pattern classification with cresyl violet staining (reproduced from 
Dolwani et al455 with permission from Wiley & Sons) 
 

4.2.1 Narrow Band Imaging (NBI) 

Narrow Band Imaging (NB) technology improves identification of neoplastic polyps by 

highlighting their vasculature, which makes them appear darker than the surrounding mucosa 

and easier to differentiate, compared to on white light endoscopy. A meta-analysis of 28 

studies reported high accuracy of diagnosis using NBI with an area under the receiver 

operating characteristic curve of 0.92 and overall sensitivity of 91% for adenoma diagnosis.98 

The following sections will focus on the most important and relevant validated classifications 

currently in use.  

 

4.2.1.1 Sano and modified Sano classification 

Sano et al., recognised that angiogenesis was important in the evolution of neoplastic lesions 

and proposed a capillary pattern classification using NBI with magnification for the differential 

diagnosis of colorectal lesions456 (see Figure 4.3). This system of capillary pattern recognition 

was later validated demonstrating diagnostic accuracy of 95.3%, sensitivity of 96.4% and 

specificity of 92.3%.96 It was also shown to be effective in determining the depth of invasion 

in early colorectal neoplasia (94.5% of capillary pattern Type IIIA were adenomas, 
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intramucosal or superficial submucosal cancers; 72% of lesions diagnosed as Type IIIB were 

deep cancers).457  

 

 
 Figure 4.3: Sano classification using capillary patterns (reproduced from Sano et al9 with 
permission via CC by 3.0 license)  
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Figure 4.4: Polyp examples using Sano classification – Type I: Hyperplastic polyp; Type II: 
Adenoma; Type IIIA: Intramucosal cancer; Type IIIB: Deeply invasive cancer 
(reproduced from Dolwani et al7 with permission from Wiley & Sons) 
 

In 2013, the Sano classification was modified to include a classification for sessile serrated 

polyps by incorporating the surface pattern under magnification as illustrated below (Figure 

4.5). Open pits were recognised as a characteristic feature of sessile serrated 

adenomas/polyps (SSA/Ps) with the creation of a new category: Type II-o. Very high levels of 

optical diagnostic accuracy (97%) were achieved when predictions were made with high 

confidence in this validation study.251 
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Figure 4.5: Modified Sano’s classification is defined as above: 1If no open pits and 2 serrated 
features =classified as low confidence for SSA/P; if 1 serrated feature = low confidence for HP; 
if no features = high confidence for HP. 2Can have slight loss of pit pattern and vascularity 
when leaning towards superficial cancer. MS: Modified Sano’s; HP: hyperplastic polyp; SSA/P: 
Sessile serrated adenoma/polyps 
(reproduced from Sano et al12 with permission from Wiley & Sons) 
 

4.2.1.2 Narrow band imaging international colorectal endoscopic (NICE) classification 

This classification utilises colour, vessel and surface pattern as component criteria for optical 

diagnosis of small and diminutive colorectal polyps on NBI (Table 4.1). It can be applied both 

with and without magnification. The researchers validated the classification in people not 

experienced in endoscopy or NBI analysis (i.e medical students) and also in NBI-trained 
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gastroenterology fellows.458 In both these groups, surface pattern criterion showed the 

highest sensitivity and NPV for an adenoma diagnosis (83% and 85% amongst medical 

students; 88% and 89% amongst fellows).  

 

Table 4.1: Narrow Band Imaging International Colorectal Endoscopic (NICE) classification 

of colorectal polyps 

 Type 1 Type 2 Type 3 

Colour Same or lighter than 

background 

Browner than 

background 

Dark brown relative 

to background +/- 

patchy whiter areas 

Vessels None or isolated 

lacy vessels 

Brown vessels 

surrounding white 

structures 

Disrupted or missing 

vessels 

Surface Pattern Dark or white spots 

of uniform size, or 

homogenous 

absence of pattern 

Oval, tubular or 

branched white 

structure 

surrounded by 

brown vessels 

Amorphous or 

absent surface 

pattern 

Likely pathology Hyperplastic Adenoma Deep submucosal 

invasive cancer 

 

Although many NBI classifications exist, there is very little comparative data between the 

classifications. However, a randomised controlled trial comparing the modified Sano’s and 

NICE classification showed that the modified Sano classification was better than NICE in 

differentiating neoplastic polyps and predicting endoscopic resectability (sensitivity, 

specificity, PPV and NPV were 98.9%, 85.7%, 98.2% and 90.9% for modified Sano’s; and 99.1%, 

57.7%, 95.4% and 88.2% for NICE, respectively).459  

 

4.2.1.3 Workgroup Serrated polyps and Polyposis (WASP) classification 

As the alternative serrated neoplasia pathway became recognised as a cause of colorectal 

cancer in 20-30% of cases, the importance of correctly differentiating sessile serrated polyps 
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became apparent. The NICE classification only encompassed hyperplastic polyps, adenomas 

and cancer and a study showed that SSA/Ps could be classified as non-neoplastic or neoplastic 

using the existing classification. Therefore, Ijspeert et al.,460 developed and validated a new 

classification combining NICE and criteria for differentiation of SSA/Ps – this was known as 

the WASP classification (Figure 4.6).  

 
 

Figure 4.6: WASP classification (adapted from Ijspeert et al460 with permission)  
 

4.2.1.4 Japan NBI Expert Team classification 

Since the introduction of NBI, numerous classifications highlighting different vascular 

patterns using magnifying NBI have been proposed. However, the existence of multiple terms 

used to describe the same pattern and the need to include surface pattern descriptions in a 

classification led to the need to develop a new unifying universal classification. The Japan NBI 

Expert Team (JNET) was formed in 2011 and a working group of researchers proposed 

component criteria to form, what was initially known as, the magnifying NBI scale (Figure 

7).461  
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Figure 4.7: Magnifying NBI scale. (a) Vascular pattern (b) Appendix (c) Surface pattern 
(reproduced from Sano et al.16 with permission from Wiley & Sons) 
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Subsequently, this scale was validated by 25 specialists in colonoscopy and a consensus on 

the universal NBI magnifying endoscopic classification of colorectal tumours was reached 

using a modified Delphi method. This led to the ratification of the final version – known as 

the Japan Narrow Band Imaging Expert Team (JNET) classification (Figure 4.8). Although the 

initiative to produce a universal classification is commendable and has been recognised by 

the World Endoscopy Organisation, the downside of the JNET classification is the requirement 

for magnification endoscopy and its lack of validation outside of Japanese expert 

endoscopists.   

 

  
Figure 4.8: Japan NBI Expert Team (JNET) classification (reproduced from Sano et al16 with 
permission from Wiley & Sons) 
 

4.2.2 i-SCAN 

 

i-Scan technology has also been used to enhance the detection of colorectal adenomas and 

neoplasia although there are far fewer studies on this compared to NBI. Nevertheless, the 

latest meta-analysis of 15 i-Scan studies for real time diagnosis of small colorectal polyps 

showed a pooled sensitivity of 92% (95% CI 85-95%) and specificity of 90% (95% CI 83-94%).462 

Below is a summary of three of the studies included for further illustration of I-Scan 

classification systems used.  
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In 2010, Hoffman et al., published a randomised controlled trial on 220 patients undergoing 

screening or surveillance colonoscopy randomised to high definition (HD) colonoscopy with i-

Scan surface enhancement or standard video colonoscopy.103 The colorectal neoplasia 

(adenoma or cancer) detection rate was significantly higher in the HD with i-Scan group 

compared to standard colonoscopy (38% vs 13%). Kudo pit patterns and vessel architecture 

were used in the study to classify lesions.  

 

However, when high definition white light (HDWL) was compared with HDWL plus i-Scan for 

assessment of small colorectal polyps, Basford et al., found that there were no significant 

differences between both modalities with accuracy and sensitivity exceeding 90% (meeting 

ASGE performance thresholds).102 Table 4.2 shows the classification criteria used in this study 

to distinguish neoplastic and non-neoplastic polyps.  

 

Table 4.2: Characteristic surface and vascular patterns of neoplastic and non-neoplastic 

polyps as described in the HISCOPE study 

 Neoplastic Non-neoplastic 

Vascular pattern Dense, regular, pericryptal 

vessels 

No vessels or fine vessels 

not following edges of pits 

Surface pattern Small, compact, regular, 

round/tubular/branched 

pits 

No surface patterns or 

large, non-compact pits 

 

A later generation of Pentax i-Scan technology using the EPKi-7010 processor was launched 

in 2016 – this was known as the optical enhancement I-SCAN system (I-SCAN OE). Iacucci et 

al., developed a simplified endoscopic colorectal polyp classification system using I-SCAN OE 

to differentiate non-neoplastic (hyperplastic) from neoplastic (sessile serrated 

polyps/adenomas).463 The sensitivity and NPV using the SIMPLE classification after training 

was 97% and 91% respectively. Although designed originally for the I-SCAN OE platform, the 

authors were able to validate its use with other technologies including NBI. Diagnostic 

accuracy was similar using the NBI NICE classification (69%) or SIMPLE (71%) when tested 

amongst gastroenterology trainees.  
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Figure 4.9: The Simplified Identification Method for Polyp Labelling during Endoscopy 
(SIMPLE) classification (reproduced from Iacucci et al463 with permission from Thieme 
publishing)  
 

4.2.3 Flexible Spectral Imaging Colour Enhancement (FICE) 

There is a relative paucity of data on FICE in the characterisation of neoplastic and non-

neoplastic polyps, unlike the aforementioned technologies. Nevertheless, researchers have 

developed classifications using Kudo pit patterns and vascular patterns. Whilst a large 

randomised controlled trial by Pohl et al., did not show increased adenoma detection using 

FICE, the sensitivity of FICE for adenoma characterisation was comparable to indigocarmine 

(92.7% vs 90.4%).111 Teixeira et al., used magnifying FICE to characterise 5 subtypes of 

capillary vessel patterns (Figure 4.10) in order to differentiate between normal mucosa, 

hyperplastic polyps, adenomas and cancer.118 The sensitivity and specificity for this capillary 

pattern classification was very high – 99.2% and 94.9% respectively. Togashi et al., showed 

that capillary pattern recognition using FICE can be used to classify diminutive colorectal 

polyps as neoplastic and non-neoplastic with high levels of sensitivity (93%).114 In this study, 

this was comparable to the sensitivity using pit pattern recognition in chromoendoscopy 

(90%).  
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Figure 4.10: Endoscopic capillary-vessel pattern classification. A, Type I: normal pattern – 
thin subepithelial capillary vessels with a linear shape and regular arrangement surrounding 
the mucosal crypts. B, Type II: hypovascularity or marginal capillaries of a thicker diameter, 
curved or straight but uniform, without dilatations, and the pericryptal arrangement is not 
remarkable. C, Type III: numerous capillaries of thinner diameter, irregular and tortuous, with 
frequent point dilatations, and tapering like a spiral shape, showing remarkable periglandular 
arrangement. D, Type IV: numerous long, spiral, or straight blood vessels with a thicker 
diameter, and sparse dilatations, running upright, surrounding the villous glands. E, Type V: 
pleomorphism of capillaries and abnormal distribution and arrangement; numerous 
heterogeneous thick vessels with chaotic arrangement 
(reproduced from Teixeira et al118 with permission from Elsevier)  
 

4.2.4 Blue Light Imaging (BLI) 
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BLI is the latest advanced imaging technology developed by Fujifilm. It is based on the direct 

emission of blue light with a short (410nm) wavelength that is selectively absorbed by 

haemoglobin. Four individual light emitting diodes are used to create bright, high contrast 

imaging. There is promising evidence that this technology improves optical diagnosis and 

adenoma detection130,125,127,464,129.  

 

Although many colorectal polyp classifications exist as outlined above, it may not be possible 

to use them interchangeably with different technologies. This was shown in a study by Repici 

et al., demonstrating that NICE did not work optimally when used for optical diagnosis using 

a different technology (e.g FICE).465 Therefore, a new bespoke classification system for 

differentiating between hyperplastic, sessile serrated polyps, adenomatous polyps and 

cancer using BLI was recently developed by a group of 7 expert endoscopists.466 This 

classification (BASIC; BLI Adenoma Serrated International Classification) incorporates the 

polyp morphology (surface) as well as pit and vessel characteristics and may be used with or 

without magnification. Following a modified Delphi process, the following descriptors were 

included in the final classification.  

 

• Surface 

o Presence of mucous 

o Regular/irregular 

o Presence of depression/pseudodepression 

• Pit pattern 

o Featureless 

o Type (round/nonround) 

o Round with/without dark spots 

o Distribution (homogenous/heterogenous) 

§ Heterogenous with/without focal loss 

• Vessels 

o Presence (yes/no) 

o When present 

§ Lacy 

§ Pericryptal 
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§ Irregular 

 

The inter-observer agreement was good in the majority of categories with the exception of 

the surface pattern distribution (homogenous vs heterogenous) where agreement was 

moderate. Inter-observer agreement for vessel patterns, mucus and featureless appearance 

was almost perfect. These trends were noted both with and without magnification.  

This study was the first to describe a unique BLI classification although it should be noted 

that it was not validated for clinical use. Furthermore, a suitable system of education and 

training in real-time diagnostics will need to be developed in order to enable endoscopists 

to characterise polyps accurately enough to implement a ‘resect and discard’ strategy. 

Previous studies based on the training of endoscopists using NBI have shown diagnostic 

accuracy rates ranging from 81-90% in endoscopists of different experience levels following 

training using short computer based modules.467,468,469    

 

4.3 AIM 

 

The aim of our study was to develop a simple training module and validate this novel BLI 

classification in a group of experienced and trainee endoscopists. 

 

4.4 METHODS 

 

4.4.1 Image Library  

The images for this study were obtained from elective outpatient colonoscopies performed 

between December 2016 to February 2017 with Fujifilm colonoscope series ELUXEO TM 700 

with BLI enhancement (ELUXEO, VP-7000, BL-7000; Fujifilm, Tokyo, Japan). All patients gave 

consent for the polyp images from their procedure to be used anonymously for training and 

educational purposes. For each polyp used in the first two phases of the study, a paired non 

magnification high definition white light (HDWL) and BLI image was stored. The size, location 

and morphology (Paris classification)283 of the polyps were recorded. All polyps were resected 

and sent for histopathological examination. In the first two phases of the study, only 

adenomas and hyperplastic polyps were included. The histopathologist was not aware of the 

endoscopic optical diagnostic characteristics for each polyp and classified the polyp histology 
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according to the revised Vienna classification which was developed to achieve worldwide 

consensus on the terminology for gastrointestinal neoplasia.470 The five categories proposed 

in the revised Vienna classification are as follows: (1) negative for neoplasia; (2) indefinite for 

neoplasia; (3) mucosal low grade neoplasia; (4) mucosal high grade neoplasia and (5) 

submucosal invasion by carcinoma. The histopathological diagnosis was used as the gold 

standard true diagnosis for each polyp in this study.  

All images were stored in a tagged image file format (TIFF) on a secure password protected 

computer. Only high quality and clear images of small (6-9mm) and diminutive (1-5mm) 

colorectal polyps were selected for use in the training module and tests.  

 

4.4.2 Training Module  

In the development of the training module 15 polyps were used to illustrate the criteria for 

differentiation between polyp subtypes using the recently developed BASIC classification. An 

equal proportion of adenomatous and non-adenomatous polyp images were used. These 

images were not used in the test phases. Microsoft Powerpoint (Microsoft Corporation, 

Redmond, Washington, USA) was used as the training platform. The training module was 

delivered by an expert endoscopist and experienced research fellow in a face-to-face training 

session. Examples of the actual slides used in the training presentation are included in 

Appendix 1. An overview of the content and structure of the module with a summary of the 

key slides is presented below and in Figures 4.11-4.13. The module was structured as follows: 

- Overview on the importance of endoscopic polyp characterisation in order to facilitate the 

recognition of small/diminutive hyperplastic polyps with high confidence that may be suitable 

for the ‘resect and discard’ or ‘resect and leave’ strategy.  

- Review of ASGE PIVI thresholds and relevance to clinical practice 

- Evolution of advanced imaging technology in endoscopy and the mode of action of BLI 

- Explanation of the individual descriptors used for the BASIC classification including 

distinguishing between ‘pseudodepression’ and a truly depressed (i.e Paris IIC)283 polyp 

morphology.  

- Algorithm for differentiation between adenomas, hyperplastic and sessile serrated polyps 

using the BASIC classification (Figure 4.11) 

- Presentation of BLI polyp images with illustration on the surface, pit and vessel pattern 

descriptors applicable to formulate a diagnosis (Figures 4.12 & 4.13) 
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Direct feedback was given to the participating endoscopists during the training session in 

order to reinforce the teaching delivered.  

 

 

Figure 4.11: Proposed Algorithm to Utilise BASIC 

 

 

BASIC&Classification&Algorithm
HYPERPLASTIC ADENOMA SESSILE0SERRATED CANCER

SURFACE Mucus%present No No Yes No

Regular%(smooth)%
or%irregular

Regular Regular/irregular Regular/irregular Irregular

Pseudodepression No Yes No No

Depression No No No Yes

PIT+PATTERN Featureless? Yes No No No

Type%(round/not%
round)

Round1pits Not1round1(e.g
tubular)

Round1pits1
with/without1dark1
spots

Round1or1non1
round

Distribution%
(homogenous/
heterogenous)

Homogenous Homogenous1or
heterogenous
without1focal1loss

Homogenous/hete
rogenous

Heterogenous
with1focal1loss

VESSELS Present? Yes1or1no Yes Yes1or1no Yes

Type Lacy Pericryptal Pericryptal Irregular

Adenoma
SURFACE: Irregular,1pseudodepression

PITS:1Pits%seen?%Yes
Type:%Not1round
Distribution:%heterogenous
No%focal%loss%of%pits

VESSELS:1Present%3 pericryptal
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Figure 4.12: Illustrative image included in training module to identify BASIC descriptors 

associated with adenomas 

 

 

 

Figure 4.13: Illustrative image included in training module to identify BASIC descriptors 

associated with hyperplastic polyps 

 

 

 

 

 

 

 

Hyperplastic,Polyp
SURFACE: Regular (smooth)

No)pseudodepression

PITS: Featureless)or)
Type: Round5pits)(without)dark)spots)

Homogenous

VESSELS: Lacy
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Figure 4.14: Examples of polyp images on High Definition White Light (HDWL) and Blue 

Light Imaging (BLI) included in assessment phases 

 

4.4.3 Study participants 

Two groups of participants with five in each group were recruited for the study. The first group 

consisted of five endoscopists who were experienced in using advanced endoscopic imaging 

techniques (NBI) for polyp characterisation during colonoscopy. They had all performed over 

1000 colonoscopies. 

The second group was made up of five gastroenterology trainees with minimal colonoscopy 

experience (<400 procedures) and no experience or prior training in advanced endoscopic 

imaging techniques.  

 

4.4.4 Study phases 

Hyperplastic,polyp,on,HDWL,(left),and,BLI,(right)

Adenoma(on(HDWL((left)(and(BLI((right)
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The study incorporated a pre-training and post-training phase. In both phases, the accuracy, 

sensitivity, specificity, PPV and NPV for predicting polyp histology were measured in both 

groups of participants before and after the training intervention with the BASIC classification.  

 

4.4.4.1 Phase 1 

The aim of this phase was to assess the baseline optical diagnostic performance of both 

groups of participants in both HDWL and BLI modalities. Each group was shown separately a 

set of 45 non-magnified HDWL and BLI polyp images displayed on a high resolution monitor 

(Figure 4.14). This set of images consisted of 23 adenomas and 22 hyperplastic polyps 

(examples shown in Appendix 2). The polyps were arranged in a random fashion and the 

participants were blinded to the proportion of histological subtypes in the set as well as the 

location, morphology and size of the polyps. The participants recorded the endoscopic 

diagnosis as well as their level of confidence (high/low). Participants selected the high 

confidence option if they were at least 90% certain of their optical diagnosis prediction. No 

feedback on diagnostic accuracy was given following this phase.  

 

4.4.4.2 Phase 2 

This phase of the study was conducted 3 months following Phase 1 in order to minimise recall 

bias. All participants undertook the face to face training session in the use of BASIC as 

previously described. Following the implementation of the training module, the participants 

were tested on the same 45 polyp image library which was presented in a different random 

order to the pre-training set. All participants were still blinded to the proportion of 

histological subtypes, location, morphology and size of the polyps. They rated each image 

using the BASIC classification component criteria in order to record an optical diagnosis. They 

also scored their level of confidence according to the same parameters as described in Phase 

1. Feedback on diagnostic accuracy was given to the endoscopists following this phase.  

 

4.4.5 Ethical Approval 

This was an image based non-interventional endoscopic evaluation study with no patient 

identifiable data collected and therefore did not require ethical approval by the research and 

ethics committee. All patients provided informed consent for the use of anonymised images 
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of polyps for future teaching and training purposes. The study was carried out in accordance 

with the Helsinki Declaration.  

 

4.4.6 Statistical Analysis 

The study was powered on the assumption that there would be a difference of 10% in 

diagnostic accuracy between the pre and post-training tests. Using a power of 80% with 5% 

significance level, 200 observations were required in each phase.  By recruiting 5 participants 

to each group, we generated 225 observations per group or 450 in total which satisfied the 

power calculations. All data was collected on Microsoft Excel (Microsoft Corporation, 

Redmond, Washington USA). Stata version 15.1 (StataCorp, College Station, TX USA) was used 

for statistical analysis. The diagnostic performance was assessed for each modality and each 

group of participants by calculating the sensitivity, specificity, PPV, NPV and overall accuracy 

with corresponding confidence intervals. To allow for the non-independence of the data a 

bootstrapping approach was used to calculate confidence intervals for the differences 

between modalities and thus statistically compare between them. To allow for non-

independence of the data, multilevel logistic regression was used for the analysis. Two-level 

models were used with individual measurements nested within polyps.  

The interobserver agreement between users pre and post-training was made using the kappa 

statistic. A bootstrapping approach was used to calculate confidence intervals around the 

calculated value at each timepoint and also to compare between timepoints.  

 

4.5 RESULTS 

 

Table 4.3 shows the baseline characteristics of the 45 polyps included in the pre and post-

training test cohorts (Phase 1 and 2). The proportion of adenomas and hyperplastic polyps 

were roughly equal (51.1% and 48.9%) with a majority of polyps (75%) classed as diminutive 

(1-5mm).  

 

Table 4.3: Polyp characteristics of images included in Phases 1 and 2 

 

Polyp characteristics N (%) 
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Size 1-5mm 34 (75.6%) 

6-9mm 11 (24.4%) 

Location 

 

Rectum 13 (28.9%) 

Sigmoid 15 (33.3%) 

Descending colon 7 (15.5%) 

Transverse colon 4 (8.9%) 

Ascending colon 3 (6.7%) 

Caecum 3 (6.7%) 

Morphology 

(Paris 

classification) 

0-IIA 23 (51.1%) 

0-IIB 10 (22.2%) 

0-Is 12 (26.7%) 

Histology 

 

Adenoma 23 (51.1%) 

Hyperplastic polyp 22 (48.9%) 

 

4.5.1 Phase 1 results 

Table 4.4 shows the performance of experienced and trainee endoscopists for polyp diagnosis 

on HDWL compared to BLI. The greatest improvement in sensitivity using BLI was observed in 

the experienced group (69% on HDWL, 95% CI 60-77% versus 79% on BLI, 95% CI 69-85%, 

p=0.02). The proportion of high confidence predictions increased significantly in both groups 

when BLI was used (from 52% to 71% in the experienced cohort and 40-67% in the 

inexperienced group). When the results for both groups were combined, similar patterns 

were observed with increased sensitivity and high confidence with the use of BLI, but no 

difference noted in the other parameters.  

 

When a subgroup analysis was performed stratifying results according to confidence level, 

the performance of BLI improved further (albeit not reaching statistical significance) as 

sensitivity and NPV reached 85% with corresponding accuracy rates of 90% (Table 4.5).  

 

Table 4.4: Polyp diagnosis using HDWL and BLI in experienced and trainee groups  

Variable HDWL BLI Odds Ratio (*) P-value 
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Table 4.5: Polyp diagnosis on HDWL and BLI according to level of confidence in prediction  

% (95% CI) % (95% CI) (95% CI) 

     

Experienced group     

Sensitivity 69 (60, 77) 79 (69, 85) 2.52 (1.14, 5.59) 0.02 

Specificity 97 (92, 99) 95 (90, 99) 0.43 (0.10, 1.99) 0.28 

PPV 96 (93, 100) 94 (90, 98) 0.58 (0.14, 2.38) 0.45 

NPV 75 (69, 83) 81 (73, 88) 1.46 (0.81, 2.61) 0.21 

Accuracy 83 (78, 87) 87 (82, 91) 1.70 (0.86, 3.38) 0.13 

High confidence 52 (45, 58) 71 (65, 77) 2.80 (1.77, 4.43) <0.001 

     

Trainee group     

Sensitivity 75 (67, 82) 79 (70, 85) 1.43 (0.68, 3.02) 0.35 

Specificity 97 (93, 98) 96 (93, 99) 0.72 (0.15, 3.56) 0.69 

PPV 97 (91, 99) 96 (89, 98) 0.79 (0.17, 3.65) 0.77 

NPV 79 (72, 87) 82 (74, 88) 1.20 (0.65, 2.19) 0.56 

Accuracy 86 (81, 91) 88 (83, 92) 1.26 (0.65, 2.48) 0.49 

High confidence 40 (35, 48) 67 (60, 72) 2.95 (2.01, 4.33) <0.001 

     

All      

Sensitivity 72 (64, 77) 79 (72, 84) 1.87 (1.09, 3.20) 0.02 

Specificity 97 (94, 99) 95 (92, 98) 0.55 (0.19, 1.64) 0.29 

PPV 96 (92, 98) 95 (91, 97) 0.66 (0.24, 1.86) 0.43 

NPV 77 (71, 81) 81 (77, 86) 1.33 (0.87, 2.02) 0.18 

Accuracy 84 (81, 88) 87 (84, 90) 1.46 (0.91, 2.35) 0.12 

High confidence 46 (42, 50) 69 (64, 73) 2.70 (2.03, 3.58) <0.001 
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4.5.2 Phase 2 results (Pre vs. Post training) 

 

4.5.2.1 HDWL 

Table 4.6 shows the results of the pre and post-training analysis using 45 HDWL images. When 

only experienced endoscopists are considered in the analysis, there was a highly significant 

improvement in the diagnostic sensitivity (from 69%, 95% CI 60-77% to 83%, 95% CI 76-89%) 

and accuracy (from 83%, 95% CI 78-87% to 90%, 95% CI 87-94%) following training. In the 

trainee group, smaller improvements were noted in sensitivity (75 to 84%), NPV (79 to 84%) 

and accuracy (86 to 87%) that were not significant. Notably, there was a significant decrease 

in specificity (from 97% to 89%) in this group reflective of an increase in the false positive rate 

of adenoma predictions.  

