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Abstract 
 
GI endoscopy is an important tool in the Gastroenterologists’ armamentarium in the 
detection and management of colorectal cancer. Prognosis from colorectal cancer is 
predominantly related to the stage of cancer at the time of diagnosis. Early diagnosis and 
treatment of pre-cancerous lesions is crucial to facilitate improved outcomes. The 
introduction reviews data on the techniques and technologies that influence the detection 
and management of dysplasia at colonoscopy. The aim of the thesis is to evaluate 
technologies that assist with detection of colonic neoplasia and endoscopic techniques for 
the management of neoplasia.  
 
Endoscopy is rapidly changing with the advent of more advanced technology and novel 
techniques that improve the detection of pre-cancerous lesions. The widespread use of 
polypectomy has reduced the occurrence of colonic neoplasia. In recent years, the 
development of techniques such as endoscopic mucosal resection (EMR) and endoscopic 
submucosal dissection (ESD) has seen an increase in the resection of more advanced colonic 
polyps.  
 
Chapter 4 describes the use of a distal attachment device, the EndoRings for polyp detection 
in a large multi-centre randomized controlled trial in the United Kingdom. The study showed 
that the EndoRings device showed an improvement in polyp detection, compared to 
standard colonoscopy.  
 
Chapter 5 describes a meta-analysis of the existing trials that compared EndoRings 
colonoscopy to standard colonoscopy. This meta-analysis did not show a significant benefit 
with the EndoRings device over standard colonoscopy.  
 
Chapter 6 describes a meta-analysis of all colonoscopy assisted technology in the detection 
of colorectal adenoma in a cohort with a positive faecal occult blood test. This population 
are enriched with colorectal adenoma and would benefit the most if improved technology 
assists in the diagnosis and prevention of colorectal adenoma. This meta-analysis showed 
that no technologies improve adenoma detection.  
 
Chapter 7 describes the use of a modified Delphi process by a series of experts to produce a 
series of recommendations on the use of I-Scan technology for colonic polyp detection and 
characterization.  
 
Chapter 8 describes a retrospective study looking at the resection of colonic dysplasia in 
patients with inflammatory bowel disease (IBD). This study evaluated the difference in 
outcomes using the two endoscopic resection modalities; EMR and ESD. This study showed 
that both EMR and ESD are feasible options for the endoscopic resection of dysplasia in IBD.  
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CHAPTER 1 – Colonoscopy and Colorectal Neoplasia  
1.1 Incidence and Prevalence  
In 2017, colorectal cancer was the 4th commonest cancer in the UK. There were 
approximately 42,300 new diagnoses of colorectal cancer in the period (2015-2017). 
Approximately 16,600 deaths from colorectal cancer occurred annually during the period 
(2016-2018), with colorectal cancer being the 3rd commonest cause of cancer death in the 
UK in both males and females(1).  
Although, there have been significant improvements in the diagnosis and treatment of 
colorectal cancer, the public still have a real fear of receiving a diagnosis of cancer, in 
comparison to other conditions(2).  
 

 
Figure 1 The 20 Most Common Cancers in the UK in 2017. Reproduced with permission from Cancer 
Research UK (3) 
1.2 Survival Rates in England and Wales 
Colorectal cancer mortality rates, including other gastrointestinal cancer mortality rates 
have been falling in the last decade. The 5-year survival rate (percentage of patients still 
alive 5 years after diagnosis) remains the universally accepted measure of survival. The       
5-year survival rate in England for colorectal cancer in the UK for the period 2013-2017 for 
men was 58.2% and for females 58.6% respectively. The slightly improved survival in both 
men and women in the age group of 60-69 is most likely related to colorectal cancer 
screening in this age group(1) 
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Bowel cancer Age-Standardized One-, Five- and Ten-Year Net Survival, Adults (Aged 15-99), England, 
2013-2017 

 
Figure 2 Bowel Cancer Age-Standardized One, Five and Ten-Year Net Survival, England. Reproduced 
with permission from Cancer Research UK(1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bowel Cancer (C18-C20): 2013-2017 
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Figure 3 Colon Cancer (C18) Age-Standardized Five-Year Relative Survival, Adults (Aged 15+), 
European Countries, 2000-2007. Reproduced with permission from Cancer Research UK (1) 
 
Five-year survival rates for both men and women in England fall behind the rest of Europe. 
Rates are 51% for men in England versus 56% in Europe. Rates are 52% in England for 
women and 56% in Europe(1). In the 2016 the document ‘Achieving world-class cancer 
outcomes: a strategy for England 2015-2020’ aimed to improve the outcomes the NHS 
delivers for people affected by cancer. The document outlined actions to reduce the 
incidence of cancer, improve survival rates and improve patient experience and quality of 
life(4). 
 
1.3 Colorectal Cancer Prognosis 
Colorectal cancer prognosis is strongly related to the tumour stage at presentation. Those 
with a Duke’s A and B tumour have a great 5-year survival of 93.2% and 77% respectively. 
Advanced disease is very disappointing with rates of 47.7% and 6.6% for Duke’s C and 
Duke’s D (metastatic disease) respectively(5).  
 
 
 
 
 
 
 
 
 
 
 



 19 

 

 
Figure 4 CRC Staging, prognostic factors, and patterns of spread(6). Reproduced with permission 
from McKigney et al, Copyright Elsevier 
 
Table 1 Staging of Colorectal Cancer (7) 
Dukes Stage TNM Pathological Description 
A T1N0M0 Limited to mucosa and 

submucosa 
B1 T2N0M0 Extending to the muscularis 
B2 T4N0M0 Extending to serosa and 

beyond serosa 
C TxN1M0 Affecting regional lymph nodes 
D TxNxM1 Distant metastases (liver, 

lungs) 
 
  



 20 

1.4 Colonic Neoplasia 
Most colorectal cancers arise via the adenoma-carcinoma sequence, which describes the 
accumulation of genetic mutations, in both oncogenes and tumour suppressor genes that 
result in the progression to advanced adenoma and finally adenocarcinoma (8, 9). The 
development of adenocarcinoma via the adenoma-carcinoma sequence can take several 
years to occur. Colonic mucosal lesions can be classified into 3 categories: 
 
Non-neoplastic lesions-rarely turn into cancer.  
The hyperplastic polyp is the most frequently occurring lesion in the colon, with studies 
showing a prevalence of 20-40% in individuals over the age of 50 years(10, 11). True 
hyperplastic polyps have minimal malignant potential(12). Inflammatory polyps and 
lymphoid aggregates also come under this umbrella. Hyperplastic polyps account for 
approximately 1/3 of all small polyps (13). 
Non-malignant neoplastic lesions-include benign polyps with malignant potential. The 
commonest benign polyp with the potential for malignant transformation is the adenoma. 
The transformation occurs, via the adenoma-carcinoma sequence(8). The vast majority of 
colorectal carcinomas arise from adenomas and by contrast only a tiny minority of 
adenomas progress to cancer (14). The progression from adenoma to cancer can be highly 
variable. The overall likelihood of developing colorectal cancer from adenoma over a 
lifetime is 5.5%(15-21). The 10-year cumulative risk of adenoma progression to cancer is less 
than 10% (21-23). Studies have suggested that the prevalence of adenomas is approximately 
25-30% by age 50(15, 24).15-30% of all cases of colorectal cancer arise from an alternate 
pathway to the adenoma carcinoma sequence and are excessively represented in interval 
cancers(25-27). Sessile serrated lesions have a predilection for the right colon and are 
increasingly recognised as an important precursor cancer lesion, via the alternative serrated 
pathway(28) 
Cancers-invasive colorectal adenocarcinomas. Most of these develop from adenomas or 
sessile serrated lesions(8, 28-31). 
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1.5 Paris Classification 
The Paris classification is typically used for the classification of polyps. Lesions are divided 
into polypoidal or non-polypoidal. Polypoidal lesions are further sub-divided to Ip 
(pedunculated polyps), Isp (sub-pedunculated) or Is (sessile). 
Non polypoidal lesions are classified as slightly elevated (0-IIa) or elevated with central 
depression IIa+IIc. 0-IIb describes truly flat lesions (extremely rare in the colon), 0-IIc lesions 
are flat with mucosal depression, 0-IIc and IIa lesions are depressed with a minimally raised 
edge(32). At endoscopy, the distinction between polypoid and non-polypoid can be made 
with the use of a closed forceps biopsy (approximately 2.5mm in height), with polypoid 
lesions >2.5mm in height and non-polypoid lesions <2.5mm in height(32). 
 

 
Figure 5 Paris Classification(32). Reproduced with permission from Elsevier  
 
 

 
Figure 6 Paris Classification and the Risk of Malignancy (33). Reproduced with permission from Holt 
et al Copyright Elsevier. 
 
In a study that evaluated endoscopic mucosal resection (EMR) of 479 advanced polyps, Is 
lesions were at lowest risk of harbouring malignancy (7.5%), whereas 0-IIc or IIa+IIc 
adenomas carried a 31.8% risk(34). Type III lesions are invasive, not suitable for endoscopic 
resection and should be considered for surgery(35). 
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1.6 Haggitt Classification 
The Haggitt classification, which can only be applied following excision using histology is 
used to describe pedunculated polyps. Level 1 polyps have carcinoma invasion into the 
polyp head, level 2 polyps invasion extends into the neck of the polyp. Level 3 polyps include 
carcinoma invasion of the polyp stalk and level 4 polyps describe invasion below the polyp 
stalk, but still limited to the submucosa, without involvement of the muscularis 
propria(36),(37) 

Endoscopic resection is possible for polyps level 1-3, but for level 4 polyps, surgery is 
recommended(36).  
 

 
Figure 7 Haggitt Classification (36). Reproduced from Haggitt et al, with permission Elsevier. 
 
En bloc transection through the stalk of pedunculated polyps should be performed. It is 
crucial that pedunculated polyps are resected low on the stalk, so that an adequate 
histological specimen be given to the pathologist for accurate reporting on dysplasia clear 
margins to be made. The risk of causing a full thickness diathermy injury with transection 
near to the bowel wall needs to be considered. Therefore, it is important to consider using 
the following techniques to minimize the chances of this occurring; pre-injection of the stalk 
with adrenaline, resection of the stalk with less diathermy energy, and the use of 
mechanical haemostasis with clips or loops(38). 
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1.7 Kikuchi Classification 
Kikuchi et al described a classification of sessile malignant polyps(39).  
Submucosal (SM)1 is carcinoma in-situ in the 1st third of the submucosa, SM2 involves 
invasion into the middle 1/3 of the submucosa and SM3 approaches the muscularis propria, 
including the lower 1/3rd of the submucosa(39). The Kikuchi classification can only be 
applied to surgically resected specimens where the muscularis propria is included. In 
endoscopically resected specimens, it is not applicable as there is no involvement of the 
muscularis propria(39, 40). The risk of lymph node metastasis with SM1 is 0-3%, SM2 8-10% 
and SM3 23-25%(39). Kitajima et al showed that the depth of submucosal invasion is a 
significant prognostic factor for lymph node metastasis. For sessile lesions with a 
submucosal depth of invasion <1000 microns (Pm), a 0% risk of lymph node metastasis 
existed. The current approach of depth of submucosal invasion outlined by Kitajima is 
perhaps more suited to endoscopically resected specimens. (41). Other risk factors 
associated with lymph node metastasis include submucosal invasion >1000 microns (Pm) for 
flat or sessile lesions, Haggitt level 4 for pedunculated lesions, lymphovascular invasion, 
poor tumour differentiation, tumour budding, and a positive resection margin. Aside from a 
rectal location, there have been no identified clinical or patient features reliably associated 
with lymph node metastasis (LNM)(42).  

 
Figure 8 Kikuchi Classification of Adenocarcinoma in a Sessile Polyp(39). Reproduced from Kikuchi et 
al, with permission Wolters Kluwer.  
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1.8 Laterally Spreading Tumours 
Superficial colonic lesions >1cm in length that extend laterally along the colon wall are called 
laterally spreading tumours. They can have a granular appearance (LST-G) or a non-granular 
appearance (LST-NG) or a combination of both features(43).  

 
Figure 9 Laterally Spreading Tumours (LSTs)(44). Reproduced from Meier et al, with permission 
Hellenic Society of Gastroenterology. 

 
Sm-Ca (Submucosal cancer), pEMR (piecemeal EMR) 
Figure 10 Laterally Spreading Tumours and the Risk of Malignancy (43). Reproduced from Uraoko et 
al, with permission BMJ Publishing Group Ltd. 
 
There is an increased risk of malignancy with LST-NG (14%) versus LST-G (7%)(43).  Features 
that predict the presence of malignancy or invasion include a large nodule within an LST-G 
and a polyp with an ulcerated or irregular appearance and a polyp with a non-lifting sign(43, 
45).  
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1.9 Colorectal Cancer Pathways. 
Recent breakthroughs in the molecular and phenotypic characterisation of colorectal cancer 
have identified different pathways in the development of colorectal cancer.  
 

 
FAP (Familial Adenomatous Polyposis). APC (Adenomatous Polyposis Coli), MSS (Microsatellite 
Stable), CIMP (CpG Island Methylator Phenotype), MMR (Mismatch Repair), CIN (Chromosomal 
Instability) MSI-H (Microsatellite Instability High).  
Figure 11 Colorectal Cancer Pathways (46). Reproduced from East et al, with permission BMJ 
Publishing Group Ltd. 
 
In the conventional pathway, progression of adenoma to carcinoma occurs via the 
accumulation of genetic mutations and chromosomal instability leading to microsatellite 
stable (MSS) tumours.  
The serrated pathway is not currently well understood, but knowledge is being garnered. It 
is frequently triggered by genetic mutations of BRAF or KRAS genes, with progression by 
methylation of tumour suppressing genes (CpG island methylator phenotype (CIMP)). 
Depending on which genes are knocked out, both MSS and unstable tumours can occur.  
The microsatellite instability pathway is due to the defective repair of DNA secondary to 
inactivation of the mismatch repair (MMR) genes and is characteristic of the germline 
mutation of Mis-Match Repair (MMR) genes in Hereditary non-polyposis colorectal cancer 
(Lynch syndrome)(46). 
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1.10 Serrated Polyposis Syndrome (SPS) 
Sessile serrated lesions were previously thought to have no malignant potential(47). However, they 
have recently been acknowledged as precursor lesions to 15-30% of colorectal cancers(46). Serrated 
polyposis syndrome, formerly known as hyperplastic polyposis syndrome, is a somewhat new 
diagnosis. It is the commonest polyposis syndrome and is characterized by numerous serrated 
polyps (SPs) in the colon. Histologically, serrated polyps have a typical saw-tooth appearance. They 
are sub-divided into 3 different categories: hyperplastic polyps (HP), sessile serrated lesions (SSL) 
and traditional serrated adenoma (TSA)(48). In 2019, the WHO updated their criteria for the 
diagnosis of sessile serrated polyposis syndrome: 
 

I) t5 serrated polyps proximal to the rectum, all polyps t 5mm in size, with t2 being 
t10mm 

II) >20 serrated polyps of any size distributed throughout the large bowel, with t5 being 
proximal to the rectum. (49) 

The risk of colorectal cancer in SPS is increased. A recent cohort study of 434 patients, found 
that colorectal cancer happened in 29.3% of the individuals(50). The management of SPS is 
dependent on the number of polyps. Where colorectal cancer or numerous polyps are found, 
surgery should be used. Where the polyp burden is manageable, colonoscopy with polypectomy 
and close endoscopic surveillance should be the mainstay of treatment(51). 

 
1.11 Colorectal cancer symptoms and risk factors 
Symptoms of colorectal cancer include the following. 
 Rectal bleeding 
 Change in bowel habit lasting 3 weeks or more 
 Unexplained weight loss 
 Abdominal pain  
 Abdominal mass 
 Iron deficiency anaemia.  
The above mentioned red-flag features have a poor sensitivity and/or specificity for 
colorectal cancer(52). However, if a patient has any of these symptoms, they should be 
referred for urgent further investigations. The initial investigation of choice is either a 
flexible sigmoidoscopy (endoscopic examination of the left colon after instillation of an 
enema) or colonoscopy after full bowel preparation. A CT colonoscopy or colon capsule is an 
alternative option for patients who are unwilling or unable to undergo colonoscopy(12).  
Certain risk factors have been identified that increase the risk of colorectal cancer; male 
gender, increasing age, increased BMI, diabetes mellitus, a diet high in fat, red meat and low 
in fibre and a history of colonic polyps(12).  Certain genetic conditions can also significantly 
increase the risk of colorectal cancer; Lynch syndrome, Peutz-Jeghers, MUTYH-associated 
polyposis (53, 54).  
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1.12 Indications for Colonoscopy                                                                                              
Colonoscopy is carried out for various reasons: 
Investigating symptoms such as change in bowel habit, rectal bleeding, or anaemia.  
Screening for colorectal cancer and polypectomy for precursor lesions. Surveillance for 
family history of colorectal cancer, follow up of previous polypectomy and endoscopic 
resection. In the first group, the reason for the procedure would be to identify the reason 
for the patient’s symptoms, such as inflammatory bowel disease or cancer. The 2nd and 3rd 
group are generally asymptomatic and require the procedure for the detection and 
treatment of neoplasia and its precursor lesions.  
The effectiveness of colonoscopy in preventing colorectal cancer, lies in its ability to detect 
and endoscopically remove polyps via polypectomy, before progression into cancer(55). The 
pivotal National Polyp Study (NPS) showed that colonoscopic polypectomy reduced the 
incidence of colorectal cancer by 76-90% in those individuals who had polypectomy 
compared to those without (56). The prospective follow up study of the NPS cohort also 
confirmed the utility of polypectomy of adenoma preventing deaths from colorectal cancer. 
This study analysed 2602 patients with polypectomy of adenoma. Colorectal cancer 
mortality from the adenoma cohort was compared to the mortality in the general 
population, with an approximation derived from the SEER (Surveillance Epidemiology and 
End Results) Program, and to the mortality from colorectal cancer noted in the patients with 
non-adenomatous polyps. After a median of 15.8 years, 1246/2602 patients had died from 
any cause and 12/2602 had died from colorectal cancer. In the general population, there 
was an estimated 25.4 expected deaths. Given this, the standardized incidence based 
mortality ratio was 0.47 with polypectomy, implying a 53% reduction in mortality (57). The 
Minnesota Colon Cancer Control Study through 30 years of follow-up found a total of 732 
deaths out of 33,020 participants were attributable to colorectal cancer.  
Screening reduced colorectal-cancer mortality (relative risk with annual screening, 0.68; 
95% confidence interval [CI], 0.56 to 0.82)(58).   
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1.13 Colorectal Cancer Screening 
In recent years the implementation of colorectal cancer screening programmes has been 
high on the public health agenda for most developed nations. Screening programmes vary 
according to the country studied, and the process of colorectal cancer screening requires 
repetition at various intervals according to national guidelines(59-61). Colorectal cancer 
screening programmes reduce the mortality and morbidity related to colorectal cancer 
through the endoscopic removal of pre-cursor lesions and identification of cancers that can 
undergo curative surgery(58, 61-63).  
 