 

Table 4.6: Pre and post training results in experienced and trainee groups using HDWL 

Variable HDWL 

% (95% CI) 

BLI 

% (95% CI) 

Odds Ratio (*) 

(95% CI) 

P-value 

     

High Confidence     

Sensitivity 81 (73, 89) 85 (78, 90) 2.32 (0.9, 5.83) 0.07 

Specificity 97 (93, 98) 97 (94, 99) 0.95 (0.19, 4.70) 0.95 

PPV 96 (92, 100) 97 (92, 98) 1.00 (0.23, 4.32) 0.99 

NPV 85 (76, 89) 85 (79, 90) 1.02 (0.54, 1.96) 0.95 

Accuracy 89 (86, 94) 90 (87, 94) 1.84 (0.84, 4.05) 0.13 

     

Low confidence     

Sensitivity 64 (56, 73) 65 (55, 79) 1.15 (0.57, 2.34) 0.70 

Specificity 97 (95, 100) 93 (84, 97) 0.40 (0.08, 1.98) 0.26 

PPV 96 (88, 99) 90 (81, 98) 0.31 (0.07, 1.38) 0.13 

NPV 71 (63, 78) 75 (66, 83) 1.27 (0.71, 2.23) 0.42 

Accuracy 80 (74, 84) 80 (76, 87) 1.11 (0.56, 5.72) 0.61 
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Variable Pre-training 

% (95% CI) 

Post-training 

% (95% CI) 

Odds Ratio (*) 

(95% CI) 

P-value 

     

Experienced group     

Sensitivity 69 (60, 77) 83 (76, 89) 3.35 (1.37, 8.16)   0.008 

Specificity 97 (92, 99) 98 (94, 99) 1.48 (0.23, 9.57) 0.68 

PPV 96 (93, 100) 98 (95, 100) 1.80 (0.29, 11.1) 0.52 

NPV 75 (69, 83) 84 (7 9, 90) 1.82 (0.99, 3.33) 0.05 

Accuracy 83 (78, 87) 90 (87, 94) 2.40 (1.25, 4.59)   0.008 

High confidence 52 (45, 58) 75 (69, 80) 3.26 (2.08, 5.11) <0.001 

     

Trainee group     

Sensitivity 75 (67, 82) 84 (70, 85) 2.03 (0.94, 4.38) 0.07 

Specificity 97 (93, 98) 89 (83, 95) 0.22 (0.06, 0.84) 0.03 

PPV 97 (91, 99) 89 (83, 94) 0.28 (0.08, 1.03) 0.06 

NPV 79 (72, 87) 84 (78, 90) 1.48 (0.77, 2.82) 0.24 

Accuracy 86 (81, 91) 87 (82, 90) 1.09 (0.61, 1.94) 0.77 

High confidence 40 (35, 48) 31 (24, 37) 0.57 (0.36, 0.90) 0.02 

     

All     

Sensitivity 72 (64, 77) 83 (78, 87) 2.53 (1.40, 4.61)   0.002 

Specificity 97 (94, 99) 94 (90, 97) 0.41 (0.16, 1.09) 0.08 

PPV 96 (92, 98) 93 (89, 96) 0.50 (0.19, 1.33) 0.16 

NPV 77 (71, 81) 84 (80, 89) 1.64 (1.06, 2.57) 0.03 

Accuracy 84 (81, 88) 88 (85, 92) 1.55 (1.01, 2.37) 0.04 

High confidence 46 (42, 50) 53 (48, 58) 1.43 (1.05, 1.94) 0.02 

     

 

4.5.2.2 BLI 

The same analysis was carried out on the 45 BLI images assessed pre and post training in both 

groups (Table 4.7). The results for experienced raters suggested a much higher sensitivity 
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post-training compared to pre-training, with an increase from 79% to 97% (p<0.001). There 

was also an increase in NPV, accuracy and results made with high confidence post-training. 

There was no change in either specificity or PPV, but these were already high pre-training.  

Sensitivity (79 to 94%, p=0.002) and results made with a high confidence (67 to 80%, p<0.001) 

also increased post-training in the inexperienced (trainee) group. However, increases in 

sensitivity were offset by a significant decrease in specificity, down from 96% pre-training to 

87% post training (p=0.02). There was no change in overall accuracy between time periods.  

When all raters were combined, there was a significant increase in sensitivity, NPV, accuracy 

and results made with high confidence (p<0.001).  

A subgroup analysis of high confidence predictions for all endoscopists combined made on 

BLI images pre and post-training is shown in Table 4.8. Most predictions (84%) were made 

with high confidence post-training; sensitivity, specificity, PPV, NPV and accuracy all 

surpassed 90%.  

 

Table 4.7: Pre and post training results in experienced and trainee groups using BLI 

 

Variable Pre-training 

% (95% CI) 

Post-training 

% (95% CI) 

Odds Ratio (*) 

(95% CI) 

P-value 

     

Experienced group     

Sensitivity 79 (69, 85) 97 (94, 100) 17.1 (3.65, 79.8) <0.001 

Specificity 95 (90, 99) 96 (94, 99) 2.47 (0.43, 14.2) 0.31 

PPV 94 (90, 98) 97 (92, 100) 1.85 (0.51, 6.74) 0.35 

NPV 81 (73, 88) 97 (93, 99) 8.15 (2.38, 27.9)   0.001 

Accuracy 87 (82, 91) 97 (95, 100) 7.26 (2.72, 19.4) <0.001 

High confidence 71 (65, 77) 88 (83, 91) 3.46 (2.04, 5.89) <0.001 

     

Trainee group     

Sensitivity 79 (70, 85) 94 (90, 98) 5.49 (1.89, 15.9)   0.002 

Specificity 96 (93, 99) 87 (79, 92) 0.29 (0.08, 0.81) 0.02 

PPV 96 (89, 98) 89 (80, 93) 0.34 (0.11, 1.07) 0.06 
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NPV 82 (74, 88) 93 (86, 97) 3.10 (1.28, 7.53) 0.01 

Accuracy 88 (83, 92) 91 (85, 93) 1.44 (0.76, 2.71) 0.26 

High confidence 67 (60, 72) 80 (76, 86) 4.00 (2.10, 7.62) <0.001 

     

All      

Sensitivity 79 (72, 84) 96 (92, 97) 8.44 (3.48, 20.4) <0.001 

Specificity 95 (92, 98) 92 (86, 95) 0.54 (0.23, 1.26) 0.15 

PPV 95 (91, 97) 92 (89, 95) 0.67 (0.30, 1.49) 0.33 

NPV 81 (77, 86) 95 (92, 98) 4.62 (2.27, 9.38) <0.001 

Accuracy 87 (84, 90) 94 (92, 96) 2.61 (1.55, 4.38) <0.001 

High confidence 69 (64, 73) 84 (81, 88) 3.73 (2.48, 5.62) <0.001 

     

 

Table 4.8: High confidence predictions on BLI 

 

Variable Pre-training %  

(95% CI) 

Post-training % 

(95% CI) 

P-value 

% of high confidence 

predictions 

69 (64, 73) 84 (81,88) <0.001 

Sensitivity 85 (78,90) 97 (94, 99) <0.001 

Specificity 97 (94, 99) 94 (89, 97) 0.147 

PPV 97 (92, 98) 96 (92, 98) 0.589 

NPV 85 (79, 90) 96 (92, 98) 0.002 

Accuracy 90 (87, 94) 96 (93, 98) 0.006 

 

4.5.3 Interobserver agreement 

The diagnostic agreement of polyp histology diagnosis using the BASIC classification on BLI 

images amongst experienced endoscopists showed an increase in the level of agreement from 

0.67 (95% CI 0.55-0.80) before training to 0.90 (95% CI 0.82-0.98) after training. There was no 

significant change between time points for the trainee endoscopists or when the results from 

all endoscopists were combined (table 4.9).  
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Table 4.9: Interobserver agreement in both modalities pre and post training 

 

Observer group Pre-training 

Kappa (95% CI) 

Post-training 

Kappa (95% CI) 

Difference (*) 

(95% CI) 

P-value 

     

HDWL     

Experienced 0.66 (0.51, 

0.81) 

0.76 (0.64, 

0.87) 

0.09 (-0.10, 0.28) 0.34 

Trainee 0.61 (0.48, 

0.74) 

0.57 (0.43, 

0.72) 

-0.04 (-0.23, 

0.16) 

0.71 

All observers 0.64 (0.53, 

0.76) 

0.65 (0.55, 

0.75) 

0.01 (-0.15, 0.16) 0.95 

     

BLI     

Experienced 0.67 (0.55, 

0.80) 

0.90 (0.82, 

0.98) 

0.23 (0.08, 0.38)   0.003 

Trainee 0.66 (0.54, 

0.79) 

0.66 (0.52, 

0.79) 

0.00 (-0.19, 0.18) 0.97 

All observers 0.68 (0.57, 

0.79) 

0.77 (0.69, 

0.86) 

0.09 (-0.04, 0.23) 0.18 

  

4.6 DISCUSSION 

 

This study has shown that a range of endoscopists with different levels of experience can be 

trained using a bespoke classification (BASIC) to achieve high levels of optical diagnostic 

accuracy (94%), sensitivity (96%) and NPV (95%) to differentiate between small/diminutive 

neoplastic and non-neoplastic colorectal polyps using a novel BLI technology. BLI is a unique 

advanced endoscopic imaging modality which utilises light emitting diodes that directly emit 

a blue light and does not involve narrow band filter or digital post processing image 

technology unlike its current counterparts (NBI/I-SCAN OE/FICE). The image that is visible on 
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HDWL and BLI is very bright and highlights the mucosal surface, pits and vessels in great detail 

even when a non-magnification image is captured.  

 

In Phase 1 (baseline comparison between HDWL and BLI), the combined sensitivity rose from 

72 on HDWL to 79% on BLI (p=0.02) and NPV from 77 to 81% (non-significant). The high 

degree of brightness and contrast on the HDWL image alone may account for the mere 

modest improvement noted on BLI. Furthermore, none of the endoscopists had been exposed 

to BASIC and they utilised their prior knowledge of the NICE classification to make an optical 

diagnosis. It was also interesting to note that the baseline performance of the experienced 

group was not significantly better than the trainee or inexperienced group and in fact, 

displayed a lower pre-training sensitivity on HDWL (69%) with very high levels of specificity. 

This may allude to inherent pre-conceived decisions on polyp diagnosis in the experienced 

endoscopists who were also exposed to and had used other advanced imaging technologies 

particularly narrow band imaging. The lower than anticipated sensitivity could also be a result 

of a less ‘risk averse’ behaviour with fewer adenoma predictions made leading to a higher 

false negative rate. Based on the results in Phase 1, it was evident that although BLI showed 

potential in improving optical polyp diagnosis, both experienced and inexperienced 

endoscopists were unable to utilise it optimally to implement the ‘resect and discard’ 

strategy. It also highlighted the fact that prior experience, knowledge and familiarity with NBI 

in the experienced group did not help as their performance was not dissimilar to the trainee 

group. 

 

However, upon implementation of a training intervention using a bespoke BLI classification 

(BASIC) that was delivered in a face to face session, the optical diagnostic parameters using 

BLI in both groups of endoscopists improved significantly, surpassing the 90% threshold in 

sensitivity, NPV and accuracy. These improvements were greater in the experienced cohort 

(post-training sensitivity, NPV and accuracy all reached 97%) with no corresponding decrease 

in specificity. Training using BASIC allowed this group to adapt prior optical diagnostic 

knowledge and apply it to the BLI images, achieving thresholds that would meet PIVI criteria. 

Inexperienced endoscopists applying BASIC post-training also achieved high levels of 

sensitivity and NPV for adenoma diagnosis. Similar results have been demonstrated in studies 

of gastroenterology trainees taught to interpret narrow band imaging where accuracy or NPV 
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of >90% for adenomatous histology was achieved.471,472 In our cohort, the increase in 

sensitivity and NPV was offset by a significant decrease in specificity (i.e hyperplastic polyps 

were mistaken for adenomas) reflective of the degree of caution that inexperienced 

endoscopists may have in predicting hyperplastic polyp histology with high confidence. 

However, the learning curve of virtual chromoendoscopy is likely to improve over time with 

continued practice as shown in a previous study where accuracy rates of 94.3% were obtained 

when at least 89 polyp images had been viewed.473 Another study comparing white light 

endoscopy with NBI in the real time optical diagnosis of 265 polyps found in 131 patients 

undergoing colonoscopy also showed that there was a learning curve for NBI where accuracy 

improved over time (reaching 87%) with regular feedback.474 The sustainability of optical 

diagnosis results should be reinforced by standardised and ongoing training.475 

 

Another interesting observation of our work is the fact that training in the BASIC classification 

led to significant improvement even in the HDWL performance of the endoscopists with 

overall sensitivity reaching 83%, NPV 84% and accuracy 88% (in contrast to pre-training 

figures of 72%, 77% and 84%, p<0.05). We believe that this is partly due to the unique surface 

morphology feature incorporated into the BASIC classification.  

 

Whilst the use of BLI without any training resulted in an increase in the confidence level of 

the cohort, the adoption of the BASIC classification further improved the proportion of high 

confidence predictions made using BLI from 69 to 84%. This encouraging finding lends weight 

to the importance of a structured training module with direct feedback to enhance the 

learning effect when using a novel technology. Nevertheless, we still have some way to go 

before optical diagnosis can be recommended for use in routine practice by the general 

endoscopist. A recent meta-analysis calculating the pooled negative predictive value (NPV) of 

NBI, I-SCAN and FICE optical biopsy for predicting adenomatous histology of small colorectal 

polyps showed that the NPV for NBI exceeded 90% (91%; 95% CI 88-94) but a subgroup 

analysis confirmed that this was applicable in academic centres and for experts.123 A large 

multicentre study (DISCARD 2) with 28 endoscopists also demonstrated that optical diagnosis 

using NBI cannot currently be recommended for use outside academic medical centres as 

diagnostic accuracy parameters were low.476 Although another large study with 26 

endoscopists from 2 tertiary care centres showed an overall negative predictive value of 
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94.7% for rectosigmoid polyps diagnosed with high confidence on NBI, only 26.9% of 

participants improved enough over time such that further auditing was not required.256 

Despite the positive validation of BASIC in this study, we noted that only the experienced 

endoscopist group demonstrated an improvement in the level of agreement on the polyp 

diagnosis (‘very good’ post training) in contrast to the trainee group where no change was 

noted. However, the baseline level of agreement in both groups was ‘good’ even before use 

of the classification.  

 

Our study has several limitations. Primarily, it did not incorporate real time in vivo 

characterisation of polyps on both modalities. We used still images rather than videos in order 

to simulate real life colonoscopy where the majority of endoscopists would capture a still 

image when encountering a polyp in order to photograph and analyse its mucosal surface and 

vessel patterns without interference from movement artefact. The proportion of 

adenomatous histology in this cohort was higher than in an average surveillance population 

(51.1%) in order to validate both dichotomous responses and it is important to note that all 

participants were blinded to the proportion of histology in the study. We did not include 

sessile serrated polyps in this study although BASIC does incorporate descriptors pertaining 

to this polyp subtype (e.g mucus, dark spots within round pits) as the overall prevalence of 

sessile serrated polyps is low in the general population and the training focus was on 

differentiating between adenoma and hyperplastic polyps. We used the same set of images 

both pre and post-training but mitigated the effect of any recall bias, by introducing a 

substantial time gap between both phases in the study (3 months). Furthermore, images were 

assigned a different random order in the post-training phase and endoscopists were kept 

blinded to the true histology of the polyps until after the post-training exercise had been 

completed. 

 

In conclusion, we have demonstrated that BLI is a useful tool in optical diagnosis of small and 

diminutive colorectal polyps and its utility can be improved by training and adoption of a 

recently developed bespoke classification system (BASIC). The overall post-training NPV of 93 

and 97% respectively in both experienced and inexperienced endoscopists reaches the ASGE 

PIVI threshold for optical diagnosis. However, these results need to be validated in a 
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prospective multicentre real time in vivo optical characterisation study before any 

recommendation can be made on its widespread adoption.  
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Chapter 5: Optical diagnosis using Blue Light Imaging for the identification of Barrett’s 

Neoplasia: The development and validation of a new classification (Blue Light Imaging for 

Barrett’s Neoplasia Classification – BLINC) 

 

5.1 INTRODUCTION 

 

Barrett’s oesophagus is a well-recognised precursor to oesophageal adenocarcinoma given 

the risk of progression from intestinal metaplasia through to dysplasia and cancer. Therefore, 

endoscopic surveillance of Barrett’s oesophagus is now recommended for early detection of 

dysplasia or neoplasia.477,478 This in turn facilitates the use of minimally invasive curative 

endoscopic therapy (resection and ablation) which are now first line techniques for 

management of early Barrett’s neoplasia.479,480,308  

 

The current recommended surveillance technique is the Seattle biopsy protocol where non-

targeted quadrantic biopsies are taken every 1-2 cm throughout the Barrett’s segment.481 

However, this technique has its drawbacks as the biopsies only sample less than 5% of the 

Barrett’s segment and focal dysplasia can be missed.482 Dysplasia within Barrett’s can be 

multifocal and patchy in nature and whilst nodular areas are easily identified, flat dysplasia 

can be harder to detect on standard white light endoscopy. Furthermore, adherence to the 

Seattle protocol is poor particularly in long segments of Barrett’s and the vast quantities of 

biopsies taken incur a significant cost, prolong procedure time and reduce patient tolerance 

to the procedure.483,484  

 

The advent of push button advanced endoscopic imaging technologies over the past decade 

has provided a means of targeting biopsy samples in order to improve the identification of 

Barrett’s intestinal metaplasia and dysplasia during surveillance endoscopy.485 A meta-

analysis of advanced imaging techniques (virtual chromoendoscopy and chromoendoscopy 

using methylene blue, indigocarmine or acetic acid) showed that the diagnostic yield for 

dysplasia or cancer was increased by 34% (95% CI 20%-56%) and there was no significant 

difference between virtual chromoendoscopy and chromoendoscopy.486 In order to 

determine if a new technology can indeed replace the current random sampling surveillance 

protocol, the American Society of Gastrointestinal Endoscopy (ASGE) set out quality 
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thresholds through its Preservation and Incorporation of Valuable Endoscopic Innovations 

(PIVI) initiative.186 These thresholds (also known as PIVI criteria) stipulate that a technology 

needs to achieve a per-patient sensitivity of >90%, specificity >80% and negative predictive 

value of >98% for dysplasia detection before it can replace Seattle protocol biopsies.  

  

5.1.1 Narrow band imaging (NBI) and virtual classification systems 

NBI was the first of these technologies to be developed, although several other virtual 

chromoendoscopy technologies are now available for use (I-Scan OE, FICE, BLI). Each of these 

proprietary technologies have a different mode of action but the central principle 

underpinning this is the enhancement of mucosal surface and vascular microstructures. This 

has been used in Barrett’s oesophagus to describe irregularities in surface and vessel patterns 

associated with dysplasia. A meta-analysis, conducted by the ASGE technology committee on 

the PIVI thresholds for adopting real-time imaging assisted endoscopic targeted biopsies in 

Barrett’s surveillance, showed that acetic acid chromoendoscopy, NBI and confocal laser 

endomicroscopy (CLE) met the thresholds set (pooled sensitivity of 96.6% for acetic acid, 

94.2% for NBI and 90.4% for CLE).210  

 

NBI is the most widely studied of these technologies and a recent randomised controlled trial 

comparing high definition white light to NBI showed that NBI detected a higher proportion of 

areas containing dysplasia (30% vs 21%).487 A meta-analysis of NBI with magnification for the 

characterisation of high grade dysplasia and intestinal metaplasia (8 studies, 446 patients) 

showed that the pooled sensitivity and specificity for diagnosing high grade dysplasia was 96% 

and 94%.196  

 

Several studies have been performed over the past decade to develop and validate NBI 

classification systems to aid the identification of dysplasia.203,198,199 (Table 5.1) 

 

Table 5.1: Virtual chromoendoscopy (NBI) classification systems for Barrett’s Oesophagus 

 

Author/year 

 

Sample 

size 

Study type Imaging 

technique 

Classification 

system 

PPV for 

neoplasia 

NPV for 

neoplasia 
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Singh et al.,203 

2008 

(Nottingham 

classification) 

109 

patients 

with 1021 

biopsies 

Prospective 

cohort, 

tertiary 

centre 

NBI with 

magnification 

A – round pits 

with regular 

microvasculature 

(columnar mucosa 

without IM) 

B- villous/ridge 

pits with regular 

microvasculature 

(IM) 

C- absent pits with 

regular 

microvasculature 

(IM) 

D – distorted pits 

with irregular 

microvasculature 

(HGD/IMC) 

81% 99% 

Kara et al.,198  

2006 

(Amsterdam 

classification) 

63 

patients 

Prospective 

cohort, 

tertiary 

referral 

centre 

NBI with 

magnification 

Villous/gyrus 

patterns, regular 

vasculature (IM) 

Flat mucosa with 

regular normal 

appearing long 

branching vessels 

(IM) 

Irregular mucosal 

or vascular 

patterns, 

abnormal blood 

vessels (HGD) 

64% 

(specificity 

76%) 

98% 

(sensitivity 

94%) 

Sharma et 

al.,199 2006 

(Kansas 

classification) 

51 

patients 

Prospective 

cohort, 

tertiary 

referral 

centre 

NBI Ridge/villous, 

circular mucosal 

pattern (IM) 

Normal vascular 

pattern (IM) 

Irregular/distorted 

mucosal pattern 

(HGD) 

95.3% 

(specificity 

98.7%) 

100% 

(sensitivity 

100%) 
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Abnormal vascular 

pattern (HGD) 

Sharma et 

al.,208   

2016 

(BING 

classification) 

97 

patients, 

170 

images 

Prospective 

cohort, post 

hoc image 

evaluation 

NBI Circular, 

ridged/villous, 

tubular mucosal 

pattern (regular) 

Absent/irregular 

surface pattern 

(irregular) 

Blood vessels 

situated along 

mucosal 

ridges/long, 

branching 

patterns (regular 

vascular pattern) 

Focally/diffusely 

distributed vessels 

(irregular vascular 

pattern) 

81% 

(specificity 

88%) 

88% 

(sensitivity 

80%) 

Goda et al.488  

2018 

(Japanese 

Oesophageal 

Society 

Barrett’s 

Oesophagus 

Classification) 

20 cases 

of non-

dysplastic 

Barrett’s,  

25 cases 

of 

dysplasia 

Image 

evaluation 

by 11 

experts 

NBI with 

magnification 

Mucosal pattern – 

visible, Circular, 

round pits, regular 

Non pit – ridged, 

villous, linear, 

tubular 

Vascular pattern – 

visible, regular, 

network 

formation (non-

dysplastic) 

  

Mucosal pattern – 

irregular, invisible, 

unclassified 

Vascular pattern – 

no network 

formation, 

Not tested Not tested 
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irregular or 

invisible 

(dysplastic) 

IM: Intestinal metaplasia; HGD: High grade dysplasia; IMC: Intramucosal carcinoma; PPV: 
Positive predictive value; NPV: Negative predictive value 
 

However, subsequent validation of some of these classifications have shown only modest 

results with sensitivity for neoplasia ranging from 62-90% and only moderate inter-observer 

agreement, perhaps in part due to their complexity thus limiting broad uptake in the 

community.207  

 

In view of this, a new simplified consensus-driven NBI classification system (BING) was 

developed and validated by a group of international experts (Table 5.2).208 Examples of NBI 

images of Barrett's neoplasia used in the BING classification are shown in Figure 5.1.  

 

Table 5.2: Consensus Driven NBI Classification of Barrett's Epithelium 

 

 Morphological Characteristics Classification 

Mucosal  

Pattern 

Circular, ridged/villous or tubular patterns Regular 

Absent or irregular patterns Irregular 

Vascular 

Pattern 

Blood vessels situated regularly along or 

between mucosal ridges and/or those 

showing normal, long, branching patterns 

Regular 

Focally or diffusely distributed vessels not 

following normal architecture of the mucosa 

Irregular 
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A      B 

 
C      D 

Figure 5.1: A & B: 'Regular' mucosal and vascular patterns; C & D: 'Irregular' mucosal and 
vascular patterns in Barrett’s oesophagus (adapted with permission from Sharma et al.,208 

Elsevier publishing) 

 

The BING criteria identified patients with dysplasia with an overall 85% accuracy, 80% 

sensitivity, 88% specificity and negative predictive value. The experts predicted dysplasia with 

high confidence in 62.5% of NBI images viewed. When dysplasia was identified with high 

confidence the accuracy increased to 92%, sensitivity to 91%, specificity 93% and negative 

predictive value 95%. A later study validated this classification amongst 4 endoscopists (2 

experts, 2 non-experts), confirming high diagnostic reproducibility (K=0.80 for predicting 

dysplasia) and accuracy (95%).489  

 

5.1.2 I-scan 
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I-scan has also been used as a tool to recognise Barrett's neoplasia. Lipman et al.,214 used a 

novel mucosal and vascular classification system to assess the effect of magnification 

endoscopy with I-scan and acetic acid on dysplasia detection in Barrett's oesophagus. Table 

5.3 and 5.4 detail this classification and interpretation of mucosal and vascular scores.  

 

Table 5.3: I-Scan magnification classification system developed by Lipman et al214 

Mucosal pattern Vascular pattern 

M1 Regular circular or 

villous pits 

V1 Regular and uniform 

vessels 

M2 Distorted or 

irregular pits or 

featureless mucosa 

V2 Irregular, dilated, 

tortuous vessels 

  

Table 5.4: Interpretation of mucosal (M) and vascular (V) scores developed by Lipman et 

al214 

MV classification Diagnosis 

M1 V1 No dysplasia 

M1 V2 Dysplasia 

M2 V1 Dysplasia 

M2 V2 Dysplasia 

 

The figures below (Figure 5.2 & 5.3) illustrate the features of the classification using images 

of neoplastic and non-neoplastic Barrett's.  
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Figure 5.2: Examples of normal (V1) and abnormal (V2) microvasculature using I-Scan and 
magnification with and without the addition of acetic acid (ACA). The arrows indicate 
examples of vessels (reproduced from Lipman et al214 with permission from Thieme 

publishing) 

a. Normal microvasculature (V1) without ACA 
b. Normal microvasculature (V1) with ACA 
c. Abnormal microvasculature (V2) without ACA 
d. Abnormal microvasculature (V2) with ACA 
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Figure 5.3: Examples of normal (M1) and abnormal (M2) micromucosa using I-Scan and 
magnification with and without the addition of acetic acid (ACA). The arrows indicate 
examples of mucosal patterns (reproduced from Lipman et al214 with permission from Thieme 

publishing) 

a. Normal micromucosa (M1) without ACA 
b. Normal micromucosa (M1) with ACA 
c. Abnormal micromucosa (M2) without ACA 
d. Abnormal micromucosa (M2) with ACA 
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The baseline accuracy of this I-scan classification system using magnification was 69%. This 

improved to 79% with the use of acetic acid (p=0.01). There were also significant 

improvements in NPV post acetic acid (63% to 81%, p=0.02). However, these results do not 

meet the PIVI thresholds which may due to the low number of lesions reviewed and the 

prevalence of dysplasia in the sample.  

 

5.1.3 Blue Light Imaging 

Recently, Fujifilm developed a new endoscopic platform (ELUXEO). It replaces the 

conventional light source with 4 light emitting diodes attached to the distal tip of the 

endoscope. This provides a very bright image at high definition. This system also utilises Blue 

Light Imaging (BLI) which is a non-filter technology produced by modulating the light emitted 

from the diodes for spectral enhancement of blue light. This mode of action is different 

compared to existing imaging technologies (e.g filter based NBI and post processing – I-

scan/FICE) and the bright high definition image can highlight surface and vessel patterns in 

great detail.  

At the time this study was carried out, there was no data on the use of BLI in the identification 

of Barrett's neoplasia and no validated classification for using BLI in the diagnosis of Barrett's 

neoplasia.  

 

5.2 AIM 

The aim of this study is to develop and validate a classification system using BLI for the 

identification of neoplastic and non-neoplastic Barrett's. The secondary aim was to develop a 

bespoke online training module that would facilitate the application of this classification 

system.  

 

5.3 METHODS 

 

5.3.1 Study design 

This was a prospective non-interventional image-based study conducted in 3 phases to 

develop and validate a classification system for Barrett's neoplasia using BLI. The study was 

carried out in accordance with the Helsinki Declaration.   
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5.3.2 Acquisition of images for the Blue Light Imaging Library 

The images for this study were captured from patients undergoing Barrett's evaluation 

procedures in Queen Alexandra Hospital, Portsmouth, UK. Patients provided written 

informed consent for these procedures including the use of image and video recording. The 

procedures were carried out using the Fujifilm gastroscope series ELUXEO TM 7000 with BLI 

enhancement (ELUXEO, VP-7000, BL-7000; Fujifilm, Tokyo, Japan) and in each case, the 

Barrett's segment was examined with high definition white light prior to BLI. Images were 

captured of both neoplastic and non-neoplastic Barrett's and matched with targeted biopsies 

from this area for histopathological confirmation. Two independent local expert 

gastrointestinal histopathologists who were not involved in the study and were blinded to the 

endoscopic images reported the biopsies of all neoplastic areas. The histopathology report 

was considered the gold standard for interpretation in this study with consensus achieved 

amongst both histopathologists. Neoplastic Barrett's encompassed areas containing high 

grade dysplasia, intramucosal cancer and submucosally invasive cancer. Non-neoplastic 

Barrett's had intestinal metaplasia with no dysplasia. No images of low grade dysplasia were 

included in this study. All images were anonymised and stored in a tagged image file format 

on a secure password protected computer. A total of 100 high quality non-magnification 

images were selected for inclusion in the study phases (50 non-neoplastic and 50 neoplastic 

images). All neoplastic visible lesions selected were flat (Paris IIa or IIb)490 with no nodular 

components. Images were selected according to their sharpness and clarity with clear 

visibility of mucosal and vessel patterns. Images from patients with active oesophagitis, 

oesophageal strictures or previous oesophageal therapy (endoscopic resection, ablation or 

radiotherapy) were excluded. During all phases of the study, the images were viewed on a 

high resolution monitor to maintain clarity. A selection of these images (both neoplastic and 

non-neoplastic representative samples) are included in Appendix 3.  