The options available for each country are the same and include one of the following: stool 
tests (gFOB or FIT) and if positive proceed to colonoscopy, flexible sigmoidoscopy or straight 
to test colonoscopy.   
 
The National Health Service (NHS) Bowel Cancer Screening Programme (BCSP), in the UK 
invites patients between the ages of 56-74 for a stool FIT (faecal immunochemical test) 
every 2 years. If the FIT test is positive, a colonoscopy will be performed by an accredited 
colonoscopist. There is a process of BCSP accreditation in the UK, that endoscopists must 
undergo to become screeners in the program. This accreditation involves a strict criterion of 
a minimum lifetime count of 1000 colonoscopies, performance criterion that is higher than 
the national accepted standard and pass both a written and practical examination. BCSP 
colonoscopists are therefore considered as expert colonoscopists in the UK. In most 
organized colorectal cancer screening programs in Europe the stool FIT test has replaced the 
gFOBT stool test (61). The approach in the USA is to offer a colonoscopy every 10 years and 
annual FIT test in individuals between the ages of 50-75(59). 
 
The gFOBT (guaiac faecal occult blood test) is a non-invasive test, which involves the patient 
returning 3 stool samples. The gFOB is not specific to human blood and detects the 
peroxidase activity of haem, which is also present in red meat, fresh fruit, and vegetables 
(64, 65).  
 
The FIT test is highly specific for detecting human blood of colonic origin, as it uses 
antibodies specific to human haemoglobin, albumin, or other blood constituents (66). FIT is 
increasingly being used compared to gFOBT, because of its greater accuracy, greater 
specificity for human blood, and because only one sample is needed in most screening 
programmes (67-69).  
 
Recent studies have shown FIT to be more sensitive 61% than G-FOBT 23.8%, with a 
marginally lower specificity 95.7 (FIT) versus 97.7% (G-FOBT) (70, 71). Colonoscopy is more 
sensitive at detecting advanced adenoma than FIT(72). In a recent systematic review, the 
sensitivity of FIT in detecting advanced adenoma ranged from 22.2% to 40.3%(72).  
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Figure 12 Age-Standardised One-Year Net Survival, England, and Wales. Reproduced with permission 
from Cancer Research UK (1). 
 
Colorectal cancer screening has been shown to be cost-effective compared to no screening 
in studies(73, 74). Overall, the outcomes for colorectal cancer have been consistently 
improving over time. (See figure 12) 
 
  

Age-Standardised One-Year Net Survival, England, and Wales 
Bowel Cancer (C18-C20 C21.8): 1971-2011 
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Chapter 2 Dysplasia Detection at Colonoscopy 
2.1 The History of Gastrointestinal Endoscopy 
Endoscopic technology has advanced significantly since initial development in the late 19th 
century. The initial gastroscopes were stiff, fragile and unpleasant to use(75). In 1932, 
Schindler and Wolf introduced the first flexible gastroscope, which was a significant 
improvement to the existing technology and subsequently led to the widespread use of 
gastroscopes(75). In the 1950’s Hopkins and Kapany developed a coherent optical fibre 
bundle, that facilitated flexible endoscopic visualization of the gastrointestinal mucosa(76). 
This led to the introduction of the first fully flexible fibreoptic gastroscope that was 
commercially available by the 1960’s by Hirschowitz (77). Hirschowitz’s peers were 
indifferent to the fibreoptic gastroscope, with initial reports suggesting that the quality of 
the images was inferior to the previous semi-flexible gastroscope with a series of lenses. It is 
notable that even at the earliest stages of endoscopy, comparisons were already being 
drawn between the diagnostic accuracy of various endoscopic technologies. 
 
Instruments to examine the anus and rectum were used as far back as the ancient 
civilisations of Egypt and Pompeii(75). Rigid sigmoidoscopies were available by the late 19th 
century which facilitated direct mucosal inspection and biopsies of the rectum and sigmoid 
colon. In the USA in 1963, Overholt, developed a fibreoptic flexible sigmoidoscopy, and a 
short fibreoptic colonoscope was finally introduced in 1966(78). By the late 1960’s and early 
1970’s, Japanese engineers were producing very effective colonoscopes with two-way 
angulation and torque shaft steering(78).  
 
Outside of Japan, Shinya et Wolff in the USA reported success with complete colonic 
examinations using fibreoptic colonoscopy in 1969 with Williams and Fox in the UK also 
reporting success in the 1970’s. However, the colonoscopes were still stiff, fragile, and 
performed with fluoroscopic screening. Complete colonic examinations, therefore lasted 
approximately 90 minutes. Now, radiological findings on barium enema could be confirmed 
or denied and polyps could be removed in a less invasive fashion than laparotomy(79-81). 
Shinya et Wolff also reported good results and low complication rates with polypectomy on 
a large series(79). This paved the way for lesion detection, biopsy, and polypectomy.  
 
The current modern age of endoscopy occurred in the 1980’s with the advent of the 
photosensitive charged coupled device (CCD) at the tip of the endoscope that facilitated the 
transmission of the image to the video monitor electronically(82-84). This meant that the 
endoscopist no longer needed both eyes to the endoscope head, and all the staff in the 
room could see the video images, facilitating increased teaching and synergistic teamwork. 
In the 1990’s the advent of high-resolution colonoscopy, facilitated a further increase in the 
number of pixels in the CCD (over 400,000 pixels), without an increase in the number of 
pixels in the television display. The image resolution still improved due to the television 
display showing more pixels than the CCD could contain(85, 86).  
 
High definition endoscopy became available in the 2000 decade and included a further 
increase in the pixel number to 1.3 million pixels in the CCD, with an increased number of 
visible lines in the display monitor to 1080 horizontal lines from 480 lines in a standard 
definition monitor(87). This represents the latest endoscopic technology.  
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2.2 Quality Assurance Standards for Colonoscopy 
Colonoscopy is the optimum investigation for evaluation of the colon, and facilitates 
diagnosis, histological sampling and colonic endotherapy. There is an increasing demand for 
colonoscopy(88, 89). The goal of colonoscopy is to perform a complete examination of the 
entire colonic mucosal surface. Inadequate or incomplete colonoscopy therefore correlates 
with increased rates of interval colorectal cancers, due to missed visualization of 
neoplasia(90).Overall, the general quality of colonoscopy has improved recently(91, 92). 
However, unsatisfactory variation in practice still exists(92).  
Guidelines defining agreed standards have been produced by working group of experts in 
both the UK (89)and Europe (93). Key performance indicators have been identified by the 
experts, so that interventions could be undertaken to raise performance if not meeting 
acceptable standards. The experts felt that certain key performance indicators required 
higher standards, and therefore suggested an aspirational target for these indicators(89). 
Some of the more important indicators are listed in table 2 below. 
 
Table 2 Summary of Key Performance Indicators(89) 
Quality Indicator Minimal standard Aspirational target 
Caecal intubation rate (CIR) 90% 95% 
Adenoma detection rate 
(ADR) 

15% 20% 

Adequate bowel preparation 90% 95% 
Rectal retroversion rate 90%  
Colonoscopy withdrawal 
time 

Mean of t6 min Mean of t10 min 

Minimum number of 
colonoscopies per year 

100  

Polyp retrieval rate t90%  
Diagnostic biopsies for 
unexplained diarrhoea 

Rectal biopsies taken in 
100% cases 

Right and left colonic 
biopsies taken in 100% cases 

Post-colonoscopy colorectal 
cancer (PCCRC)  

Auditable outcome  

Comfort level  Auditable outcome  
Overall colonoscopic 
perforation rate 

<1 in 1000 <1 in 3000 

Post-polypectomy bleeding 
rate (immediate or high 
severity) 

<1 in 200 <1 in 1000 

 PCCRC is the diagnosis of cancer after a previous colonoscopy which was negative for 
cancer(94). The experts recommended that all PCCRC diagnosed within 3 years of a 
colonoscopy be reported as adverse events. 
 Comfort level. Guidance is for units to audit comfort levels and that <10% of patients 
should have moderate or severe discomfort(89). Following the publication of these 
recommendations, endoscopy units around the UK were responsible for measuring and 
acting upon the standards(89).  
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2.3 Caecal Intubation Rates 
Caecal intubation rate (reaching the caecum, end of the bowel) to complete a full 
examination is a key measure of colonoscopy. This is the percentage of colonoscopies where 
the caecum is reached. The BSG and ESGE guidelines, advise that colonoscopists should have 
a minimum 90% caecal intubation rate (CIR), with ideally 95% unadjusted caecal intubation 
rates(89, 93). If the proximal colon is not reached during colonoscopic examination, there is 
an increased potential to miss right sided neoplastic lesions. In a very large observational 
study, the reported miss rates of right sided colorectal cancer were 4%. Of the 19,202 
patients, 25.6% were found to have right sided colorectal cancer. 53.9% of the 4920 patients 
had at least 1 colonoscopy within 3 years of their index admission, and the caecum was 
reportedly reached in 88.9% of these cases. Most (96%) had their cancer detected at 
colonoscopy up to 6 months before admission, with the remaining 4% of missed cancers 
with a recent colonoscopy between 6-36 months before admission to hospital(95). An early 
nationwide audit in the UK published in 2004 showed a very low CIR of 77%, with CIR 
increasing to 92.3% in 2013, when the audit was repeated (91, 92). The results of the first 3 
years of the UK BCSP have been published and report an unadjusted CIR of 95.2%(96). 
 
2.4 Lesion Detection 
Detection of neoplastic lesions relies on a multitude of factors; the endoscopist technique, 
endoscopy equipment, and those related to the lesion itself. Advanced neoplasia is 
generally larger and more invasive, and therefore less likely to be missed at endoscopy. 
Small, early neoplasia is easier to miss(97). Miss rates of up to 5% for colorectal cancer have 
been reported(95, 98). Miss rates for adenoma are higher than miss rates for cancer, as 
adenomas are generally subtle and smaller. Tandem endoscopy studies have shown 
reported adenoma miss rates can be as high as 20%(97). Van Rijn reported a pooled miss 
rate of 22% from 6 studies involving 465 patients for polyps of any size(97). Poor 
visualization behind colonic folds and anatomical flexures is a common explanation for 
failed detection of neoplasia by the endoscopist. The anatomical locations behind folds and 
flexures can often be out of the view of the standard forward viewing colonoscope (140q-
170q) and often require the endoscopists to flatten folds and straighten flexures to gain 
adequate views. This technical skill may not be performed routinely or performed with sub-
optimal technique due to time constraints and technical skill(99, 100).  
 
2.5 Adenoma Detection Rate 
The adenoma detection rate is the percentage of colonoscopies where at least one 
adenoma is detected. The adenoma detection rate is the most widely accepted measure of 
neoplasia detection in colonoscopy. It has been identified as a key performance indicator in 
colonoscopy(89). Interval cancers are those that are diagnosed between a screening 
colonoscopy and the time of a subsequent planned surveillance colonoscopy. The ADR is 
inversely proportional to the risk of interval colorectal cancer. In a landmark Polish study 
186 endoscopists performed colonoscopies on 45,026 patients. The endoscopists were 
divided into 4 groups based on their ADR (<11%, 11-14.9%, 15-19.9%, t20%). Hazard ratios 
for interval colorectal cancer occurring within 5 years of colonoscopy were greater than 10 
for each of the 1st 3 groups in comparison to the 4th group with an ADR 20% - see figure 
7(90).  
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Figure 13 Cumulative Hazard Rates for Interval Colorectal Cancer, according to the Endoscopist's 
Adenoma Detection Rate (90). Reproduced from Kaminski et al, with permission Massachusetts 
Medical Society. 
 
A larger study in the USA by Corley et al where 136 gastroenterologists performed 314,872 
colonoscopies further evaluated the association between colonoscopists’ ADR and the 
interval rate of colorectal cancer. Physicians were divided by quintiles, based on their ADR, 
which ranged from 7.5% to 52.5%. The adjusted hazard ratio for any interval cancer was 
0.52 (95% confidence interval (CI), 0.39 to 0.69) in comparisons between physicians in the 
highest quintile to physicians in the lowest quintile. Each 1% increase in the adenoma 
detection rate was associated with a 3% decrease in the risk of cancer (hazard ratio, 0.97; 
95% CI, 0.96 to 0.98)(101).  
 
Both studies by Kaminski et al and Corley et al demonstrate a significantly higher risk of 
interval colorectal cancer in patients who undergo a colonoscopy performed by an 
endoscopist with a low ADR in comparison to an endoscopist with a high ADR(90, 101). The 
ADR has therefore been accepted by endoscopy societies as a measure of the quality of 
colonoscopy, with standards set for minimum acceptable levels of ADR. The current BSG 
guidelines have adopted a minimum 15% adenoma detection rate, with 20% ADR as 
desirable(89). Endoscopists must possess a good withdrawal technique to achieve a high 
adenoma detection rate. This involves meticulously examining behind colonic folds and 
flexures, with adequate cleansing of faecal residue and luminal distension (102, 103). The 
current endoscopic practice is for lesion detection and removal to be performed on 
withdrawal, once the caecum has been reached, so that the patient has the least discomfort 
possible(103).  
 
It is likely that endoscopists with a high ADR and lower rate of interval colorectal cancers 
perform a more thorough and detailed inspection of the colon, which results in a greater 
detection and removal of precursor lesions(31). 



 35 

2.6 The Clinical Significance of Small and Diminutive Colonic Polyps 
Diminutive polyps are classified as those чϱŵŵ�ŝŶ�ƐŝǌĞ�ĂŶĚ�ƐŵĂůů�ĐŽůŽŶŝĐ�ƉŽůǇƉƐ�ĂƌĞ�ƚŚŽƐĞ�ϲ-
9mm in size as shown in the table below.  
 
Table 3 Classification of Polyp Size 
Classification Size 
Diminutive чϱŵm 
Small 6-9mm 
Large шϭϬŵŵ� 
 
Small and diminutive colonic polyps account for 70-90% of all polyps according to the 
available literature(100). The findings from the 1990 National Polyp Study found that of the 
5066 polyps evaluated 37.6% were diminutive and 36.5% were small(104). A similarly sized 
study of 5722 polyps showed a finding of 76.6% for diminutive polyps and 11.6% for small 
polyps(105). A very large study by Rex et al of 10780 colonic polyps showed that 81.6% were 
diminutive and 11.9% were small(106). 
 
The detection of small and diminutive colonic polyps has improved over the years. A large 
UK based audit showed that the polyp detection rate increased from 22.5% in 2004 to 32.1% 
in 2011(92). The improvements in the detection of small polyps are likely related to 
advances in endoscopic technology, then an actual biological increase in the number of 
polyps in patients.   
 
There is a low risk of advanced histological features in small and diminutive colonic polyps, 
which range from 1.1% to 13.6% and 0-4.3% respectively(107). Diminutive and small polyps 
also harbour a low risk of cancer from 0%-0.08% and 0%-0.42% respectively(108).  
 
If adenoma is confirmed at colonoscopy, patients undergo a scheduled surveillance 
colonoscopy, with the decision made on the time intervals dependent on the number, size, 
and histology of adenomas at the initial colonoscopy. This is generally referred to as the 
term post-polypectomy surveillance interval. There is variation between countries, but there 
are broad similarities across the recommendations. In the UK, the current surveillance 
recommendations are shown in Figure 14.  
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Figure 14 Guidelines for Post-polypectomy and post-cancer-resection surveillance (109). Reproduced 
from Rutter et al, with permission BMJ Publishing Group Ltd. 
 
High risk findings 
шϮ�ƉƌĞ-ŵĂůŝŐŶĂŶƚ�ƉŽůǇƉƐ͕�ŝŶĐůƵĚŝŶŐ�шϭ�ĂĚǀĂŶĐĞĚ�ĐŽůŽƌĞĐƚĂů�ƉŽůǇƉ 
шϱ�ƉƌĞ-malignant polyps 
Definitions 
Serrated polyps: umbrella term for hyperplastic polyps, sessile serrated lesions, traditional 
serrated adenomas, and mixed polyps 
Premalignant polyps: serrated polyps (excluding diminutive [1-5mm] rectal hyperplastic 
polyps) and adenomatous polyps 
Advanced ĐŽůŽƌĞĐƚĂů�ƉŽůǇƉƐ͗�ƐĞƌƌĂƚĞĚ�ƉŽůǇƉ�шϭϬŵŵ͕�ƐĞƌƌĂƚĞĚ�ƉŽůǇƉ�ǁŝƚŚ�ĚǇƐƉůĂƐŝĂ͕�ĂĚĞŶŽŵĂ�
ш�ϭϬŵŵ͕�ĂĚĞŶŽŵĂ�ǁŝƚŚ�ŚŝŐŚ-grade dysplasia 
;>ͿEW�W͗�;>ĂƌŐĞ�шϮϬŵŵͿ�ŶŽŶ-pedunculated colorectal polyp(109) 
 
2.7 Bowel Preparation 
Satisfactory bowel preparation is mandatory for polyp detection, especially in the proximal 
colon, where subtle flat polyps are more common. Inadequate bowel preparation has been 
shown to reduce the detection of adenoma(110, 111). UK data suggests that up to 22% of 
incomplete colonoscopies are secondary to inadequate bowel preparation(92). Clear 
visualisation of the colonic mucosa is best performed during colonoscope withdrawal once 
the aspiration of excess fluid or liquid stool has been performed. Clear views are dependent 
on adequate bowel preparation before the procedure. The association between sub-optimal 
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bowel preparation and lower adenoma detection rates has been recognised in previous 
studies(112, 113). The necessity for satisfactory bowel preparation is especially important in 
the proximal colon, where subtle flat polyps are more common and could easily be missed if 
present behind a pool of fluid/liquid stool. The European Society of Gastrointestinal 
Endoscopy recommend the use of high volume or low volume PEG-based regimes and 
validated non-PEG based agents (magnesium citrate plus picosulphate and oral sulfate 
solutions)(114). Recently, international guidelines on minimum performance in colonoscopy 
have stated that a minimum t90% for adequate bowel preparation was 
recommended(115), with the BSG recommending an aspirational target of 95%(89). There is 
little data on the diet the day beforehand. Most units recommend a low fibre diet on the 
day preceding colonoscopy, with no seeds or nuts at least 3 days prior to the colonoscopy. 
Split dose bowel preparation has been shown to be the most efficacious. Current 
international guidelines also recommend that patients have their last dose of bowel 
preparation within 5 hours of their planned colonoscopy, and to finish the preparation at 
least 2 hours before the beginning of the procedure(114). To date, no one form of bowel 
preparation has been proven to be superior to the other, and so departments select the 
desired choice, based on experience and in accordance with relevant guidelines (116, 117). 
A recent meta-analysis has shown that individuals who had a low residue diet, compared to 
those that followed a clear liquid diet, had a higher willingness to repeat the procedure, 
better tolerability and more frequently took targeted amounts of the bowel laxative. No 
differences between the groups with a low residue diet versus clear liquid diet were found 
in terms of adequacy of bowel preparation and in the adenoma detection. No significant 
difference in the occurrence of adverse events were found, except for reports of increased 
hunger in the clear liquid diet arm(118). Where bowel preparation was inadequate, 
additional techniques and innovative technologies were unlikely to be effective in improving 
the ADR.  
 