 

5.3.3 Study Phases 

Phase 1: Development of descriptors to form the classification 

In this phase, 3 endoscopists with a tertiary referral practice in Barrett's who were 

experienced in the diagnosis and detection of Barrett's neoplasia using optical imaging (NBI, 

I-scan, FICE and BLI) reviewed 40 images from the library. There were equal proportions of 

neoplastic (20) and non-neoplastic (20) images for review. The endoscopists described the 
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neoplastic and non-neoplastic features of the images and a series of descriptors were 

proposed. Colour was chosen as a category given the brightness of BLI that enabled areas of 

focal darkness representing neoplasia to be highlighted. Pit and vessel patterns were 

described according to the type (morphology), distribution (arrangement) and density. The 

endoscopists participating in this phase voted on the choice of descriptors pertaining to 

neoplastic and non-neoplastic Barrett's. A modified Delphi method was used to achieve 100% 

consensus on these descriptors and a structured classification was formed. 

 

Phase 2: Internal validation of the classification by expert endoscopists 

10 expert endoscopists (excluding the endoscopists in Phase 1) highly experienced in Barrett's 

surveillance and neoplasia detection using optical imaging took part in this phase. All the 

endoscopists had used BLI for assessment of Barrett's dysplasia as part of their recent practice 

and had carried out at least 100 Barrett’s surveillance procedures. They were invited to apply 

the classification descriptors to 50 images (25 neoplastic, 25 non-neoplastic) and make a 

diagnosis. A level of confidence (high or low) was assigned to the predicted diagnosis. All the 

images were arranged in a random fashion on an online portal (Moodle) developed 

specifically for this study. They were able to view the classification descriptors alongside each 

image and use drop down boxes to select their answers. None of the images in Phase 2 were 

used in Phase 1.  

 

The aim of this phase was to assess the diagnostic parameters (sensitivity, specificity, positive 

and negative predictive value) of each descriptive criteria and the overall classification for the 

optical diagnosis of neoplasia. Kappa values for each descriptor were also calculated. 

Descriptors with a minimum Kappa score of 0.5 were deemed appropriate for inclusion in the 

final classification that would be validated in the final phase of the study by general (non-

expert) endoscopists.   

 

Phase 3: Training Module Development 

Following the development of the classification, a training module was designed using 10 

images of neoplastic and non-neoplastic Barrett's (5 in each category). Each image was 

illustrated with BLINC descriptors to teach the user how to recognise patterns of neoplastic 

and non-neoplastic Barrett's on BLI. The various categories (mucosal pits, vessel, colour) of 
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the classification were demonstrated separately and finally in combination. The module also 

contained information on the morphology, location and features of Barrett's neoplasia. The 

training was delivered through the online Moodle platform and participants were able to 

review the training presentation as many times as they felt necessary prior to undertaking 

the assessments. The images used in the training module were not included in the 

assessments.  

 

Phase 4: External validation of the classification by general endoscopists 

Pre-training assessment: 15 endoscopists with some experience of Barrett's surveillance in a 

general population and no experience of optical imaging for diagnosis of Barrett's neoplasia 

participated in this phase. They assessed the image library used in Phase 2 and made an 

optical diagnosis (non-neoplastic versus neoplastic Barrett's) alongside a level of confidence 

(high/low) for each prediction. They were blinded to the proportion of neoplasia in the 

exercise and were not given feedback on their diagnostic performance after this phase.  

 

Post-training assessment: The endoscopists were then trained on the BLINC classification and 

repeated the assessment of the 50 images (25 neoplastic; 25 non-neoplastic). The pre and 

post training accuracy, sensitivity, specificity, positive and negative predictive value of 

neoplasia detection was measured. The proportion of high confidence predictions was also 

compared between the pre and post training assessments.  

 

5.3.4 Statistical Analysis 

 

There was no formal sample size calculation underlying the development and training phases 

of the study (Phase 1-3). The sample size for the study was calculated based on the number 

of observations required for the external validation phase (Phase 4). Previous studies on 

enhanced imaging classifications have demonstrated sensitivity for dysplasia diagnosis at 

around 80%.208,214 These studies, like ours, were conducted in tertiary centres with an 

enriched population and higher prevalence of dysplasia. This study was powered on the basis 

that the classification would improve the sensitivity of neoplasia diagnosis from 80 to 90%. 

The data was paired as each assessor evaluated the same images with and without the new 

classification. It was estimated that 20% of observations would have discordant responses on 



 185 

the two timepoints. Using a 5% significance level and 80% power, 155 observations were 

required for the sensitivity analysis. As an equal number of neoplastic and non-neoplastic 

images were used, the total number of observations required for the study was doubled 

(155x2=310). Phase 4 generated 750 observations (15 endoscopists rating 50 images) which 

more than satisfied the power calculations.  

 

All data was collected on Microsoft Excel (Microsoft Corporation, Redmond, Washington 

USA). Stata version 15.1 (StataCorp, College Station, TX USA) was used for statistical analysis. 

Diagnostic performance was evaluated using sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV) and accuracy. The comparisons between the pre and 

post-training data were performed using a bootstrapping approach. 500 bootstrap samples 

were used in the analysis. The results were used to calculate a confidence interval for each 

statistic at each timepoint, the difference between the pre and post-training results and the 

corresponding statistical significance. Agreement between endoscopists was assessed using 

the kappa statistic (poor <0.20; fair 0.21-0.40; moderate 0.41-0.60; good 0.61-0.80; very good 

0.81-1.00).  

 

5.4 RESULTS 

 

5.4.1 Phase 1: Development of the classification  

 

The experts achieved consensus on the descriptors proposed to form the Blue Light Imaging 

for Barrett's Neoplasia Classification (BLINC). The modified Delphi process was used to reach 

100% consensus in a stepwise fashion. The descriptors were grouped into 3 categories - 

colour, mucosal pits and vessels. Within the colour category, the presence or absence of focal 

darkness was used to identify neoplastic and non-neoplastic images respectively. The pit and 

vessel categories were further divided into subcategories of type, distribution and density. 

The full classification is displayed in Figure 5.4.  
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Non Neoplastic Neoplastic 

Colour No focal darkness 

 

  

Focal darkness 

 

 

Mucosal 

pits 

(crypts) 

Type Circular, tubular, gyriform Amorphous, circular, tubular, 

gyriform 

Distribution Regular Irregular 

Density Normal Increased 

 

   

Vessels Type Non dilated, non branching Dilated, branching 

Distribution Pericryptal Non cryptal 

Density Normal Increased or focal loss 

 

 
 

 

Figure 5.4: Blue Light Imaging in Barrett's Neoplasia Classification (BLINC) 
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5.4.2 Phase 2: Internal validation of the classification by expert endoscopists 

 

A total of 500 observations were analysed (10 endoscopists each assessed 50 images). Of the 

predictions, 442/500 (88.4%) were rated with 'high' confidence. Table 5.5 displays the results 

of the individual descriptors the experts selected when rating neoplastic and non-neoplastic 

images. Using BLINC, the overall sensitivity, specificity and NPV of neoplasia identification was 

96%, 94.4% and 95.2% respectively (Table 5.6). When high confidence predictions alone were 

analysed, the performance improved further - sensitivity and NPV exceeded 98% with a high 

positive likelihood ratio of 38 (Table 5.7).   

 

Table 5.5: Rating (by number and %) of individual descriptors by 10 experts in Phase 2 

  Neoplastic  

250 (100%) 

Non-Neoplastic  

250 (100%) 

Pit type Amorphous 224 (89.6%) 9 (3.6%) 

 Gyriform/tubular/circular 26 (10.4%) 241 (96.4%) 

Pit distribution Non Uniform 243 (97.2%) 16 (6.4%) 

 Uniform 7 (2.8%) 234 (93.6%) 

Pit density Increased 237 (94.8%) 15 (6.0%) 

 Normal 13 (5.2%) 235 (94.0%) 

Vessel type Dilated 211 (84.4%) 18 (7.2%) 

 Non dilated 39 (15.6%) 232 (92.8%) 

Vessel 

distribution 

Non-Cryptal 231 (92.4%) 18 (7.2%) 

 Pericryptal 19 (7.6%) 232 (92.8%) 

Vessel density Increased 228 (91.2%) 18 (7.2%) 

 Normal 22 (8.8%) 232 (92.8%) 

Colour Focal darkness 212 (84.8%) 32 (12.8%) 

 No focal darkness 38 (15.2%) 218 (87.2%) 

 

Table 5.6: Diagnostic performance of BLINC when used by experts 



 188 

Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

PPV (95% CI) NPV (95% CI) Accuracy 

(95% CI) 

Kappa 

96.00 (92.77-

98.07)% 

94.40 (90.78-

96.90)% 

94.49 (91.15-

96.61)%  

95.93 (92.78-

97.75)% 

95.20 

(92.94-

96.90)% 

0.83 

  

Table 5.7: Diagnostic performance of BLINC in high confidence predictions by experts 

Proportion of 

high 

confidence 

predictions 

Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

PPV (95% CI) NPV (95% 

CI) 

Accuracy 

(95% CI) 

442/500 

(88.4%) 

98.57 (95.88-

99.70)% 

97.41 (94.46-

99.05)% 

97.18 (94.00-

98.70)% 

98.69 

(96.08-

99.57)% 

97.96 

(96.17-

99.06)% 

 

The diagnostic performance of each subcategory within the classification was also assessed 

(Table 5.8). 'Non-uniform' pit distribution showed the highest sensitivity (97.20, 95% CI 94.32-

98.87) and accuracy (95.40, 95% CI 93.18-97.06) for neoplasia identification. Pit and vessel 

density (increased = neoplasia) as well as vessel distribution (non-cryptal denoting neoplasia) 

also showed high levels of sensitivity, NPV and accuracy exceeding 90%.  

 

The level of agreement between the observers in this phase for each subcategory and the 

overall diagnosis is displayed in Table 5.9. The highest level of agreement ("very good", Kappa 

>0.80) was noted in the scoring of pit distribution and density. Pit type, vessel type, 

distribution and density showed a good level of agreement (Kappa 0.61-0.80). Colour was the 

only category where a moderate level of agreement was found (K = 0.59).  

Nevertheless, when using all categories in the classification, the level of agreement on the 

overall diagnosis was very good (K = 0.83).  

 

Table 5.8: Performance of each subcategory within BLINC for the diagnosis of neoplasia 

  Sensitivity Specificity PPV NPV Accuracy 
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Colour Focal darkness 

vs no focal 

darkness 

84.80 

(79.74-

89.01) 

87.20 

(82.41-

91.08) 

86.89 

(82.68-

90.19) 

85.16 

(81.00-

88.53) 

86.00 

(82.65-

88.92) 

Pit type Amorphous vs 

gyriform/ 

tubular/circular 

89.60 

(85.13-

93.09) 

96.40 

(93.28-

98.34) 

96.14 

(92.90-

97.93) 

90.26 

(86.55-

93.03) 

93.00 

(90.40-

95.08) 

Pit 

distribution 

Non Uniform 

vs uniform 

97.20 

(94.32-

98.87) 

93.60 

(89.81-

96.30) 

93.82 

(90.43-

96.06) 

97.10 

(94.15-

98.58) 

95.40 

(93.18-

97.06) 

Pit density Increased vs 

normal 

94.80 

(91.27-

97.20) 

94.00 

(90.30-

96.60) 

94.05 

(90.62-

96.27) 

94.76 

(91.41-

96.85) 

94.40 

(92.01-

96.25) 

Vessel type Dilated 

vs  

Non dilated 

84.40 

(79.30-

88.67) 

92.80 

(88.86-

95.68) 

92.14 

(88.22-

94.83) 

85.61 

(81.65-

88.83) 

88.60 

(85.48-

91.25) 

Vessel 

distribution 

Non-Cryptal vs 

Pericryptal 

92.40 

(88.39-

95.36) 

92.80 

(88.86-

95.68) 

92.77 

(89.14-

95.25) 

92.43 

(88.78-

94.96) 

92.60 

(89.94-

94.74) 

Vessel 

density 

Increased vs 

normal 

91.20 

(86.98-

94.40) 

92.80 

(88.86-

95.68) 

92.68 

(89.02-

95.19) 

91.34 

(87.60-

94.03) 

92.00 

(89.27-

94.22) 

 

Table 5.9: Inter-observer variability amongst 10 experts validating BLINC 

Criterion Kappa value 

Colour 0.586 (0.544-0.627) 

Pit type (amorphous vs non-

amorphous) 

0.785 (0.743-0.826) 

Pit distribution 0.842 (0.801-0.884) 

Pit density 0.801 (0.760-0.842) 

Vessel type 0.688 (0.646-0.729) 

Vessel distribution 0.768 (0.727-0.809) 
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Vessel density 0.742 (0.701-0.783) 

Overall diagnosis 0.831 (0.790-0.872) 

 

5.4.3 Phase 3: Training Module Development 

The figures below illustrate aspects of the online training module that the participants 

undertook. The neoplastic descriptors and importance of each descriptor on its own and in 

combination was highlighted.  

 

 
Figure 5.5: Descriptor in BLINC: Colour 

 

 

 

Figure 5.6: Mucosal Pattern in Non-neoplastic Barrett's 
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Figure 5.7: Mucosal Pattern in Neoplastic Barrett's 

 

 

 

Figure 5.8: Vessel Pattern in Non-neoplastic Barrett's 
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Figure 5.9: Vessel pattern in Neoplastic Barrett's 
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Figure 5.10: Integrated example of BLINC descriptor application to images of Neoplastic 

and Non-neoplastic Barrett's 

 

 

5.4.4 Phase 4: External validation of the classification by general endoscopists 

 

In this phase, 15 endoscopists were trained on the use of BLINC to assess 50 images, 

generating a total of 750 observations. Their pre and post training results were analysed 

(Table 5.10). There was a significantly higher proportion of high confidence predictions post 

training (611/750 or 81.5%) compared to the baseline before training on BLINC had been 

undertaken (441/750 or 58.8%, p<0.0001, Table 5.11). Sensitivity and NPV of neoplasia 

diagnosis improved significantly post training reaching levels of 95.7% and 95.0% (p<0.001). 

However, the specificity of diagnosis decreased from 88.3% to 80.8% (p=0.006) following the 

use of BLINC in this group of endoscopists. There was a slight increase in overall accuracy in 
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the post-training phase but this did not achieve statistical significance (p=0.42). The diagnostic 

agreement of neoplasia diagnosis among all endoscopists pre-training was moderate, 0.60 

(95% CI 0.573-0.627). This improved to a good level of agreement post training (K=0.673, 95% 

CI 0.646-0.700) although this improvement was not statistically significant (p=0.20).  

 

When the post training results were considered alone and stratified according to level of 

confidence, there was a distinct improvement in all diagnostic parameters (sensitivity 96%, 

specificity 86%, PPV 88%, NPV 95%) with a much higher proportion of neoplastic images in 

the high confidence cohort (Table 5.12).  

 

Table 5.10: Pre and post BLINC training results in general endoscopists 

 Pre-training Post-training Change Significance 

Sensitivity (95% 

CI) 

85.3 (81.1-

88.2)% 

95.7 (93.3-

97.6)% 

10.4 (6.1-

14.6) 

p<0.001 

Specificity (95% 

CI) 

88.3 (85.0-

91.7)% 

80.8 (76.8-

85.1)% 

-7.5 (-12.4, -

2.3) 

p=0.006 

PPV (95% CI) 87.9 (84.3-

90.7)% 

83.3 (79.4-

86.3)% 

-4.6 (-8.9,0.8) p=0.06 

NPV (95% CI) 85.8 (82.9-

89.4)% 

95.0 (91.5-

96.6)% 

9.2 (4.0-13.1) p<0.001 

Accuracy (95% 

CI) 

86.8 (84.0-

88.9)% 

88.3 (86.1-

90.7)% 

1.5 (-1.9, 4.9) p=0.42 

 

Table 5.11: Proportion of predictions according to level of confidence pre and post BLINC 

training  

 Pre-training Post-training Change Significance 

High confidence 

predictions 

441/750 

(58.8%) 

611/750 

(81.5%) 

22.7 (18.1-27.1) p<0.0001 

Low confidence 

predictions 

309/750 

(41.2%) 

139/750 

(18.5%) 

22.7 (18.1-27.1) p<0.0001 
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Table 5.12: Diagnostic performance for neoplasia identification stratified according to 

level of confidence (low vs high) following adoption of BLINC by general endoscopists 

Confidence 

level  

Proportion 

of 

neoplasia 

Sensitivity Specificity PPV NPV Accuracy 

High 

confidence 

(n=611) 

81.50% 95.94 

(93.15-

97.82)% 

86.25 

(81.76-

89.99)% 

88.47 

(85.19-

91.11)% 

95.08 

(91.88-

97.05)% 

91.33 

(88.81-

93.43)% 

Low 

confidence 

(n=139) 

40.15% 94.55 

(84.88-

98.86)% 

60.98 

(49.57-

71.56)% 

61.90 

(55.17-

68.21)% 

94.34 

(84.55-

98.07)% 

74.45 

(66.30-

81.52)% 

 

5.5 DISCUSSION 

 

This study illustrates the development and validation of the first classification system of a 

novel proprietary Blue Light Imaging technology for use in the identification of Barrett's 

neoplasia. A high level of sensitivity (96%) and NPV (96%) for neoplasia was reached when 

validated amongst expert endoscopists. These diagnostic performance indicators were also 

achieved by general (non-expert) endoscopists following training on the use of the 

classification (sensitivity 96%, NPV 95%). This coupled with high inter-observer agreement 

(K>0.8) further strengthens the validity and reproducibility of BLINC across a broad user 

spectrum. A test with high sensitivity and NPV values is able to pick up neoplasia as well as 

reliably exclude neoplasia within Barrett's when the test is negative.  

 

Broadly speaking, existing classifications for Barrett's neoplasia using optical imaging have 

grouped descriptors into 'regular' (non-neoplastic) or 'irregular' (neoplastic) mucosal and 

vascular patterns. The most widely researched imaging technology so far in this field is NBI 

and as discussed earlier in this chapter, several iterations of validated classifications have 

been proposed over the past decade. However, many of these studies showed variable levels 

of inter-observer agreement and were conducted in academic centres with highly 

experienced endoscopists. This led to a recognition that simplified classifications that can be 

used among general (non-expert endoscopists) are required. The BING classification208 used 
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the terms 'regular' and 'irregular' with reference to non-neoplastic and neoplastic mucosal 

and vascular patterns respectively. This achieved high levels of accuracy, sensitivity and 

specificity (92%, 91%, 93% respectively) with a high overall inter-observer agreement (K=0.68) 

in predictions made with high confidence. The BING classification has also been used with a 

different optical imaging technology - Iscan, magnification and/or acetic acid in a study by 

Lipman et al., although accuracy rates do not reach the levels achieved in the original study 

with NBI (accuracy of I-scan with acetic acid 79%, magnification and acetic acid 83%).214  

 

The mode of action of BLI differs from that of existing technologies (NBI, I-scan OE, FICE) as it 

utilises light emitting diodes to directly emit a blue light without involving a narrow band filter 

or digital post processing technology. The light that is emitted is very bright, providing great 

detail on mucosal pit and vascular patterns even without the use of magnification. Given the 

differences in this technology, it was important that a bespoke classification was designed to 

facilitate interpretation of BLI images and for training, rather than using existing classifications 

for example BING. The contrast enhancing properties of BLI enable it to be used to recognise 

areas of dysplasia within a Barrett's segment. A recent study by Bergman et al., showed that 

experts using BLI were able to improve their performance in delineating neoplastic lesions 

compared to white light endoscopy.218 The BLINC classification is unique in its inclusion of 

'colour' as a category in addition to pit and vessel patterns. 'Focal darkness' associated with 

neoplasia can be used as a red flag that draws the endoscopist's attention to an abnormal 

area which is then categorised further by identifying the pit and vessel structure. It was 

correctly associated with neoplasia in 84.8% of neoplastic images rated by the 10 experts in 

our study with moderate levels of inter-observer agreement (K=0.59). Another unique feature 

of BLINC is its incorporation of the subcategories of type, distribution and density thereby 

providing a framework to enable the endoscopist to distinguish between neoplastic and non-

neoplastic pit and vessel patterns. This is particularly important when implementing a new 

technology amongst non-expert endoscopists without the experience or intuition built upon 

years of experience to confidently distinguish between a 'neoplastic' and 'non-neoplastic' 

mucosal pit and vascular structure. The expert validation of this classification showed that 

'non-uniform' pits, increased pit density, 'non-cryptal' vessels and increased vessel density 

were correctly identified most frequently in neoplastic images (sensitivities of 97%, 94%, 92% 
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and 91% respectively). These parameters also displayed higher levels of inter-observer 

agreement (K >0.8 for pit distribution and density, K>0.7 for vessel distribution and density).  

 

One of the strengths of this study is the incorporation of an external validation phase (Phase 

4) to assess applicability of the classification amongst general endoscopists with no specific 

experience of Barrett's neoplasia detection and no routine use of optical imaging in their daily 

practice. The results showed that with adequate training this group was also able to reliably 

identify (sensitivity = 95.7%) and rule out (NPV=95.0%) neoplasia in the images assessed. The 

decrease in specificity in this phase from 88.3-80.8%, following implementation of BLINC, is 

likely due to the increased awareness and focus on neoplastic features, leading to a tendency 

to overcall neoplasia. However, this is still preferable to the baseline of this group where a 

higher neoplasia miss rate was found. We also demonstrated that the use of BLINC increased 

the proportion of high confidence responses significantly to 81.5% amongst general 

endoscopists. In fact, the proportion of high confidence predictions in this cohort was close 

to the level noted in the expert group (88.4%). Even in the low confidence predictions made 

in Phase 4, high levels of sensitivity and NPV were shown (94%) suggesting that BLINC has a 

role to play in improving detection and reliably excluding neoplastic areas within Barrett's. 

Although these results are encouraging and come close to the pre-defined ASGE PIVI 

thresholds, further prospective in-vivo studies in a surveillance population will need to be 

carried out for optimal validation.  

 

It is also important to note that these results were achieved with the application of BLINC 

through a web based training portal rather than with face to face teaching sessions. The 

absence of immediate direct feedback, with no opportunity for discussion, may have had a 

negative impact on the validation results and it is possible that a further improvement in 

diagnostic performance could have been reached with a different training method. However, 

participants were able to access the training module as many times as they liked prior to 

completing the post-training test, which may have strengthened their grasp of the 

classification.  

 

We used images rather than videos in the development, training and validation phases of this 

study. Although videos may better simulate real time Barrett's assessment procedures, the 
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objective of this study was to establish if the proposed BLI classification could be used reliably 

to predict neoplasia and a high quality still image served better for this purpose. Furthermore, 

even in a real life scenario using BLI, the endoscopist would capture and freeze an image of 

any potentially neoplastic areas in order to interrogate its pit and vessel pattern to aid in 

making an optical diagnosis.  

 

Another strength of this classification is the overall level of agreement which was good 

(K=0.67) in general endoscopists and very good in experts (K=0.83). This compares favourably 

with other classifications including BING (K=0.68) where validation was conducted with 

experts only. A study by Silva et al., demonstrated that the overall inter-observer agreement 

among endoscopists using the Kansas, Amsterdam and Nottingham NBI classifications was 

0.44, 0.47 (moderate) and 0.34 (fair) with the overall accuracy for dysplasia detection 

reaching just 75%.491 This lends weight to the applicability of BLINC in the general endoscopist 

cohort performing Barrett's surveillance outside of a tertiary referral centre setting. 

 

In this study, we only used BLI without additional high definition white light (HDWL) images 

of neoplastic and non-neoplastic Barrett's mucosa as the aim of the study was develop a 

classification unique to BLI. The descriptors used would not have been applicable to white 

light images (for example the use of the 'colour' category) and it was felt that HDWL images 

would not contain sufficient detail on mucosal and vessel pattern in order to significantly 

improve neoplasia detection.  

 

Magnification endoscopy was not used in this study as we wanted to assess the diagnostic 

performance of a single modality without additional gain from magnification. Given the 

encouraging results amongst both experts and non-experts using BLI alone (sensitivity for 

neoplasia in both groups reaching 96%), it remains to be studied whether magnification 

endoscopy will provide additional clinical benefit - though it is reasonable to hypothesise that 

it may do so and/or increase the level of confidence in diagnosis.  

 

The study had certain limitations. Firstly, it did not incorporate real time in-vivo validation of 

this bespoke classification, which ought to be undertaken in a general Barrett's surveillance 

population. Secondly, an equal proportion of neoplastic and non-neoplastic images were used 
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- such an enriched concentration of neoplasia does not reflect the reality of surveillance in a 

community based setting. However, it is important to note that the main purpose of this study 

was to develop a structured method of recognising neoplasia and therefore a higher 

prevalence was required, and participants were always blinded to the frequency of neoplasia 

in the cohort. Images were defined as neoplastic if they contained high grade dysplasia, 

intramucosal or submucosal cancer but none had low grade dysplasia. The distinction 

between low grade dysplasia and intestinal metaplasia (where inflammation can distort both 

the histological and endoscopic impression) remains a challenging area of diagnosis492 given 

that consensus on endoscopic features of low grade dysplasia has so far been difficult to 

achieve. Overall, we do acknowledge that this study does display a selection bias created by 

a limited number of images, expert driven consensus classification and exclusion of relevant 

competing diagnoses, for example low grade dysplasia. Given this inevitable bias, it is 

expected that the sensitivity and accuracy of the classification may decrease when used in 

everyday practice. Nevertheless, it does provide a simple, structured approach in using BLI 

for recognition of benign and neoplastic pit and vessel patterns.   

 

In conclusion, this study has described the development of a unique classification system 

(BLINC) for the identification of Barrett's neoplasia using a novel BLI technology. It is 

important to appreciate the value of training when adopting a new classification. This study 

showed that an online training tool was used effectively by both experts and non-experts to 

obtain high levels of sensitivity, accuracy and NPV in the diagnosis of Barrett's neoplasia. BLI 

certainly shows promise as a valid technology that can be used to improve optical diagnosis 

in Barrett's oesophagus although further studies do need to be undertaken to assess its real 

time performance in a surveillance population.  
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Chapter 6: Management of Complex Early Barrett's Neoplasia: European Barrett's 

Endoscopic Submucosal Dissection Trial 

 

6.1 INTRODUCTION 

 

It is well recognised that Barrett's oesophagus is a pre-neoplastic condition caused by gastro-

oesophageal reflux disease, with the risk of malignant progression ranging between 0.07% to 

0.82%.31,493,494 This risk of progression to adenocarcinoma is increased greatly (40-60%) when 

diffuse high grade dysplasia (HGD), nodularity and lack of acid suppression takes place within 

the Barrett’s epithelium.495 In the previous chapter we discussed distinguishing between 

benign and neoplastic Barrett's oesophagus using a new optical endoscopic technology to 

target biopsies. Once dysplasia or neoplasia is confirmed, there are various treatment 

strategies for management though we will focus solely on the use of endoscopic treatments 

for early Barrett's neoplasia (T1 disease) as previously discussed in Chapter 3.  

 

6.1.1. Low grade dysplasia (LGD) 

A large scale review and Delphi consensus was conducted in 2015 using 20558 publications 

to form the evidence base for the management of Barrett's oesophagus with no dysplasia, 

indefinite for or LGD (BOB CAT consensus).496 Notably, it was agreed that at least 2 specialist 

gastrointestinal histopathologists are required to verify any degree of dysplasia noted on 

biopsies. Experts also agreed that endoscopic resection should be used for visible or nodular 

areas. Management strategies based on escalation and de-escalation of treatment according 

to risk factors were also identified (Figure 6.1).  
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Figure 6.1: Risk factors for stratification of Barrett's oesophagus with low grade dysplasia 
and intervention steps for escalation and de-escalation (Adapted from Bennett et al BOB CAT 

Delphi Consensus496)  

 

The British Society of Gastroenterology released an update to their Barrett's guidelines 

incorporating the management of LGD (this was in light of strong evidence from the SURF 

trial345,344 in favour of ablation in the prevention of progression of LGD).497 If LGD is found on 

a single endoscopy, follow up in 6 months is recommended. If LGD is also found at follow up 

endoscopy (even if not consecutive) provided that the dysplasia diagnosis is confirmed by 2 

independent gastrointestinal histopathologists then ablation should be offered after review 

through a specialist multi-disciplinary team meeting. If ablation is not undertaken, then 6 

monthly surveillance is recommended. The figure below illustrates this guidance.  
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Figure 6.2: Flow chart for the management of dysplastic Barrett's oesophagus (adapted 
from the revised BSG guidelines497) 
OGD: Oesophagogastroduodenoscopy; MDT: Multi-disciplinary team meeting 
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6.1.2 High grade dysplasia and early adenocarcinoma (intramucosal/early submucosal) 

Until recently, oesophagectomy was seen as the gold standard treatment for Barrett’s high 

grade dysplasia (HGD) or early adenocarcinoma. However, it can be associated with a high 

mortality and morbidity.498–500 Endoscopic mucosal resection (EMR) is an effective treatment 

for HGD and intramucosal cancer (IMC) with 5 year survival rates well above 90% and low 

major complication rates (1.5-3%).299,381 It is the advocated first line therapy for early 

neoplasia478 as the risk of lymph node metastases is low.  

 

There is good evidence that the combination of EMR followed by radiofrequency ablation is 

a safe and effective method of treating Barrett’s neoplasia and subsequent eradication of 

intestinal metaplasia.308 Oncological principles of surgery would suggest that a cancerous or 

potentially cancerous area be removed in one piece (en bloc) in order to enable accurate 

histopathological staging. However, the main limitation of EMR is that en bloc resection is 

only possible for lesions less than 2 cm with larger lesions requiring piecemeal resection. This 

may be acceptable if the lesion histology is at worst, HGD but if adenocarcinoma is found then 

information about cancer clearance at the resection margin (R0) and depth of invasion is 

crucial.383 Emerging data suggests that cancer with invasion limited to the first third of the 

submucosa (Sm1) has a low risk of lymph node metastases and may not require surgery but 

the determination of the exact depth of invasion of cancer in the submucosa requires a very 

good quality specimen.501,502,503  

 

Endoscopic submucosal dissection (ESD) allows resection of much larger lesions in an en bloc 

fashion meeting the principles of onco-surgery. This provides the ideal specimen to obtain all 

the relevant histopathological details required to determine a curative resection. ESD also 

enables resection of scarred and submucosally invasive lesions which would otherwise be 

difficult to resect by EMR.504 Scarring occurs when there is fibrous tissue formation between 

the mucosa and submucosa as a consequence of a previous attempt at resection or multiple 

biopsies. This can increase the risk of perforation or result in failure of the EMR technique. 

Despite a recent meta-analysis demonstrating the superiority of ESD over EMR for the 

resection of gastrointestinal neoplasia,505 its uptake has been tempered by higher 

complication rates, technical difficulties and its time-consuming nature. Whilst ESD is widely 

practiced in Japan for the treatment of squamous neoplasia, uptake in the West has been 
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limited, largely due to a lack of individuals trained in the technique and the lack of a 

reimbursement tariff. Traditional models of training in ESD were developed in the Far East 

through a system of mentorship and graduated training starting with gastric ESD due to the 

prevalence of gastric neoplasia in the east. A lack of trained mentors and a paucity of gastric 

neoplasia remains a challenge for ESD practice in the West. Nevertheless, there is now data 

to support the potential role of ESD in Barrett’s,386,339,391,504,389,390 although research is limited, 

and much of the data is limited to HGD rather than superficially invasive cancer. Furthermore, 

there is little data examining ESD in scarred lesions. This is unfortunate as this is where EMR 

struggles and the technique of ESD is of potentially the greatest value. 

 

6.1.3 Aim: 

The aim of our study was to explore the feasibility, safety and efficacy of ESD in resection of 

suspected superficial Barrett’s cancers ≥2 cm in size or lesions that could not be resected by 

conventional EMR due to scarring related poor lifting.  

 

6.2 METHODS 

 

6.2.1 Setting 

During the period this study was conducted, there was only one UK tertiary referral centre 

(Queen Alexandra Hospital, Portsmouth) where ESD for Barrett's neoplasia was being carried 

out. In order to strengthen the study, a collaboration was set up with 2 other European 

centres where Barrett's ESD was also performed (Humanitas Research Hospital, Milan, Italy 

and Gastrozentrum Hirslanden, Zurich, Switzerland). All patients referred for endoscopic 

resection of Barrett’s neoplasia in these centres were prospectively recorded on an electronic 

database from 2008-2016. A retrospective analysis of the data was carried out.  

 

6.2.2 Selection Criteria 

The inclusion criteria were:  

1) Non scarred endoscopically suspected (nodular appearance and/or abnormal mucosal 

pattern) or histologically proven Barrett’s neoplasia ≥2 cm in size  

2) Scarred (defined by poor lift after submucosal injection or previous history of EMR, 

chemoradiotherapy, ablation or surgery) neoplasia of any size  
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All patients were over 18 years of age, with American Society of Anesthesiologist (ASA) class 

1-3. Written, informed consent for the procedure was obtained from all patients. Exclusion 

criteria included flat dysplastic lesions where no previous intervention had been performed, 

lesions with suspected deep submucosal invasion (>Sm2 or T2), ASA>3, evidence of distant or 

nodal disease on endoscopic ultrasound or CT, or patients unable to consent. Ethical approval 

for the collection of ESD data was gained from the South Central Hampshire A NHS Research 

Ethics Committee (16/ES/0074). 

 

6.2.3 Diagnostic work up 

All lesions underwent endoscopic assessment prior to ESD. The Barrett’s segment was 

examined with high-definition white light (HDWL) and 2.5% acetic acid chromoendoscopy 

(AAC). The Prague classification was used to describe the Barrett’s segment.506 The size and 

type of neoplastic lesions were described according to the Paris classification.283 The lesion 

was only rebiopsied if there was a suspicion of more advanced neoplasia or multi-focal areas 

of neoplasia that were previously not biopsied. Where deep submucosal invasion was 

suspected on endoscopy (depressed lesions with an irregular or absent mucosal surface 

pattern), further staging investigations (endoscopic ultrasound) were performed at the 

discretion of the cancer multidisciplinary team meeting comprising of endoscopists, surgeons, 

oncologists, radiologists and pathologists. All patients had a baseline staging CT chest and 

abdomen to exclude nodal or metastatic disease prior to endoscopic resection.  

 

6.2.4 ESD Training  

There was one endoscopist from each centre performing ESD in this study. All the 

endoscopists had initial training in the technique under direct supervision from an expert 

using animal models. Subsequently, they performed ESD for gastric and rectal lesions in 

humans. All endoscopists had performed over fifty gastric/rectal ESDs and were proficient in 

the technique prior to embarking on ESD in the oesophagus. It is recognised that undertaking 

ESD in the oesophagus requires a greater degree of technical skill due to its tubular structure 

and thin walls and therefore is not usually undertaken prior to gaining experience in the 

stomach and rectum (thicker walls).  Oesophageal ESD was not directly supervised and 

learning was self directed using growing endoscopy experience. 
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6.2.5 ESD Procedure 

An anaesthetist administered full general anaesthetic with tracheal intubation. Carbon 

dioxide was used for insufflation. Both conventional and magnification high definition video 

endoscopes (EG-L590ZW, EG-530FP, EG600-WR; Fujifilm or GIF-H260, GIF-HQ290; Olympus) 

were used. A distal transparent cap was fitted to the end of the endoscope (D-206, Olympus). 

The ERBE VIO 300D electrosurgical generator (ERBE Tubingen, Germany) was used for each 

step of the ESD. The ESD knives used were Flush (DK2618J Fujifilm), Hybrid (Erbe), Hook, Dual 

or IT knife (Olympus). Lesions were assessed with acetic acid and marked at a 2mm distance 

from the edge of the lesion with the knife tip using forced coagulation (20W). The intention 

was to focus on en bloc resection of cancerous area. 

Following marking the lesion was lifted with a standard solution (250mls Gelofusine mixed 

with adrenaline at a final concentration of 1:250,000 and 2mls of 1% indigocarmine). Mucosal 

incision was performed using Endocut and submucosal dissection using swift coagulation 

(Figure 6.3a-e: steps of ESD). Bleeding vessels were treated with the knife tip or Coagrasper 

(Olympus) in soft coagulation mode. Patients were admitted overnight and discharged the 

following morning. 

High dose proton pump inhibition was prescribed for 12 weeks until follow-up assessment 

was performed.  

 

 

Figure 6.3a: Early oesophageal cancer 
identified for ESD 
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Figure 6.3b: The lesion is marked to 
identify its borders for resection 
 

Figure 6.3d: The final resection base 
post dissection 
 

Figure 6.3c: Submucosal dissection 
being performed using the endoscopic 
knife 
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6.2.6 Follow up 

All patients were followed up with HDWL and AAC at 3 monthly intervals in the first year, 6 

monthly in the second year and yearly thereafter in accordance with local practice at each 

centre.  

All patients had at least two follow up endoscopies and biopsies before considering ablation. 

Recurrent Barrett’s neoplasia required histological confirmation prior to being classified as a 

recurrent lesion.  

In cases of R1 excision for cancer at the deep resection margin, >Sm1 invasion or other 

histological poor prognostic factors, radical treatment with surgery was recommended, 

fitness permitting. All cases were discussed in the cancer multidisciplinary team meeting.   

 

6.2.7 Histopathological work-up  

All resection specimens were pinned with needles to cork board and orientated to allow 

accurate assessment of resection margins. Specimen size was measured and then sent for 

histopathological assessment to two gastrointestinal pathologists. They were fixed in formalin 

for 24 hours prior to being cut at 2-3 mm intervals and stained with haemotoxylin and eosin. 

Histopathology was reported according to the Vienna classification.470 Information regarding 

lesion diameter, invasion depth, tumour grade and lymphovascular invasion (LVI) were 

recorded. In all pT1b cancers, depth of invasion was measured downwards from the 

Figure 6.3e: The lesion is orientated 
and pinned to a corkboard prior to 
histopathological processing 
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muscularis mucosae. Lesions with Sm invasion <500 µm below the muscularis mucosae were 

termed as Sm1; those with invasion >500 µm as >Sm1 lesions. Resection margins were 

described in terms of cancer-free, dysplasia-free deep and lateral margins.  

 

6.2.8 Complications 

Complications were defined as bleeding, perforation, stricture and death. Bleeding during the 

ESD was considered a complication if resulting in premature termination of the procedure or 

requiring transfusion. Delayed bleeding was defined when bleeding occurred within 28 days 

post procedure and required intervention (therapeutic endoscopy or blood transfusion). 

Perforation was defined by a visible hole in the oesophageal lumen or contrast study revealing 

extravasation of contrast into the mediastinum. A stricture was defined as a complication 

when symptomatic and requiring dilatation.  

 

6.2.9 Definitions 

En bloc resection was defined as resection of the marked area in a single piece.  

 

R0 resection was defined as cancer free deep and lateral margins. Dysplasia free margins were 

recorded concurrently. 

 

Sm1 lesions were defined as lesions with a depth of submucosal invasion <500 μm below the 

muscularis mucosae.  

 

Poor prognostic histological features are poor differentiation, presence of signet ring cells or 

LVI.  

 

Curative resection of cancer was defined as R0 resection of IMC in the absence of poor 

prognostic histological features. 

 

Expanded curative resection of cancer criteria included R0 resection of both IMC and Sm1 

cancers without poor prognostic histological features. 
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Local recurrence was defined as HGD/cancer noted within 2 cm of the previous ESD resection 

site.  

 

Neoplastic lesions identified >2 cm away from the ESD site were defined as metachronous.  

 

6.2.10 Study end points 

Primary end points were rates of en bloc and R0 resection. Secondary endpoints were rates 

of recurrence, complications and curative resection rates.  

 

6.2.11 Statistical analysis 

SPSS version 22 (IBM, New York, USA) was used for analysis. Quantitative variables were 

expressed as means with ranges. Percentages were used to express proportions. Univariate 

analysis using a Pearson’s chi-squared or Fisher’s exact test was performed to identify 

categorical variables associated with R0 resection. Multivariable logistic regression was then 

performed on selected variables with p values ≤0.05 obtained on univariate analysis.  

 

6.3 RESULTS 

 

6.3.1 Patient characteristics 

 

143 ESDs (111 in Portsmouth; 20 in Milan; 12 in Zurich) were performed in 124 patients 

between 2008-2016. There were 97 males and 27 females with a mean age of 71.21 years. 32 

(22.4%) procedures were performed in patients who had undergone previous endoscopic 

resection for Barrett’s neoplasia. 1 patient required ESD for recurrence following 

oesophagectomy and 2 others for recurrence following radical chemoradiotherapy for 

advanced cancer.  

 

6.3.2 Lesion and Procedure Characteristics 

The mean Barrett’s circumference (C) was 3.3 (0-12 cm) and length (M) 5.4 (1-18 cm). When 

subclassified further according to short (≤3 cm) and long (>3 cm) Barrett’s length, 28% of ESDs 

(40/143) were performed in short segment Barrett’s compared to 72% (103/143) in long 

segment Barrett’s.  
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In 73% of procedures, lesions were located between 1 and 6 o’clock. Most were nodular or 

raised; IS (30.1%), IIA (43.3%) and IIA+ IIC (18.2%). Scarring related to previous endoscopic 

resection, oesophagectomy or chemoradiotherapy complicated 24.5% of the lesions. The 

mean procedure time was 79.5 (range: 45-142) minutes. Table 6.1 illustrates this further.  

 

Table 6.1: Lesion and Procedure Characteristics  

 

Lesion Characteristics 

Size in mm, mean (range) 31.07 (5-90) 

Location on clock face, n (%)  

1-3 o’clock 39 (27.3%) 

4-6 o’clock 66 (46.1%) 

7-9 o’clock 15 (10.5%) 

10-12 o’clock 9 (6.3%) 

Unspecified 14 (9.8%) 

Mean Circumference (% of 360 degrees, 

range) 

31 (8.3-75)% 

Paris classification, n (%)  

Is 43 (30.1%) 

IIA 62 (43.3%) 

IIB 3 (2.1%) 

IIC 6 (4.2%) 

IIA + IIB 3 (2.1%) 

IIA + IIC 26 (18.2%) 

Procedure Characteristics 

Previous endoscopic mucosal resection, n 

(%) 

32/143 (22.4%) 

Previous oesophagectomy, n (%) 1/143 (0.7%) 

Previous radiotherapy, n (%) 2/143 (1.4%) 

ESD knife used, n (%) 

Flush knife 93 (65.0%) 
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Dual knife 31 (21.7%) 

Hybrid knife 12 (8.4%) 

Hook knife 5 (3.5%) 

IT knife 2 (1.4%) 

Procedure duration in minutes (mean, 

range) 

79.5 (45-142) 

 

6.3.3 Histological and Technical Outcomes:  

142/143 procedures were completed, with 1 case aborted due to significant submucosal 

fibrosis and suspicion of deep submucosal invasion.  This case underwent oesophagectomy, 

confirming a T2 cancer.  

 

In all cases in this series, the endoscopist suspected Barrett’s cancer. Post ESD histology 

confirmed cancer in 82.4% (117/142) of our resections. 24/117 (20.5%) resected cancers 

displayed submucosal invasion, though this was limited to Sm1 in 17 (Table 6.2). 

 

En bloc resection was achieved in 129/142 (90.8%) of cases. Of the 13 cases that failed en 

bloc resection, 5 had previous EMR and 3 were submucosal cancers with LVI.  

The overall R0 resection rate for our cohort was 112/142 (78.9%). This ranged between 75-

90% among the centres (Table 6.3). 

Poor prognostic histological features were reported in 22 cancers (10 intramucosal, 7 Sm1 

and 5 >Sm1 cancers). Eleven of these patients underwent oesophagectomy, 1 had radical 

radiotherapy and the remainder who were not fit enough for surgery had endoscopic follow 

up.  

Curative endoscopic resection for cancer (expanded criteria) was achieved in 77/117 cases 

(65.8%). See Table 6.3 and 6.4.  

 

Table 6.2: Histological analysis of 142 ESD specimens 

 

Histology type (total, N=142)  

Low grade dysplasia (n,%) 7 (4.9%) 
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High grade dysplasia (n,%) 18 (12.7%)  

Oesophageal adenocarcinoma, OAC (n, 

%) 

117 (82.4%) 

Depth of OAC invasion (total, N= 117)  

Intramucosal cancer, IMC (n,% of OAC) 93 (79.5%) 

Sm1 (n,% of OAC) 17 (14.5%) 

>Sm1 (n,% of OAC) 7 (6.0%) 

Grade of differentiation in OAC (total, 

N=117) 

 

G1 (n,% of OAC) 68 (58.2%) 

G2 (n,% of OAC) 23 (19.6%) 

G3 (n,% of OAC) 22 (18.8%) 

Not specified (n,% of OAC) 4 (3.4%) 

Other features  

Lymphovascular invasion (n,% of OAC) 15 (12.8%)  

Signet ring cells (n,% of OAC) 6 (5.1%) 

Subsquamous (buried Barrett’s) 

neoplasia (n,%) 

21 (14.8%) 

 

Table 6.3: Technical outcomes of 142 completed ESD procedures according to centre 

 

 Portsmouth Milan Zurich Total  

No of procedures, N 110 20 12 142 

En bloc resection,  

n (%) 

101 (91.8) 17 (85) 11 (91.7) 129 (90.8) 

R0 resection,  

n (%) 

85 (77.3) 18 (90) 9 (75) 112 (78.9) 

No of cancers 

resected, N 

91 15 11 117 

Curative resection 

for cancer*, n (%) 

57 (62.6) 11 (73.3) 5 (45.5) 73 (62.4) 
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Curative resection 

for cancer 

(expanded 

criteria)**, n (%) 

61 (67) 11 (73.3) 5 (45.5) 77 (65.8) 

*R0 resection of intramucosal cancer in the absence of poor prognostic features 
** R0 resection of intramucosal and Sm1 cancer in the absence of poor prognostic features 
 
Table 6.4: Features of ESD procedures with a Non-Curative Resectiond 

 

Non Curative Resection in ESD 

Number of cases, n/N (%) 40/117 (34.2) 

R1 resection, n/N (%) 30/40 (75) 

LVI, n/N (%) 15/40 (37.5) 

G3 differentiation, n/N (%) 22/40 (55) 

Sm1, n/N (%) 13/40 (32.5) 

>Sm1, n/N (%) 7/40 (17.5) 
dNon-curative resection derived from expanded criteria for curative resection of cancer 

 

6.3.4 Factors influencing R0 resection rates: 

Univariate analysis demonstrated that scarring, circumference, Barrett’s length and lesion 

position were not associated with the R0 resection rate. There was a significant difference in 

R0 resection rates according to lesion size [80/93 (86%) for lesions ≤3 cm vs 32/49 (65.3%) for 

lesions >3 cm, p<0.01]. Histology of the lesion was also a highly significant factor in this regard. 

The R0 resection rate for lesions containing submucosal cancer [8/24 (33.3%)] was 

significantly lower than in the group with IMC or dysplasia [104/118 (88.1%), p<0.01]. The 

majority of the 16 cases with submucosal cancer and R1 resection had deep margins that 

were involved (11/16, 68.8%).  

Next, a multivariable logistic regression of the variables significantly associated with R0 

resection was performed. Now, lesion histology (presence of submucosal cancer relative to 

absence) was the only independent factor negatively associated with R0 resection [OR 0.08, 

95% CI 0.03 to 0.22, p<0.01]. An association with lesion size was only demonstrated at the 

10% significance level [OR 0.43, 95% CI 0.17 to 1.10, p=0.08]. See table 6.5 and 6.6.   
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Table 6.5: Factors associated with R0 resection (univariate analysis)  

 

Variable R0 Resection 

N= 112  

n/N, (%) 

R1 Resection 

N=30  

n/N, (%) 

p value  

Barrett’s length ≤3 cm 31/37 (83.8) 6/37 (16.2) p=0.49 

>3 cm 81/105 (77.1) 24/105 (22.9) 

Lesion size ≤3 cm 80/93 (86.0) 13/93 (14.0) p<0.01 

>3 cm 32/49 (65.3) 17/49 (34.7) 

Scarring Yes 29/35 (82.9) 6/35 (17.1) p=0.64 

No 83/107 (77.6) 24/107 (22.4) 

Fraction of the 

circumference 

≥50% 30/40 (75) 10/40 (25) p=0.50 

<50% 82/102 (80.4) 20/102 (19.6) 

Histology Non Sm  104/118 (88.1) 14/118 (11.9) p<0.01 

Sm cancer 8/24 (33.3) 16/24 (66.7) 

Lesion 

configuration* 

4-9 o’clock 68/81 (84) 13/81 (16) p=0.17 

10-3 

o’clock 

34/47 (72.3) 13/47 (27.7) 

*Data on lesion configuration was available on 128 cases 

 

Table 6.6: Multivariable logistic regression of variables associated with R0 resection 

Variable Odds Ratio  95% confidence interval p value 

Lesion size (>3 cm 

vs ≤3 cm) 

0.43 0.17 to 1.10 0.08 

Histology (Sm 

cancer vs non Sm)  

0.08 0.03 to 0.22 <0.01 

 

6.3.6 Follow Up & Survival Outcomes: 
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The median follow up period was 21.6 (IQR 11.0-32.6) months. Endoscopic follow up was 

undertaken in 121/142 (85%) cases.  

During follow up, further neoplasia was seen in 16 cases. 7/16 were considered recurrent 

(within 2cm of the ESD scar) and 9/16 as metachronous. Discounting the metachronous 

lesions, the true recurrence rate is 7/121 (5.8%). 4/7 recurrent lesions and 8/9 metachronous 

lesions were treated by further endoscopic resection. Figure 6.4 represents the follow up 

outcome of all lesions. 
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Figure 6.4: Follow Up Outcomes of All Completed ESDs 

Total number of 
lesions =143 

ESD aborted = 1 
(proceeded to surgery) 

Total number of 
completed ESD 
procedures =142 

Endoscopic resection 
= 1/2 
Radiotherapy = 1/2 
 

Endoscopic resection 
= 11/14 
Surgery = 2/14 
Radiotherapy = 1/14 
 

Endoscopic 
surveillance = 
103/112 

Endoscopic 
surveillance = 
18/30 

Recurrent lesions = 
14/103 
Metachronous 
lesions= 9/14 Recurrent lesions = 

2/18 
 

Surgery =  
7/30 

Surgery =  
9/112 

R1 resections = 
30/142 

R0 resections = 
112/142 

Referred for 
radiotherapy= 
5/30 
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Following initial ESD, adjuvant treatment was recommended in 22 cases in accordance with 

consensus achieved at the multidisciplinary team meeting. 17 underwent oesophagectomy; 

one for a failed attempt at resection, 15 due to adverse histology and 1 due to patient choice. 

Only one had lymph node involvement on final resection histology. 1 patient went for radical 

radiotherapy whilst 4 were unfit for further curative treatment (table 6.7). 2 of these patients 

died from disease progression. Both were men above the age of 80, one had a poorly 

differentiated Sm1 lesion (R1 resection) and the other had an IMC (pT1aM3) with LVI.  

There were 5 other deaths in this cohort including 1 death related to operative mortality 

following oesophagectomy, 2 deaths from cardiac causes and 2 from unrelated primary 

cancers (melanoma and lung).  

 

Table 6.7: Outcome of Patients Referred for Surgery following Initial ESD 

 

 Age, 

gend

er 

Lesion 

size 

(mm) 

Histology Different

iation 

LVI Deep 

margin 

Lateral 

margin 

Adjuvant treatment 

outcomes 

1 83,F 30 ESD 

aborted 

G3 Yes R0 R0 Oesophagectomy 

pT2N1M0  

2 51,M 30 pT1bSm1 G2 Yes R0 R0 Oesophagectomy 

pTxN0M0  

3 71,M 50 pT1b>Sm1 G1 No R1 R0 Oesophagectomy 

pTxN0M0  

4 69,M 50 IMC 

 

G1 Yes R0 R0 Oesophagectomy 

pT1N0M0  

5 72,F 30 IMC G1 Yes R1 R1 Oesophagectomy 

pT1N0M0  

6 72,M 22 IMC G3 No R1 R0 Oesophagectomy  

pT3N1M0  

7 70,F 70 pT1b>Sm1 G2 Yes R1 R1 Inoperable due to poor 

fitness. Radiotherapy 

8 75,M 40 pT1bSm1 G2 No R0 R1 Radical 

chemoradiotherapy 

9 76,M 40 pT1bSm1 G3 No R1 R0 Inoperable due to poor 

fitness. Radiotherapy 
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*Oesophagectomy performed in view of patient’s choice 

 

6.3.7 Learning Curve Effect: 

One of the endoscopists (Portsmouth centre) had performed 111 procedures in this series. 

This provided an opportunity to analyse the learning curve effect using the en bloc resection 

rate as a surrogate end point. The en bloc resection rate rose steadily over the first 30 

10 84,M 40 pT1bSm1 G3 No R1 R1 Inoperable due to poor 

fitness.  

11 59,M 40 IMC G3 No R0 R0 Oesophagectomy 

pTxN0M0  

12 66,M 20 pT1bSm1 G2 Yes R0 R0 Oesophagectomy 

pTxN0M0  

13 85,M 30 IMC G1 Yes R0 R0 Inoperable due to poor 

fitness and declined 

radiotherapy.  

*1

4 

71,M 20 IMC + 

signet 

rings 

G1 No  R0 R0 Oesophagectomy 

pTxN0M0  

15 53,M 30 pT1bSm1 G2 No R0 R0 Oesophagectomy  

pTxN0M0  

16 58,M 50 pT1bSm1 G2 Yes R1 R1 Oesophagectomy 

pTxN0M0  

17 69,M 20 IMC G3 Yes R0 R0 Oesophagectomy 

pT1N0M0 

18 55,M 40 pT1bSm1 G1 Yes R1 R1 Oesophagectomy 

pT1N0M0 

19 62,M 50 pT1b>Sm1 G2 No R1 R1 Oesophagectomy 

pT2N0M0 

20 71,M 15 IMC G3 Yes R0 R0 Oesophagectomy 

pT1N0M0 

21 43,M 15 pT1b>Sm1  G3 No R1 R1 Oesophagectomy 

pT1N0M0 

22 36,M 13 pT1bSm1 G1 Yes R0 R0 Oesophagectomy 

pT1N0M0 
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procedures from 70-90%. No significant steady improvement was demonstrated beyond this 

as a plateau was reached.  
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Number of Procedures 

 

Figure 6.5: En bloc resections: The learning curve effect 

 

6.3.8 Complications and Adverse Events: 

No perforations occurred in this series. Bleeding was encountered in 2 patients – at 1 and 14 

days post resection. Both were managed endoscopically and one of the patients required a 

blood transfusion and 2 day hospital admission.  

Three patients had strictures requiring balloon dilatation following ESD. All of these patients 

had lesions surpassing 50% of the circumference. All strictures were resolved endoscopically 

with balloon dilatation (1-2 sessions). 

 

6.4 DISCUSSION 
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6.4.1 Using ESD for removal of early neoplasia arising from Barrett’s oesophagus: 

Experience to date 

This is the largest, multi-centre western experience of ESD in Barrett’s neoplasia. This data 

demonstrates the technical feasibility and safety of ESD for resection of complex Barrett’s 

neoplasia in this setting outside of the Far East where endoscopic expertise in the technique 

is more widely available. 83% (118/143) of the lesions were ≥2 cm, 25% had poor lifting due 

to scarring and 82% were cancers with a fifth containing Sm invasion. ESD was feasible in all 

but one of these patients.  

Recent ESD guidelines from ESGE recommend EMR as the mainstay of treatment for Barrett’s 

neoplasia but also advise consideration of ESD for lesions >15mm, poorly lifting lesions due 

to scaring and lesions suspicious of Sm invasive cancers.312 This data now provides evidence 

to substantiate this recommendation.  

 

There have been nine published series386,389–391,394,504,393,507 on the outcomes of ESD in 

Barrett’s neoplasia including one recently published randomised controlled trial comparing 

ESD and EMR.339 Although a randomised controlled trial in this area is welcomed, this was in 

fact a small study with 40 patients (20 each for EMR and ESD) and the relatively high rate of 

adverse events in the ESD arm should be taken into context. The table below (Table 6.8) 

summarises the outcomes from the existing ESD studies. En bloc resection rates ranged from 

89-100%. The en bloc resection rate in this cohort was 90.8%. The presence of scarring or 

submucosal invasion had a negative impact on our en bloc resection rate as these lesions 

were often difficult to remove in one piece.   

 

Table 6.8: ESD for Barrett’s Neoplasia: Outcomes in major series 

 

Author/year Cases,N Size 

(mm) 

En 

bloc 

R0 Bleeding Perforation Stricture 

Neuhaus119 

(2012) 

30 20 90% 39% 6.6% 0% 0% 

Kagemoto122 

(2014) 

23 15 100% 85% 4% 0% 15% 
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Probst 121 

(2015) 

87 39 95% 84% 1.1% 0% 9.2% 

Chevaux117 

(2015) 

75 20 90% 85% 2.7% 4% 60% 

Hobel 123 

(2015) 

22 44 96% 82% 9.1% 4.5% 13.6% 

Terheggen120 

(2016) 

20 29 100% 59% 0% 10% 0% 

Barret 127 

(2016) 

36 50 89% 72% 0% 8.3% 5.6% 

Coman128 

(2016) 

36 49 100% 81% 2.8% 0% 19.4% 

Yang126 

(2016) 

46 45 96% 76% 6.5% 2.2% 15.2% 

This series508 

(2016) 

143 31 91% 79% 1.4% 0% 2.1% 

 

6.4.2 R0 resection and curative resection rates in ESD for Barrett’s neoplasia 

The significance of an R0 resection for Barrett’s neoplasia remains unclear. Cancer cells 

present at the horizontal margin may not be as consequential as the vertical margin509 though 

long term follow up data on this is not available. The R0 resection rate in this study was 79% 

which is similar to that of other published series (39-85%) as outlined in the table above. It 

reflects the universal difficulty in obtaining an R0 resection in Barrett’s neoplasia. This could 

be due to the multifocal nature of Barrett’s neoplasia and co-existent reflux or inflammation 

that makes delineating the margins of subtle dysplasia difficult even with the use of advanced 

endoscopic imaging. 510,511  

 

In our analysis, lesion size >3cm and submucosal cancer were both factors that were 

associated with failure to achieve R0 resection though only the latter factor was found to be 

highly significant on multivariable regression analysis. In most cases of submucosal cancer 
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where R0 resection was not achieved the deep margins were involved, reflecting the 

challenge of delineating the planes of dissection safely. 