2.8 Trainee Effect 
Tandem colonoscopy (the process by which patients receive a back-to-back colonoscopy 
with each intervention) is regarded as the gold standard test to evaluate the adenoma miss 
rate. The adenoma miss rate (AMR) is the number of adenomas that are missed at index 
colonoscopy, that are seen on the 2nd colonoscopy(119). The evaluation of trainees and 
their adenoma miss rates is therefore a helpful indication of the required number of 
colonoscopies that need to be performed to gain competence in detection of neoplasia. In a 
tandem colonoscopy study, 12 trainee endoscopists (with varying levels of experience) 
performed back-to-back colonoscopy in 147 patients. Trainees had between 0-33 months of 
endoscopy experience and had performed between 0-605 colonoscopies. The study found 
that the AMR reduced with increasing experience, and estimated that 450 colonoscopies 
were required to attain an AMR of less than 25%(119). Contrary to the findings by Munroe 
et al, one German study failed to show any correlation between the lifetime colonoscopy 
count, the annual case volume, and the adenoma detection rate in 21 consultants(120). A 
large UK study in the BCSP cohort, showed a small but significant difference (Odds Ratio 1.2, 
95% confidence interval 1.11-1.30) in the ADR for the endoscopists who had performed 
t300 prior screening colonoscopy, compared to those with previous 0-299 screening 
colonoscopies(121). Therefore, one assumption, could be that the adenoma detection rate 
improves during the training phase of colonoscopy, before a plateau is reached(31). 
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2.9 Timing of Procedure 
There is evidence from professions with noticeable repetitive activities that fatigue occurs, 
the longer the activity is performed(122, 123). Similarly, colonoscopy studies have shown 
that the earlier the colonoscopy start time in the day, the higher the ADR, which also 
suggests that endoscopist’ fatigue is an important factor in the quality of colonoscopy(124, 
125). In one study, early morning cases yielded 20% more polyps per patient than later 
cases (95% confidence interval, 5%-38%; p=0.007). In another large study, the ADR was 
found to be 29.3% in the morning, compared to 25.3% in the afternoon, p=0.008, with a 
tendency towards decreasing ADR for each hour of the day(125) 
 
2.10 Water-assisted colonoscopy 
Water immersion 
In water immersion (WI) colonoscopy, water is inserted into the colon, to ease the 
progression of the colonoscope to the caecum; insufflation of room air or carbon dioxide, is 
then used as required during the insertion; most of the infused water is aspirated during 
withdrawal.  
Water exchange 
In water exchange (WE) colonoscopy, the removal of dirty luminal contents and the infusion 
of clean water is incorporated to aid colonoscope progression in transparent water. In 
contrast to WI colonoscopy, there is no insufflation of gas, and any remaining gas pockets 
are removed, to obtain the most optimal degree of colon cleanliness(126). 
 
Studies have shown that water exchange during colonoscopy increases the adenoma 
detection rate via increased visualization of the colonic mucosa by improving bowel 
preparation (127-129). In a single centre randomized study in a screening population of 
1224 patients, participants were randomized to water exchange, water immersion or air 
insufflation. Once caecal intubation was achieved, a different colonoscopist to the one that 
performed colonoscopy insertion, performed withdrawal, and was blinded to the 
intervention limb.  Water exchange achieved a significantly higher ADR 49.3% vs 43.4% for 
water immersion and 40.4% for air insufflation, overall p-value =0.04(129). A recent meta-
analysis of 17 randomized controlled trials, including 10,350 patients showed that water 
exchange has a higher overall ADR, especially in the right colon, but prolongs insertion time 
by an additional 3-5 minutes(103, 128). Less patient discomfort was demonstrated in water 
assisted colonoscopy compared to standard colonoscopy with carbon dioxide or air in the 
literature (126, 128) 
 
2.11 Non-invasive colonoscopy techniques 
Simple techniques when performed during endoscopy have shown to increase polyp 
detection and include the following. 

x Minimum withdrawal time 
x Dynamic position change on withdrawal 
x Proximal colon retroflexion 
x Use of buscopan on withdrawal(103).  
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Minimum withdrawal time 
The current UK guidelines recommend a mean minimum colonoscopy withdrawal time of 6 
minutes (where polypectomy is not performed), with an ideal target of 10 minutes(130). A 
study that evaluated the performance of expert endoscopists ‘performance in the bowel 
cancer screening programme in the United Kingdom, concluded that when the withdrawal 
times were >11 minutes, the ADR was 47%, in contrast to ADR of 42.5% when withdrawal 
times were <7 minutes(131). The authors recommended an optimal withdrawal time of 10 
minutes as regression analysis showed only a minimal increase in ADR, when withdrawal 
times were greater than 10 minutes. A landmark paper showed that colonoscopists with a 
mean withdrawal time of 6 minutes or more had higher rates of adenoma detection 28.3% 
vs 11.8%, p<0.001(103, 132).  
 
Dynamic position change on withdrawal                                                                         

 Suggested position changes on withdrawal are as follows. 
 Left lateral, caecum to hepatic flexure 
 Supine; transverse colon 
 Right lateral; splenic flexure and descending colon(103, 133). 
Changing the position of the patient during colonoscopy should theoretically improve 
colonic views as position change places the colonic segment examined in the highest 
position, enabling maximal gaseous distension, whilst allowing excess fluid to drain away. 
Four studies have examined whether changes in patient position on withdrawal may 
improve the ADR. The conflicting evidence on the benefit of position change, increased 
difficulty and time taken to move the patient could explain why this technique is still not 
routinely performed by all practicing endoscopists. The initial study on the benefits of 
position change during colonoscope withdrawal, showed with the use of a non-validated 
scoring system an improvement in luminal distension(134). An improvement in both polyp 
and adenoma detection was shown by the same group in a larger randomized controlled 
trial where dynamic position change improved the ADR to 34% versus 23% in the left lateral 
position throughout the procedure (p=0.01)(133). No improvement in the ADR with dynamic 
position change was reported in one Canadian study when the endoscopists baseline ADR 
was above 40%(135). The largest multi-centre study (1072 patients) showed that dynamic 
position change during colonoscope withdrawal increased the ADR(103, 136). 
 
Proximal colon retroflexion 

The proximal colon is traditionally regarded as any of the colonic segments proximal to the 
sigmoid flexure. Right sided colonic polyps are often flat, subtle, and easily missed. The 
technique of retroflexion in the proximal colon, has shown to improve polyp detection. This 
is achieved by simultaneously using the torque and angulation controls of the colonoscope, 
with maximal upwards deflection, maximum left sided deflection, and torque. In a large 
(1000 patient) observational cohort study, polyps in the right colon were removed on 
forward view. A repeat examination of the proximal colon in retroflexion, once the caecum 
had been re-intubated allowed the removal of polyps that were not seen on the initial 
forward view. 634 polyps and 497 adenomas were seen and removed on insertion, with 
retroflexion identifying an additional 68 polyps and 54 adenomas. Retroflexion was 
successful in 94.4% of patients in this study. The limitations of this study are that the 
examinations were performed by 2 operators in a single tertiary unit. The application of this 
technique by non-expert endoscopists is yet to be established(103, 137).  
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Buscopan 
Buscopan is an anti-cholinergic drug that causes relaxation of the smooth muscle and 
reduces spasm of the bowel. It is used in colonoscopy to enhance luminal views on 
withdrawal and increase the detection of adenoma. It should be used cautiously or avoided 
in patients with pre-existing cardiac co-morbidity or with tachycardia as it has anti-
cholinergic effects that can precipitate tachycardia and hypotension. The heart rate should 
be monitored when buscopan is administered during a procedure. Buscopan can 
infrequently trigger formerly undiagnosed asymptomatic acute closed-angle glaucoma. 
Advice should be given instructing patients to seek urgent medical attention if they develop 
painful red eye. Generally, buscopan use is thought to be safe in open-angle glaucoma and 
in closed-angle glaucoma who have had iridectomy(103, 138). One large study showed that 
the use of buscopan increased adenoma detection by 30%(121). However, statistically 
significant increases were not confirmed in randomized controlled trials(139) (140).A recent 
meta-analysis showed that buscopan may provide a marginal improvement in the polyp and 
adenoma detection rate, but due to heterogeneity in the data across the different studies, 
firm conclusions could not be drawn(103, 141).  
 
2.12 High resolution and high-definition endoscopy 
In the last four decades, there has been a continual improvement in the definition of white 
light video-endoscopy. This has occurred through progresses made with the light source, 
video processor and the CCD. The pixel (picture element) is the fundamental unit of any 
endoscopic image. The greater number of pixels, the higher the image resolution that is 
possible. Initial video endoscopes had a resolution of around 200-400,000 pixels(82, 84). The 
current high-definition technology uses over 1 million pixels.  
High resolution endoscopes have an increased number of pixels within the CCD at the 
endoscope tip but transfer the output to a standard definition display monitor. A point is 
reached where the television monitor is not able to display the pixel number provided by 
the colonoscope. High-definition tele-video endoscopy was therefore developed, which 
could provide a greater display of output lines on the television monitor to accommodate 
the increased pixel number in the CCD. 
 
In theory, high-definition colonoscopy should make the detection of subtle mucosal 
abnormalities, such as diminutive polyps, easier. Early studies comparing high-definition 
colonoscopy to SD did not report a significant increase in the ADRs(142-144). 
More recently, studies have shown a statistically significant increase in polyp and adenoma 
detection with high definition compared to standard colonoscopy (SC)(145-147). The largest 
retrospective study of 2,430 patients showed a significantly higher ADR with high-definition 
white-light (HDWL) compared to SD (28.8% vs. 24.3%, p = 0.012)(147). A meta-analysis has 
shown that high-definition colonoscopy produces a 2–4% gain in the ADR. This meta-
analysis of five studies and 4,422 patients showed an incremental yield of 3.8% with a 
number needed to treat (NNT) of 26 for polyp detection and an incremental yield of 3.5% 
with an NNT of 28 for adenoma detection(148). High-definition endoscopes are the current 
standard for most units in western countries(103). 
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2.13 The concept of in-vivo characterisation 
Endoscopists have always contemplated whether colorectal lesions are accurately 
diagnosed because of endoscopic characteristics. Advanced cancers are mostly larger, more 
visible and stand out more. Additional technology in relation to advanced cancers are not 
likely to provide additional benefit. Technology is more likely to play a beneficial role in the 
distinction between 1) non-neoplastic and neoplastic polyps and ii) non-invasive neoplastic 
polyps and early invasive lesions(31).  
 
The ability to make an accurate, real-time in-vivo assessment of colorectal lesions is a vital 
skill in an endoscopist’s armamentarium. High accuracy in the in-vivo diagnosis of colorectal 
lesions could reduce the need for endoscopic removal of polyps, as hyperplastic polyps 
could be left in-situ, with only endoscopic removal of adenoma and serrated polyps. This 
concept is commonly referred to as ‘resect and discard’(149). Surgical resection is reserved 
for invasive adenocarcinoma. Despite the seminal work by Kudo et al, distinguishing 
adenomas from hyperplastic polyps, especially those <10mm in size during colonoscopy can 
be very difficult. Current clinical practice is to remove all polyps detected at colonoscopy, 
which often includes the unnecessary removal of hyperplastic polyps. Polypectomy is 
associated with risks such as bleeding, perforation, increased expense and demands to the 
histopathology service(150, 151).  
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2.14 Chromoendoscopy for in-vivo characterisation 
Japanese endoscopists were the pioneers of in-vivo characterisation. 
Crystal violet, a vital stain, that irreversibly binds to cellular structures was the first dye used 
for the in-vivo prediction of colonic polyps. Professor Kudo in Japan pioneered the 
technique with large studies correlating in-vivo pathological diagnosis with colonic lesions 
(152-154). 
The method described by Kudo et al., involved washing any lesion with water and then spray 
application of 0.4% indigocarmine, followed by a magnified observation. 0.2% cresyl violet 
stain was then sprayed onto the lesion, followed by another magnified observation- 
see Figure 15. 
 

 
Figure 15 Flow Chart for Examination of Polyps with Cresyl Violet(153). Reproduced from Kudo et al, 
with permission Elsevier. 
 
Lesions were then resected, stained with haematoxylin, and examined using stereo 
microscopy (x60).  
 
The following observations on the surface pit patterns were made:  
 
Normal round pit: Straight, non-branching crypts. The cells looked normal 
histopathologically. These were diagnosed as normal (100%). 
Small asteroid pits: Straight, non-branching crypts, but histopathologically, the cells showed 
slight swelling, without atypia. These glands were diagnosed as hyperplastic (100%).  
Large asteroid pits: Branching crypts, that repeatedly occurred, becoming smaller each 
time. Histologically, the cells were slightly swollen and showed mild atypia. These crypts 
were diagnosed as hyperplastic or as serrated adenoma. 
Small round pits: Straight, non-branching crypts. Histologically showed borderline malignant 
or carcinomatous change.  
Oval pits: Repeated branching round crypts. Histologically, cells were moderately atypical 
and diagnosed as adenoma.  
Gyrus-like pit: Giant, repeatedly branching crypts with several round or oval shaped crypts. 
Histologically, they were moderately atypical and found in tubulovillous adenomas.  
Non-pit: Non-structural glands. Histologically these glands were diagnosed as 
adenocarcinoma (100%) which had invaded the submucosal or deeper layers 
 
  



 43 

Pit Pattern Classification 
The 6 different types of pit patterns were classified into the following categories. 
Type I: normal round pits 
Type II: small and large asteroid pits 
Type III(s): small round pit 
Type III (L): oval pits 
Type IV: gyrus-like pit 
Type V: non-pit pattern(152) 
 

 
Figure 16 Diagrammatic Representation of Kudo Pit Patterns (153). Reproduced from Kudo et al, 
with permission Elsevier. 
 
In a subsequent study by Kudo et al, there was a good correlation between the observed pit 
patterns and histology for 1613 neoplastic lesions. A type V pit pattern was strongly 
associated with cancer with 22/33 patterns being cancerous lesions(153).This ground-
breaking information became the basis for all future in-vivo diagnostic techniques and 
became known as Kudo’s classification.  
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2.15 Dye-based Chromoendoscopy 
Dye-based chromoendoscopy is a technique that involves the spray application of a dye 
onto the colonic mucosa using the working channels of the colonoscope (often via a spray 
catheter or syringe). It is safe and can be used both in the detection and characterization of 
lesions(155).This technique highlights surface patterns and assists the characterization of 
colonic neoplasia. The current preferred dye is indigo carmine, which stains the mucosa 
blue, without reacting with the tissue and can be suctioned off (155). Chromoendoscopy is a 
method of in-vivo polyp characterization that would distinguish adenomas from hyperplastic 
polyps and avoid the performance of unnecessary polypectomy reducing the associated 
risks. It is also more cost-effective(155).  
 
Several groups have studied the use of indigo carmine alone with and without magnifying 
endoscopy for the characterization of colonic lesions, after Professor Kudo’s initial work(86, 
156-159). Accuracy for the distinction between non-neoplastic and neoplastic lesions vary 
from 81.5% to 98%. The recognition that a III(s) pattern was more likely to represent 
adenoma in most cases rather than cancer should also be noted. Kudo et al initially reported 
a high accuracy when using stains in combination with magnification endoscopy to describe 
pit patterns (surface openings of mucosal crypts) to predict polyp histology and distinguish 
hyperplastic polyps from adenoma (152-154).  
 
In the CONSCOP 1 study the use of dye-based chromoendoscopy was evaluated in a multi-
centre randomized controlled trial in an organized colorectal cancer screening programme 
in Wales. A significantly greater detection of proximal serrated lesions was noted in the dye-
based chromoendoscopy limb (12%) vs the standard colonoscopy limb (6%)(160). 
 
A Cochrane meta-analysis evaluating 5 randomized controlled trials which included a total of 
1059 patients concluded that chromoendoscopy with indigo carmine increased the number 
of patients with at least one polyp detected (odds ratio [OR: 2.22] and the number of 
patients with at least one dysplastic lesion detected (OR: 1.67)(161)   
 
Dye-based chromoendoscopy is time-consuming, requiring both training and extra 
equipment to undertake. Another disadvantage with dye-based chromoendoscopy is the 
endoscopist would need to perform extensive washing if they decide they need an 
unstained view. The uptake by Western endoscopists has therefore remained poor(155).  
 
2.16 Virtual Chromoendoscopy 
Virtual chromoendoscopy systems have been developed by endoscopy companies that 
easily provide the endoscopist with enhanced mucosal images, through the switching on or 
off the button on the endoscope. Virtual chromoendoscopy is an alternative to conventional 
chromoendoscopy and enhances the visualisation of the mucosal surface and vasculature. 
Virtual chromoendoscopy can also be known as; ‘optical diagnosis’, ‘electronic 
chromoendoscopy’, and ‘image-enhanced endoscopy’. The term virtual chromoendoscopy 
refers to; narrow band imaging (NBI) (Olympus, Tokyo, Japan), flexible spectral imaging 
color enhancement (FICE) (Fujifilm, Saitama, Japan), I-Scan (Pentax, Tokyo, Japan) and blue 
laser imaging (BLI) (Fujinon, Saitama, Japan)(103). NBI, FICE and I-Scan are now widely 
available in clinical practice but are still mainly used in academic endoscopy units. Virtual 
chromoendoscopy has been shown to be beneficial in both lesion detection and lesion 
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characterization. The advantage to virtual chromoendoscopy over traditional dye-spray 
based chromoendoscopy, is that it less time-consuming and cumbersome, due to its push 
button approach(155).  
 
2.17 Narrow Band Imaging 
Narrow band imaging from Olympus is the virtual chromoendoscopy modality that has been 
evaluated the most in the literature. The principles behind NBI are based on the variable 
penetration of light. A range between 400 nm to 700 nm is the usual spectrum of visible 
light(162).  
In preliminary studies Gono et al experimented with optical filters to demonstrate that 
different bandwidths had different levels of penetrating the mucosa(163). Red light 
penetration occurs deep into the submucosa, without assisting the surface pattern. Blue 
light at a wavelength of 415 nm and green light at a wavelength of 540 nm enhance the 
mucosal vasculature, without deep penetration(103).Blue light displays superficial capillary 
networks, while green light highlights subepithelial vessels. NBI uses a physical filter to block 
red light and to narrow the bandwidth of the blue and green light, resulting in a high-
contrast image that improves visualisation of surface patterns (103, 155).  
 