 

Curative resection rates of cancer (expanded criteria) were lower than expected (65.8%). This 

is in part a reflection of low R0 resection rates and the proportion of patients with more 

advanced lesions containing poor prognostic histological features that may not have been 

suitable for surgery. This may be improved by optimising the R0 resection rate and case 

selection. The latter is challenging as this was a pragmatic real life study where in a minority 

of cases, patients may have undergone ESD due to poor fitness for surgery. Furthermore, it 

would not be justifiable to carry out ESD for flat dysplasia that was likely to have a favourable 

curative profile if this may be managed by low risk ablation. Our R0 resection rates may be 

improved by increasing the marking distance from 2 to 5mm margins (Figure 6.6). A smaller 

marking distance indicates a smaller area for resection which, arguably, may make the lesion 

quicker and easier to remove. It is likely this approach was chosen by endoscopists in the 

study who embarked upon performing ESD independently and were inclined to be more 

conservative in their resection practice.  

 

 

 

 

 

 

 

 

 

 

 

Figure 6.6: Pictorial representation of lesion with 2mm and 5mm resection margins 

 

Nevertheless, our data also shows that in this group of patients with complex Barrett’s 

neoplasia; ESD was successfully used to avoid surgery in the vast majority (105/124, 85%). 19 

Lesion 

5mm  
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patients underwent oesophagectomy (15%). These figures are comparable to other series 

(12%).504 

 

6.4.3 Understanding recurrence in this cohort and outcomes of non-curative resection 

The relationship between R0 resection and lesion recurrence may be complicated by 

metachronous multifocal neoplastic lesions within Barrett’s. Despite a lower than anticipated 

R0 and curative resection rate, local recurrence was only found in 5.8% (7/121) of the cohort 

undergoing endoscopic follow up. Interestingly, 5/7 recurrences were seen in R0 group and 

2/7 in R1 group, which does seem counterintuitive. These 5 recurrences are likely to be 

metachronous lesions within 2 cm of the ESD scar but given the stipulated definitions of 

recurrence in this study they were included as recurrent rather than metachronous lesions.  

 

Of the 40 lesions where no curative resection was achieved, 15 progressed to surgery and the 

remainder (including 7 referred for radiotherapy) underwent endoscopic follow up. It was 

noted that in the cases where surgery was performed only one had positive lymph node 

involvement. There is already significant literature reporting on lymph node risk by depth of 

invasion, degree of differentiation and LVI.501 Although there were 5 patients who were not 

fit enough for surgery, 2 remained clear of cancer on median follow up (21.6 months) after 

ESD. Given the rising incidence of oesophageal neoplasia in an older, co-morbid population, 

the risks of oesophagectomy hold greater significance now than ever before. ESD offers a 

safer, non invasive method of curative treatment in this high risk group.  

 

6.4.4 Challenges associated with ESD: An analysis of recognised complications 

A major factor hindering the uptake of oesophageal ESD in the west is the perception of an 

increased risk of complications that can be as high as 10% for perforation and 60% for 

strictures.339,504 

Although most complications can be managed endoscopically, the risk of emergency 

oesophagectomy for the management of complications can be daunting for most 

endoscopists. The low complication rates in our series (0% perforation, 1.4% bleeding, 2.1% 

stricturing) which in fact is similar to EMR is indeed reassuring.  

Circumferential extension of >3/4 has been shown to be a risk factor for post resection 

strictures.512 The low stricture rate in our series may be explained by a conservative approach, 
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restricting resection margins to the minimum. The aim was to resect all visible lesions 

containing cancer within narrow margins with the expectation that all patients will receive 

follow up ablation therapy to treat residual flat dysplasia. 

 

6.4.5 Procedure time and the learning curve of oesophageal ESD  

The length of time taken to perform an ESD has also hindered its role in resection of Barrett’s 

neoplasia. The dissection technique requires meticulous focus and concentration by the 

endoscopist which can take several hours particularly in beginners. However, we have shown 

that the average time taken to complete an ESD is just under 80 minutes. This is shorter than 

in other published series391,504,507 and demonstrates the feasibility of adopting this procedure 

in Western practice.  

 

There is little evidence available on the learning curve for oesophageal ESD. A study by Tsou 

et al showed that procedure time decreased whilst en bloc and R0 resection rates increased 

over time when outcomes of 33 oesophageal ESDs by a single endoscopist were analysed.513 

The authors concluded that at least 30 cases of oesophageal ESD are needed for a novice to 

gain proficiency in the technique. This would be in keeping with the findings from our study. 

We identified 30 procedures as the key threshold number at which the en bloc resection rates 

reach a plateau. This is a crucial figure and should be taken into account for all future training 

programs and service development programs for oesophageal ESD in a western setting.  

 

6.4.6 Conclusions 

The strength of this study is that it represents the largest series from three separate European 

centres demonstrating the feasibility, safety and efficacy of ESD for the removal of early 

Barrett's neoplasia. The data provides a unique focus on ESD outcomes in a complex cohort 

with scarred lesions and cancers. However, the limitations of the study include its 

retrospective design and differing sample sizes in each centre, with the majority of 

procedures carried out by a single operator in Portsmouth.  

 

The practice of ESD for Barrett’s neoplasia in the West should be limited to experts in high 

volume centres in view of its long learning curve and evidence of better outcomes with 

experience. This study allays complication related fears of Barrett’s ESD, establishes a clear 
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learning curve effect and has identified means of improving R0 resection rates. Further 

research needs to be undertaken in the former of a prospective well powered randomised 

controlled trial for carefully selected complex lesions suitable for ESD. National and 

international endoscopy societies need to establish training and accreditation pathways in 

this procedure which will allow resources to be focused on developing centres of excellence 

with appropriate expert mentorship schemes in place. Ultimately, this will enable patients 

within an older and more co-morbid cohort to have access to advanced endoscopic 

management of early Barrett's oesophageal cancers with lower morbidity and mortality rates 

compared to invasive surgery.   
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Chapter 7: Safety and Efficacy of Radiofrequency Ablation following Endoscopic 

Submucosal Dissection for early Barrett's neoplasia 

 

7.1 INTRODUCTION 

 

7.1.1 Endoscopic resection for early Barrett's neoplasia (dysplasia and superficially invasive 

adenocarcinoma) 

Endoscopic therapy for early Barrett's neoplasia is currently the first line treatment option for 

the curative management of this disease given the low risk of lymph node metastases (0-3% 

for lesions limited to the muscularis mucosae)299,304. This risk increases with the depth of 

tumour infiltration514 and can be as high as 23-58%515 in deep submucosally invasive lesions 

where oesophagectomy remains the optimum management method.  

 

Endoscopic resection of visible abnormalities forms the first part of the endoscopic 

management in early disease. Whilst the endoscopic treatment of Barrett’s neoplasia started 

with endoscopic mucosal resection (EMR), endoscopic submucosal dissection (ESD) has now 

been shown to be a viable resection technique in this setting. It enables en bloc resection and 

accurate histopathological diagnosis. This can lead to a lower risk of recurrence. There is 

increasing evidence to support its emerging role in the management pathway of complex 

Barrett’s neoplasia, particularly in large or scarred lesions with a high suspicion of cancer as 

we have studied in the previous chapter.508  

 

7.1.2 The role of radiofrequency ablation in the management of early Barrett's neoplasia 

There is strong evidence to support the current treatment algorithm of early Barrett’s 

neoplasia that recommends endoscopic resection of visible abnormalities or nodular lesions 

followed by ablation.478,516 Radiofrequency ablation (RFA) treatment minimises the risk of 

developing recurrent and metachronous dysplastic lesions in the Barrett’s epithelium. The 

aim of treatment is to remove the Barrett's epithelium using the administration of thermal 

energy to this area with the new epithelium forming over the ablated zone containing 

squamous mucosa (known as 'neosquamous' mucosa). The effectiveness of ablation therapy 

is generally measured by the clearance of dysplasia (CRD) and intestinal metaplasia (CRIM). 
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These terms refer to the absence of dysplasia and intestinal metaplasia respectively on 

biopsies following the end of ablation treatment.  

 

Large scale multi-centre UK and US registries have reported CRD rates of 92-94% and CRIM 

rates of 84-87% when combination treatment is used.359,517 Similarly, the use of RFA alone, 

without prior endoscopic resection in patients with no visible lesions also demonstrates 

excellent efficacy with few complications. A recent randomised controlled trial comparing 

surveillance versus RFA has demonstrated a reduction in the risk of progression of LGD to 

HGD or adenocarcinoma (from 26.5% to 1.5%).344 

 

However, there is limited data on outcomes of RFA following ESD. A single study of 30 patients 

undergoing ESD published by Neuhaus et al., revealed that 10 patients received RFA following 

ESD and 8 out of 10 achieved clearance of intestinal metaplasia.386 There were no 

complications related to RFA in this study. Given the inherent differences between EMR and 

ESD resection methods (deeper dissection in ESD extended to the submucosal layer) we 

postulate that there may be higher complication rates (e.g stricture formation with scar tissue 

formation) in a cohort of patients undergoing RFA following ESD.  

 

7.1.3 Aim 

The aim of this study was to assess the safety and efficacy of RFA in a cohort of patients 

following ESD compared to EMR and in the absence of prior endoscopic resection. We 

examined the complications, CRD and CRIM rates in each group to ascertain if there were any 

significant differences.  

 

7.2 METHODS 

 

7.2.1 Setting 

This was a single centre study involving patients undergoing RFA at Queen Alexandra Hospital, 

Portsmouth from 2011-2016. Demographic and procedure data from these patients were 

prospectively recorded on an electronic database and a retrospective analysis performed. As 

this was a retrospective evaluation on an established cohort of patients undergoing 

procedures for standard clinical management of their disease with no research intervention, 
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it was deemed a service evaluation project and no formal ethics committee approval was 

sought. All patient data was anonymised and stored securely on a password protected 

electronic database using National Health Service (NHS) computers.    

 

7.2.2 Inclusion Criteria 

All patients referred for consideration of ablation therapy of dysplastic Barrett’s oesophagus 

were eligible. They were included if all of the following criteria were met: 

 

• Adults above the age of 18 

• ASA class 1-3 (healthy, mild or severe systemic disease co-morbidities)518  

• Able to provide written informed consent for the endoscopic procedure 

• Agreed to surveillance following endoscopic therapy as deemed appropriate by the 

treating physician 

 

7.2.3 Exclusion Criteria 

• Patients under the age of 18 

• Patient (or designated representative) unable to provide informed consent to undergo 

the endoscopic procedure 

• ASA class>3 (severe systemic disease that is a constant threat to life or 

moribund/brain-dead) 

• Local nodal or distant metastatic spread on CT or endoscopic ultrasound (EUS) and 

endoscopic or histological evidence of deep submucosal invasion that cannot be cured 

by endoscopic resection 

 

7.2.4 Staging and diagnostic work-up 

In order to stratify the patients' treatment algorithm (by assessing for visible lesions), all 

patients referred for RFA underwent an assessment gastroscopy performed with high 

definition white light (HDWL) and 2.5% acetic acid chromoendoscopy. Pre-cleaning of the 

esophagus to improve visualization was carried out using a pre-drink containing N-

acetylcysteine and simethicone that functions as a mucolytic to remove air bubbles and foam 

in the gastrointestinal tract. Several randomised controlled trials have demonstrated the 
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utility of these substances to improve mucosal visibility and thereby optimise the chances of 

identifying abnormalities during gastroscopy.66,67,519 In addition to the pre-procedure 

mucolytic drink, advanced endoscopic imaging modalities such as Narrow Band Imaging, i-

scan, FICE or Blue light imaging) were also used to identify any potential focal dysplastic 

lesions. All endoscopists were experienced in using all types of virtual chromoendoscopy. The 

Barrett’s segment was measured using the Prague classification which involves measuring 

both the circumferential and maximal extent of Barrett’s in cm as illustrated by Figure 7.1.506 

Any lesions noted within a Barrett’s segment were classified using the Paris classification.283 

If deep submucosal invasion was suspected, further staging (EUS or CT) was performed to 

exclude invasive cancer.  

A visible lesion was only biopsied if it had not been prior to referral. The Seattle protocol was 

used to sample the Barrett's segment (quadrantic biopsies were taken every 1-2cm within 

Barrett's oesophagus).520 All patients had at least two separate endoscopies where dysplasia 

was histologically verified.  

Any visible lesion was endoscopically resected prior to ablation. The choice of resection 

method was determined by lesion morphology (given the association between certain 

morphology types and higher risk of cancer). Stratifying the treatment algorithm according to 

lesion type was a unique approach undertaken in this hospital tailored according to local 

endoscopic resection expertise.521 ESD was performed for Is or IIC lesions that are more likely 

to contain a higher risk of invasive cancer298,522 compared to IIA or IIB lesions where EMR was 

offered (Figure 1). All patients were discussed at a multidisciplinary team meeting comprised 

of a surgeon, gastroenterologist, oncologist, radiologist and histopathologist, prior to 

endoscopic resection. 

Histology was reported according to the Vienna classification470 by two expert gastrointestinal 

histopathologists.  
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Figure 7.1: Diagrammatic representation of endoscopic Barrett’s oesophagus showing an 
area classified as C2M5. C: extent of circumferential metaplasia; M: maximal extent of the 
metaplasia (C plus a distal ‘tongue’ of 3 cm); GEJ: gastroesophageal junction 
(Reproduced with permission from Sharma et al.,506 Elsevier publishing)  
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*if no residual/metachronous lesions noted at 1st follow up endoscopy in 3-6 months 

Figure 7.2: Portsmouth treatment pathway for Barrett’s neoplasia 

 

7.2.5 Endoscopic Mucosal Resection (EMR) 

EMR was performed as a daycase procedure under conscious sedation with multiband 

mucosectomy (Figure 7.3) using either the Duette kit (Cook Endoscopy, Ireland) or Captivator 

device (Boston Scientific, USA). These devices use the principle of suction and rubber band 

deployment for pseudopolyp formation without the use of submucosal injection followed by 
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identify lesion 

 
Visible lesion 

identified containing 
dysplasia 

No visible lesion but 
dysplasia noted on 

biopsies on 2 previous 
occasions at least 6 

months apart 

Paris IIA lesion Paris Is or IIC lesion 
or scarred lesion 

EMR ESD 

Radiofrequency Ablation* 
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snare resection. The devices consist of a cap placed at the distal end of the scope and a 

controller handle attached to the proximal end of the working channel. A pseudopolyp is 

created by suctioning the neoplastic mucosa into the cap until the entire cap is filled with 

mucosa. Turning the controller knob then releases a rubber band onto the pseudopolyp. A 

bespoke snare that comes with the device is then inserted through the endoscope accessory 

channel and closed below the rubber band that ligates the pseudopolyp. Coagulation current 

is applied to resect the pseudopolyp. Both Duette and Captivator devices have six rubber 

bands attached to the distal cap. In the Captivator device the bands are aligned on the 

proximal aspect of the cap allowing a 360 degree view through the clear cap without vision 

being obscured by the bands. Improved visibility may facilitate a more complete resection. 

Scholvinck et al., showed that the Captivator device allowed better visibility through the cap, 

easier passage of accessories through the scope and better suction power.523 In a 

retrospective cohort study comparing Duette and Captivator devices, Alzoubaidi et al., noted 

that the EMR specimens resected with the Captivator device had a larger diameter, surface 

area and depth in the oesophagus.524 This may potentially be useful to enable fewer resection 

bites and allow complete removal of a neoplastic area en-bloc where possible though these 

outcomes were not assessed. This study also showed no difference in complication rates 

(bleeding and perforation) between both devices.  

 

Following EMR, patients were discharged on high dose oral proton pump inhibitor (PPI) 

therapy (40mg omeprazole twice daily or equivalent) which was continued for 6 weeks 

followed by 40mg daily.  
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A      B 

 

Figure 7.3: Two types of multiband mucosectomy devices: (A): CaptivatorTM EMR device 
manufactured by Boston Scientific; (B): Duette® multiband mucosectomy device 
manufactured by Cook Endoscopy 
[Image (A) obtained from https://www.bostonscientific.com/en-US/products/band-
ligator/captivator-emr.html and image (B) from 
https://www.cookmedical.com/products/esc_duette_webds/] 
 

7.2.6 Endoscopic Submucosal Dissection (ESD) 

A general anesthetic was administered for all cases. ESD was performed using the Flush BT 

(Fujifilm), Dual or IT2 knives (Olympus Medical UK) as shown in Figure 7.4. The Dual knife has 

a small noninsulated dome-shaped electrode at the tip of the cutting knife. The knife tip is 

2.0mm for the gastroscope length model and 1.5mm for the colonoscope length model. The 

Flush knife has a ball tip electrode on the end of the knife producing good traction and 

enabling a wider range of tissue to be dissected. It also has an injection port which allows 

submucosal injection via a syringe or pump and minimizing the need for instrument exchange 

during dissection. In this study, the 1.5mm knife tip models were used for both Flush and Dual 

knives given resections were carried out in the oesophagus which has a thinner 

gastrointestinal wall. Both the Flush and Dual knives are ‘all-purpose’ knives that may be used 

for all stages of the ESD (mucosal incision, dissection and coagulation). The IT2 knife has a 

2.2mm insulated ceramic ball at the distal end of the knife and a unique triangular beneath 

the ceramic ball (on the proximal end) that facilitates cutting. This allows mucosal incision 
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and dissection in horizontal and vertical directions safely without reaching deeper mucosa 

(due to the insulated ceramic ball tip).  

 

 
Figure 7.4: Top left: Dual knife; Top right: IT2 knife; Bottom: Flush BT knife 
(top images reproduced from Maple et al.525, bottom image from 
https://www.fujifilm.eu/fileadmin/countries/EU/endoscopy/Brochures/ESD_72dpi_2018.pd
f) 
 

 

Following ESD, patients were admitted overnight for observation and an intravenous PPI 

infusion. They were discharged the next day on 40mg omeprazole twice daily or equivalent 

which was continued for 6 weeks followed by 40mg daily. No intralesional or oral steroid 

therapy was administered for stricture prevention.  

 

7.2.7 Radiofrequency ablation 

Circumferential ablation was delivered via the BarrxTM(Covidien, Medtronic UK) HALO 

360/360 Express catheters whilst HALO 90/Ultra was used for focal ablation. The choice of 
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catheter was guided by the length and circumference of Barrett's. A simplified protocol was 

followed with no cleaning between hits (HALO 360 - 12J, 2 hits, HALO 360 Express – 10J, 2 

hits; HALO 90 – 12J, 3 hits; HALO Ultra – 12J, 3 hits). This was a daycase procedure under 

conscious sedation and patients were discharged with 40mg omeprazole twice daily or 

equivalent for 6 weeks followed by 40mg daily.  

 

7.2.8 Follow Up  

Following endoscopic resection, all patients had at least 1 follow up endoscopy with biopsies 

prior to ablation. Follow up endoscopies were carried out at approximately 3 monthly 

intervals in the first year, 6 monthly in the 2nd year and yearly thereafter. Ablation was carried 

out every 3-6 months until all Barrett’s was eradicated or further endoscopic treatment was 

not justified given severe co-morbidities or patient choice. If any visible recurrent or 

metachronous lesions were noted during follow up, these were resected prior to further 

ablation. Biopsies were taken from the resection site and remaining Barrett’s at follow up. 

Exit biopsies were taken from the neosquamous tissue reflecting the original length of 

Barrett’s following final ablation.  

 

7.2.9 Complications 

Complications recorded were bleeding, perforation and stricture formation. They were 

included only if directly related to the ablation procedure rather than post resection. Bleeding 

was defined as an intra-procedural complication if it was severe enough to have resulted in 

early termination of the procedure or a transfusion requirement. Delayed bleeding was 

defined as significant bleeding occurring within 28 days post procedure necessitating 

endoscopic, surgical or radiological intervention and/or a blood transfusion. Perforation was 

defined as a visible hole in the oesophageal lumen or when there was confirmed contrast 

extravasation into the mediastinum on contrast imaging. Strictures were defined as 

significant oesophageal narrowing occurring post ablation that resulted in dysphagia 

requiring dilatation.   

 

7.3 Outcome Measures 

• The primary outcome measure was the rate of complications in all groups 

• The secondary outcome measures were: 



 239 

o Clearance of dysplasia (CRD) 

o Clearance of intestinal metaplasia (CRIM) 

Both secondary outcome measures reflected histological outcomes based on biopsies taken 

at the most recent follow up endoscopies at least 12 months after the start of ablation 

therapy.  

 

7.4 Statistical Analysis 

Stricture complication rates were used as a surrogate marker for safety to compare the EMR 

and ESD groups. Using a difference of 6% between these groups and a non-inferiority limit of 

10%, a study powered to 80% sensitivity with 5% significance level would require a sample 

size of 62 patients (31 in each group). Our cohorts were reasonably balanced at 27 ESD to 43 

EMR patients. Statistical analysis was performed using Stata version 14 (StataCorp, College 

Station, TX). Means were used to report continuous variables whilst percentages were used 

to express proportions. The student’s t-test or one-way analysis of variance (ANOVA) was 

used to compare continuous variables whilst Pearson c2 test or Fisher’s exact test were used 

for categorical variables. Logistic regression was used to perform univariate modelling and 

expressed as odds ratios with 95% confidence intervals (CI). P values of <0.05 were considered 

statistically significant.  

 

7.5 RESULTS 

 

7.5.1 Patient Characteristics 

91 patients were included with baseline patient characteristics detailed in Table 7.1 by 

resection group. The average patient age in all groups were similar with a male majority. 27 

had RFA following ESD (29.7%), 43 following EMR (47.3%) and 21 (23%) without prior 

endoscopic resection.  The differences in mean Barrett’s length between the groups at the 

commencement of the first ablative procedure was not statistically significant (p=0.10). 

However, the mean length in the ESD group was significantly shorter when compared to EMR 

(5.85 cm vs 7.56 cm, p=0.04). The mean lesion size of visible neoplasia removed was larger in 

the ESD group (2.97 cm) compared to the EMR group (2.02 cm, p<0.01). There was no 

significant difference between the circumferential extent of resection in both ESD and EMR 
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groups (33.1 vs 27.7%, p=0.12). Whilst the majority of patients (81/91, 89%) had a hiatal 

hernia, only 5 underwent fundoplication prior to ablation.  

 

Table 7.2 illustrates a comparison in pre and post resection histology between the groups. 

Patients in the RFA following ESD group had worse final resection histology with a higher 

proportion of IMC (20/27 or 74.1%) compared to the EMR group (13/43, 30.2%, p<0.01). 

There were no cases of IMC in the RFA alone group and the majority of patients in this group 

had LGD (66.7%). Following endoscopic resection, 14 patients were upstaged in the ESD group 

(14/27, 51.8%) compared to 19 in the EMR group (19/43, 44.2%, p=0.53). Patients in both 

EMR and ESD groups underwent a similar average number of resection procedures (1.63 vs. 

1.40).  

 

Table 7.1: Patient & Lesion Characteristics 

 

Parameter (95% CI) ESD group 

(n=27) 

EMR group 

(n=43) 

RFA alone 

(n=21) 

p value 

Mean Age (years) 73.19 (68.75-

77.62) 

73.70 (71.65-

75.84) 

72.27 (68.33-

76.22) 

0.83a 

Gender (Male: Female) 

%Male 

23:4 

72.1% 

31:12 

85.2% 

16:5 

76.9% 

0.48b 

Mean Barrett’s length at 

baseline pre resection 

(cm) 

6.89 (5.90-

7.87) 

7.95 (6.90-

9.01) 

7.24 (5.49-

8.98) 

0.39 

Mean Barrett’s length at 

first ablation (cm) 

5.85 (4.80-

6.90) 

7.56 (6.54-

8.57) 

7.24 (5.49-

8.98) 

0.10a 

(0.04 ESD, 

EMR 

contrast) 

Hiatal hernia 24 (88.9%) 36 (83.7%) 21 (100%)  

Pre-treatment 

fundoplication 

2 (8.3%) 3 (8.3%) 0  



 241 

Lesion size (cm) 2.97 (2.54-

3.40) 

2.02 (1.72-

2.32) 

N/A <0.01a 

Circumferential extent of 

resection (%) 

33.11 (26.42-

39.80) 

27.65 (23.90-

31.40) 

N/A 0.12a 

Mean number of 

resection sessions per 

patient  

1.63 (1.25-

2.01) 

1.40 (1.20-

1.59) 

N/A 0.53a 

a  One-way ANOVA 
b Fisher’s exact test 

 

Table 7.2: Pre and Post Resection Histology 

 

 ESD (n=27) EMR (n=43) RFA alone (n=21) 

Pre 

resection 

(biopsy) 

LGD 3 (11.1%) 10 (23.2%) 14 (66.7%) 

HGD 15 (55.6%) 30 (69.8%) 7 (33.3%) 

IMC 9 (33.3%) 3 (7%) 0 

Final 

resection 

histology 

LGD 1 (3.7%) 4 (9.3%) N/A 

HGD 4 (14.8%) 26 (60.5%) N/A 

IMC 20 (74.1%) 13 (30.2%) N/A 

SM 2 (7.4%) 0 N/A 

 

7.5.2 Ablation Procedure Characteristics 

91 patients underwent a total of 173 ablation procedures in this series (see Table 7.3). There 

was no significant difference in the number of ablative procedures per patient performed in 

all 3 groups (1.63 in ESD, 2.07 in EMR and 1.90 in RFA alone, p=0.32). 55.6% of patients in the 

ESD group had circumferential ablation as their first ablation procedure compared to 72.1% 

in the EMR group and 61.9% in the RFA alone group (p=0.35). The median length of follow up 

in all 3 groups was at least 1.5 years.  

 

Table 7.3: Ablation procedure characteristics 
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Variable (95% CI) ESD (n=27) EMR (n=43) RFA alone 

(n=21) 

p value 

Total number of 

treatment sessions 

44 89 40  

Mean number of 

ablation sessions per 

patient 

1.63 (1.25-2.01) 2.07 (1.64-

2.50) 

1.90 (1.48-

2.33) 

0.32 

Circumferential 

ablation at first 

session  

15/27 (55.6%) 31/43 (72.1%) 13/21 (61.9%) 0.35 

Focal ablation only 12/27 (44.4%) 11/43 (25.6%) 8/21 (38.1%) 0.24 

Median follow up 

time (years) 

1.67 2.26 1.88  

 

7.5.3 Safety Outcomes  

There were 6 complications in 91 patients (6.6%) - see table 7.4. There were no complications 

in the group of patients undergoing RFA without prior resection. (The total complication rate 

in the EMR group was 9.3% compared to the ESD group (7.4%, p=0.78). There was 1 bleed in 

the ESD group that occurred 2 weeks following first ablation and was managed 

endoscopically. No blood transfusion or hospitalization was required. 4 patients in the EMR 

group developed a stricture compared to 1 in the ESD group (9.3% vs 3.7%, p=0.38). All 

strictures were managed with endoscopic balloon dilatation with no further complications or 

hospitalizations. All except for 1 (in the EMR group) occurred following first circumferential 

ablation with HALO 360 or 360 Express. The median length of time to development of 

strictures was equal in both groups (4 weeks). 

 

Table 7.4: Safety Outcomes (Complications) 

 

 ESD (n=27) EMR (n=43) RFA alone (n=21) 

Bleeding 1 (3.7%) 0 0 

Perforation 0 0 0 
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Hospitalisation 0 0 0 

Strictures 1 (3.7%) 4 (9.3%) 0 

All complications 2 (7.4%) 4 (9.3%) 0 

 

7.5.4 Efficacy Outcomes 

The efficacy outcomes are detailed in the table below. CRD at the most recent follow up post 

ablation was achieved in 26/27 (96.3%) in the ESD group, 38/43 patients (88.4%) in the EMR 

group and all patients in the RFA only group. There were 2 patients in the EMR group (4.7%) 

and 1 in the ESD group (3.7%) that progressed to invasive adenocarcinoma. 1 underwent an 

oesophagectomy, 1 required radical chemo-radiotherapy and the other was not fit for 

curative treatment.  

3 patients in the EMR group who did not achieve dysplasia clearance after RFA underwent 

salvage EMR of visible lesions.  

CRIM was noted in 23/27 (85.2%) of patients in the ESD pre-RFA group compared to 35/43 

(81.4%) patients in the EMR pre-RFA group and 19/21 (90.5%) who had RFA alone (p=0.64).  

 

Table 7.5: Efficacy Outcomes (Clearance of Dysplasia and Intestinal Metaplasia) 

 

 ESD (n=27) EMR (n=43) RFA alone (n=21) 

CRD in LGD 1/1 (100%) 4/4 (100%) 7/7 (100%) 

CRD in HGD 4/4 (100%) 24/26 (92.3%) 14/14 (100%) 

CRD in IMC/SM 21/22 (95.5%) 10/13 (76.9%) N/A 

CRD (total) 26/27 (96.3%) 38/43 (88.4%) 21/21 (100%) 

CRIM in LGD 1/1 (100%) 4/4 (100%) 5/7 (71.4%) 

CRIM in HGD 3/ 4 (75%) 21/26 (80.8%) 14/14 (100%) 

CRIM in IMC/SM 19/22 (86.4%) 10/13 (76.9%) N/A 

CRIM (total) 23/27 (85.2%) 35/43 (81.4%) 19/21 (90.5%) 

 

7.5.5 Potential factors affecting stricture rates  

Barrett’s length, use of circumferential ablation and circumferential extent of endoscopic 

resection were identified as factors that correlate to stricture formation. A univariate analysis 
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of these factors was performed though none were found to be significant predictors of 

stricture formation (table 7.6).  

 

Table 7.6: Univariate analysis of Factors predicting Stricture Formation 

 

Factor/variable Odds ratio (95% confidence 

interval) 

P value 

Barrett’s length 1.16 (0.89-1.51) 0.27 

Circumferential ablation 3.87 (0.51-Infinity) 0.16 

Circumferential extent of 

resection 

1.03 (0.97-1.09) 0.40 

 

7.6 DISCUSSION 

 

Endoscopic resection of visible dysplastic lesions followed by ablation is an established 

treatment algorithm for early Barrett’s neoplasia. Although EMR has been more widely used 

as a resection technique, there is increasing evidence to support the use of ESD. Given the 

greater depth of dissection in ESD that could lead to oesophageal scarring, there may be a 

higher risk of complications such as stricture formation and perforation during subsequent 

ablative procedures. Previous studies including large scale multicentre UK and US registries 

have measured safety and efficacy outcomes of EMR and RFA compared to RFA alone and no 

significant differences have been reported.359,517 Li et al., reported a stricture rate of 8.4% 

with EMR before RFA in 406 patients which did not differ significantly from 857 patients 

undergoing RFA alone (7.2%, p=0.48) in a nationwide study from 148 US institutions. One of 

the earlier retrospective analyses from the Mayo clinic in Rochester, USA of 90 patients (44 

had RFA after EMR, 46 had only RFA) also showed that the stricture rates in both groups were 

comparable (14% in the group with RFA + EMR vs 9% in the RFA alone group, p>0.05).352 

However, a systematic review and meta-analysis (37 studies, 9200 patients) to assess the rate 

of adverse events associated with RFA with and without EMR showed that the relative risk of 

RFA with EMR was higher (4 fold).526 Factors such as the length of Barrett's and baseline 

histology were associated with adverse events.  
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The use of different resection methods (EMR or ESD) within a single cohort of patients 

undergoing RFA in this institution provided a unique opportunity to study the effects of 

ablation following each method of resection. To our knowledge, this is the first observational 

cohort study which has compared the safety and efficacy of RFA following two different 

resection techniques (EMR and ESD). This has added to our understanding of outcomes for 

patients undergoing ESD which we hope may facilitate greater adoption of the technique in a 

selected group of patients who will benefit.  

 

The overall complication rate in this series is lower (6.6%) than in other studies with just 5 

patients developing strictures and 1 bleed. This compares favourably to the stricture risk of 

14% quoted in the aforementioned study by Okoro et al.,352 in a similar group size and the 

stricture risk of 8.4% in a much larger multicentre cohort study carried out by Li et al.517 It is 

also lower than the stricture rate noted in initial UK RFA registry data (9%).359 In our study, 

the risk of complications in all cases was associated with previous ER. 4 of the 5 strictures 

occurred in the group of patients who had undergone EMR prior to RFA with 2 of these 

patients having had 2 previous EMRs each though none had a circumferential resection. The 

rate of stricture formation was higher in the EMR pre-RFA group (9.3%) compared to the ESD 

pre-RFA group (3.7%) though this did not reach statistical significance. As the total number of 

stricture complications were small in this study, we were not able to identify a significant 

predictor of stricture formation but there may be differences in healing following EMR 

compared to ESD which could account for the differing stricture rates.  

The stricture rate among patients undergoing endoscopic resection followed by RFA in this 

series was 5.7% which is low compared to existing series where this ranges from 7-14%. This 

is in part due to the expertise and experience of the main operator in the study who has 

performed more than 500 ESD procedures. This may explain the relative paucity of 

complications which may not necessarily reflect the heterogeneity of RFA practice in other 

smaller units. The Portsmouth treatment algorithm that advocates both types of endoscopic 

resection (ESD or EMR depending on lesion morphology) also helped to reduce complication 

rates by ensuring the most appropriate resection technique is used. As EMR is a suction based 

technique, the area of the resection defect is dependent on the amount of mucosa suctioned 

(less precise method than ESD) and may be larger than a similar lesion removed via ESD. As 
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stricture formation is related to the size of the defect, this could explain the higher stricture 

rate in the EMR group and in other studies where EMR was the chosen resection technique.  

 

The response to RFA may also be related to histology as CRD was achieved in all (100%) LGD 

compared to 95.5% in HGD and 88.6% in IMC. When analysed according to resection method, 

CRD showed a numerical trend in favor of ESD compared to EMR (96.3% vs 88.4%, p=0.25). 

Despite the use of enhanced imaging and acetic acid guided chromoendoscopy to guide lesion 

recognition in experienced hands, Barrett’s neoplasia can be subtle and easily missed. ESD 

allows clearer marking and delineation of resection margins thereby increasing the chances 

of complete curative resection and eventually higher rates of dysplasia clearance following 

completion of ablation.  

CRIM was similar between EMR (81.4%) and ESD (85.2%) groups but higher in the group of 

patients undergoing RFA alone (90.5%). This is reflective of more aggressive pre-treatment 

histology in the EMR and ESD groups with visible nodules containing HGD or IMC which may 

lead to a reduced CRIM response. The shorter length of Barrett’s in the ESD group (larger 

lesion size leading to larger resection area within Barrett’s) may also account for the 

marginally higher CRIM rates. Previous resection alters the shape of the oesophageal lumen 

and could lead to suboptimal contact between the ablation balloon and mucosa which would 

also explain the difference in CRIM.  

 

This study has several limitations that ought to be acknowledged. Firstly, this is a single centre 

retrospective observational study subject to the potential biases associated with its nature. 

Although relatively balanced, the numbers of patients in all 3 groups was not equal (fewer 

ESD than EMR patients). The groups of patients were not matched in terms of Barrett’s length 

and pre-treatment histology, but this was a pragmatic study where patients were treated 

according to their neoplasia stage. Nevertheless, it provides a unique insight on the safety of 

RFA following ESD in comparison with patients on a conventionally more established pathway 

(EMR + RFA).  

 

On the whole, this study has demonstrated good outcomes in all 3 groups of patients. Patients 

undergoing EMR had a lower prevalence of IMC/SM cancer (13/43, 30.2%) compared to ESD 

where this figure was significantly higher (22/27 or 81.5%, p <0.05). This validates the unique 
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treatment algorithm practiced with a tumour stage directed approach and supports ongoing 

use of this treatment stratification pathway when assessing visible neoplastic lesions within 

Barrett's oesophagus.  

 

The role of ESD in the management of Barrett’s neoplasia is becoming clearer and this study 

shows that there are no significant detrimental effects when RFA is used following this 

resection technique. However, given the relatively small numbers of patients in this study, 

further research involving multiple centres conducted on a prospective basis would be 

beneficial to validate these results on a wider scale.   
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Chapter 8: A prospective observational study exploring the role of a novel self-assembling 

peptide in haemostasis and prevention of bleeding related to endoscopic resection 

 

8.1 INTRODUCTION 

 

8.1.1 Bleeding: A potential complication of endoscopic resection 

Endoscopic techniques and technology have evolved rapidly over the past decade resulting in 

earlier identification of gastrointestinal neoplasia. When diagnosed at an early stage, these 

neoplastic or pre-cancerous lesions are amenable to removal endoscopically thereby saving 

the patient the need for invasive surgery which carries a higher morbidity and mortality rate. 

We have previously discussed the role of endoscopic resection techniques such as endoscopic 

mucosal resection (EMR) and endoscopic submucosal dissection (ESD) as first line treatments 

for removal of early gastrointestinal neoplasia with good outcomes. However, these 

techniques are not without their risks. For example, bleeding is a well-recognised 

complication of endoscopic resection and may pose a challenge to the endoscopist both 

during the procedure and afterwards, if delayed bleeding is encountered. This risk can range 

between 1-15% depending on lesion location, co-morbidities and anticoagulant/anti-platelet 

agent usage527. 

 

8.1.2 Existing methods of bleed control 

Current methods of haemostatic control during endoscopic resection such as 

electrocoagulation and clip placement may increase the risk of thermal injury or impede 

further resection. Prophylactic coagulation of visible vessels to reduce the risk of delayed 

bleeding has not been shown definitively to provide benefit in a study looking at colonic EMR. 

Here, there was no difference in the rate of clinically significant post EMR bleeding compared 

to a control group (5.2% vs 8.0%).433 This study also found that there were significantly more 

and larger visible vessels noted in the distal colon but a higher rate of post EMR bleeding in 

the proximal colon.  

Whilst adrenaline injections are a useful adjunct to haemostasis, their benefits are often short 

lived and definitive treatment is still required. Repeated application of diathermy (e.g via 

coagulation forceps) over the site may lead to a perforation. Over the past few years, topical 

haemostats have emerged as alternative modalities to manage GI bleeding. These are 
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typically available as opaque powders that can be sprayed over the bleeding point or 

endoscopic resection base to stem intraprocedural bleeding and reduce the risk of delayed 

bleeding452,528. These haemostats work by delivering a highly absorptive powder to the 

bleeding site which forms a stable mechanical barrier exerting tamponade to achieve 

haemostasis. The haemostatic function is also boosted by platelet aggregation and an 

increased concentration of clotting factors beneath the bleeding point. There are currently 

three commercially available powders available: TC-325 (Haemospray), Endoclot 

polysaccharide haemostatic system and Ankaferd Bloodstopper. They are supplied as spray 

powders that can be applied in a non-targeted fashion over the bleeding area or resection 

base. However, their opaque nature does not make them the ideal haemostatic agents for 

use during endoscopic resection. 

 

8.1.3 A new method for bleed control using a self-assembling peptide gel 

Recently, a novel self-assembling peptide (PuraStatÒ- 3D Matrix Ltd, France) was developed 

for use as a haemostat for treatment of exudative haemorrhages from small vessels in the GI 

tract. It has also been licensed for use to control exudative haemorrhage from vascular 

anastomoses and vessels in solid organs. It is built from a chain of 3 types of amino acids that 

bond together to form a peptide (Figure 1). In doing so, a specific shape forming capability is 

programmed into the peptide. The shape forming ability of the peptide enables millions of 

PuraStatÒ molecules to self assemble into fibres that form a matrix closely resembling a 

human extracellular matrix. It is activated when it comes into contact with bodily fluid as a 

change in pH and salt concentration triggers nanofiber network formation. The matrix sticks 

to and seals the blood vessel thereby facilitating haemostasis as a mechanical barrier is 

formed. This also facilitates platelet aggregation and activation of the clotting cascade for 

haemostasis. The gel is not absorbed by the gastrointestinal tract mucosa and eventually 

coalesces and sloughs off into the lumen before being eliminated. It is a safe, non-biogenic, 

biocompatible, resorbable peptide hydrogel with no risk of transmissible spongiform 

encephalopathy. 

 

It is unique amongst endoscopic haemostats as it is delivered as a transparent viscous gel 

(supplied in 1, 3 and 5 ml syringes). It is applied through a fine custom made catheter inserted 

into the biopsy channel of the endoscope (minimum channel diameter of 2.8 mm) which can 
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be used in very small spaces. The gel can be applied in the general area of bleeding and does 

not require precise application to the exact point of bleeding. 

 

Recent studies have highlighted its potential role in ESD induced gastric ulcer healing and in 

reducing delayed bleeding through the formation of a protective mucosal barrier over the 

resection site529. However, there is limited data on its use as a primary haemostat530.  

 

 
Figure 8.1: Peptide structure of PuraStatÒ 

 

8.1.4 Study Aim 

The primary aim of our study was to assess the safety, efficacy and technical feasibility of 

PuraStatÒ as a primary haemostat to control bleeding during endoscopic resection. The 

secondary aim was to evaluate its impact on 30-day delayed bleeding rates.  

 

8.2 METHODS 

 

8.2.1 Setting and Study Design 
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This was a prospective observational cohort study on 100 patients undergoing complex 

endoscopic resection at the Queen Alexandra Hospital in Portsmouth (a tertiary referral 

centre for endoscopic resection) between January 2016 and September 2017. Patients 

provided written informed consent for the endoscopic procedure.  

PuraStatÒ was used on all these patients. The complexity of the procedures related to the 

large lesion size (>3 cm), scarring or presence of neoplasia necessitating the use of ESD and 

higher risk of bleeding attributed to anticoagulant use and anatomical location.  

 

8.2.2 Definitions 

Intraprocedural bleeding - Bleeding occurring during the endoscopic resection procedure 

necessitating the use of a method of endoscopic haemostatic control or requiring other 

medical intervention (radiological/surgical) with or without a blood transfusion 

 

Delayed bleeding - Overt haemorrhage (melaena, haematochezia) occurring between 24 

hours up to 30 days post procedure and requiring medical intervention 

(endoscopic/radiological/surgical management) with or without a blood transfusion.   

 

8.2.3 Datapoints 

Data on patient demographics and anticoagulant or antiplatelet medication use was 

prospectively collected from the medical records when the patient attended for endoscopy. 

Lesion size, location, nature of bleeding, volume of PuraStatÒ used and any additional 

haemostatic methods used were recorded. The area of the resection base was calculated 

based on the lesion size & diameter using the equation ! = #$!. To assess the feasibility of 

use, the ease of application and any interference of the gel in the ongoing resection was also 

recorded. 3 grades of intraprocedural bleeding were identified: 

 

Grade 1: Ooze from a venous vessel (mild) 

Grade 2: Non spurting venous vessel bleed (moderate) 

Grade 3: Spurting arterial vessel bleed (severe) 

 

All data was entered onto a database stored within Microsoft Excel on a password protected 

NHS computer.  
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8.2.4 Study Procedures and Interventions (ESD; hybrid ESD; EMR) 

All procedures were carried out with high definition endoscopes (EG-760R, EC-760V/M - 

Fujifilm; GIF-HQ290, CF-HQ290L - Olympus). The ESD knives used were Flush (DK2618J 

Fujifilm), Dual or IT2 knife (Olympus). A standard lifting solution (500mls Gelofusine with 1ml 

of 1:10000 adrenaline and 1ml 1% indigocarmine) was used in all cases.  

 

Diathermy was delivered via the ERBE VIO 300D electrosurgical generator (Erbe Tubingen 

Germany). In ESD, the mucosal incision was performed using Endocut I (effect 2) and 

submucosal dissection using swift coagulation (effect 4, 50W). For EMR or snare resection 

during hybrid ESD, a blended current (Endocut Q) was used. Bleeding was treated with the 

knife or snare tip using forced/swift coagulation or Coagrasper (Olympus) in soft coagulation 

mode (effect 4, 80W).  

 

Hybrid ESD was used if complete dissection was not possible in certain cases due to technical 

factors such as challenging access or submucosal fibrosis. Therefore, a snare was used to 

complete the resection once the majority of the lesion had been dissected.  

 

All upper GI procedures were carried out under general anaesthetic whereas conscious 

sedation was used for lower GI procedures.   

 

8.2.5 PuraStatÒ Application for Haemostasis and Prophylaxis 

PuraStatÒ was used as a haemostat for intraprocedural bleeding and prophylactically over the 

resection base. Pre-filled 3 ml syringes were connected to a 1600 mm (gastric) or 2200 mm 

(colonic) customised catheter inserted through the endoscope channel.  

 
 

Figure 8.2: A 3 ml syringe of PuraStatÒ 
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PuraStatÒ was used as a primary haemostat when venous oozing was encountered. It was 

applied directly over the bleeding point (Figure 8.3) and the time taken for haemostasis was 

recorded. Diathermy was used as an additional haemostatic method if PuraStatÒ was not 

effective. Given this was a pragmatic observational study, PuraStatÒ was also used in some 

cases of arterial bleeding at the endoscopist's discretion.  

PuraStatÒ was applied over the resection base at the end of each procedure. In order to 

ensure sustained contact between the gel and the resection base, application was started 

from the anti-dependent side of the lateral edge of the base using gravity to allow the gel to 

slide into the centre. Gentle suction was used to bring the edges of the base closer to facilitate 

an even application and ensure complete coverage. It is important to note that the catheter 

was not retracted back into the scope for at least 15 seconds following deployment of 

PuraStatÒ. During this time, the endoscope position is maintained to observe the haemostatic 

effect. This prevents any gel dislodgement due to capillary action of catheter withdrawal or 

mechanical movement from the scope. Figure 8.4 highlights its transparent nature.  

 

 
Figure 8.3: Application of PuraStatÒ over the bleeding point 
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Figure 8.4: Transparent nature of PuraStatÒ 

 

8.2.6 Follow Up 

High dose proton pump inhibitor therapy (40mg omeprazole twice daily or equivalent) was 

administered to all patients undergoing upper GI endoscopic resection for 6 weeks post 

procedure. Anticoagulants or antiplatelets were reinstated 48 hours following resection 

according to the endoscopist’s preference. Adverse events such as delayed bleeding and 

perforation were recorded for 30 days post procedure.  

  

8.2.7 Statistical Analysis 

Descriptive statistics were used, continuous variables were expressed in terms of mean (with 

standard deviation/SD as a measure of variability) and categorical variables were expressed 

as proportions. Pearson's chi squared test was used to compare proportions with p<0.05 

considered as significant.  

 

 

8.3 RESULTS 

 

8.3.1 Patient, Procedure & Lesion Characteristics 

100 patients undergoing endoscopic resection were included in the study (79 underwent 

ESD/hybrid ESD and 21 had EMR). The mean age of the patients was 69.3 years with a male 



 255 

majority (68% male, 32% female). 30% were on anticoagulant/antiplatelet therapy (9-

warfarin, 19-aspirin or clopidogrel and 2-novel oral anticoagulant).  

 

Most resections were undertaken in the oesophagus (48%), followed by colorectum (31%), 

gastric (11%) and duodenum (10%). The mean lesion size was 3.67 (SD = 2.12) cm with a mean 

resection base area of 14.05 cm2 (SD=16.47). The final resection histology confirmed high risk 

neoplasia (carcinoma or high grade dysplasia) in 59 lesions (58 in the upper GI tract and 1 in 

the lower GI tract) [Table 8.1].   

 

Table 8.1: Lesion Characteristics according to Location 

 

Location Histology Number Mean lesion 

specimen size 

(cm) 

Mean area of 

resection base 

(cm2)  

Oesophagus  48 3.19 (1.95) 10.89 (14.96) 

 Barrett’s 

adenocarcinoma 

33   

 Barrett’s high grade 

dysplasia 

10   

 Intestinal 

metaplasia 

3   

 Squamous dysplasia 2   

Gastric  11 4.73 (1.68) 19.57 (13.56) 

 Adenocarcinoma 8   

 High grade dysplasia 3   

Duodenum  10 2.80 (1.48) 7.70 (6.11) 

 Adenoma 9   

 Neuroendocrine 

tumour 

1   

Colon   16 3.02 (1.33) 7.88 (7.29) 

 Adenoma 13   
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 Sessile serrated 

lesion 

2   

 Hyperplastic 1   

Rectum  15 5.83 (2.40) 30.96 (22.74) 

 Adenoma 15   

Parentheses indicate standard deviations 

 

8.3.2 Nature of Bleeding & Haemostatic Efficacy of PuraStatÒ  

Grade 1 & 2 bleeds were the most commonly encountered [noted in 62 resections (62%)] 

though bleeding did also arise from a spurting vessel in 6 (6%) cases. PuraStatÒ was used for 

intraprocedural bleeding in 64/100 (64%) resections (33 oesophageal, 5 gastric, 6 duodenal, 

20 colorectal) and applied prophylactically to cover the resection base in all 100 cases. It was 

effective in 48/64 (75%) of cases. This was stratified according to location where PuraStatÒ 

terminated bleeding in all duodenal, 81.8% of oesophageal, 80% of colonic, 60% of gastric and 

40% of rectal intraprocedural bleeding. When both modalities of endoscopic resection were 

compared (ESD and EMR) it was noted that there was no significant difference between the 

proportion of cases with intraprocedural bleeding (64.5% vs 61.9%, p=0.60). There was a 

greater proportion of Grade 1 bleeds in the EMR group compared to ESD (23.8% vs 6.3%, 

p<0.02). Grade 3 (spurting) bleeds were the minority bleed type and only seen in 7.6% of ESD 

cases (Table 8.2).  

PuraStatÒ was effective (with no additional haemostatic method) in 72.6% (45/62) of venous 

type (Grade 1 & 2) bleeds and 50% (3/6) of spurting (Grade 3) bleeds (p=0.25) as shown in 

Table 8.3.   

 

Table 8.2: Grade of bleed according to type of procedure 

 

Procedure 

type 

Bleed type 

Grade 1 

alone 

Grade 2 

alone 

Grade 3 

alone 

Grade 1 & 2 No 

intraprocedural 

bleeding 
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ESD and 

hybrid ESD 

(n=79) 

5  

(6.3%) 

2  

(2.5%) 

6 

(7.6%) 

38  

(48.1%) 

28  

(32.0%) 

EMR (n=21) 5  

(23.8%) 

1  

(4.8%) 

0 7  

(33.3%) 

8  

(38.1%) 

 

Table 8.3: Nature of Bleeding and Technical Aspects of PuraStatÒ application 

 

Parameter Oesophagus 

 

Gastric 

 

Duodenum  Colonic 

 

Rectum 

 

N, % 48 11 10 16 15 

Primary 

haemostat in 

mucosal oozing 

33  

(68.8%) 

5 (45.5%) 6  

(60%) 

10 (62.5%) 10 (66.7%) 

Amount of 

PuraStatÒ used 

for haemostasis 

per lesion 

(mean, ml) 

1.53 3.7 1.78 1.31 1.98 

PuraStatÒ 

successfully 

achieved 

haemostasis 

27/33 

(81.8%) 

3/5 

(60%) 

6/6 

(100%) 

8/10 

(80%) 

4/10 

(40%) 

Average time 

taken to 

achieve 

haemostasis 

(sec) 

69.4 26.7 50.7 102.5 69.7 

Amount of 

PuraStatÒ used 

for prophylactic 

2.57 3.31 2.33 1.86 2.82 
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coverage of 

resection base 

per lesion 

(mean, ml) 

Amount used 

per cm2 (ml) 

0.24 0.17 0.30 0.24 0.10 

 

8.3.3 Delayed Bleeding 

There were 3 instances of delayed bleeds in this study – 2 following gastric ESD (both lesions 

were early gastric cancers located in the antrum) and 1 following oesophageal ESD for 

adenocarcinoma. PuraStatÒ had been used prophylactically in all cases and was only required 

for intraprocedural haemostasis in the oesophageal ESD where it terminated the bleeding 

successfully without diathermy. One gastric ESD bleed occurred 5 days post procedure whilst 

the other occurred 10 days post. Both of these patients were on anticoagulants 

(warfarin/clopidogrel) that were restarted on day 2 post procedure. They underwent urgent 

endoscopy upon presenting with melaena and in one case endotherapy was required 

(bleeding from a visible vessel stemmed with adrenaline injection + clip placement). Neither 

required a blood transfusion and both were discharged thereafter.  

The post oesophageal ESD bleed occurred on day 1 post procedure and endoscopy revealed 

a clot over the resection base but no active bleeding. No endotherapy or blood transfusion 

was required. 

There was no haemodynamic instability in all 3 patients, and none experienced a rebleed 

following the second endoscopy procedure (Table 8.4).    

The delayed bleeding rate in colonic and duodenal ER was 0%.  

 

Table 8.4: Characteristics of Delayed Bleeds 

 

Location Oesophageal  Gastric Antrum Gastric Antrum 

Patient age (years) 82 78 86 

Gender Male Male Male 

Specimen size (cm) 2.5 6 6 
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Histology Intramucosal 

adenocarcinoma 

-pT1aM3 

High grade dysplasia Adenocarcinoma 

– pT1bSM1 

Anticoagulant use Nil Warfarin Clopidogrel 

Onset post 

procedure 

1 day 5 days 10 days 

Endoscopy findings Clot over resection 

base 

Bleeding from visible 

vessel 

Clot over 

resection base 

Endotherapy No Yes  

(6mls 1:100000 

adrenaline injection + 

bipolar coagulation) 

No 

Blood transfusion No No No 

Rebleed post 

endoscopy 

No No No 

 

8.3.4 Feasibility & Technical outcomes 

The average volume of PuraStatÒ used for intraprocedural bleeding (per lesion) was 1.76 ml 

(SD=1.40) whereas 2.56 ml (SD=1.13) was the average required for complete coverage of the 

resection base. The average time taken to achieve haemostasis using PuraStatÒ was 69.5 

seconds (SD=68.5). In all cases, the endoscopist rated PuraStatÒ as being ‘easy to apply’ with 

no instances of catheter blockage, catheter kinking or interference with visibility. There were 

no instances of allergic reaction or hypersensitivity, pain or thromboembolic events related 

to PuraStatÒ use.  

 

 

8.4 DISCUSSION 

 

Endoscopic resection is rapidly replacing major surgical resection due to development of new 

techniques like ESD. These procedures are associated with an increased risk of perforation 

and bleeding. Although these risks are mitigated by improved endoscopic skill, carbon dioxide 
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insufflation and better endoscopes, the risk of intraprocedural bleeding and delayed bleeding 

remains high. PuraStatÒ is a novel agent with haemostatic properties. It has been used in 

cardiovascular surgery531,532 and in small ESD series530 with promising results.  

 

Our study demonstrates that PuraStatÒ was effective as a single agent in controlling 

intraprocedural bleeding in 75% of cases where bleeding was encountered. We also identified 

the type of bleed where it is more effective. Its haemostatic properties were best 

demonstrated in grade 1 and grade 2 venous type bleeds (where it stopped bleeding in 73%) 

compared to grade 3 arterial type spurting bleeds where it worked in only half the cases. 

Despite complete coverage of the bleeding point during a brisk bleed, the adhesive properties 

of the gel were hampered due to the rate and volume of the bleed, thereby preventing 

adequate haemostasis. This observation has an important clinical implication as it can help 

the endoscopist choose the most appropriate haemostatic modality according to the grade 

of the bleed. It is also important to note that PuraStatÒ did not affect the use of any additional 

haemostatic modality (diathermy) or ongoing resection. This is due to its transparent nature 

and electrical conductivity of the gel in the presence of bodily fluids. 

 

We also identified the average time taken to achieve haemostasis using PuraStatÒ(69.5 

seconds). This is shorter than noted in a previous study of 16 patients undergoing endoscopic 

resection of gastric tumours where the time required for haemostasis was 105 +/- 87 

seconds530. Our cohort was much larger with just a single endoscopist using the device – the 

growing cumulative experience may have led to a learning curve effect for its precise 

application enabling quicker haemostasis. It is also possible that the speed at which it works 

not only depends on the type of bleed but also on the location of the lesion as this differed in 

each anatomical location. The sample size outside of the oesophagus and colon/rectum is not 

enough to draw any isolated clinical conclusion but suffice to say that PuraStatÒ works in just 

over a minute irrespective of the site. We believe that if haemostasis is not observed (despite 

adequate coverage of the bleeding point) after this time then the endoscopist should apply 

another haemostatic modality.  
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Several large studies on endoscopic resection outcomes have reported delayed bleeding rates 

of between 4-9% for gastric ESD533–535, 6.2% for colonic EMR407,536, 2.7% for colonic ESD320, 5-

20% for duodenal EMR537,538,539, 1.7% for Barrett's ESD340 and 1.1% for Barrett's EMR307. 