 
Figure 17 Explanation of the Theory Behind Narrow Band Imaging. Reproduced with permission from 
Haidry & Lovat (162).  
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The NBI NICE classification shown in the figure below is based on the colour, vessels, and 
surface pattern on endoscopy(164). In the NBI NICE classification, hyperplastic/sessile 
serrated polyps (SSP) are represented as type 1 polyps, adenoma as type 2 polyps and deep 
submucosal invasive cancer as type 3 polyps(164). 
 

 
Figure 18 NICE NBI Classification(164). Reproduced from Sano et al, with permission Wiley Online 
Library 

NBI for Polyp Detection 
Initial studies evaluating the use of NBI against standard white light endoscopy suggested a 
benefit with NBI with a greater polyp detection(165, 166). This was not confirmed in 
subsequent studies, which showed no incremental benefit with NBI use(167, 168). A recent 
meta-analysis of data from individual patients in 11 randomized controlled trials found that 
the ADR was higher with the use of NBI over WLE, with the effect more noticeable when the 
bowel preparation was optimal(103, 169).  
 
NBI for Polyp Characterization 
In one study 2 endoscopists reviewed the images of polyps <10mm in size and predicted 
whether polyps were neoplastic or non-neoplastic. NBI correctly predicted neoplastic 
histology in 93 of 98 images (sensitivity 95%, positive predictive value [PPV]) 94%) whereas 
white light did so in 58 of 98 images (sensitivity 59%, PPV 79%). NBI had a 90% specificity 
and 92% negative predictive in the prediction of non-neoplastic histology, whereas white 
light endoscopy did so in 47 out of 62 images (specificity 76%, NPV 54%)(170).  
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2.18 Flexible Spectral Imaging Colour Enhancement (FICE)  
FICE is the virtual chromoendoscopy system found on the Fujinon endoscopes. FICE utilises 
spectral estimation technology and post-processor technology via a charge coupled device 
that digitally narrows the bandwidths of light to display the image with enhanced mucosal 
visibility.  Similarly, to NBI, there is a reduction in red light and enhancement of blue light, 
with the enhancement of surface patterns and vascular structures. The FICE system permits 
10 different wavelength settings to be selected(103, 143, 171, 172).  
Table 4 FICE pre-set bandwidths.  
 Numbers in the upper row represent the 10 possible FICE settings.  
 R, G & B are the wavelengths of red, green, and blue light used in 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 
 
Studies thus far have failed to demonstrate a noticeable benefit in the use of FICE with 
white light colonoscopy in relation to the adenoma detection(173). Two randomized 
controlled trials and a meta-analysis showed no benefit in polyp and adenoma detection 
with FICE compared to WLE (171, 174-176). FICE does appear to distinguish adenoma from 
hyperplastic polyps, which also appears to be improved with higher definition 
endoscopes(103, 143, 171, 172).  
 

 

 
Figure 19 Colonic Adenoma with Standard White Light (A) and FICE (B). Reproduced from Togashi et 
al with permission from Elsevier (177). 
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2.19 Blue Laser Imaging (BLI) and Linked Colour Imaging (LCI) 
Blue Laser Imaging technology is a more recent technology from the Fujifilm system. BLI is 
the first technology to produce blue light in a narrow spectrum without the use of a filter. 
The LASEREO BLI system (LASER endoscopic system) was first introduced in 2012. Two laser 
lights, with wavelengths of 410 and 450nm laser lights and fluorescent lights were used. BLI 
makes lesions appear brownish. By contrast LCI, makes adenomatous lesions and 
inflammation appear more reddish, whereas the surrounding mucosa around the lesions 
become whiter. Therefore, a noticeable contrast between the lesion and mucosa is 
available(178). The ELUXEO 7000 system uses a light-emitted diode (LED) light source. LED 
endoscopes use a 4-light emitting diode technology with wavelengths of 410nm and 450nm 
laser light(178). 

 
Figure 20 Comparison between LASER endoscope and LED endoscope. LED, light-emitted diode. 
Reproduced from Yoshida et al with permission from Annals of Translational Medicine (178). 
 
In one small, randomized study of 182 patients comparing BLI to WLI, PDR was 59.8% versus 
40% respectively, p=0.008. Adenoma detection rate was 46.2% versus 27.8% respectively 
with a p-value of 0.010(179). A large multi-centre RCT involving 8 institutions compared BLI 
to WLI. All the detected lesions were resected or had a biopsy for histological diagnosis. The 
study found a significantly higher MAP in the BLI group compared to the WLI group (mean 
+/- standard deviation [SD] WLI 1.01 +/- 1.36, BLI 1.27 +/- 1.73; P = 0.008)(180). A recent 
study found a statistically significant improvement in the PDR for LCI over WL endoscopy, 
91% versus 73% (p < 0.0001)(181).One recent Italian study showed that there was a 
statistically significant reduction in the miss rates of adenoma in the LCI limb compared to 
the WL endoscopy limb, 11.8% versus 30.6%, respectively (p < 0.001)(182).LCI and BLI are 
the newest image enhancement modalities, and therefore need further data to prove their 
superiority to the older modalities(103). 
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Figure 21 BLI and LCI Technology. HDWL (A) for Non-polypoidal Lesion (20mm). LCI (B). BLI (C). BLI 
with magnification(D). Reproduced from Yoshida et al with permission from Annals of Translational 
Medicine (178). 
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2.20 I-scan  
I-scan (Pentax, Tokyo, Japan) is another virtual chromoendoscopy system that uses post-
processing computer algorithms and an SD processor to regulate light reflected from the 
mucosa to enhance surface visualization(155). I-scan can also enhance surface patterns in 
addition to the vasculature, improving the distinction between edges, without decreasing 
the image brightness(155). I-scan consists of three enhancement modalities: (1) Surface 
enhancement, (2) contrast enhancement, and (3) tone enhancement.  
 
Surface Enhancement 

There is an increase in the brightness of light pixels at a dark-light border and decreased 
brightness of dark pixels at the dark-light border. Surface enhancement can be adjusted in 
intensity from +1 to +6-(31, 183). 
 

 
Figure 22 Pictorial Explanation of I-Scan-SE. There is an increase in light pixels at the dark-light 
border and a decrease in dark pixels at the dark-light border, which makes the dark areas appear 
darker and the light areas appear lighter to enhance the edges and lesion borders. Panel A: 
Enhancement of the edge; Panel B: Enhancement of the minute structure. Reproduced from 
Kodashima & Fujishiro, with permission Baishideng Publishing (183) 
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Contrast Enhancement 
Establishes the low luminance pixels and enhances the blue light component of pixels, while 
diminishing the red and green component of light pixels. Contrast enhancement can also be 
adjusted in intensity from +1 to +6(31, 183).  

 
Figure 23 Pictorial Explanation of I-Scan CE showing Digital Manipulation of the Red, Blue and Green 
Light Components in Pixels with Luminance. Panel A: Enhancement of the low luminance area; Panel 
B: Relative enhancement of the B component (minute irregularities on the mucosal surface). 
Reproduced from Kodashima & Fujishiro, with permission Baishideng Publishing (183).  
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Tone Enhancement 
Tone enhancement separates the red, from the blue and green components of light. The red 
component is relatively suppressed, whilst the blue and green light components are 
enhanced or not altered(31, 183) 
 

 
Figure 24 Pictorial Explanation of I-Scan TE showing Digital Manipulation of Red, Blue and Green 
Components of the White Light Spectrum. Three different TE settings are shown: (A) TE-e for 
oesophagus, (B) TE-g for gastric and (C) TE-c for colon. In TE-c setting red light is suppressed whilst 
blue and green light are enhanced. Reproduced from Kodashima & Fujishiro with permission from 
Baishideng Publishing(183). 
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i-Scan has 3 pre-defined settings of combinations of SE, CE, and TE: -  
• _i-Scan 1 – Surface & Contrast enhancement  
• _i-Scan 2 – Tone enhancement ‘colon’  
• _i-Scan 3 – Surface, Contrast and Tone enhancement ‘colon’  
The use of I-scan has been evaluated for both lesion detection and lesion characterisation.  
The use of i-scan will be discussed in detail in Chapter 7. 
 
2.21 Resect and Discard 
In 2009, Rex et al did a study that evaluated the in-vivo assessment of diminutive polyps 
with high levels of confidence by the endoscopist, combined with the histology of polyps 
larger than 5mm in size. These findings were then compared to the recommended 
surveillance intervals according to the histological findings of all the polyps. The surveillance 
interval recommendations were predicted accurately in 94%-98.5% of cases as determined 
solely against the histology(184).  
 
In a study based at St Marks Hospital (London, UK), 130 patients with 363 polyps <10mm in 
size were evaluated by 4 colonoscopists with varying degrees of experience. These 
endoscopists made an in-vivo optical diagnosis, first with high-definition white light 
endoscopy, and then narrow-band imaging. 198 polyps were adenomas and 62 polyps 
hyperplastic. Adenomas were correctly diagnosed in 186/198 cases and hyperplastic 55/62 
respectively. 82/130 patients had a surveillance interval allocated immediately after 
colonoscopy with an optical diagnosis, with the same interval found in 80/82 patients 
(98%)(149). This study added support to the findings by Rex et al, that if in-vivo diagnosis 
was accurate that considerable cost savings could occur with the in-vivo allocation of 
surveillance intervals.  
 
The term ‘Resect and Discard’ was adopted to describe the concept whereby diminutive 
colonic polyps could be ‘resected and discarded’ without a need for histological 
confirmation and the assignment of high confidence intervals for distal hyperplastic polyps 
could be left-in-situ, reducing the burden of unnecessary polypectomy(149).  
 
The American Society of Gastrointestinal Endoscopy published guidelines on the in-vivo 
diagnosis of diminutive colonic polyps called the ‘Preservation and Incorporation of Valuable 
Endoscopic Innovations (PIVI) guidelines’(185).These guidelines highlight the 2 technology 
performance thresholds. 
 

1. There should be a 90% or greater negative predictive value (NPV) for adenomatous 
histology, before small (<5mm) suspected hyperplastic polyps in the recto-sigmoid 
are left in-situ.  

 
2. In-vivo diagnosis using endoscopic technology to determine histology of colon 

polyps<5mm, when combined with histological analysis of polyps>5mm, should 
provide a t90% agreement in assignment of post-polypectomy surveillance 
intervals(185).   
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The accurate use of NBI in experts is well recognised (149, 184). A meta-analysis of in-vivo 
optical characterisation of diminutive polyps found that the accuracy was higher in 
academic centres when performed by experts. It should be noted that only 3/21 NBI studies 
in this meta-analysis were in non-academic settings (186).  
 
The accuracy of NBI colonoscopy in routine clinical practice was poorly understood. 
DISCARD 2, a large prospective study evaluated NBI in routine colonoscopy practice(187). In 
this study of 1688 patients, 28 colonoscopists in 6 general hospitals received training in the 
use of the NBI NICE classification. Polyps<10mm in size were then evaluated with HDWL and 
NBI. Polyps were classified as hyperplastic, adenomatous, cancer or other with a high or low 
confidence interval. All polyps were assigned a surveillance interval. All polyps were 
resected, and their histology evaluated. The test sensitivities for in-vivo diagnosis (83.4%) 
and assignment of surveillance intervals (73%), were well below the 95% requirement set by 
the study team. This large multi-centre study concluded that NBI for in-vivo diagnosis was 
not ready for widespread implementation in routine clinical practice. IEE is still mostly used 
by experts in academic units and are not representative of the wider workforce.  
 
2.22 Artificial Intelligence 
Artificial intelligence in endoscopy is roughly based on the neural networks in the human 
brain. Artificial intelligence through deep learning generally surpassed the conventional 
‘hand-crafted’ features of machine learning. In ‘hand-crafted’ features, the scientists 
manually engineer the information, whereas in ‘deep learning’ they are automatically 
extracted from a machine learning algorithm(188-190). The use of artificial intelligence in 
endoscopy has gained interest in lesion detection and diagnosis. In a large randomized 
controlled trial where patients were randomized to standard colonoscopy with or without 
the use of an automated polyp detection system, a statistically significant increase in the 
detection of adenoma were shown. The ADR with the automated polyp detection system 
was 29.1% and without the automated polyp detection system it was 20.3%, p<0.001. The 
mean number of adenomas per patient was 0.53 with the automated polyp detection 
system and 0.31 without it, p<0.001 (191). 
 
2.23 Dysplasia in Inflammatory Bowel Disease 
There is an increased risk of colorectal cancer in UC and reported incidence rates vary. An 
early meta-analysis by Eaden et al found a cumulative rate of 2% in 10 years, 8% in 20 years 
and 18% after 30 years disease duration(192). A more recent meta-analysis by Jess et al 
found an overall lower risk of 1.6% over 14 years of follow up(193). The utilisation of 
biologic medications that provide superior control of inflammation and the incorporation of 
surveillance programs are likely to explain the reduced incidence(194, 195).  
 
Studies have shown that colonoscopy surveillance programmes improve survival through 
the early detection of dysplasia(196, 197). A nationwide Dutch study of 149 patients over a 
15-year period, compared the survival of patients with IBD-associated CRC who did or did 
not undergo colonoscopy surveillance. A 100% 5-year survival rate in the surveillance group 
was found, versus 74% in the non-surveillance group, p=0.042(196). A large 1,375 patient 
follow up study 15,234 patient-years (median, 11 years per patient) found an increased 
incidence rate of early CRC in one decade compared to the preceding decade (2.5-fold 
increase, p=0.045 with a high 10-year survival rate at 79.6%. The study also showed an 
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increased incidence rate in the detection of dysplasia, which could be attributed to the use 
of chromoendoscopy(197).  
 
In the early days of fibreoptic colonoscopy, the detection of dysplasia in IBD was perceived 
as very challenging. Consequently, routine practice consisted of taking random biopsies 
(quadrantic biopsies at every 10cm in the colon) to increase the detection of dysplasia. This 
technique was ineffective and gave low yields. In a study by Rubin et al, a minimum of 33 
biopsies were required to obtain a 90% confidence in the existence of dysplasia(198). With 
the existing available technology most dysplasia in IBD is visible during colonoscopy (199, 
200). In a 246 patient RCT, the mean number of biopsies found to contain neoplastic tissue 
per colonoscopy was 0.211 in the targeted group compared to 0.168 in the random biopsy 
group(201). There is a move towards targeted biopsy taking with the use of HDWL+/-
chromoendoscopy.  
 
A meta-analysis showed that chromoendoscopy was superior to HDWL in the detection of 
dysplasia in IBD with a 7% difference in yield of dysplasia detection(202). The SCENIC 
guidelines also recommend the use of chromoendoscopy instead of HDWL when performing 
surveillance colonoscopy in IBD(203).  
 
Early data did not show an improvement in the detection of dysplasia in IBD with the use of 
NBI when compared to HDWL(204, 205). In 220 patient multi-centre RCT, no difference in 
dysplasia detection was shown in patients randomized to either NBI or HDWL (205).  
 
However, more recent data is in favour of the use of VCE for dysplasia detection, as there 
have been no evidence of superiority and the procedure can be performed in less time than 
dye-based CE. A multi-centre RCT failed to show any statistically significant difference 
between chromoendoscopy and NBI in the mean number of neoplastic lesions per 
colonoscopy; 0.47 CE and 0.32 NBI respectively, p=0.992. A 7-minute shorter withdrawal 
time was noted in the NBI limb (206). Another RCT where 270 patients were randomized to 
HDWL, I-scan or dye-spray chromoendoscopy found that dysplasia detection with both 
HDWL and I-scan was not inferior to dye-spray chromoendoscopy(207). A recent 188 patient 
study did not find a significant difference in the detection of neoplasia between HDWL 
(24.2%) and HDWL+I-scan (14.9%), p=0.14(208). Further studies are required before this can 
be incorporated into recommendations.  
 
Visible dysplasia with clear and distinct margins can undergo endoscopic resection. 
Surgery is recommended for the management of non-visible or endoscopically unresectable 
visible dysplastic lesions(203).  
 
2.24 History of Therapeutic Gastrointestinal Endoscopy 
The inception of endoscopy as a diagnostic tool, was quickly followed by the exploration of 
its utility as a therapeutic procedure. Initial case series evaluating hundreds of 
polypectomies reported good outcomes with a low complication rate(79). In the years that 
followed the publication of the initial case series, several large studies showed the 
effectiveness of polypectomy, establishing this as a tool in the management of complex 
benign polyps and led to a reduction in the need for laparotomy and colectomy (79, 209, 
210). Polypectomy is significantly more advantageous than surgery for the following 
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reasons: the bowel remains intact, quicker recovery times, avoidance of hospital stays. With 
the use of electrocautery, en-bloc snare resection of pedunculated polyps and piecemeal 
snare resection of sessile polyps was performed as the technique of polypectomy expanded. 
There were high recurrence rates reported initially, compared to current day standards, 
with recurrence rates as high as 29% reported(210). 
 
Nowadays, most polyps can be removed endoscopically. 90% of polyps are <1cm in size, 
with 5% of polyps as LST, which are more prevalent in the right colon(211). Cold snare 
polypectomy is the preferred endoscopic resection technique for the resection of diminutive 
polyps (<5mm), which is associated with high rates of complete resection, and low 
complication rates(212). The use of cold biopsy forceps is not recommended due to high 
rates of incomplete resection(212). A study by Lee et al showed the superiority of CSP to 
CBF for completeness of polyp resection with rates of histological eradication 93% for CSP 
and 76% for CBF, p=0.009. Current guidelines suggest CSP for sessile polyps 6-9mm in size, 
and reserve hot snare polypectomy for the resection of sessile polyps >10mm in size and 
pedunculated polyps(212).  
 
The technique of endoscopic resection has been refined over the years. Deyhle et al first 
described the use of an injection fluid to lift the submucosa before the application of a snare 
to resect polyps in 1973(213). This publication described the use of the technique in 10 
dogs, and one patient with 7 polyps, with no perforations reported. The submucosal fluid 
served as a protective cushion to prevent the diathermy damaging the deeper layers of the 
bowel wall, which is a special concern in the proximal colon, which is only 2-3mm thick(213). 
 
The first description of the technique which is known today as endoscopic mucosal resection 
(EMR) was first made by Tada et al with their explanation of the ‘strip-off biopsy’ technique 
in the resection of gastric neoplasia(214). After the injection of submucosal fluid, a forceps 
biopsy grasped the lesion, an open snare was subsequently applied over the lesion, then 
closed with the resection completed(214). Ensuing publications showed that the ‘strip-off 
biopsy’ technique could convincingly resect gastric and colonic neoplasia up to 20mm in a 
single piece(215) and using piecemeal resection for larger lesions(216). 
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Figure 25 Strip Biopsy Technique. Stages a-d: stages involved in polypectomy and removal. P type 
(pedunculated polyp), SP type (sub-pedunculated polyp), S (sessile polyp), IIa polyp (flat elevated 
polyps), IIc polyp (flat depressed polyps). Reproduced from Karita et al with permission, copyright 
Elsevier Publishing. (215) 
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2.25 En bloc versus Piecemeal Resection 
En bloc resection is the complete resection of a lesion in one piece, which is generally 
preferred as it facilitates a more precise pathological determination to be made of the 
resection specimen and gives a more accurate idea whether there is an early invasive 
component to the lesion. En bloc resection techniques are associated with a greater risk of 
complications, especially perforation. 
 