Alternative techniques to prevent bleeding have been explored as advances in resection were 

made over the past decade. However, a recent meta-analysis of prophylactic clipping in 

colorectal ESD found no decrease in delayed bleeding540. A study of prophylactic coagulation 

after wide field colonic EMR also found no significant difference in rates of delayed bleeding 

compared to a control group (5.2% vs 8.0%)433. By contrast, prophylactic coagulation may be 

more effective in the upper GI tract in reducing delayed bleeding following gastric ESD541. 

Topical polysaccharide haemostats may have a role in preventing EMR rated bleeding as 

evidenced by a study of 82 patients receiving Endoclot with a delayed bleeding rate of 3.7%452. 

One other study reports a delayed bleeding rate of 6.2% following prophylactic application of 

PuraStatÒ though this study included fewer lesions (56 patients with 65 lesions) with a 

majority resected via ESD (61.5%)542.  

 

The overall delayed bleeding rate was 3% in this study. This is lower than anticipated in this 

high risk group where all lesions were over 2 cm and 30% of patients were on antithrombotic 

therapy. 2 of the 3 delayed bleeds occurred following ESD of early gastric antral cancers. Both 

lesions were 6 cm in size and the patients resumed anticoagulant therapy post procedure, 

reflecting the skewed bleeding risk in this group. Previous studies have shown that a larger 

lesion size, antithrombotic therapy and location within the antrum are factors associated with 

higher rates of delayed bleeding.426,543 Careful consideration should be given to the timing of 

restarting antithrombotic therapy in this group as no specific guidelines exist. Given the 

paucity of literature in this area, future prospective trials with a matched control group will 

be useful to determine if the delayed bleeding rate is reduced in all patients receiving 

PuraStatÒ  prophylactically or if it is most useful in patients stratified as having a higher 

bleeding risk (e.g those on interrupted antithrombotic therapy that will need to be resumed 

post endoscopy).  

 

Our results show that PuraStatÒ is safe and easy to use – with no reported adverse events 

including allergic reactions. This is due to its synthetic nature. Unlike other synthetic 

haemostats, it is unique in being transparent and delivered through a fine catheter, thereby 
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permitting targeted application of the gel over the bleeding vessel. There were no incidences 

of catheter blockage and PuraStatÒ was delivered successfully to the desired site in all cases 

with no technical challenges. The endoscopist can accurately evaluate its efficacy as the 

bleeding can be seen to cease beneath the transparent layer of the gel. Further endoscopic 

resection can continue once haemostasis has been achieved as the gel does not hinder the 

movement of the endoscopic knife during submucosal dissection and no detrimental impact 

on electrical conductivity through the gel was observed.  

 

However, this study has several limitations. It was conducted in a single centre and lacked a 

matched control group. It does not stratify the type of patient or lesion that PuraStatÒ should 

be used as a first line agent on. This was due to the lack of data on its haemostatic efficacy in 

endoscopic resection which would have affected the design of a controlled trial. One small 

other pilot study evaluating its haemostatic efficacy was carried out though this was limited 

to a small group of patients (n=12) undergoing gastric ESD.530 Following the completion of 

this study, more recent data has emerged from de Nucci et al., demonstrating relatively high 

efficacy (haemostasis in 90% of patients, with bleeding recurrence in 10%) of PuraStatÒ in 

refractory acute gastrointestinal bleeding.544 Our study provides new data on the efficacy of 

this haemostat in a range of resection procedures in various anatomical locations and 

establishes the type of bleed in which it is found to be more effective.  

 

Although this study was not powered, the data collected encompassed a large group of 

patients undergoing various endoscopic resection procedures. It is the largest study reporting 

haemostatic outcomes of this novel device for use during endoscopic resection where 

bleeding can be encountered. The results have demonstrated that it is an effective haemostat 

in ¾ of bleeds with an overall low rate of delayed bleeding in this high risk cohort. We will 

next explore the use of this agent in the context of a randomised controlled trial comparing 

PuraStatÒ with conventional haemostatic methods like diathermy to further understand its 

role as a haemostat during complex endoscopic resection.  
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Chapter 9: Assessing the haemostatic properties of a novel self assembling peptide 

(PuraStatÒ) in the control of bleeding in endoscopic submucosal dissection: A randomised 

controlled trial 

 

9.1 INTRODUCTION 

 

Chapter 8 explored the use of a novel self assembling peptide (PuraStatÒ) in the context of 

stopping bleeding during endoscopic resection. However, the data from this study lacked a 

control group for comparison. Nevertheless, it provided promising preliminary results on the 

efficacy of the peptide gel in controlling intraprocedural bleeding during endoscopic resection 

and demonstrated the safety and ease of use of this device.  

 

In this chapter, we will discuss the design, implementation and results from a prospective 

randomised controlled trial using PuraStatÒ to control bleeding in endoscopic submucosal 

dissection (ESD).  

 

9.1.1 Control of Bleeding during ESD and its associated risks 

As discussed previously in Chapter 3, endoscopic submucosal dissection can be associated 

with bleeding. Due to the location of dissection within the submucosal layer which is rich in 

small blood vessels, intraprocedural bleeding is commonly encountered. The usual method 

of controlling intraprocedural bleeding is by using electrocautery that is applied through the 

tip of the knife or via haemostatic forceps such as a Coagrasper (Olympus Medical).545,546 Each 

lesion may have multiple bleeding points necessitating numerous applications of heat to 

achieve haemostasis. The application of heat introduces a thermal injury to the mucosal lining 

that can lead to perforation and pain post procedure. There is also a risk of post ESD 

electrocoagulation syndrome (PEECS) associated with female patients, right sided colonic 

lesions and lesion size >4cm.547 

Furthermore, the precise targeting of the bleeding point for cautery may be challenging in 

situations where endoscopic access is difficult and a bulky instrument like a Coagrasper is 

required. Dilute adrenaline (1:10,000) has also been used (added to lifting solution or injected 

directly) for haemostasis or to reduce the risk of intraprocedural bleeding. Haemostasis is 

achieved through a combination of tamponade, vasoconstriction and platelet activation. 
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Whilst adrenaline injections are a useful adjunct to haemostasis, their benefits are often short 

lived (higher rebleeding rate) and definitive treatment is still required.   

 

9.1.2 Delayed bleeding 

Delayed bleeding is another risk associated with endoscopic submucosal dissection. This risk 

can range from 1-15% depending on various factors including lesion location, lesion size and 

anti-thrombotic medication use.527 The delayed bleeding risk is highest for lesions removed 

from the stomach (4-9%), duodenum (5-20%) and proximal colon (2.7%). Post ESD bleeding 

can lead to a hospital admission, blood transfusion and the need for further medical or 

surgical haemostatic intervention. Various methods of reducing the risk of post ESD bleeding 

have been studied including the use of prophylactic clipping, coagulation of vessels and 

application of topical haemostats over the resection base. However, a meta-analysis on 

prophylactic clipping following colonic polyp endoscopic resection showed no benefit.540 

More recent studies have suggested that prophylactic clipping may only be of benefit in large, 

proximal colonic lesions.436,437 Prophylactic coagulation of vessels over the resection base has 

only been shown to be effective in reducing post-ESD bleeds in the upper GI tract 

(gastric).541,432  

 

9.1.3 Early literature on the use of PuraStatÒ 

The structure and mechanism of PuraStatÒ was explained in the previous chapter.  

Initial laboratory and animal based studies investigating this peptide have shown a wide range 

of benefits in addition to its haemostatic properties.548,549,550–552 See Table 9.1 for studies with 

key highlights on haemostatic effects. Ex vivo models have shown accelerated cartilage and 

bone growth and importantly, regeneration of soft tissues. This may prove beneficial in 

improving wound healing. A preclinical study in abstract form using porcine models showed 

that PuraStatÒ particles were visible in 33% of treated sites 6 days post endoscopic resection 

which may explain its role in the reparative healing process.553   

 

Table 9.1: Laboratory/Animal Studies in the development of PuraStatÒ 

 

Year Author Title Procedure/organs Key message 
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2006 Ellis-Behnke RG 

et al.554 

Nano hemostat 

solution: 

immediate 

hemostasis at 

the nanoscale 

Brain 

Spinal Cord 

Liver 

Femoral artery 

Skin  

First nanotechnology 

study demonstrating 

the use of Purastat as 

a haemostat in 

various sites of injury 

2010 Song et al.552 Hemostatic 

efficacy of 

biological self-

assembling 

peptide 

nanofibers in a 

rat kidney 

model 

Kidney (partial 

nephrectomy) 

RADA16-1 produced 

haemostasis after 

experimental renal 

injury compared to 

controls with minimal 

histological 

responses 

2013 Cheng et al.555 Self-assembling 

functionalized 

nanopeptides 

for immediate 

hemostasis and 

accelerative 

liver tissue 

regeneration 

 

Liver Haemostasis 

achieved within 

seconds in a rat liver 

model and enhance 

liver tissue 

regeneration 

2012 Wang et al.556 Molecular 

mechanisms of 

RADA16-1 

peptide on fast 

stop bleeding in 

rat models 

Spinal cord 

Liver 

Mechanism of 

haemostasis 

illustrated 

(nanofiber and 

rigidity of scaffold 

key) 

 

The first clinical trial of PuraStatÒ (then known as TDM-621) was conducted in vascular 

surgery where it was used on 33 vascular anastomotic sites in 25 patients.531 It was an 
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effective haemostat in 87.9% and no post-operative bleeding was noted. Since then, several 

other studies mainly in the field of endoscopy have been carried out to investigate its impact 

on delayed bleeding and wound healing following endoscopic resection. At the time our study 

was designed, there was only one small study (12 patients undergoing gastric ESD) assessing 

the haemostatic efficacy of PuraStatÒ - this showed that the device was effective in 11/12 

patients.530 PuraStatÒ has been shown to be safe with no adverse events related to the device 

reported in any of the studies.  

 

However, a major limitation of the evidence available is that all the studies carried out so far 

have lacked a control group for comparison. The table below summarises the published 

literature available on this novel haemostatic device.  

 

Table 9.2: Clinical Studies in Humans using PuraStatÒ 

 

Author 

(year) 

Number of 

patients 

Trial design Aim Outcome 

Masuhara 

et al.531 

(2012) 

25 

(CABG n=9, 

abdominal 

aortic graft 

replacement 

n=4, 

peripheral 

artery 

bypass 

n=12) 

Prospective 

observational 

-Haemostatic 

efficacy of 

application to 

33 vascular 

anastomoses 

-Post 

operative 

bleeding  

Efficacy = 87.9% (29/33) 

No postoperative bleeding 

No adverse events related to 

the device 

Yoshida 

et al.530 

(2014) 

12 Prospective 

observational 

- Haemostatic 

efficacy during 

gastric ESD 

‘Remarkably effective’ in 11 

patients, ‘effective’ in 1 

patient 

No delayed bleeds 

No adverse events 
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- Delayed 

bleeding post 

ESD 

Uraoka et 

al.529 

(2016) 

47 patients 

(53 lesions) 

Prospective 

observational 

- Post gastric 

ESD bleeding 

rate 

- Wound 

healing at 

weeks 1, 4 and 

8 post ESD 

- Post ESD bleeding rate was 

2% 

- 96% achieved healing 

ulceration at week 1 

- 19% achieved scarring state 

at week 4 and 98% at week 8 

- No adverse events 

Pioche et 

al.542 

(2016) 

56 patients 

(65 lesions) 

Retrospective  - Delayed 

bleeding rate 

post 

endoscopic 

resection 

- 4 delayed bleeds occurred 

(6.2%) 

- No adverse events 

Lee et 

al.557 

(2017) 

60 patients Cohort 

observational 

- Post-

operative 

bleeding and 

adhesion 

prevention 

following 

turbinate 

surgery 

No cases of post-operative 

bleeding or adhesion 

formation 

Giritharan 

et al.532  

(2018) 

50 patients Prospective 

observational 

with 

questionnaire 

responses by 

10 surgeons 

To assess the 

feasibility of 

use in 

controlling 

intraoperative 

suture line 

bleeding 

No major cardiac adverse 

events 

The device was easy to use  
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during cardiac 

surgery 

De Nucci 

et al.544 

(2020) 

77 patients Retrospective, 

observational 

To assess the 

ability of 

PuraStatÒ to 

achieve 

haemostasis in 

refractory 

acute GI 

bleeding  

Successful haemostasis in 

90.9% of patients 

Recurrence of bleeding in 

10.4% of patients 

CABG: Coronary artery bypass graft; ESD: Endoscopic Submucosal Dissection; GI: 

Gastrointestinal 

 

There is a paucity of data on the efficacy of PuraStatÒ in controlling intraprocedural bleeding 

during endoscopic resection. However, if it could reduce the need for thermal haemostasis 

by controlling a proportion of bleeds encountered it would be of significant clinical benefit in 

ESD.  

 

9.1.4 Study Aim & Objectives 

The aim of this study is to assess the efficacy of PuraStat® in reducing the use of 

intraprocedural heat therapy during ESD. 

 

9.1.4.1 Primary Objective 

- To assess the reduction in intraprocedural heat therapy (number of bleeds treated by heat) 

during ESD when PuraStatÒ was used as a haemostat 

 

9.1.4.2 Secondary Objectives 

To undertake a comparison between the treatment (PuraStatÒ) and control groups in the 

following parameters:   

- Procedure length 

- Delayed bleeding rate 
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- Wound healing 

- Adverse events  

 

9.1.5 Trial Endpoints 

 

9.1.5.1 Primary endpoint: 

The mean reduction in intraprocedural heat therapy required in patients undergoing ESD 

where PuraStatÒ was used for haemostasis  

 

9.1.5.2 Secondary endpoints: 

- Total procedure length in both PuraStatÒ and control arms 

- Time taken for haemostasis using PuraStatÒ compared to the control (diathermy) 

- Delayed bleeding rate (%) in both PuraStatÒ and control arms 

- Proportion of patients with complete wound healing, scarring and healing ulceration present 

at first follow up endoscopy in both PuraStatÒ and control arms  

- Adverse events or complications  

 

9.2 METHODS 

 

9.2.1 Trial Design 

This study was a randomised controlled clinical trial involving patients undergoing ESD 

procedures in the oesophagus and colon. It was registered with clinicaltrials.gov 

(NCT02833558) and approved by the South Central Hampshire A research ethics committee 

(16/SC/0020, 23/01/2016) and Portsmouth Hospitals NHS Trust Research and Innovations 

department (PHT/2015/106). We aimed to recruit 100 patients into the study from a single 

site (Queen Alexandra Hospital, Portsmouth Hospitals NHS Trust).  

 

9.2.2 Study population 

Patients were identified for inclusion in the study based on referrals for endoscopic 

submucosal dissection procedures obtained from the cancer multi-disciplinary team meeting. 

This group of patients included patients referred to Portsmouth Hospitals NHS Trust for ESD 
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by clinicians from other hospitals (tertiary referrals). Baseline demographic data (age, gender, 

relevant co-morbidities, antithrombotic medication use) was recorded for each recruited 

patient.  

 

9.2.3 Inclusion Criteria 

- Adult male and female patients above the age of 18 years who were willing and able to 

provide informed consent 

- Patients undergoing ESD of oesophageal or colorectal lesions between 2 to 5 cm in size 

 

9.2.4 Exclusion Criteria 

- Patients under the age of 18 years  

- Patients who were unable to provide informed consent 

- Patients with submucosal tumours or deep submucosal invasion/involvement of the 

muscular layer 

- Patients with a known coagulopathy likely to affect the risk of bleeding* 

 

*patients on antithrombotic therapy that could be stopped or bridged pre-procedure were 

still eligible 

 

9.2.5 Randomisation 

All patients recruited into the study were randomised in a 1:1 fashion to one of the groups 

listed below: 

 

Intervention: PuraStatÒ for haemostasis control  

Control: Standard care for haemostasis (diathermy) 

  

Each participant was allocated a unique trial reference number and computer generated 

randomisation was carried out using a web based platform (sealedenvelope.com). This was a 

single blind study with the patient (not the endoscopist) blinded to the allocation of 

treatment. Due to the differences in the interventions it was not possible to blind the 

endoscopist performing ESD.  
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9.2.6 Study Procedure 

 

9.2.6.1 Endoscopic submucosal dissection 

All patients provided written informed consent for the ESD procedure and separate consent 

for participation in the research study. All oesophageal ESD procedures were done under 

general anaesthetic with a planned overnight stay in hospital. Colonic ESD procedures were 

carried out as daycase procedures with conscious sedation (midazolam and pethidine). All 

procedures were done with carbon dioxide insufflation and carried out using high definition 

endoscopes (colonoscope: EC-760V/M or EC-760ZP; gastroscope: EG-760R or EG-760Z, 

ELUXEO system Fujifilm Europe) with optical imaging (Blue Light Imaging) +/- magnification 

for characterisation and delineation of the lesion's margins.  

Patients on single antiplatelet therapy (aspirin) were advised to continue the medication 

while all other anticoagulants (clopidogrel, warfarin, heparin or direct oral anticoagulants) 

were discontinued according to national guidelines.417 These therapies were restarted 48 

hours post procedure at the discretion of the endoscopist.  

One endoscopist with expertise in ESD (lifetime experience of over 500 ESD procedures) 

performed all the ESD procedures. Submucosal injection using a standard lifting solution 

(500ml Gelofusine + 1ml 1:10000 adrenaline + 1ml 1% indigocarmine) was performed on all 

the lesions. A combination of Flush BT 1.5/2mm (Fujifilm), Dual J or IT2 knives (Olympus) were 

used for marking and submucosal dissection. An Erbe VIO 300D electrosurgical generator 

(Erbe Tubingen, Germany) was used for delivery of diathermy. Circumferential mucosal 

incision was carried out using Endocut I (effect 2, cut interval 3, cut duration 3) followed by 

submucosal dissection on swift coagulation (effect 4, 50W). Complete dissection and en bloc 

resection were not possible in some cases due to fibrosis preventing separation of the 

submucosal layer and increasing the risk of perforation. In these instances, a snare was used 

to complete the resection (hybrid ESD) but only once at least 75% of the lesion had been 

dissected using the knife.  

Procedure time was measured using the clock counter on the stack system by a member of 

the research team. The procedure length was measured in minutes as the time taken from 

the point of submucosal injection to the end of dissection.  

 

9.2.7 Haemostasis 
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The start and stop times for each bleed encountered during the procedure were measured 

using the clock counter on the stack system. The number of clinically insignificant bleeds that 

stopped spontaneously and did not require haemostatic treatment was recorded in both 

groups. The type of bleed (grade of severity) was also recorded using the definitions described 

in Chapter 8.  

 

Grade 1 - Mild venous or capillary bleed (ooze) 

Grade 2 - Moderate venous bleed from a visible vessel 

Grade 3 - Arterial spurting bleed 

 

Conventional haemostasis is managed by inducing coagulation using heat. This was supplied 

using an Erbe VIO 300 diathermy electrosurgical generator in one of two ways: 

1. via the endoscopic knife using swift coagulation current (effect 4, 50W) 

2. via haemostatic forceps (Coagrasper, Olympus Medical) using soft coagulation current 

(effect 4, 80W) 

   

9.2.8 Control group 

All patients allocated to the control group received conventional haemostatic treatment as 

above. The choice of the mode of electrocoagulation delivery was determined by the 

endoscopist based on the bleed severity. The Coagrasper was used in more severe bleeds. 

 

9.2.9 Interventional group 

This was a pragmatic real-life study designed to incorporate the use of PuraStatÒ into the 

treatment of intraprocedural bleeds in the interventional arm without increasing the 

complexity of the procedure, as the aim of the study was to assess the reduction (not the 

elimination) of heat therapy used in the presence of an alternative haemostat. All bleeds in 

the experimental arm were supposed to be treated by PuraStatÒ unless the endoscopist felt 

that diathermy (knife tip/Coagrasper) was a quicker and safer way to treat the bleed. 

PuraStatÒ was used for Grade 1 and 2 bleeds that were encountered outside the immediate 

vicinity of the tip of the knife, or when the bleeding point was not easily accessible for 

diathermy. This included where the bleeding point was not clearly visible due to blood 
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pooling, bleeding points situated in the deeper planes or at the edge of an incision where the 

bleeding vessel is not fully exposed or access to the lesion was unstable. 

 

Therefore, patients allocated to this group received either PuraStatÒ or electrocoagulation 

heat treatment depending on the severity of the bleed and in the submucosa as well as 

endoscopic access. The work presented in the previous chapter demonstrated that PuraStatÒ 

worked best in venous (Grade 1 and 2) type bleeds and was less effective in arterial bleeds. 

Therefore, the study protocol permitted the use of diathermy with the endoscopic knife tip 

(in Grade 1 & 2 bleeds) if the bleeding point was clearly visible in the immediate vicinity of 

the knife and Coagrasper in Grade 3 spurting bleeds where PuraStatÒwas not recommended. 

This strategy addressed any potential ethical dilemmas regarding the value of withdrawing 

the knife and inserting the catheter for PuraStatÒdelivery when the knife could achieve safe 

haemostasis. 

Syringes of PuraStatÒ (3 ml) connected to a gastric or colonic length catheter were used. 

When a bleed was identified, this catheter was inserted through the accessory channel and 

PuraStatÒ applied over the bleeding point. Just enough was applied in order to cover the 

bleeding point. The volume of PuraStatÒ used and the time to haemostasis was measured.  

If a bleed was not controlled by either PuraStatÒ or diathermy, the endoscopist was permitted 

to use any other therapy suitable to stop the bleed (e.g clips).  

 

9.2.10 Inspection of the resection base 

Once final dissection was complete, the resection base was inspected carefully for any visible 

vessels. The number of vessels was counted, and the size of the largest vessel estimated using 

the cup of a closed biopsy forceps. The diameter of the resection base was also measured. 

PuraStatÒ was applied for complete coverage of the resection base in all patients in the 

interventional group. Application was started on the anti-gravity side which allowed the gel 

to slide into the centre of the base thereby enabling the minimum amount of gel required for 

complete coverage to be recorded. No other treatment including prophylactic coagulation of 

visible vessels was carried out in both groups. The ease of application was recorded with a 

description of any problems related to the use of the gel (e.g catheter blockage, interference 

with visibility and interference with electrical conductivity through the knife).  
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9.2.11 Follow up 

All patients undergoing oesophageal ESD received high dose proton pump inhibitor therapy 

(40mg bd of omeprazole or equivalent) for 8 weeks post procedure. They returned 

approximately 4 weeks post procedure for a repeat endoscopy to inspect the ESD resection 

site. At this visit, details on any post procedure complications or adverse events (delayed 

bleeding, perforation, unexpected hospital admissions) related to the ESD were captured. 

Delayed bleeding was defined as overt haemorrhage (melaena, haematochezia) occurring 

between 24 hours up to 30 days post procedure and requiring medical intervention 

(endoscopic/radiological/surgical management) with or without a blood transfusion.   

All follow up endoscopies were carried out by two experienced endoscopy fellows who had 

received training in the wound healing classification of post ESD resection bases and were 

blinded to the randomisation allocation of the patient. In each case, high quality images of 

the resection base were captured.  

Wound healing was graded according to simplified descriptors based on our adaptation of 

the Sakita and Fukutomi ulcer staging classification558 as follows (Figure 9.1): 

 

Healing ulceration: Healing ulcer with regenerative epithelium 

Scarring: Scar with rough epithelialisation and mucosal breaks 

Complete healing: White scar with complete re-epithelialisation 
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Figure 9.1: Stages of healing of ESD resection base (top: healing ulceration; middle: 
scarring; bottom: complete healing) 
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9.2.12 Data collection and Statistical Analysis 

The data points collected were recorded on a dedicated proforma and transferred onto a 

secure password protected electronic database accessible only on an NHS computer. This 

data was then exported for analysis onto a Microsoft Excel spreadsheet. An intention to treat 

analysis was performed. Descriptive statistics such as means with corresponding standard 

deviation values were used for both study populations. An independent t-test was used to 

compare continuous variables and Pearson's chi square or Fisher’s exact test for categorical 

variables in order to detect differences between the groups. A p value of <0.05 was 

considered significant. All statistical analyses were carried out using SPSS version 24.  

 

9.2.13 Sample size calculation 

The sample size calculation utilised the t-test for two independent samples and was based on 

the primary outcome measure of reducing the number of IPB requiring heat for haemostasis. 

As there is a lack of data on haemostasis in ESD, the sample size calculation has been based 

on assumptions derived from ESD expert experience. We assumed that haemostasis would 

be required on average 10 times per patient (with a standard deviation of 5). We 

hypothesised that PuraStat® would reduce the number of IPB requiring heat treatment by 

30%. To detect this difference with 80% power (assuming a two-sided significance level of 

5%), the study would require 45 patients in each trial arm (90 patients in total). The 

recruitment target was increased by 10% to 100 patients in order to account for study 

withdrawals. The sample size calculation was performed using R for Windows (version 3.5.3).  

 

9.3 RESULTS 

 

9.3.1 Study enrolment and exclusions 

101 patients were recruited to the study and randomised into two groups. 3 patients were 

excluded from the study - 2 had failed ESD procedures that were aborted and 1 patient had a 

lesion that was deemed more suitable for EMR and therefore did not proceed to ESD. There 

were 5 patients in the PuraStatÒ arm and 2 in the control arm that did not have any episodes 

of intraprocedural bleeding. Therefore, an intention to treat analysis was performed on the 

remaining 91 patients (PuraStatÒ n=46; Control n=45). See flow chart below.  
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Figure 9.2: Flow diagram of study participants 

 

 

 

 

  

Assessed for eligibilty (n=146) 

101 patients enrolled 

Randomised to PurastatÒ 
n=51 

 

Excluded 
n=5 (no bleeds) 

 

Excluded 
n=5 (2 had no bleeds, 2 aborted ESD, 1 

unsuitable for ESD) 
 

Analysed 
n=46 

 

Analysed 
n=45 

 

Follow up endoscopy 
n=43 

(2 underwent oesophagectomy, 1 declined follow up) 

 

Follow up endoscopy 
n=44 

(1 underwent oesophagectomy) 
 

Randomised to control 
n=50 

Excluded (n=45): 42 
not meeting inclusion 

criteria, 3 declined 
consent  
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9.3.2 Baseline Demographics 

There were no significant differences between the patient and lesion characteristics in both 

groups. Notably, this was a high risk study population with a high proportion of patients (50% 

in the PuraStatÒ group and 38% in the control group) listed as having significant co-

morbidities (e.g cardiorespiratory conditions, diabetes, previous cardiovascular accident). 

About 40% of patients in both groups were on some form of antithrombotic therapy which 

was stopped pre-procedure. A similar proportion of patients (37-42%) underwent hybrid ESD 

which is also reflected in the lower than expected en bloc resection rate. There were slightly 

more procedures carried out in the oesophagus compared to the colon in the PuraStatÒ group 

and vice versa in the controls although this difference was not statistically significant.  

 

Table 9.3: Baseline characteristics of patients enrolled in the study 

 

 Interventional 

arm (PuraStatÒ) 

n=46 

Control arm 

(Diathermy) 

n=45 

Significance 

Age (mean + SD, years) 68.63 (+/- 10.60) 71.47 (+/- 11.15) p=0.217 

Lesion size (mean + SD, mm) 33.70 (+/- 12.08) 36.56 (+/- 13.56) p=0.291 

Gender (M:F) 33:13 27:18 p=0.274 

All co-morbidities present (n, %) 23 (50%) 17 (37.8%) p=0.240 

Cardiovascular disease (n,%) 20 (43.5%) 15 (33.3%) p=0.390 

Ischaemic heart disease (n,%) 6 (13.0%) 7 (15.6%) p=0.773  

Hypertension (n,%) 7 (15.2%) 5 (11.1%) p=0.758 

Atrial fibrillation (n,%) 6 (13.0%) 4 (8.9%) p=0.739 

Valvular abnormalities (n,%) 2 (4.3%) 0 p=0.495 

Peripheral vascular disease (n,%) 2 (4.3%) 2 (4.4%) p=1 

Diabetes mellitus (n,%) 2 (4.3%) 3 (6.7%) p=0.677 

Asthma/COPD (n,%) 1 (2.2%) 1 (2.2%) p = 1 

Cerebrovascular accident/TIA 

(n,%) 

2 (4.3%) 2 (4.4%) p = 1 

Chronic liver disease (n,%) 0 0 p = 1 
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All antithrombotic therapy (n, %) 19 (41.3%) 18 (40%) p=0.900 

Warfarin (n,%) 5 (10.9%) 3 (6.7%) p = 0.714 

Novel oral anticoagulant (n,%) 1 (2.2%) 3 (6.7%) p = 0.361 

Aspirin (n,%) 7 (15.2%) 6 (13.3%) p = 1 

Clopidogrel (n,%) 6 (13.0%) 6 (13.3%) p = 1 

En bloc resection rate 35 (76.1%) 31 (68.9%) p=0.442 

Location  Oesophageal 28 (60.9%) 20 (44.4%) p=0.117 

Colorectal 18 (39.1%) 25 (55.6%) 

Circumference <50% 32 (69.6%) 26 (57.8%) p=0.242 

>50% 14 (30.4%) 19 (42.2%) 

Procedure 

type 

ESD 29 (63.0%) 26 (57.8%) p=0.608 

 

 

9.3.3 Intraprocedural Bleeding and Primary Endpoint 

There were 269 intraprocedural bleeds in 45 patients in the control group and 232 bleeds in 

46 patients in the PuraStatÒ group. There was no significant difference in the proportion of 

bleeds requiring treatment in both groups (95.3% vs 97.4%) or the mean number of bleeds 

per patient (5.0 vs 6.0). The majority of bleeds in both groups were Grade 1 and 2 bleeds. 