Piecemeal resection (resection of a lesion in multiple pieces) is a less challenging resection 
technique that is easier to learn and faster to perform. Piecemeal EMR is an appropriate 
resection modality for Granular LST without high-risk features. LST-G types with high-risk 
features such as a large nodule should ideally be resected with ESD, if the expertise is 
available. If not available, they can be resected piecemeal, but it is important to recognise 
that the nodular component should be removed en bloc, with separate submission to the 
pathologist(217). There are essentially 3 endoscopic resection modalities employed in the 
advanced endoscopist’s armamentarium: EMR, underwater EMR, ESD and hybrid EMR.  
 
2.26 Endoscopic Resection 
Endoscopic resection of complex colonic polyps has been transformed by advanced 
resection techniques. It is now possible to perform endoscopic resection of complex polyps, 
thus avoiding the need for surgery. Endoscopic resection modalities include endoscopic 
mucosal resection (EMR), endoscopic submucosal dissection (ESD), and hybrid EMR.  
 

Endoscopic Mucosal Resection 
Endoscopic mucosal resection is a resection modality where a submucosal cushion between 
the mucosa and muscularis propria is created via the injection of fluid into the submucosa, 
followed by the application of an electrocautery snare to resect the lesion, usually via a 
piecemeal fashion(218).The injection of lifting solution into the submucosal space lifts the 
polyp above the underlying muscle below. This can make flatter lesions more protuberant 
and straightforward to grip. The non-lifting sign is when polyps fail to lift appropriately 
following the injection of fluid into the submucosal space and is likely to correlate with 
invasive features such as SM3 invasive carcinoma(45, 219). The non-lifting sign should be 
interpreted with caution as it can occur due to conditions other than invasive carcinoma. 
Scarring from previous attempts at endoscopic resection and dysplasia on a background of 
inflammatory bowel disease and multiple biopsies can result in the non-lifting sign. If there 
are concerns endoscopically with regards to high-risk features in combination with non-
lifting sign, then endoscopic attempts at resection should be abandoned, as the likelihood of 
sustaining a perforation in a cancer is high.  
 
Colonic EMR has been shown to be a very effective technique in the management of colonic 
polyps and is the most used modality in the West for the endoscopic resection of benign 
polyps. Excellent prognosis has been reported with the use of EMR as a recent meta-analysis 
has shown an endoscopic cure rate of 96.3% for polyps >2cm in size, with 8% of polyps going 
onto have surgery and perforation rates of 1.5%(220).  Recurrence rates of up to 20% have 
been reported with EMR and the recurrences are usually diminutive in size (221). Polyps 
that recur are mostly scarred and can be difficult to resect endoscopically. In a large 
prospective series, polyps t4cm in size, the presence of intraprocedural bleeding and high-
grade dysplasia were independent predictors for polyp recurrence(222). The level of 
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expertise of the endoscopist is also likely to play a role. One study did evaluate the learning 
curve of colorectal EMR based on rates of adverse events and recurrence at surveillance 
colonoscopy(223). The study found 100 colorectal EMR’s were required to achieve a 20% or 
lower rate of residual neoplasia at follow up(223). The main disadvantage of piecemeal EMR 
is the inability to give precise information on the completeness of excision, especially in 
cases that harbour malignancy(218).  
 
En bloc EMR is the current recommendation in international guidelines for colonic lesions 
<20mm and rectal lesions <25mm(212). Successful lifting is crucial if en-bloc EMR is to be 
contemplated. In ‘dynamic’ injection technique there is manipulation of the injection 
catheter whilst injecting, that involves lifting the distal tip of the needle as the lift forms, 
whilst at the same time suctioning to reduce mucosal tension, to avoid seepage of the lifting 
solution laterally(224). The ‘small incision’ technique can be used for challenging large 
polyps to assist en-bloc EMR. In this technique, the snare tip makes a tiny incision on the 
caecal side of the polyp. The snare tip is then anchored in the incision, and slowly opened 
over the lesion to facilitate en-bloc resection. Piecemeal EMR is the current 
recommendation for lesions >20mm in size(212). In this technique, the whole polyp is 
resected in multiple pieces. It is preferable to resect fewer, larger segments of the polyp and 
resect normal tissue margins to mitigate the recurrence risk. In one large prospective study, 
the recurrence rates were 19%(222). 
 
Underwater Endoscopic Mucosal Resection 

The technique of EMR involves the injection of lifting solution into the submucosa, creating 
a ‘safety cushion’ between the mucosa and the muscularis propria, that prevents thermal 
injury and perforation. The safety cushion, can however, make snare capture more 
challenging(225). With conventional EMR, rates of polyp recurrence of 20% have been 
reported(221, 226).  
The technique of underwater EMR (UEMR) was first described by Binmoeller et al during 
endoscopic ultrasound (EUS), when lesions covered in water, were noted to float away from 
the muscular layer. The alternative technique of UEMR was then developed. Lesions that 
were immersed in water were lifted away from the mucosa, without the need for 
submucosal injection. This helped to overcome the challenges associated with conventional 
EMR (CEMR) (227). Initial small studies evaluating UEMR demonstrated the technique’s 
safety and efficacy (228-230). A recent RCT of 158 polyps showed that UEMR faired superior 
to CEMR in the rate of R0 resection 32.1 % (UEMR) vs 15.8% (CEMR), p=0.025. Overall, no 
statistically significant improvement in the recurrence rate was noted between the 2 
groups, p=0.25. Although when subgroup analysis was performed, polyps >30mm and 
d40mm in size, had recurrence rates of 6.3% UEMR vs 42.9% for CEMR respectively, 
p=0.03(231). In a recent multi-centre RCT of 210 colorectal lesions between 10-20mm in 
size, the proportion of R0 resections were 69% in UEMR compared to 50% in the CEMR 
group, p=0.01(232). A meta-analysis in 2019 of 10 eligible studies (508 lesions from 433 
patients) found resection rates of 96.3%, with en-bloc resection rates of 57%. A recurrence 
rate of 8.8% in a mean follow up time of 7 months was noted(225). Recent guidelines 
support the use of UEMR as there is an increased proportion of R0 and en-bloc resections 
for 10-20mm non-pedunculated colorectal lesions(126). 
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Endoscopic submucosal dissection 
Endoscopic submucosal dissection is a resection technique using endoscopic knives to make 
a mucosal incision and subsequent submucosal dissection to remove a lesion en-bloc. It was 
the next major advance in endoscopic resection, initially developed for the treatment of 
early gastric cancers, but later modified for the resection of colonic and oesophageal 
neoplasia 
En-bloc histological specimens facilitate increased accuracy in reporting of clear resection 
margins and reduces recurrence rates(233). En bloc pathological specimens facilitate 
increased interpretation on the accuracy of deep and lateral margins and the depth of 
submucosal invasion. A recent meta-analysis found the benefit of ESD over EMR for en-bloc 
(89.9% vs 34.9%) and curative resection (79.6% vs 36.2%)(234). However, disadvantages for 
ESD compared to EMR in the same meta-analysis showed a longer procedural time (ESD 
66.5 mins vs EMR 29.1min) and increased rates of perforation (ESD 4.9% vs EMR 0.9%)(234).  
 
Current indications for ESD:  
x Rectal lesions >2cm carry a greater risk of cancer  
x LST-NG 
x Dysplasia in colitis 
x Lesions with high suspicion for T1 cancer(218). 
 

Hybrid EMR 
Hybrid EMR is another resection modality that utilises a combination of techniques from 
EMR and ESD. In this approach, a circumferential mucosal incision is made with the use of a 
knife, followed by some submucosal dissection until there is a clear graspable edge around 
the polyp, which should ideally be smaller than 25mm in size. Once the remaining lesion is 
maximally lifted with lifting solution, a diathermy snare is placed around the remaining 
lesion, to remove it en-bloc(235). In a large western cohort, a study reported on the 
outcomes of 170 patients with hybrid EMR and found a perforation rate of 1.2%, bleeding 
rate of 4.7%. Endoscopic cure rates were 87% after the first attempt, with improvement to 
95.6% with subsequent attempts(236). 
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2.27 Size, Morphology, Site, Access Classification 
In recent years, there has been a rapid growth in the development of therapeutic 
endoscopy techniques available to manage large, complex colonic polyps endoscopically.  
The successfulness of endoscopic resection is founded on the principle of making an 
accurate in-vivo diagnosis(237). The SMSA classification is widely used to characterise 
the complexity of colonic polyps and is listed below.  
Level 1 and 2 polyps should be removed by all independent colonoscopists. Level 3 
polyps are more challenging and should be removed by an expert endoscopist. Level 4 
polyps were previously traditionally referred for surgery, but with increasing endoscopic 
expertise, the experts in high-volume centres are resecting complex polyps with 
promising outcomes(218).  
 

Table 5. SMSA Classification (238).  
Factor Benchmarks Points 
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 1 
 Right 2 
Access Easy 1 
 Difficult 2 
The SMSA scoring system was developed by expert endoscopists, who identified four factors for 
determining polyp complexity: size (1-9 points), morphology (1-3 points), site (1-2 points) and access 
(1-3 points)(238, 239). Level 1 (4-5), Level 2 (6-9), Level 3 (10-12) and Level 4 (>12). The SMSA system 
highlights that as the polyp complexity increases the SMSA score increases. 
 
The principles of accurate decision making in therapeutic colonoscopy are founded on the 
principle of making an accurate in-vivo diagnosis to determine the resection approach. The 
current technology with advances in endoscope resolution and optical diagnosis facilitate 
the accurate distinction between benign and malignant polyps. Early polyp cancers, can be 
resected endoscopically, but recognition of cancerous features and management decisions 
depend on this(218). Kudo pit patterns are a useful tool in the diagnostic capacity to 
accurately predict the risk of malignancy. Pit patterns I and II are not often associated with 
malignancy(34). The risk of malignancy in type III and IV polyps are 4.4% and 5.0% 
respectively. Kudo pit pattern V on the other hand is associated with a 56% risk of 
malignancy(34, 153).  
 
For an optimal endoscopic decision to be made the following factors need to be considered; 
size of lesion, lesion morphology, Kudo pit patterns and complexity of lesions according to 
the SMSA classification. Factors associated with an increased malignancy in colonic polyps 
include type V pit patterns, Paris IIc +IIa morphology, LST-NG, LST-G with a dominant 
nodule, NICE NBI Type III and Sano Capillary pattern Type III (237).  
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The larger the polyp, the greater technical expertise required for endoscopic resection. In 
addition to technical difficulties with larger polyps, there is a greater risk of complications 
with larger polyps such as increased risk of perforation and recurrence(238). In most cases 
polyps that involve more than 1/3 of the lumen circumference and across 2 haustral folds 
are challenging to resect endoscopically(238). It is advisable that larger, complex polyps are 
referred to specialists and scoring tools such as the SMSA classification can help in the 
decision making of which polyps to refer for specialist intervention(238, 239) 
 
2.28 Difficult Locations 
Peri-diverticular polyps 

A fixed colon can occur in diverticular disease because of muscular hypertrophy, coupled 
with the lack of colonoscope stability around segments with multiple diverticular, can make 
colonoscopy very challenging (238, 240). The perforation risks in these areas are much 
higher. To reduce the chances of a perforation, it is advisable to inject a cushion of fluid for 
adequate separation between the polyp and the diverticulum(238). 
 

Appendicular orifice/IC valve 
Polyps with extension into the appendiceal orifice or IC valve are rare, but very challenging 
when they occur(240, 241). This is due to the extremely thin colonic wall at the caecal base 
and sub-optimal endoscopic access(242) Again, there is a high risk of incomplete resection, 
recurrence and perforation, and surgery is often the preferred approach. More recently, 
increasing endoscopic resection of polyps in this location is being reported. A recent case 
series across 3 academic units in Australia reported on the outcomes of 38 lesions involving 
the appendiceal orifice. EMR was attempted in 27/38 lesions. Resection was not attempted 
in 10/11 lesions due to deep extension into the appendiceal lumen. There were no cases of 
post-EMR appendicitis. Complete clearance of visible adenoma was achieved in 92.6% of 
appendicular orifice regions was achieved(242).  
 

Dentate line polyps 
Polyps that involve the dentate line are also particularly challenging as it is difficult to 
delineate the distal edge of the polyp. The endoscopic resection is also challenging as there 
is limited space to deploy the snare without the endoscope slipping out, and due to the rich 
sensory nervous supply to the area, there is a risk of considerable discomfort to the 
patient(238, 243, 244). There is also a rich vasculature that supply’s this area, posing risks of 
intra-procedural and post-procedural bleeding. To reduce the opportunity of these 
challenges limiting the endoscopic resection the following measures can be undertaken; 
injection of lignocaine into the dentate line will minimize pain, use of a gastroscope 
facilitates retroflexion and this assists clearance in the anal side.(238)  
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CHAPTER  3 – Technology assisted colonoscopy 
3.1 Rationale for Technology to Increase the Adenoma Detection Rate 
Colonoscopy has been the most definitive examination for the complete assessment of the 
colon in recent decades. Prior to the widespread availability of colonoscopy in the 1990’s, 
barium enema was the investigation of choice(82). The national polyp study showed that 
colonoscopy faired far superior to barium enema, with barium enema missing 48% of 
adenomas >10mm detected at colonoscopy(245). The Mayo clinic study suggested that the 
rate of progression of adenomas 1cm in size to colorectal cancer occurred at a rate of 
approximately 1% a year(22). One study in the UK found 10% of cancers missed were flat 
cancers less than 2cm in size(246). In a large study from Indianopolis in the USA, 
colonoscopy was found to have a sensitivity of 95% for cancer. The study found that 
Gastroenterologists had a significantly higher sensitvity for cancer 97% in comparison to 
non-Gastroenterologists 87% (98). 
 
If colonoscopy is the gold standard investigation, then it is important to question why high 
numbers of adenoma are being missed. Are Gastroenterologists not trained adequately to 
have the ability to detect pathology? Is there inadequacy in their techniques or is there a 
failure of the colonoscopic technology? Rex et al first demonstrated that there was 
significant variability between operators in relation to their degree of adenoma miss rates; 
varying from 17% to 43%(247). Differences in basic colonoscopy withdrawal techniques 
have been suggested as a cause of operator variability; (1) adequate inspection behind 
flexures, folds and valves, (2) cleaning and suctioning of the colonic lumen, (3) adequate 
luminal distension, (4) adequate inspection time(248). The landmark study by Barclay et al 
that showed the adenoma detection rate increased significantly when the colonic 
withdrawal time was >6 minutes with a 3-4 fold difference between operators in the 
detection of large adenoma(132). Another study also concluded a 3-4 fold difference in 
operator variability in relation to detection of large adenoma(249). 
 
Colonoscopy was perceived as an accurate investigation, until the first tandem design study 
showed a reasonable adenoma miss rate of up to 24%(247). A tandem design study 
describes a study where 2 colonoscopies are performed back-to-back on the same patient, 
usually one examination immediately after the other by either the same or an alternative 
endoscopist. All lesions detected are removed at the first examination, and subsequent 
adenoma detected on the second examination can be concluded as missed(250). The 
adenoma miss rate is the number of lesions detected at the second examination divided by 
the total number of lesions detected at both examinations(250). If the tandem design study 
is randomized, the order in which the patients receive both interventions is determined by 
randomization(251).A parallel design study includes 2 limbs where one limb has the 
intervention, and the other limb does not. The adenoma detection rate is the main outcome 
of parallel design studies(252). 
 
The variation in adenoma detection is likely related to a combination of different factors 
such as bowel cleanliness, anti-spasmodic availability, variation in technology and 
endoscopic equipment available. All these factors will affect an endoscopists ability to 
detect neoplasia, even after considering their own technical skills. A recent study evaluated 
if there was a sustained improvement in ADR following the implementation of a QIC (Quality 
improvement in colonoscopy) bundle. As part of the bundle, the following interventions 
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were undertaken.  Minimum caecal withdrawal time of t 6 minutes; use of buscopan, 
examination of the transverse colon in the supine position, rectal retroflexion. The adenoma 
detection rate was greater in the sustainability period when compared to the period prior to 
the QIC bundle. However, the higher ADR only reached statistical significance among the 
poorest performing colonoscopists.  
 
Numerous studies have been conducted to try to identify the factors that may influence 
ADR. These factors include operator techniques and technology related interventions.  
 
3.2 Two Different Types of Technology 
There has been significant excitement about recent technological innovations in 
colonoscopy, that purport an increase in polyp detection. Broadly speaking the following 2 
different technologies have been studied the most 
 
Newer endoscopes designed to provide a wider field of view (G-EYE/FUSE and EWAVE).  
Distal attachment devices (CAC/ECUFF/ERING). This definition refers to the use of distal 
attachments that fit on the end of a colonoscopy that purports to increase the views of the 
colonic mucosa.  
 
Table 6 Wide-angle view colonoscopes (253)  
Self-propelled disposable colonoscopy system 
Aer-O-Scope 

GI View, Ltd, Israel 

Full-spectrum endoscopy platform 
FUSE 

EndoChoice, USA 

Extra-wide angle view colonoscopy 
EWAVE 

Olympus Co, Japan 
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3.3 Wide Angle Colonoscopy 
Standard colonoscopes have a 140-170q field of view. The Extra-Wide-Angle View (EWAVE) 
colonoscope (Olympus Medical Systems) prototype was developed with one forward-
viewing and two lateral backward-viewing lenses. A single image with a 235q field of view is 
obtained from both lenses simultaneously (103, 254).  
A pilot study using animal models, showed that EWAVE colonoscopy detected a significantly 
greater percentage of polyps (68%) compared to standard colonoscopy (51%), p<0.0001 
(254). 
There was a greater percentage of simulated polyps behind folds (61.7%) detected with the 
EWAVE colonoscope compared to the standard colonoscope (46.9%), p=0.0009 (254). An 
adenoma detection rate of 39.9% was demonstrated in a multi-centre cohort study of 193 
patients. However, this study was terminated early due to technical limitations with the 
EWAVE prototype, with a new prototype in development (103, 255) 

 
Figure 26 Extra-wide Angle View Colonoscopy (256). Panel A; tip of the colonoscope showing the 
lateral-backward view and the forward-view lenses. Panel B: endoscopic image of the colonoscope. 
The lateral-backward view can identify a simulated polyp behind a haustral fold in the anatomic 
colorectal model. Reproduced from Uraoka et al, with permission Georg Thieme Verlag KG(256).  
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3.4 Full Spectrum Endoscopy (FUSE) 
The FUSE colonoscope is flexible and reusable with a 12.8mm outer diameter and a 168cm 
working length. The distal tip of the colonoscope consists of 3 imagers and LED groups, one 
at the front and 2 at each side (253). This design facilitates a 330q field view, with the 
respective lenses transmitting images i.e., right image for right lens and central image for 
central lens. The FUSE system poses no restriction on manoeuvrability with up to 180q up 
down direction and up to 160q left/right direction possible(103, 253). Two feasibility studies 
have shown almost 100% caecal intubation rates with no adverse effects(257, 258). A multi-
centre tandem designed randomized controlled trial comparing FUSE colonoscopy to 
standard colonoscopy found a much lower adenoma miss rate with FUSE (7%) when 
compared to standard forward-view colonoscopy (41%), p<0.0001(259). A large (658 
patient) multi-centre randomized controlled trial in a FIT positive cohort in Italy, evaluated 
the adenoma detection rate with FUSE colonoscopy versus standard colonoscopy. There 
was no statistically significant increase in the ADR with FUSE (43.6%) versus standard 
colonoscopy (45.5%) [ OR 0.96, 95% CI 0.81-1.14](260). The FUSE system is no longer 
available on the market, limiting conclusions on its current utility(103).  