 

The proportion of bleeds requiring heat therapy for haemostasis in the PuraStatÒ arm 

reduced significantly by 50%. Diathermy was used for 109/221 (49.3%) of bleeds requiring 

treatment in the PuraStatÒ arm. In 100/109 bleeds this was due to the severity or location of 

the bleed in the immediate vicinity of the knife tip whereas 9/109 were due to unsuccessful 

treatment with PuraStatÒ. 112 bleeds were treated with PuraStatÒ as a primary haemostat 

and 9 following application of diathermy. PuraStatÒ achieved complete haemostasis in 92.6% 

of these bleeds (112/121). 

 

Table 9.4: Intraprocedural bleeding and haemostat use 

 

 Interventional arm Control arm Significance 
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(PuraStatÒ) 

n=46 

(Diathermy) 

n=45 

Total number of IPB 232 269 N/A 

Number (%) of IPB 

stopped spontaneously  

11 (4.7%) 7 (2.6%) p=0.200 

Number (%) of IPB 

requiring haemostasis 

221 (95.3%) 262 (97.4%) p=0.200 

Grade of 

bleeds 

Grade 1 105 (47.5%) 151 (57.6%) p=0.027 

Grade 2 102 (46.2%) 101 (38.6%) p=0.092 

Grade 3 14 (6.3%) 10 (3.8%) p=0.207 

Number (%) of IPB 

treated with heat* 

109 (49.3%) 261 (99.6%)§ p<0.001 

Number (%) of IPB 

treated with PuraStatÒ** 

121 (54.8%) 0 N/A 

Successful haemostasis 

with PuraStatÒ 

112/121 (92.9%) N/A N/A 

IPB: Intraprocedural bleeding 

*Includes 9 bleeds treated with heat following unsuccessful haemostasis with PuraStatÒ 
**Includes the use of PuraStatÒ for haemostasis in 9 bleeds following unsuccessful diathermy 
§1 bleed required the use of endoscopic clips for safe haemostasis 
 

9.3.4 Secondary Endpoints: Length of procedure and time for haemostasis 

The total procedure time was similar in both the PuraStatÒ and control arms (74 and 80 

minutes respectively, p=0.56). The time taken for haemostasis using PuraStatÒ was also 

similar compared to diathermy (70 vs 78 seconds, p=0.14). Only a small amount of PuraStatÒ 

was required (mean of 0.43 ml per bleed) for haemostasis and for prophylactic coverage of 

the resection base (mean of 2.03 ml per patient). Visible vessels were noted over the 

resection base in all 46 patients in the PuraStatÒ arm compared to 39/45 (84.8%) of controls. 

The mean number of vessels per lesion was 10 in the PuraStatÒ arm compared to 8 in controls.  

 

9.3.5 Secondary Endpoints: Delayed Bleeding and Adverse Events 

There were 2 delayed bleeds in each arm (delayed bleeding rate 4.3% and 4.4%). All bleeds 
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were managed endoscopically and no further episodes of rebleeding post-endoscopy 

occurred. No blood transfusions were required. There was 1 perforation in the interventional 

arm which was unrelated to the application of PuraStatÒ and attributed to the lesion histology 

(submucosally invasive cancer).  

 

Table 9.5: Secondary Endpoints: Length of procedure, time taken for haemostasis, adverse 

events 

 

 Interventional arm 

(PuraStatÒ) 

n=46 

Control arm 

(Diathermy) 

n=45 

Significance 

Procedure length (mean 

+ SD, minutes) 

74.24 (+/- 48.67) 80.73 (+/- 56.59) p=0.558 

Time for haemostasis per 

bleed (mean + SD, 

seconds) 

 

69.98 (+/- 76.09) 

 

 

77.61 (+/-274.18) 

 

p=0.139 

Immediate/early 

rebleeding 

0 0  

Delayed bleeding 2 (4.3%) 

[1 post oesophageal, 1 

post colonic ESD] 

2 (4.4%) 

[1 post 

oesophageal, 1 

post colonic ESD] 

p=0.981 

Perforation 1 (2.2%) 0 p=0.320 

 

9.3.6 Secondary Endpoint: Wound Healing 

The median length of follow up was 30 days in both groups. There was a significant increase 

in the proportion of patients achieving complete wound healing in the PuraStatÒ group 

compared to controls (48.8% vs 25%, p=0.02). However, in a subgroup analysis according to 

location no significant difference between the groups was noted in wound healing post 

oesophageal ESD. This was in contrast with colorectal ESD where a higher proportion of 
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patients in the control group were noted to have ulceration over the resection site during 

follow up endoscopy (56% vs 17.6%, p=0.01) indicative of incomplete wound healing.  

 

Table 9.6: Wound healing in both groups 

 

Wound healing 

categories 

Interventional arm 

(PuraStatÒ) 

n=43 

Control arm 

(Diathermy) 

n=44 

Significance 

Complete healing 21/43 (48.8%) 11/44 (25.0%) p=0.022 

Scarring  11/43 (25.6%) 13/44 (29.5%) p=0.686 

Healing ulceration 11 (25.6%) 20 (45.5%) p=0.054 

 

 

Table 9.7: Wound healing: Subgroup analysis according to lesion location 

 

 Oesophageal (n=45) Significance  Colorectal (n=42) Significance 

 PuraStatÒ 

(n=26) 

Control 

(n=19) 

 PuraStatÒ 

(n=17) 

Control 

(n=25) 

 

Complete 

healing 

14 (53.8%) 7 

(36.8%) 

p=0.264 

 

7 (41.2%) 4 (16.0%) p=0.072 

 

Scarring 4 (15.4%) 6 

(31.6%) 

p=0.202 

 

7 (41.2%) 7 (28.0%) p=0.379 

 

Healing 

ulceration 

8 (30.8%) 6 

(31.6%) 

p=0.955 

 

3 (17.6%) 14 

(56.0%) 

p=0.014 

 

 

9.3.7 Technical feasibility 

PuraStatÒ was rated as easy to apply with complete coverage of the resection base achieved 

in the interventional arm. It was reported to 'interfere with visibility' in two patients - both 

had multiple intraprocedural bleeds within close proximity necessitating repeated 

applications of the gel in the same field of resection.  
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9.4 DISCUSSION 

 

Bleeding is a well-recognised complication of endoscopic submucosal dissection. 

Intraprocedural bleeding can prolong procedure time, increase the complexity of the ESD and 

compromise visibility or resection margins. Post-ESD (delayed) bleeding can lead to 

haemodynamic instability, blood transfusions and medical intervention that increases 

morbidity associated with the procedure. Thus far, conventional treatment of ESD associated 

bleeding has been carried out using diathermy (electrocoagulation of the bleeding vessel or 

prophylactically to visible vessels over the resection base). However, heat therapy can 

increase the risk of thermal injury. Our study investigates the use of a novel haemostat to 

tackle procedure related bleeding with the aim of reducing the amount of heat therapy 

required. 

 

We demonstrated that PuraStatÒ  is a safe and viable haemostat for mild to moderate 

bleeding during ESD and led to a significant reduction in the use of diathermy for haemostasis. 

This is the first randomised controlled study using this haemostat and both groups of patients 

were well matched in terms of risk factors for bleeding. There is limited literature available 

on the amount of energy required in order to cause thermal injury leading to a full thickness 

perforation. However, it is widely accepted that any use of monopolar electrocoagulation 

carries the risk of thermal injury and can lead to post ESD electrocoagulation syndrome. As 

the overall perforation risk in ESD and PEECS is low, it would not have been pragmatic to 

power a trial with perforation as the endpoint given the numbers of patients that would need 

to be recruited. Therefore, the number of 'heat-treated bleeds' was used as a surrogate 

marker for the perforation risk and designated primary outcome measure. We acknowledge 

that diathermy application is still the first line of treatment for certain bleeds (e.g arterial 

bleeds) and it was therefore not possible to conduct a randomised controlled trial where the 

group receiving the intervention did not also receive heat treatment for certain bleeds. 

PuraStatÒ may have a role in prevention of PEECS though existing literature has not assessed 

this. In this trial, there were no cases of PEECS in both arms so we may not draw any firm 

conclusions from this. Nevertheless, a non-diathermic modality that allows the endoscopist 

to use heat judiciously will continue to make ESD safer. This is relevant as the ESD expertise 
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in the West is currently not as good as in Japan and the risks are higher in the learning curve 

phase. 

 

This study also showed that the length of time required to control an intraprocedural bleed 

did not differ significantly with the modality of treatment used (just over a minute in both). 

The transparent nature of the gel made it possible for the endoscopist to accurately observe 

for haemostasis as visibility was maintained after application. We observed that the gel 

initially slowed the rate of bleeding before stopping it completely. There were no instances 

of early rebleeding in both groups.  

The overall procedure time was also not prolonged in the interventional arm. PuraStatÒ was 

not used for every bleed encountered as in some bleeds, it was more pragmatic not to 

exchange the endoscopic knife for the PuraStatÒ catheter given the location of the bleed and 

access to the bleeding point (superficial submucosal layer well above the muscularis propriae 

where perforation risk was less of a concern).  

 

We also measured the amount of PuraStatÒ required for haemostasis in the relevant group 

of patients in this study. An average of 0.43 ml was required per bleed (1.12 ml per ESD) and 

2.03 ml for prophylactic coverage of the resection base. It was feasible in many cases for a 

just a single 3 ml vial of haemostat to be used per ESD. Future studies should consider cost 

effectiveness of this haemostat as it was beyond the scope of our study. We reported on the 

technical aspects of gel application and found that there were no instances of catheter 

blockage. The gel did not hamper dissection in the area of application as there were no 

clinically perceptible differences in conduction of current in this field. In 2 cases, it was found 

to interfere with visibility although the gel could be removed by vigorous flushing.   

 

The overall delayed bleeding rate in this study was low (4/101=3.96%) and no difference was 

noted between the interventional and control groups (4.3% vs 4.4%, p=0.98). However, the 

study was not powered to show a difference in delayed bleeds - this would require thousands 

of patients, particularly in the case of oesophageal and colonic ESD where it is well recognised 

that the delayed bleeding rates are lower compared to gastric ESD. Nevertheless, it is 

encouraging to note that there was no increase in the number of delayed bleeds in the 
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interventional arm which may permit us to infer that the haemostatic efficacy of PuraStatÒ is 

sustained. In a previous study where PuraStatÒ was used prophylactically following gastric 

ESD, the delayed bleeding rate was noted to be 2.2% (no direct control group but this figure 

is lower than the average rate quoted in the literature).529  

 

PuraStatÒ may have beneficial effects on wound healing as noted in pre-clinical animal 

studies.548 The extracellular scaffold matrix promotes cell regeneration and connective tissue 

repair which may accelerate wound healing. It has been trialled for use in the prevention of 

oesophageal strictures after endoscopic resection in porcine models where the stricture rate 

in the interventional group was significantly lower than the control group (40% vs 100%, 

p=0.2).559 Only one other human clinical trial investigating the wound healing effects of this 

self-assembling peptide has been carried out which demonstrated that 96% of cases reached 

the healing stage of post gastric ESD ulceration in 1 week post procedure and 98% reached 

the scarring stage by 8 weeks.529 In our study, almost half (48.8%) of the patients followed up 

in the PuraStatÒ group achieved complete wound healing compared to 25% in the control 

group. However, when this was stratified according to lesion location, we noted that there 

was no difference in the stages of wound healing achieved in the oesophageal ESD patients. 

This may be attributed to the use of high dose proton pump inhibitor therapy and the timing 

of follow up in the case of oesophageal lesions where healing may be accelerated. In 

colorectal ESD, 82% of patients in the PuraStatÒ group reached the 'complete' or 'scarring' 

healing stage compared to 44% of controls.  

 

There were several limitations to this study. Firstly, our study cohort did not include patients 

undergoing gastric ESD (where the incidence of bleeding is higher) as the prevalence of early 

gastric cancer in our population is low. However, PuraStatÒ may have a role to play in reducing 

delayed bleeding in this group as two previous studies using PuraStatÒ prophylactically post 

gastric ESD have shown low delayed bleeding rates (0-2%) although both lacked control 

groups.529,542 Secondly, given the paucity of data on intraprocedural bleeding during ESD, we 

assumed that oesophageal and colonic ESD would have a similar incidence of intraprocedural 

bleeding and therefore did not power the study to stratify recruitment and randomisation 

according to lesion location. Thirdly, as this was a pragmatic clinical trial designed to fit in and 
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not deviate significantly from standard clinical practice, we were not able to carry out extra 

follow up procedures at week 1 and 2 post ESD. This may have affected our ability to 

accurately assess the transition between stages of wound healing. It was also difficult to 

assess the impact of PuraStatÒ on the incidence of PEECS given the lack of data available and 

small sample size. We acknowledge that PuraStatÒ will add to the cost of the procedure but 

this study did not assess its cost effectiveness and impact on delayed bleeding as the focus 

was to understand its basic principles of efficacy and safety.  

 

Despite the limitations, this study is the first randomised controlled trial investigating a novel 

haemostat for control of intraprocedural bleeding during ESD where bleeding is a well-

recognised complication. We have shown that it does significantly reduce the need for heat 

required for haemostasis which can have positive implications on the overall safety of the 

procedure. The use of this device also did not prolong the length of the procedure or the time 

taken for bleed control. There was a trend towards accelerated wound healing particularly in 

patients undergoing colorectal ESD but further dedicated controlled trials need to be 

undertaken before conclusions can be drawn. Nevertheless, this study has highlighted the 

promising role of a new self-assembling peptide as an adjunct to conventional haemostatic 

techniques during ESD.  
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Chapter 10: Conclusions and Ideas for Future Work 

 

Endoscopy has advanced tremendously since its inception in the past century and great 

strides have been made both in its use a diagnostic as well as a therapeutic instrument. 

Endoscopy is no longer just used as a diagnostic tool when patients present with 

gastrointestinal symptoms but is now commonly used for screening, surveillance and 

treatment of gastrointestinal lesions including pre-malignant and malignant types. The 

advances in endoscopic technology allow us now to detect and diagnose subtle precursors to 

neoplasia such as flat dysplasia within Barrett’s oesophagus or sessile serrated polyps in the 

colon at a much earlier stage enabling an appropriate therapeutic strategy with improved 

outcomes.  

 

The body of work contained in this thesis adds to the knowledge base on how advanced 

endoscopic imaging technologies can be used to accurately characterise early gastrointestinal 

neoplasia with the hope that this will improve mortality and morbidity from these diseases. 

We have also researched new endoscopic resection techniques to remove early stage cancers 

and studied a new device to manage bleeding, one of the main complications of therapeutic 

endoscopic resection.  

 

Blue Light Imaging is a new advanced imaging technology, the first of its kind using multiple 

light emitting diodes as its light source and shows promise with facilitating the accurate 

distinction between neoplastic and non-neoplastic gastrointestinal lesions. However, 

endoscopists need to understand how to use and interpret images obtained using this new 

technology in order to make sensible decisions. Our study validated a new endoscopic 

classification to distinguish between adenomatous and non-adenomatous small and 

diminutive colorectal polyps. We designed and implemented a computerised training module 

to teach both experienced and inexperienced (trainee) endoscopists how to interpret BLI 

images of small colorectal polyps using this structured classification. Key parameters on 

optical diagnosis (for example sensitivity and negative predictive value) were subsequently 

tested in both groups. The key findings were that the diagnostic performance of both 

experienced and inexperienced endoscopists improved after using BLI and even more so once 

both groups had been trained to use this technology with the guidance of the classification. 
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Although these results are encouraging, it is not known whether this performance can be 

sustained over a longer period of time and furthermore whether this optimum performance 

can be achieved during real time surveillance colonoscopy. Future work in assessing the utility 

of BLI and the BASIC classification in the characterisation of small colorectal polyps should 

include large scale validation in multiple centres with both academic and community 

endoscopists. Notably, over the course of this work, huge leaps of progress have been made 

in the field of artificial intelligence, both for detection and characterisation of small polyps. 

Therein lies scope for future research with real life application of artificial intelligence that 

can aid the endoscopist in improving quality in colonoscopy.  

 

Chapter 5 describes new research on using BLI in the context of distinguishing between 

benign and neoplastic areas of Barrett’s oesophagus. As a structured classification to identify 

non-neoplastic and neoplastic features of Barrett’s oesophagus using BLI did not exist, this 

project focused on the development and validation of a new bespoke BLI classification, 

termed BLINC. The three domains of colour, pits and vessels (with subdomains of pit and 

vessel type, distribution and density) were used to form the classification. The study showed 

that the classification could be used successfully by both expert and general endoscopists 

after a period of training. Unlike colorectal polyps that are fairly ubiquitous, the prevalence 

of Barrett’s neoplasia in the surveillance population is relatively low and it is important that 

general endoscopists performing the bulk of surveillance procedures are trained in optical 

diagnosis in order to be able to take targeted oesophageal biopsies that can enhance the 

pickup rate of dysplasia. Nevertheless, we are still some way from abandoning conventional 

Seattle biopsy protocols though research in new advanced imaging technologies such as BLI 

is a step in the right direction. Future work could include further refinement of training in 

optical diagnosis with refresher sessions over a longer period of time coupled with 

individualised performance review as well as joint group discussions in order to optimise 

endoscopic diagnosis. Then a multicentre trial involving general endoscopists performing 

routine Barrett’s surveillance procedures could be carried out to validate BLINC in real time 

and gauge its utility in practice. At the time of writing, the development of artificial 

intelligence to recognise Barrett’s neoplasia is in progress and it is anticipated that future 

work in classification of neoplasia will no doubt involve integrating artificial intelligence with 

expert diagnosis. 
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The study in Chapter 6 goes on to evaluate the efficacy and safety of endoscopic submucosal 

dissection (still a relatively new endoscopic resection technique in the West) in removing early 

Barrett’s cancers. Despite the complexity of the technique, this study showed low 

complication rates and the vast majority of patients were cured of their cancer using this 

method during subsequent endoscopic follow up. Whilst this study did not directly compare 

the outcomes of ESD with existing conventional methods of resection (EMR), it is important 

to note that ESD was carried out in a select group of patients with larger cancers, scarring or 

submucosal invasion, which is where its true utility lies. Another key finding was that around 

30 ESD procedures need to be performed before en bloc resection rates improve. This figure 

will provide guidance when it comes to understanding the learning curve involved and the 

baseline level of performance required which is useful when implementing ESD training 

programmes.  

 

 The central dogma in endoscopic management of Barrett’s neoplasia is endoscopic resection 

of any visible lesions followed by ablation. Whilst there is a large favourable evidence base 

on the outcomes of conventional resection techniques such as EMR followed by ablation, 

little is known about the safety of ablation following ESD (in part because the use of ESD for 

Barrett’s neoplasia is still emerging as demonstrated in the previous chapter). 

This single centre study in Chapter 7 demonstrates no differences in complication rates 

between patients undergoing either method of resection (EMR or ESD) followed by ablation. 

The stricture rate was higher in the EMR compared to the ESD group though not significantly 

so. The study also validated a unique approach to treatment of Barrett’s neoplasia by 

stratifying resection method according to the lesion morphology which meant that lesions 

with a higher risk of containing more invasive cancer were removed with ESD rather than EMR 

to ensure complete resection. However, future research is still required in the form of large 

prospective randomised controlled trials to compare the outcomes between EMR and ESD 

and to develop a personalised treatment approach, given that ESD does take a long time to 

learn and it is not practical to recommend it as the resection method of choice for all Barrett’s 

lesions.  
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Chapters 8 and 9 examine the haemostatic properties of a new haemostatic agent recently 

licensed for use to stop bleeding in the gastrointestinal tract. Given the novelty of PuraStatÒ, 

there was limited literature available on its haemostatic properties in human clinical trials 

within the field of endoscopy. The study in Chapter 8 demonstrates that it can indeed be used 

effectively to control most intraprocedural bleeds during either EMR or ESD procedures in the 

upper and lower gastrointestinal tract. We characterised the types of bleeds encountered 

during endoscopic resection procedures which allowed us to understand which bleeds to use 

PuraStatÒ on and how long it typically took to work. This research also showed that the device 

was easy to use with no adverse events associated with it. The delayed bleeding rate in the 

study was low though there was no comparator group in this preliminary piece of research.  

 

In subsequent research which forms the focus of Chapter 9, we carried out the first 

randomised controlled trial using this novel haemostatic device. The study was designed to 

assess the reduction in heat therapy used during endoscopic submucosal dissection 

procedures where PuraStatÒ was used. There was a 50% reduction in heat therapy in the 

group of patients randomised to PuraStatÒuse during ESD. There was no difference in delayed 

bleeding rates and adverse events between control and PuraStatÒ groups. The use of 

PuraStatÒ did not lengthen overall procedure time and the time taken for haemostasis was 

similar. Interestingly, there was an improvement in healing of ESD resection bases at follow 

up when PuraStatÒ was used though these results were most pronounced in colorectal ESD 

compared to oesophageal procedures. This study provides robust evidence that PuraStatÒ is 

an effective haemostat in mild to moderate intraprocedural bleeds encountered during ESD. 

However, it was not used in gastric ESD procedures which may be associated with higher rates 

of intraprocedural and delayed bleeding – this could form the basis of the next randomised 

trial using this device so that its utility in higher risk procedures may be assessed. Future work 

should also include researching its use in preventing delayed bleeding following large 

colorectal EMR (given that the delayed bleeding rate of colorectal EMR is higher than ESD, it 

would indeed be feasible to power a multicentre study). The wound healing properties of 

PuraStatÒ could also be studied in other conditions such as radiation proctitis and gastric 

antral vascular ectasia in the future.  
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Over the past two decades, it has become apparent that modern day endoscopists need to 

keep up to date with key advances in the field including the use of various technologies for 

optical diagnosis and techniques for management of early gastrointestinal neoplasia in order 

to provide the best care for their patients. It is no longer adequate to simply advance the 

scope to the extent of the examination if pre-malignant pathology is not diagnosed and 

characterised optimally. This of course requires focused training from an early stage and 

should be integrated into endoscopy training programmes. Computer aided diagnosis using 

artificial intelligence is now the new kid on the block which promises to revolutionise this 

field. Nevertheless, however good a computer algorithm is at detecting and characterising 

neoplasia, it is always worth remembering that an endoscopist is still driving the scope and 

making decisions on management. In order to utilise and interpret new information provided 

by artificial intelligence software, we ourselves need to be confident in optical diagnosis to 

distinguish false positives and false negatives.  

 

As technology continues to advance, the demand on therapeutic endoscopy will continue to 

grow. Whilst not every endoscopist needs to master the latest endoscopic resection 

technique, it is important for every endoscopist to be aware of them so that each patient 

receives a personalised approach to gastrointestinal cancer management. ESD services in the 

UK still remain patchy and it is important that a networked regional approach to this is 

adopted in order to facilitate training in the technique and improve patient access to this 

specialised procedure. As therapeutic endoscopy is associated with complications, more 

research into new techniques and devices to reduce bleeding and perforation rates is 

required and collaborative multicentre controlled trials are likely to provide the most value in 

advancing the field of endoscopy research.  
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Appendices 
 
Appendix 1: Example slides from the training module used for BASIC training (Chapter 4) 
 
 

 
 
 
 
 
 

 
 

BASIC Classification Categories
Surface

Mucus Regular or
Irregular

Depressed (if yes)

Yes No True Pseudodepression

Pit

Featureless Type Distribution
Yes No Round Non-round Homogenous Heterogenous

Dark spots Yes Focal loss
Yes No Yes No

Vessels

No Yes (state type)
Lacy Pericryptal Irregular

BASIC Classification Descriptors Explained
• Surface
• Is it smooth (i.e regular)? 

• Or is it irregular (humps, bumps, ‘valley’ sign)

• Note the use of the terms regular and irregular do not refer to the 
borders of the lesion

• Pseudodepression or depression present?

• Is mucous present? (may be seen in SSA)
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• Pit pattern 
• Featureless? (unable to see pits)

• If pits present – either round or not round (e.g tubular)

• If round pits seen – are there dark spots?

• Homogenous vs heterogenous
• Uniform single pit pattern vs combination of pit patterns (e.g IIIL + 

IV)

BASIC Classification Descriptors Explained

• Vessels
• Are they present or absent?

• If present – describe type
• Lacy
• Pericryptal (vessels seen surrounding pits)
• Irregular or disorganised (cancer)

BASIC Classification Descriptors Explained



 332 

 
 
 
 
 
 

  

BASIC Classification Algorithm
HYPERPLASTIC ADENOMA SESSILE SERRATED CANCER

SURFACE Mucus present No No Yes No

Regular (smooth) 
or irregular

Regular Regular/irregular Regular/irregular Irregular

Pseudodepression No Yes No No

Depression No No No Yes

PIT PATTERN Featureless? Yes No No No

Type (round/not 
round)

Round pits Not round (e.g
tubular)

Round pits 
with/without dark 
spots

Round or non 
round

Distribution 
(homogenous/
heterogenous)

Homogenous Homogenous or
heterogenous
without focal loss

Homogenous/hete
rogenous

Heterogenous
with focal loss

VESSELS Present? Yes or no Yes Yes or no Yes

Type Lacy Pericryptal Pericryptal Irregular

Hyperplastic Polyp
SURFACE: Regular (smooth)

No pseudodepression

PITS: Round pits
Homogenous 

VESSELS: Lacy
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Hyperplastic Polyp

SURFACE: Regular (smooth)
No pseudodepression

PITS: Round pits (with dark spots)
Homogenous 

VESSELS: No

Adenoma
SURFACE: Regular

PITS: Pits seen? Yes
Type: Round + Not round = tubular

Heterogenous (>1 pit pattern, IIIs 
+ IIIL)

VESSELS: Pericryptal
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Adenoma
SURFACE: Irregular, pseudodepression

PITS: Pits seen? Yes
Type: Not round
Distribution: heterogenous
No focal loss of pits

VESSELS: Present - pericryptal

Adenoma

SURFACE: Regular

PITS: Pits seen? Yes
Type: Not round = tubular

Heterogenous (>1 pit pattern, IIIs 
+ IIIL)

No focal loss of pit pattern

VESSELS: Present - pericryptal
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Examples with direct feedback

1. Describe the surface = REGULAR
2. Are there any pits? = YES
3. Describe the pit pattern = ROUND (no dark spots);
4. Are all the pits the same? HOMOGENOUS
5. Are there any vessels? = YES (lacy)

Diagnosis = Hyperplastic polyp

Surface = REGULAR
Pits = NON-ROUND (tubular)

Pattern of distribution = HETEROGENOUS
Vessels = Yes (pericryptal)

Diagnosis = ADENOMA
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SURFACE = REGULAR (Smooth)
PITS = Not easily visible but where seen,
look ROUND, HOMOGENOUS
VESSELS = Few lacy vessels

Diagnosis = HYPERPLASTIC POLYP



 337 

Appendix 2: Examples of colorectal polyp images on high definition white light and blue 
light imaging included in the testing and validation phase of the BASIC training study 
(Chapter 4) 
 
Image 1: Adenoma 
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Image 2: Adenoma 
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Image 3: Hyperplastic polyp 
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Image 4: Adenoma 
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Image 5: Hyperplastic polyp 
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Image 6: Adenoma 
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Image 7: Adenoma 
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Image 8: Hyperplastic polyp 
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Image 9: Adenoma 
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Image 10: Hyperplastic polyp 
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Image 11: Adenoma 
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Image 12: Adenoma 
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Image 13: Hyperplastic polyp 
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Image 14: Adenoma 
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Image 15: Hyperplastic polyp 
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Image 16: Hyperplastic polyp 
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Image 17: Hyperplastic polyp 
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Image 18: Adenoma 
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Appendix 3: Representative examples of Neoplastic and Non-neoplastic Barrett’s images 
included in BLINC study (Chapter 5) 
 
Non-Neoplastic Images 
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Neoplastic Images 
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