 
Figure 27 Standard Forward-Viewing versus Full-Spectrum Endoscopy (259). The standard forward-
viewing endoscope has a 170° field of view that is shown on one screen (A). A full-spectrum 
endoscope has additional imagers and provides a 330° field of view that is viewed on three 
contiguous screens (B) Reproduced from Gralnek et al, with permission Elsevier. (259)  
 
  



 68 

Table 7 FUSE Studies 
Authors Study design Primary outcome Patients (n) Main outcomes 
Song et al (257) Retrospective Feasibility 

Caecal intubation 
262 Safe to use 

PDR 54.2% 
ADR 36.3% 

Gralnek et al(258) Prospective 
observational 

Feasibility 50 Safe to use 

Gralnek et al 
(259) 

Tandem design 
RCT 

AMR 185 Adenoma Miss 
Rate was FUSE 
(7%) vs SD (41%), 
p<0.0001 

Ito et al(261) Matched case-
control study 

ADR 260 ADR 63.4% FUSE 
versus 58.5% SD, 
p=0.355 

Papanikolaou et 
al(262) 

Tandem design 
RCT 

AMR 220 FUSE 10.9% 
versus SD 33.7% 

Hassan et al (260) Parallel design 
RCT 

ADR 658 FUSE 43.6% vs SD 
45.5% 

Abbreviations: RCT (randomised controlled trial), AMR (adenoma miss rate), ADR (adenoma 
detection rate) 
 
Table 8 Add on Devices 
Navi-Aid G-EYE SMART Medical Systems, Israel 
Third-Eye Retroscope TER Avantis Medical System, USA 
Third-Eye Panoramic Avantis Medical System, USA 
EndoCuff Arc Medical Design, UK 
EndoRings EndoAid Ltd, Israel 
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3.5 G-Eye Colonoscopy 
The G-EYE (Smart Medical Systems Ltd, Ra’anana, Israel) colonoscope contains a reusable 
balloon located approximately 1-2cm to the distal tip of the colonoscope, which when 
caecal intubation is achieved, can be inflated up to 60mm. The inflated balloon can then 
flatten and straighten the haustral folds, enabling greater visualization of the concealed 
anatomical areas, increasing adenoma detection(99, 263).  
 

 
Figure 28 G-EYE System. A G-EYE balloon integrated on a standard colonoscope. B, NaviAid SPARK2C 
inflation system. Reproduced from Shirin et al, with permission Elsevier (264).  
 

 
Figure 29 Colonic Views with G-EYE. A Transverse colon without balloon insufflation. B, Transverse 
colon with balloon insufflation. C, Sigmoid passage with balloon insufflation. D, Diagnosis of a 
serrated adenoma Reproduced from Shirin et al, with permission from Elsevier (264).  
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Shpak et al reported their findings of a randomized multi-centre tandem design trial of 106 
patients. The G-EYE system detected an additional 17 adenomas (81% more adenomas) than 
standard colonoscopy, p<0.001(265). Another similar study of 126 patients showed that the 
adenoma miss rate with G-EYE colonoscopy was significantly lower than standard 
colonoscopy (7.5% versus 44.7%, p=0.0002)(266). In the largest (1000 patients) multi-centre 
study to date comparing the ADR using the G-EYE system to standard high-definition 
colonoscopy, the G-EYE system found a significantly higher yield in the ADR 48% compared 
to standard colonoscopy 37.5%, p=0.0027. There was also a greater detection of advanced 
flat and sessile serrated adenomas/polyps when compared with standard colonoscopy(264). 
This technology appears very promising but is not widely available yet. The table below 
summarizes the findings of the studies performed with the G-EYE colonoscope. 
 
Table 9 G-EYE Studies 
Authors Study design Primary Outcome Patients (n) Main outcomes 
Halpern et al(266) Tandem design AMR  126 G-EYE AMR 7.5% 

versus SD 44.7%, 
p=0.0002 

Gralnek et al(263) Prospective pilot Device safety 50 Safe to use 
Shirin et al(264) Parallel design 

RCT 
ADR 1000 G-EYE 48% vs SD 

37.5%, p=0.0027 
Abbreviations: RCT (randomized controlled trial), AMR (adenoma miss rate), ADR (adenoma 
detection rate) 
 
3.6 Aer-O-Scope 
The Aer-O-Scope colonoscope system (GI View Ltd, Ramat Gan, Israel) is a disposable self-
propelled system that combines a standard forward view with a circumferential 360q omni 
directional view(267). Initial studies on pig models showed promise(267, 268). In one small 
tandem designed study of 56 patients, there was actually a lower adenoma detection rate 
with Aer-O-Scope than standard colonoscopy 21.4% vs 25% respectively(269).  
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3.7 Third eye retroscope  
The Third Eye Retroscope (TER; Avantis Medical Systems, Sunnyvale, CA, USA) is an auxiliary 
device, that fits in the working channel of the colonoscope, extending distally beyond the 
colonoscope end. It can retroflex 180q in a J-shape. At the tip of the TER is a scaled down 
LED camera, that provides a continuous retrograde view of the colonic lumen during 
withdrawal(99),(270).  
 

 
Figure 30: Third Eye Retroscope. The TER is inserted through the instrument channel and takes a J 
shape, so that its sensor and light source are directed back toward the tip of the colonoscope, 
providing a retrograde view to complement the forward view of the colonoscope. Reproduced from 
DeMarco et al, with permission Elsevier (271).  
 
Two prospective similar sized studies by DeMarco et al and Waye et al showed an 
incremental increase in both the polyp and adenoma detection rates comparing TER to 
forward-view colonoscopy(271, 272). De Marco et al demonstrated an increase of 14.8% for 
all polyps and 16.0% for all adenomas. In the study by Waye et al, there was a 13.2% 
increase for all polyps and 11% increase for adenomas(271, 272). A multi-centre tandem 
design RCT with TER colonoscopy versus standard colonoscopy, showed net additional 
detection rates with TER 29.8% for polyps and 23.2% for adenomas(273). There have been 
real challenges with the TER device and its use has not translated into routine clinical 
practice. Some of the limitations are as follows; the device occupies almost 50% of the 
channel diameter which means that suctioning of fluid or faecal residue must be done prior 
to colonoscope withdrawal, the TER device also needs to be removed to enable 
polypectomy, therefore lengthening procedure time(253). With the additional costs 
employed to use the device, widespread clinical incorporation has not been successful. The 
table below summarises the findings of the studies performed using the TER device.  
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Table 10 Third Eye Retroscope (TER) Studies 
Authors Study Design Primary Outcome Patients (n) Main outcomes 
DeMarco et 
al(271) 

Prospective 
observational 

Number of polyps 298 14% increase in 
number of polyps 
with TER 

Waye et al(272) Prospective 
observational  

Number of polyps 249 13.2% increase in 
polyps 

Leufkens et 
al(273) 

Tandem design PMR 406 TER 21% vs SD 
29%, p<0.03 

 
3.8 Third eye panaromic (Avantis, USA) 
Due to the limitations with the TER device, a next-generation prototype retrograde device 
the Third Eye® Panoramic TM (TEP; Avantis Medical Systems), was developed. This TEP 
device consists of a cap that clips to the end of the colonoscope shaft (Figures 31 & 32). A 
thin flexible plastic cable attached to the cap, contains a transmission wire and an air-water 
channel which are connected to an external video processor and water irrigation pump and 
runs parallel to the colonoscope. The TEP enables an extended field of view of 300q(274). In 
a feasibility study, 33 patients underwent colonoscopy with the TEP device. The TEP device 
detected polyps hidden behind folds, not visualized on the standard view. There was a 100% 
caecal intubation rate, and the overall adenoma detection rate was 44%(274).  

 
Figure 31 Panoramic Cap Above the Tip of a Colonoscope. Reproduced from Rubin et al, with 
permission from Baishideng Publishing (274).  
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Figure 32 Panoramic Cap Clipped onto a Colonoscope. Additional LED and Video Camera located on 
left side. Reproduced from Rubin et al, with permission from Baishideng Publishing(274). 
 

 
Figure 33. Right (A) and Left (B) Side View of a Colonic Polyp viewed via a third eye panoramic cap. 
Reproduced from Rubin et al, with permission from Baishideng Publishing (274).  
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3.9 Cap Assisted Colonoscopy                                                                                                                      
The transparent cap was initially used as an adjunct for stabilization of the colonoscope 
when endoscopic mucosal resection was performed(275). The use of the transparent cap to 
improve adenoma detection was then subsequently explored and showed evidence in 
improving adenoma detection(276). The simple cap is a 4mm transparent plastic hood from 
Olympus (Tokyo, Japan). It attaches distally to the colonoscope and flattens folds during 
colonic withdrawal, improving visualization on the proximal sides of the folds(Figure 34) 
(276). Of all the distal attachment devices, the cap has been available for the longest period 
and has been studied the most extensively. The cap helps to improve visualization of the 
colonic lumen, by straightening the colonic haustra and colonic bends. It can also help to 
keep the colonic lumen open with minimal air insufflation(103, 277, 278).  

 
Figure 34 Transparent Cap, Olympus. Reproduced from Thayalasekaran et al, with permission Taylor 
& Francis Publishing.(278).  
 
Most cap-related studies have described polyp, rather than adenoma detection. A recent 
Cochrane systematic review reported increased polyp detection and faster caecal intubation 
times with the use of transparent cap(279). 
 
The largest RCT (2502 patients) of cap assisted colonoscopy showed greater polyp detection 
with the use of a cap (47%) versus standard colonoscopy 42.6%, p=0.03. The ADR was not 
reported(280). A single-centre RCT by Kondo et al evaluated PDR with CAC versus SC where 
the procedures were performed by both experienced and trainee endoscopists. There was 
an overall significant increase (10%) in the PDR with the use of a cap, versus standard 
colonoscopy, with the transparent cap arm PDR (49.3%) versus standard colonoscopy PDR 
(39.1%), p=0.04. Adenoma detection rate was not reported. This study supports the idea 
that the cap could be of most benefit when used by inexperienced endoscopists. The study 
has the limitation, that the differences, between experienced and inexperienced 
endoscopists could not be analysed as all of the procedures were started by a trainee 
endoscopist and an experienced endoscopist participated if necessary, making it difficult to 
draw any meaningful conclusions(278, 281). A retrospective study in Korea of 1023 patients, 
where the majority (not all) of the procedures were performed by trainees showed a 
significantly higher polyp detection rate with CAC compared to SC (48.5% versus 40.7%, p = 
0.012) and was mirrored in the trend of ADR (35.7% for CAC versus 28.3% for SC)(282). This 
study had the disadvantage of a retrospective design, but also included endoscopists with a 
varying degree of experience, which could not be adjusted for when analysis was 
performed, limiting the possibility for any firm conclusions to be drawn(278). 
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One large multi-centre RCT (1380 subjects), where experienced endoscopists with a baseline 
ADR greater than or equal to 20% found no benefit with CAC and showed no statistically 
significant difference in the adenoma detection rate (28% for CAC versus 28% for SC; 
relative risk [RR] 0.98; 95% CI 0.82 to 1.16). This study did find that CAC was consistent with 
shorter caecal intubation times(283). Another similar sized RCT also found no statistically 
significant benefit with the use of CAC compared to SC in improving the ADR (42% CAC 
versus 40% SC, p = 0.452)(284).  
 
A meta-analysis of 16 RCT’s, including 8991 patients showed a marginal increase in polyp 
detection with the use of CAC compared to SC. CAC detected a higher proportion of patients 
with polyps (relative risk (RR): 1.08; 95 % confidence interval (CI): 1.00 – 1.17) and reduced 
ƚŚĞ�ĐĂĞĐĂů�ŝŶƚƵďĂƚŝŽŶ�ƚŝŵĞ�;ŵĞĂŶ�ĚŝĨĨĞƌĞŶĐĞ͗�о�Ϭ͘ϲϰ�ŵŝŶ͖�ϵϱ�й��/͗�о�ϭ͘ϭϵ�ƚŽ�о�Ϭ͘10)(285).  
 
A recent meta-analysis inclusive of 4 studies comparing CAC with standard colonoscopy 
demonstrated a higher adenoma detection rate on the right colon 23% vs 17% (p=0.01) 
respectively(103, 286).  
 
Table 11 Summary of Studies using Cap Assisted Colonoscopy (278) 
Author Study Design No of 

patients 
PDR 
CAC 

PDR SC ADR 
CAC 

ADR SC 

Increase 
      

Kondo(281) RCT 684 49.30% 39.10%        ----        ---- 
Takano(280) RCT 2502 47% 42.60%        ----        ---- 
Rastogi(287) RCT 420        ----        ---- 69% 56% 
Kim(282) Retrospective 1023 48.50% 40.70% 35.70% 28.30% 
No Difference 

      

Lee(288) RCT 1000        ----        ---- 30.50% 37.50% 
Harada(289) RCT 592 43% 42.40%        ----        ---- 
De 
Wijkerslooth(283) 

RCT 1339        ----        ---- 28% 28% 

Pohl(284) RCT 1113        ----        ---- 42% 40% 
Abbreviations: Randomised Control Trial (RCT), Polyp Detection Rate (PDR), Cap Assisted 
Colonoscopy (CAC), Adenoma Detection Rate (ADR). Permission for publication of figure by 
Thayalasekaran et al, Copyright Taylor & Francis Publishing 
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3.10 The Endocuff  
The Endocuff (EC) (Arc Medical, Leeds, United Kingdom; Figure 35) is a variation on the 
traditional Olympus cap and was also initially designed to improve tip stability and access 
when performing colonic EMR(290). Subsequent studies showed benefit with the EndoCuff 
in improving the adenoma detection rate(291). The Endocuff differs from the Olympus cap 
as it sits behind the tip of the colonoscope, whereas the cap projects about 2cm in front of 
the tip of the scope. The Endocuff consists of soft side projections that remain flat on 
insertion, and open on withdrawal. The side projections flatten the colonic folds and 
improve stabilization through the prevention of accidental backward slipping of the scope at 
various flexures. This should improve the detection of adenoma, through increasing the 
colonic luminal views(103, 292). The first-generation Endocuff consisted of two rows of soft 
finger-like projections, whilst the second-generation Endocuff Vision consists of only one 
row of finger-like projections. The tips of the Endocuff Vision projections are blunter to 
reduce friction against the mucosa(293).  

 
Figure 35 Endocuff (278). Reproduced from Thayalasekaran et al, with permission Taylor & Francis. 
 
The initial studies on the Endocuff were promising. A multi-centre 500 patient RCT in 
Germany with randomization to either standard or Endocuff assisted colonoscopy found an 
increased adenoma detection rate with the use of the Endocuff (35.4%) compared to 
standard colonoscopy (20.7%), p=0.0001(294). No significant adverse events occurred, and 
procedural times were similar between groups(294). Biecker et al showed a higher polyp 
detection rate in a 498 patient RCT with the Endocuff device. There was a 14% increase in 
the polyp detection rate (56% vs 42%, p=0.001) with the use of the EndoCuff device, 
compared to standard colonoscopy(295).  
 
A large Dutch RCT (1063 patients) showed no statistically significant difference in ADR with 
both EC (first generation) versus SC having ADR of 52%, p=0.92(296). The first RCT to 
evaluate the 2nd generation Endocuff (Endocuff vision) use in an FOBT positive cohort 
showed no significant increase in the adenoma detection rate (63% for standard 
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colonoscopy) and (60.9% for EndoCuff-assisted colonoscopy), p=0.85(292). Both the UK FOB 
cohort study and the Dutch study showed a decrease in the withdrawal time, when 
polypectomy was not performed(292, 296). The increased luminal views provided by the 
Endocuff, through the opening of colonic folds, could avoid the need to do double pass 
examinations, and could explain the reduced withdrawal time for complete 
examinations(292, 296). The authors from the UK and Dutch studies postulated that their 
negative results could be due to the high baseline ADR for the endoscopists involved in the 
trial, with the EndoCuff unlikely to be of any incremental benefit(292, 296).  
 
Ngu(297) et al performed a large (1772) parallel designed RCT (ADENOMA) using the 2nd 
generation Endocuff Vision (ECV). 45% of the recruited patients were from the UK BCSP 
cohort. The investigators found an overall increase in the ADR with the use of Endocuff 
Vision to 40.9% from 36.2% compared to standard colonoscopy (p=0.02). A significant 
increase in the BCSP cohort of 10.8% (p = <0.001) was noted with ECV (297). There was an 
increased detection in left sided adenoma with ECV 26.1% vs 22.2% for SC, p=0.03. 
Significant increases in adenoma detection were noted with small adenoma (6-9mm) 10.6% 
ECV versus 7.7% SC, p=0.02 and diminutive adenoma (d 5mm) 34.6% ECV versus 30.8% SC, 
p=0.04. No differences were noted for large adenoma (>10mm) or right colonic adenoma. 
The ADR in the SC limb was 36. 2% overall in Ngu et al’s study(297). There is an increased 
rate of neoplastic pathology in patients with a positive FOBT. The results from the 
ADENOMA study suggest that in the setting of enriched neoplasia such as FOBT+ve patients 
ECV improves colonic mucosa visualisation and subsequent adenoma detection. The right 
colon is straighter than the left colon with fewer colonic folds. The increased detection of 
adenoma in the left colon, but not in the right, suggests that the ECV worked well at 
everting the increased colonic folds that occur in the left colon. In the Dutch and ECAP study 
the ADR in the SC limb was higher at 52% and 63% respectively(292, 296) compared to the 
ADENOMA study, where it was 36.2%. If colonoscopists have a significantly high baseline 
ADR >50%, this might explain why the findings from the ECAP and Dutch study did not show 
a benefit, whilst the ADNENOMA study did (297).  
 
BowelScope was the one-off flexible sigmoidoscopy screening programme offered to 
average risk populations (patients aged 55 years and above) in England from 2013-2019.  In 
the B-ADENOMA trial(298), a large (3222 patient) multi-centre RCT evaluated the use of 
Endocuff vision assisted BowelScope (EAB) or Standard BowelScope (SB) in the ADR. No 
statistically significant difference in the ADR was found between the 2 arms: 13.3% EAB 
versus 12.2% SB (p=0.353).  
 
Conversely, in the ADENOMA study (297) an improvement in the ADR was noted with the 
use of Endocuff Vision, notably in the FOBT +ve cohort with high rates of neoplasia. The B-
ADENOMA study did not show a benefit in average risk populations undergoing flexible 
sigmoidoscopy. In the overall national BowelScope programme the ADR is documented at 
9.1% for standard BowelScope sigmoidoscopy (SB). In the B-ADENOMA study, the ADR in 
the control limb of SB was significantly higher (3.1%) at 12.2% than the national ADR. The 
findings of the B-ADENOMA study (298) are similar to the E-CAP(292) and Dutch study(296) 
where the use of Endocuff or Endocuff Vision did not improve ADR when the baseline ADR 
of the endoscopists was already much higher than national standards.  
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In a large (1813 patient) multi-centre Italian RCT (ItaVision), the use of Endocuff vision was 
evaluated in an organised FIT +ve based screening programme. The study showed a 
significantly higher ADR in the ECV arm 47.8% vs 40.8% in the SC arm relative risk (RR) 1.17, 
95% confidence interval CI 1.06-1.30. Similar to the ADENOMA study (297), the ItaVision 
study  (299) found a greater number of distal adenoma in the ECV limb than the SC limb; 
(35.5% vs. 28.7%; RR 1.23, 95%CI 1.08–1.41. The Endocuff Vision could confer an advantage 
in the narrow sigmoid colon, by opening the colonic folds more and this might explain the 
benefit noted in the distal adenoma. A benefit was seen in low detector endoscopists (ADR 
<33.3%). A statistically significant increase in ADR was demonstrated in the low detectors EC 
Vision 41.1% (95% CI 35.7% -46.7) vs 26% (95% CI 21.3-31.4) in SC arm. In the high 
detectors, no difference was noted EAC 56.4% (95% CI 50.6-62.1) versus SC 56.4% (95%CI 
50.7-62). This is concurrent with the findings from the meta-analysis by Willet et al(291). 
The ItaVision study was a large multi-centre RCT. This could explain why the findings did not 
concur with the ECAP study, which was a smaller single-centre study that did not show a 
benefit to the Endocuff Vision in ADR in very high detector endoscopists (mean 63%; all 
>55%)(292).  
 
A summary of these studies is presented in Table 12. 
Table 12 Summary of Studies published using EndoCuff(278) 
Author Study 

Design 
Device No of 

patients 
PDR 
EAC 

PDR SC ADR 
EAC 

ADR SC 

Floer (294) RCT EC 500 55.40% 38.40% 35.40% 20.70% 
Biecker(295)  RCT EC 498 56% 42%% 36% 28% 
van Doorn(296) RCT EC 1063        -----        ----- 52% 52% 
Gonzalez-
Fernandez(300) 

RCT EC 337        -----        ----- 22.40% 13.50% 

DePalma(301) RCT EC 288        -----        ----- 29.60% 26.30% 
Wada(302) RCT EC 447 61.90% 49.20% 52.50% 39.20% 
Rex(303) RCT EC 1188 83% 77% 64% 56% 
Ngu(297) RCT ECV 1772 54.10% 48% 40.90% 36.20% 
Bhattacharyya(292) RCT ECV 534 70.30% 69.80% 60.90% 63% 
Zorzi(299) RCT ECV 1813 ---- ----- 47.8% 40.8% 
Karsenti(304) RCT ECV 2058 46.2% 37.7% 39.2% 29.4% 
Rex (305) RCT ECV 200 ------ ------- 61.4% 52% 
 
Abbreviations: Randomised Control Trial (RCT), Polyp Detection Rate (PDR), Endocuff Assisted 
Colonoscopy (EAC), Standard Colonoscopy (SC), Adenoma Detection Rate (ADR). 
 
Karsenti et al (304) performed a cluster crossover randomized controlled trial, including 
2058 patients. 22 endoscopists were divided into 2 groups of 11. Half the endoscopists were 
randomized to the ECV + limb, and after a duration rotated to the standard colonoscopy 
limb, whilst the other group of endoscopists underwent the opposite order of 
randomization. The endoscopists were similar in lifetime procedure count and baseline ADR 
level. The ADR for both groups increased with the use of Endocuff Vision, regardless of the 
sequence of use; 39.2% with ECV and 29.4% without ECV, p<0.001. Sub-group analysis 
showed a statistically significant increase in the ADR in high detector colonoscopists of 10%, 
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p<0.001. There was no statistically significant increase in the ADR in low detectors 6%, with 
a p=0.11(304). There were 6/22 low detectors (endoscopists with an ADR <25%) and 16/22 
high detectors (endoscopists with an ADR of >25%). Contrary to the findings of a recent 
meta-analysis (291) that showed a greater benefit with Endocuff in endoscopists with a 
baseline ADR of <35%, but not in those with ADR t45%, the study by Karsentl et al showed 
no benefit in this group of low detector endoscopists. As only 6 low detector endoscopists 
were in the study compared to 16 high detector endoscopists, this might reflect why the 
findings did not reach significance. This large single centre cluster crossover randomized 
controlled trial showed an increase in the adenoma detection rate with the use of the 
Endocuff Vision device. 
 
Sessile serrated lesions can be easily missed at colonoscopy. They typically display the 
following features; minimally elevated, pale surface, irregular and indistinct outline, and the 
presence of an overlying mucus cap. Theoretically, as the Endocuff is designed to flatten 
colonic folds, it should improve the detection of sessile serrated lesions. The ADENOMA 
study did show a statistically significant increase in the detection of sessile serrated 
adenoma 1.1% for SC versus 2.3% for ECV, p=0.03(297). Subgroup analysis in ItaVision (299), 
the Karsenti study (304) and the study by Rex et al (305) failed to show a significant increase 
in the detection of SSL’s. In a multi-centre study of 122 patients with Serrated Polyposis 
Syndrome (SPS) there was no statistically significant difference between EAC and SC for the 
mean number of serrated lesions per patient; 5.8 and 5.0, p=0.36 respectively(306). The 
data would suggest that clinical recognition of SSP’s is more important than the mucosal 
exposure provided by the flattening of colonic folds with the Endocuff.  
 
A recent meta-analysis found that the EndoCuff had the greatest improvement in the ADR 
when used by low-moderate ADR endoscopists with a baseline ADR of less than 35% (291). 
Endoscopists with a high baseline ADR have excellent colonoscopy techniques with good 
control of the colonoscope that facilitates careful inspection behind mucosal folds, without 
slipping backwards(278). The safety of EndoCuff has been shown in studies. A meta-analysis 
of 9 studies, inclusive of 5624 patients compared standard colonoscopy to ECuff assisted 
colonoscopy. A higher adenoma detection rate was reported with Ecuff assisted 
colonoscopy OR=1.49, p=0.03 (307). A recent meta-analysis of the 2nd generation Endocuff 
vision device by Patel et al evaluated 8 RCT’s with a total of 5695 patients. The second 
generation Endocuff Vision device showed a significant improvement in the ADR with ECV 
colonoscopy ADR 49.8% versus SC ADR 45.6%, p=0.02(308). A randomized controlled trial 
directly comparing EndoCuff colonoscopy to G-EYE colonoscopy in 727 patients, found a 
higher ADR with G-EYE colonoscopy (60%) vs EndoCuff colonoscopy (51%), p <0.05. and also 
advanced ADR 24% vs 12% respectively (309) 
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3.11 The EndoRingsTM 

The EndoRingsTM (Figure 36) is the newest distal attachment device, consisting of 2 layers of 
soft circular rings that evert mucosal folds on colonic withdrawal and prevent backward 
slippage due to greater friction between the colonic wall(310). The EndoRingsTM has a larger, 
bulkier diameter than both the cap and the EC, so theoretically should flatten colonic folds. 
However, caecal intubation might be more challenging, with this design(278).  

 
Figure 36 EndoRings. Reproduced from Thayalasekaran et al, with permission Taylor & Francis (278).  
 
The first tandem design RCT with 116 patients found a lower adenoma miss rate 10.4% 
compared to standard colonoscopy 43.8%, (p<0.001)(310). An RCT by Rex et al in the USA 
showed an increase in the mean number of adenomas per patient with EndoRings (1.46) 
versus standard colonoscopy (1.06), p=0.025 with a 9% removal rate of the device(311). 
Another similar sized study showed a statistically significant increase in the mean number of 
polyps per patient 1.84 (SC) versus 2.25 (ER), p = 0.004, with a trend toward an increase in 
the mean number of adenomas per patient 1.22 (SC) versus 1.32 (ER), p = 0.38. A 27% 
removal rate for the device was found, with sigmoid diverticulosis as a common reason for 
removal(103, 312) 
In a recent Italian study that incorporated a parallel and tandem design RCT, that was 
performed by experienced endoscopists in a positive FIT (faecal immunochemical test) 
cohort, there was no difference in both the adenoma detection rate and adenoma miss 
rates with the use of the EndoRingsTM(103, 313). A summary of studies conducted using 
EndoRings is presented in Table 13. 
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Table 13 Studies on EndoRings 
Author Study 

design 
Number of 
patients 

PDR ER PDR SC ADR ER ADR SC 

Hassan(313) RCT 637 192 199 154 170 
Dik(310) RCT 126 N/A N/A 49.1% 28.8% 
Rex(303) RCT 631 231 226 167 166 
Rex(311) RCT 569 199 188 143 124 
Abbreviations: Randomised Control Trial (RCT), Polyp Detection Rate (PDR), EndoRing, Standard 
Colonoscopy (SC), Adenoma Detection Rate (ADR). 
 
Due to a variety of reasons, some of which include a lack of training and lack of availability in 
community hospitals, the uptake of these technologies outside of academic units or trial 
settings is low.  
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Chapter 4: 
 

A Randomized Controlled Trial of EndoringsTM assisted Colonoscopy 
versus Standard Colonoscopy 
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Chapter 4: A Randomized Controlled Trial of EndoringsTM assisted 
Colonoscopy versus Standard Colonoscopy 
 
4.1 Introduction 
The recent increase in the evidence for distal attachment devices and their benefit for 
increased polyp detection is conflicting(291). The widespread use of such devices has not 
translated into routine clinical practice as their superiority to a well-trained colonoscopist 
still needs to be established.  
 
A new endoscopic cap EndoRingsTM (Endo-Aid Ltd.) designed to enhance mucosal views and 
tip control during colonoscopy recently appeared on the market(310). The EndoRingsTM 

(Figure 37) consists of 2 layers of flexible circular rings designed to maintain the tip of the 
instrument in the centre of the lumen and evert mucosal folds to allow dynamic inspection 
as they move back into their resting position. It should not require any torque/rotation of 
the colonoscope to evert the folds. The EndoRingsTM is designed to increase distal friction 
during withdrawal and reduce the risk of sudden backward slippage, facilitating better tip 
control and stability(278).   
 

 
Figure 37 EndoRings. Reproduced from Thayalasekaran et al, with permission Taylor & Francis (278).  
 
Comparatively fewer studies have been performed evaluating the use of EndoRingsTM 

colonoscopy to the other available distal attachment devices. The first tandem design RCT 
showed a significantly positive benefit with a 33% reduction in the adenoma miss rate with 
EndoRingsTM colonoscopy(310). This beneficial effect was not subsequently reproduced in 2 
recent RCT’s (303, 313). 
 
4.2 Aims 
The aims of this study were to compare the performance of EndoRingsTM assisted 
colonoscopy to standard colonoscopy to determine whether EndoRings TM colonoscopy 
increases polyp detection more than standard colonoscopy. 
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4.3 EndPoint 
Primary EndPoint 
To investigate whether EndoRingsTM assisted colonoscopy detected a greater number of 
polyps per patient and increased the polyp detection rate compared to standard 
colonoscopy.  
 
Secondary EndPoint 
To investigate whether EndoRingsTM assisted colonoscopy increased the adenoma detection 
rate, and the number of adenomas per patient.  
 
4.4 Methods 
The study was approved by the local research and ethics committee and registered at 
clinical trials.gov (NCT 02785783). The study was a multi-centre, single-blinded randomized 
controlled trial performed at 3 hospitals in the UK.  
 
The study period was from 23rd May 2016 to 2nd August 2018. The colonoscopies were 
performed by 15 endoscopists across 3 centres. 7/15 endoscopists were considered expert 
colonoscopists who had undergone bowel cancer screening programme (BCSP) 
accreditation in the United Kingdom (UK). To achieve accreditation, endoscopists must 
perform a minimum of 1000 colonoscopies, have key performance indicators greater than 
accepted standards and pass a theoretical and practical examination. 8/15 endoscopists 
were not considered experts and performed <1000 colonoscopies, without undergoing BCSP 
accreditation. All the endoscopists were trained in the use of EndoRingsTM during 
colonoscopy before recruitment into the study.  
 
High definition colonoscopes from Pentax, Olympus and Fujinon were used across the 3 
sites. Chromoendoscopy was not permitted for polyp detection. Bowel preparation for each 
procedure was classified according to the 3-point UK BCSP bowel preparation scoring 
system: good, adequate, or poor. Colonoscopy was performed using a combination of 
intravenous midazolam, fentanyl and/or nitrous oxide. Caecal intubation was confirmed via 
photo documentation of the ileo-caecal valve, terminal ileum and appendiceal orifice. 
Intubation and withdrawal times were recorded by a member of the research team. 
Polypectomy was only performed on withdrawal. Only withdrawal times where 
polypectomy was not performed were used in the final statistical analysis for withdrawal 
times.  
 
One EndoRingsTM per participant was used in the ER arm and disposed after single use. If the 
EndoRingsTM was removed the reason was recorded and the colonoscopy continued without 
the attachment of the EndoRingsTM. If the procedure could not be completed for reasons 
such as inadequate bowel preparation or obstructing malignant tumour, then the reason 
was recorded and reflected in the caecal intubation rates. No more trial data was collected 
if caecal intubation was not achieved.  
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Accredited GI pathologists were blinded to whether the EndoRingsTM was used or not, when 
reporting on the polypectomy specimens. All polyps were retrieved in separate containers 
and sent for pathology assessment. All polyp features (size, location, morphology) were 
recorded by the research team. Proximal locations were defined as polyps proximal to the 
splenic flexure. Advanced adenoma was defined as >10mm in size. The 5-point nurse-
reported comfort level score used for UK national BCSP colonoscopy procedures, ranging 
from no discomfort to severe discomfort was used(314).  
 
Statistics & Sample Size Calculation 
The data in our institution showed a mean of 1.6 polyps per patient (SD: 2.05) in individuals 
with a positive FOB. It was postulated that the EndoRingsTM would show an increase in the 
mean level of polyps to 2.1 polyps per patient as clinically important. To detect a difference 
in means with 80% power with a 5% significance level (alpha) would require 252 subjects in 
each treatment group. 504 patients in total. Furthermore, an increase in the sample size by 
10% to a minimum of 554 patients to account for ‘failed colonoscopy’ when no outcomes 
could be recorded (i.e., poor bowel preparation and withdrawal of consent), leading to 
removal from the trial.  
A Mann Whitney U test was used to compare the primary outcome (mean number of 
polyps) between groups. Similarly, a Mann Whitney U test was used to compare the mean 
number of adenomas between groups. A chi-squared test was used to compare the 
following secondary objectives; polyp detection rate; adenoma detection rate and advanced 
adenoma detection rate. Both intentions to treat and per-protocol analysis were performed.  
 
Randomization 
Randomization was performed by random sequence generation in permuted blocks of 
varying sizes by an independent statistician. Allocations were placed in sealed envelopes to 
be opened just before the colonoscopy by the research staff. Randomization was stratified 
according to whether patients attending for colonoscopy were symptomatic or 
screening/surveillance.  
Endoscopists and research nurses were not blinded to the randomization arm, but the 
patients were blinded.  
 
Inclusion Criteria 
Patients attending for colonoscopy aged t 55 years with lower GI symptoms, positive FOB 
and surveillance colonoscopy were recruited.  
 
Exclusion Criteria 
History of inflammatory bowel disease 
History of hereditary non-polyposis colorectal cancer 
History of familial adenomatous polyposis syndrome 
History of hyperplastic polyposis syndrome 
Known colonic strictures  
Inability to consent 
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Safety Monitoring/Adverse events 
All procedural adverse events were recorded. There are certain expected risks associated 
with colonoscopy as there is with any interventional medical procedure. The main risks of 
colonoscopy are perforation and bleeding. Patients were counselled in detail about these 
risks before the procedure. The adverse events are likely to occur during the procedure or in 
the period immediately after the procedure. Patients were monitored for adverse events, 
during the actual procedure and whilst in the recovery room thereafter, till their discharge 
from the unit. There was no further follow up thereafter.   
 
4.5 Results 
A total of 703 patients were invited to participate in the trial; 140 patients declined to 
participate. A total of 563 were randomised to receive either standard colonoscopy (SC) or 
EndoRingsTM assisted colonoscopy (ER). 7 patients were excluded; 2 due to the diagnosis of 
IBD being made at the time of colonoscopy and 5 due to technical reasons. 1/5 patient did 
not have the EndoRingsTM attached to the colonoscope, and the remaining 4/5 patients 
could not be recruited due to the EndoRingsTM not being compatible with the colonoscope. 
A total of 556 patients were then allocated to an intervention; 275 allocated to ER 
colonoscopy and 281 allocated to SC. 15 Endoscopists from three major UK centres were 
involved. 7/15 Endoscopists were classed as experts and 8/15 as non-experts. 286/556 
(51.4%) colonoscopies were performed by experts and 270/556 (48.6%) by non-experts. 
Colonoscopy was completed in 532/556 (96%) patients. 10/281 (3.55%) colonoscopies in the 
standard limb and 14/275 (5%) colonoscopies in the EndoRingsTM limb, p=0.49 were 
incomplete.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 87 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The EndoRingsTM were removed in 74/275 (27%) of cases. In 66/74 (89%) cases removal was 
performed due to difficulties with sigmoid intubation and 8/74 (11%) removed due to 
difficulty during retroflexion. Of the 74 EndoRingsTM removed 30/74 (41%) were removed by 
expert endoscopists and 44/74 (59%) were removed by non-experts. A total of 16/556 
cancers were found: 9 in the ER arm and 7 in the SC arm.  
 
 
 
 

 Randomised 
(n=563) 

 Assessed for 
eligibility (n=703) 

Declined to participate 
(n=140) 

 Allocated to  
ER (n=275) 

x Received allocated 
intervention (n=271) 
x ER removed 74 

 

 Allocated to  
SC (n=281) 
x Received 

allocated 
intervention 

(n=281) 

 Excluded (n=7) 
2-IBD, 5- scopes 

incompatible 

 Analysed (n=556) 

 Lost to follow up 
(n=0) 

 Lost to follow up 
(n=0) 

Figure 38 Study Flowchart in Accordance with CONSORT Reporting Guidelines 



 88 

 
Table 14 Demographics and Colonoscopy Indication for participants 
 Standard Colonoscopy 

SC (n=281) 
EndoRing 
Colonoscopy 
ER (n=275) 

P-value 

Male (n=342) 166 176 0.58 
Female (n=214) 115 99 0.26 
Age; mean (SD) 67 (7.5) 66.4 (7.48) 66.6 (7.46) 0.48 
Screening (n=123) 60 63 0.83 
Surveillance (n=233) 121 112 0.83 
Symptomatic (n=200) 100 100 0.83 
 
Table 15 Primary Outcome; Mean Number of Polyps Per Patient (MPP) 
Analysis SC (n) % ER (n) % P-value 
Polyp total 
(n=1097) 

515 (46.9%) 582 (53.1%) 0.04 

Mean Polyp Per 
Patient 
Intention to Treat 
(ITT) 

1.84 2.10 0.027 

Mean Polyp Per 
Patient  
Per Protocol (PP) 

1.84 2.25 0.004 

 
Table 16 Secondary Outcomes (ITT analysis) 
 SC (n) % ER (n) % P-value 
Polyp Detection Rate 
(PDR) 

67.5% 74.80% 0.057 

Total Adenomas 343 361 0.490 
Mean no adenoma 
per patient (MAP) 

1.22 1.32 0.384 

ADR (Adenoma 
Detection Rate) 

56.95% 61.45% 0.279 

Cancer detection rate 1.81% 2.55% 0.575 
Polyp Size  
1-5mm 

61.9% 70.9% 0.025 

Polyp Size 6-10mm 13.2% 14.2% 0.728 
Polyp Size >10mm 7.12% 7.27% 0.944 
Proximal (Right sided) 
polyps 

263/515 (51%) 315/582 (54%) 0.080 

Due to the high removal rate of the EndoRingsTM device, a per protocol analysis was 
conducted.   
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Table 17 Secondary Outcomes (PP Analysis) 
Analysis SC (n) % ER (n) % P-value 
PDR 67.5% 78.5% 0.008 
Mean no adenoma 
per patient 

1.22 1.38 0.213 

ADR (Adenoma 
Detection Rate) 

56.9% 64.2% 0.11 

Cancer Detection Rate 1.81% 3% 0.54 
Polyp Size 
1-5mm 

61.9% 76.1% 0.001 

Polyp Size 6-10mm 13.2% 12.9% 0.941 
Polyp size >10mm 7.12% 7.96% 0.729 
Proximal (Right sided 
polyps) 

263/515 (51%) 250/455 (54%) 0.184 

 
Table 18 Mean Number of Polyps Per Patient (Per Protocol Analysis) 
Analysis (MPP) SC  ER  P-value 
Screening 
(n=123) 

1.88 2.25 0.07 

Surveillance 
(n=233) 

2.07 2.58 0.05 

Symptomatic 
(n=200) 

1.54 1.86 0.32 

 
Table 19 Endoscopist Based Mean Number of Polyps Per Patient (Per Protocol Analysis) 
Analysis SC ER P-value 
MPP    
Expert 2.01 2.76 0.0006 
Non-Expert 1.64 1.61 0.567 
MAP    
Expert 1.38 1.65 0.05 
Non-Expert 1.04 1.04 0.66 
 
Mean Polyps Per Patient (MPP) 
Our study showed that EndoRingsTM significantly increased the mean polyp detection per 
patient. The mean number of polyps per patient in both the Intention to Treat (ITT) (1.84 SC 
vs 2.10 ER, p-value 0.027) and Per Protocol (PP) (1.84 SC vs 2.25 ER, p-value 0.004).  
Polyp size-based analysis 
There was a statistically significant increase in the number of diminutive polyps (<5mm) 
found with the EndoRings assisted colonoscopy (70.9%) versus standard colonoscopy 
(61.9%) (p=0.025). There was no statistically significant difference in the detection of polyps 
6-10mm or large >10mm in size between the two arms.   
 
Endoscopist-based analysis 
The mean PDR of endoscopists was 60% in the 3 months before the start of the trial. There 
was an increase in the PDR in the standard limb to 67.5% during the study. We performed a 
subgroup analysis comparing the PDR between experts and non-experts. There were 7 
experts and 8 non-experts participating in the study. The experts performed 286/556 
(51.4%) colonoscopies. The non-experts performed 270/556 (48.6%) colonoscopies. We 
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found that experts detected a greater number of polyps than the non-experts; MPP 2.76 in 
ER limb versus 2.01 in the SC limb, p=0.0006. There was no statistically significant difference 
between the mean number of polyps detected in the EndoRingsTM limb (1.61) versus 
standard colonoscopy (1.64) in the non-expert group, p=0.57. The study was not powered to 
detect a difference between each individual endoscopist. 
 
Withdrawal and Intubation Times 
There was no statistically significant difference in the median withdrawal time between 
EndoRingsTM assisted colonoscopy (17 minutes) versus Standard colonoscopy (16 minutes), 
p=0.31. Caecal intubation time in the EndoRings limb was 12 minutes versus 11 minutes in 
the standard colonoscopy limb, p =0.03.  
 
Comfort Scores 
A 5-point comfort scale was used to record patient comfort during the procedure, with no 
discomfort being scored as 0 and severe discomfort scored as 4. A Mann Whitney U test 
demonstrated no significant difference in comfort scores between the standard (1.92) and 
EndoRings arm (1.99), (p=0.33).  
 
Bowel Preparation Scores 
Bowel preparation scores were graded as good, adequate, or poor. 6% were poor and 94% 
were graded as adequate to good. 
 
Complications 
There was 1 significant complication in the standard limb with a patient requiring a clip and 
use of a coagulation grasper due to bleeding after polypectomy.  
 
4.6 Discussion 
This study demonstrated that EndoRingsTM increased polyp detection. There was a 
statistically significant increase in the mean number of polyps per patient (MPP) and the 
polyp detection rate (PDR) in the EndoRingsTM limb compared to standard colonoscopy. 
Although there was a trend towards increased adenoma detection in the EndoRingsTM limb 
as the mean number of adenomas per patient (MAP) and the adenoma detection rate (ADR) 
were higher than in the standard colonoscopy limb, but this did not reach statistical 
significance. The study was only powered to improvement in MPP and not to MAP as this 
device is designed to improve detection of all polyps and not just adenomatous polyps. 
 
This study also found a high removal rate of the device (27%). Sigmoid diverticulosis was one 
of the common reasons for removal of the EndoRingsTM. There were no safety concerns, and 
the device did not increase patient discomfort, nor did it prolong the procedure time. No 
side effects occurred with the use of the EndoRingsTM. The caecal intubation rates did not 
differ significantly between the two limbs. Due to the high removal rate of the device, a per-
protocol analysis was performed, which showed an even higher increase in the polyp 
detection rate with EndoRingsTM compared to standard colonoscopy 67.5% vs 78.5%, p-
value of 0.008. 
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The EndoRingsTM has an advantage to the traditional transparent cap, in that it sits behind 
the tip of the colonoscope, with a larger, bulkier diameter than both the cap and EndoCuff. 
Theoretically, the EndoRingsTM should flatten folds, providing a wider field of view and 
exposing polyps behind folds. This is reflected in our results.  
 
The endoscopists involved were a combination of experts and non-experts. The overall 
average baseline PDR 3 months before the trial was 60%. During the trial, the PDR in the 
standard colonoscopy limb rose to 67.9%. The Hawthorne effect could be a plausible 
explanation for the greater polyp detection rate in the standard limb during the study.  
 
An unexpected finding on subgroup analysis in our study showed that only the expert 
endoscopists detected a greater number of polyps compared to non-expert endoscopists; 
MPP 2.76 in ER limb versus 2.01 in SC limb, p=0.0006. There was no statistically significant 
difference between the mean number of polyps detected in the EndoRingsTM (1.61) versus 
standard colonoscopy (1.64) in the non-expert group, p=0.57. We were expecting a bigger 
benefit in the non-expert endoscopist group, due to previous data concluding that expert 
endoscopists technique is so good that adjuncts would not further enhance their 
performance. A possible explanation for this could be that experts adapted to the use of 
EndoRingsTM much better than the non-experts. Non-expert endoscopists may tend to 
overinflate the bowel. Maximum benefit from the EndoRingsTM occurs when insufflation is 
sufficient to allow the ring flaps to be in full contact with the mucosal folds so that they can 
be easily flattened to provide greater mucosal exposure. We feel that this is an area that 
would benefit from further evaluation.  
 
Significantly more diminutive polyps (1-5mm) were found in the ER limb (70.9%) versus 
standard colonoscopy (61.9%), p=0.03. This is not a surprising finding as more diminutive 
polyps are missed at colonoscopy than larger polyps(97). It also mirrors data on greater 
detection of diminutive polyps from a similar device the EndoCuff(294, 295). The clinical 
significance of this finding can be debated as most (but not all) of these diminutive polyps 
run a very benign course. On further subgroup analysis, there was a trend towards greater 
polyp detection in the ER limb in the screening population (MPP 2.25 ER vs 1.88 SC, p=0.07) 
compared to symptomatic individuals (MPP 1.86 ER vs 1.54 SC, p=0.32). We feel that future 
trials should focus on this group.  
 
There was no significant difference in the withdrawal time between EndoRingsTM 
colonoscopy versus standard colonoscopy. This is an important finding as more polyps were 
found in the EndoRingsTM limb in a similar time, making colonoscopy more efficient.  
 
Some potential limitations of our study need to be acknowledged. One potential criticism of 
our study could be that the primary endpoint was polyp, rather than adenoma detection. 
However, it must be emphasized that the EndoRingsTM device is designed to find polyps, 
rather than predict and differentiate histology between adenomatous and non-
adenomatous polyps. Restricting the primary endpoint to purely the ADR, was felt as an 
unfair measure to assess the effectiveness of the device. Notwithstanding, there was a trend 
towards a greater detection of adenoma with the EndoRingsTM, but the study was probably 
not powered enough to detect a difference. Another limitation of our study, which is 
commonly found in similar trials of devices, is that due to the nature of the device studied, it 
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is impossible to make it a double blinded study; thus, investigator related bias could have 
contributed favourably to the ER device. However, we feel this is unlikely as the endoscopist 
performance (PDR) improved in both arms of the study, compared to their baseline PDR.  
 
In one EndoRingsTM trial where endoscopists with a baseline ADR t 40% performed colonic 
withdrawal, no benefit of ER colonoscopy was demonstrated compared to SC(303).Another 
large Italian study (both a parallel and crossover design) performed by experienced 
endoscopists, who had performed >5000 colonoscopies showed no statistically significant 
difference in diagnostic yield and miss rate between EndoRingsTM and standard 
colonoscopy. In this study, the population cohort were all individuals with a FIT positive test 
result(313), therefore constituting a population intrinsically enriched with polyps. 
Conversely, in our study, the population were also symptomatic, reflecting a more realistic 
portrayal of daily hospital practice.  Further work is required on more heterogenous 
populations before definitive conclusions can be drawn on which population group it will 
benefit the most. The most recent RCT by Rex et al showed that ER colonoscopy was 
superior to standard colonoscopy in the mean number of adenomas per patient (1.46 vs 
1.06, p=0.025), but there was no statistically significant increase in the ADR. Removal rate of 
the device in this study was 9%(311). Polyp detection is a surrogate marker of an increase in 
the adenoma detection. This study that was powered for MAP, supports the findings of our 
study, showing increased polyp detection.  
 
We believe that this study has the following strengths: 1) it is a large multi-centre, 
randomized controlled trial; 2) both expert and non-expert endoscopists were involved, 
mimicking “real-life” routine clinical practice. 3) the population cohort consisted of average 
risk symptomatic patients. This aspect also reinforces the genuine and reproducible nature 
of our results; 4) the baseline performance of the study endoscopists was excellent, yet the 
device still managed to show an improvement. However, it may not have an equally 
beneficial effect in non-expert endoscopists, who may require increased training on device 
handling and scope manoeuvrability.   
 
4.7 Conclusions 
In a large, multicentre randomized controlled trial, a statistically significant increase in the 
polyp detection rate and mean number of polyps per patient, with a trend towards greater 
detection of adenoma in the EndoRingsTM limb versus the standard colonoscopy limb. There 
was a statistically significant increase in the detection of diminutive polyps with EndoRingsTM 
compared to standard colonoscopy. Most of the benefit was restricted to experts and in 
screening / surveillance population. This needs further exploration.  
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Chapter 5: 
 

A Meta-Analysis of EndoRingsTM Assisted Colonoscopy 
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Chapter 5. A Meta-Analysis of EndoRingsTM assisted colonoscopy 
5.1 Introduction 
 
The field of endoscopy has been flooded with various technologies that suggest they 
improve the adenoma detection rate. Several randomized control trials in both parallel and 
tandem design fashion have been performed using the various technologies. The tandem 
design study examines the adenoma miss rate of a new technology versus the current 
standard and looks at the additionally detected adenomas at the second colonoscopy as the 
miss rate(250). Conducting randomized controlled trials are a way to assess if the 
interventions are successful in improving the adenoma detection rate. There was the 
opinion that tandem design studies required a lower case number to reach statistical 
significance and therefore advantageous in performing endoscopic research(251). A recent 
systematic review and meta-analysis where the evidence was available, showed that 
tandem design studies were more likely to yield a positive finding for the intervention, than 
a parallel design study. It was therefore recommended that the findings from parallel 
studies are preferable as they are more likely to represent actual clinical practice.  
 
The interval colorectal cancer rate i.e., those which have not been prevented by 
colonoscopy due to various reasons is a longer-term indicator of the quality of colonoscopy 
by the operator, then the adenoma detection rate. Studies have shown a good correlation 
between the adenoma detection rate and the rate of interval colorectal cancers as 
discussed in chapter 3 (90, 101, 315). 
 
The answer to the question of whether technology assisted colonoscopy improves adenoma 
detection rate is still not clearly proven. Even if one type of study design is used (parallel 
versus tandem design), the studies are often not powered to detect confounding factors or 
to perform accurate sub-group analysis. A lot of the technologies being studied are used in 
tertiary centres in trial settings, where there is often greater endoscopic expertise, limiting 
the conclusions that can be made in routine clinical practice. The widespread uptake in the 
use of these technologies has not garnered much support.  
 
Most studies performed to date have focused on cap assisted and Endocuff assisted 
colonoscopy. Fewer studies have been performed evaluating the use of the EndoRingsTM 
and the studies performed thus far, have shown conflicting results. A meta-analysis was 
therefore performed to evaluate the use of the EndoRings device in the improvement of 
adenoma detection.  
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5.2 Methods 
For a study (full text paper or conference abstract) to be included in the analysis the 
following criteria were met. 
x Studies published in English 
x Adults >18 years of age 
x Parallel design and tandem design studies 
x EndoRings colonoscopy versus standard colonoscopy 
x The studies were not included if they met any of the following criteria. 
x Retrospective/observational studies 
x Review articles 
x Trials comparing other add on devices 
 
Outcome Assessment 
The primary outcome was the adenoma detection rate. The secondary outcomes include 
polyp detection rate, advanced adenoma detection rate, proximal adenoma detection rate, 
mean adenomas per procedure, sessile serrated polyp detection rate (SSPDR), and the 
cancer detection rate.  
 
Study Definitions 
Standard colonoscopy was defined as a colonoscopy with the use of additional devices. 
Proximal adenomas were defined as adenomas proximal to the splenic flexure. Advanced 
adenomas were defined as adenoma t 10mm in size or those with high-grade dysplasia.  
 
Search Strategy 
‘EndoRings’ as a free text word and ‘Colonoscopy’ as a MESH term was used for the search 
performed on PubMed/Medline, Embase and the Cochrane library, through October 2020. 
Search strategy was done on the 9th of November 2020. Furthermore, the references from 
the main review articles were screened to exclude additional studies. Proceedings of 
scientific meetings were also searched.  
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Selection Process 
ST and LF using the inclusion criteria independently screened the titles and abstracts yielded 
by the search. Full text articles were obtained from the abstracts that seemed to meet the 
criteria or where there was any uncertainty. ST and LF then decided which studies should be 
included, with any disagreements resolved with discussion with a third author (PB) until a 
consensus was achieved. The reasons for excluding trials were recorded. Duplicate articles 
involving the same study were removed, and the latest complete version of the study 
retained.  
 
Data Extraction 
The same reviewers (ST and LF) extracted data independently and in duplicate from each 
eligible study, using standardized forms. Reviewers resolved disagreements by discussion 
with a 3rd reviewer (PB). The following data were extracted for each study; first author, year 
of publication, number of participants, age, gender, number of adenomas, proximal 
adenoma, advanced adenoma, SSP, number of cancers, caecal intubation rates and times.  
 
  

Records identified through 
database searching 
 N=46 

Additional records 
identified through other 
sources 
 N=14 
 
 

Records remaining after duplicates removed 
  (N=37) 

 
 
Records excluded (n=32) 
 -Observational 
 studies + Review 
 articles (26) 
 - Meta-analysis  (6) 
 
 
 

Studies included in 
quantitative synthesis 
(meta-analysis) 
 (n=5) 

Figure 39 Search Strategy 



 97 

Statistical Analysis 
All analysis was performed using STATA version 15.1 (StataCorp LLC, College Station, Tex, 
USA). Meta-analysis methods were used to pool the results from the different studies. 
 
The first set of analyses pooled the results for each outcome for each of the two groups 
separately. Most outcomes were binary in nature. For these outcomes, the Freeman-Tukey 
double arcsine transformation was performed before analysis. This was used to stabilise the 
variances when the proportions were close to zero and one, and a normal approximation to 
the binomial distribution did not hold.  
 
The second set of analyses pooled the group differences over the different studies to give a 
single estimate of the differences in outcome between types of colonoscopies. For some 
binary outcomes, there were no occurrences of the outcome in either group for some 
studies. These studies were excluded from the analysis.  
 
All analyses (both within and between groups) were performed using the DerSimonian-Laird 
random-effects method, regardless of the amount of heterogeneity between studies. The 
amount of heterogeneity between studies was assessed based on the significance of the 
between-study heterogeneity, and on the size of the I2 value. Substantial heterogeneity was 
assumed if the I2 value was above 50%.  
 
Sub-group analysis evaluated the following: advanced adenoma detection rate, proximal 
adenoma detection rate, sessile serrated polyp detection rate and cancer detection rate. 
Not all the studies reported on all the secondary outcomes, and these studies were 
therefore excluded from the sub-group analysis.  
 
For some studies, there were no outcomes (advanced adenoma detection, proximal 
adenoma detection, sessile serrated polyp detection) of the outcome in either group. These 
studies were excluded from these sub-group analyses.  
 
Complications or adverse events were inconsistently reported and were therefore 
described. Funnel plots were produced to examine for the presence of publication bias, 
where there were enough studies. The Egger test was also used to examine whether 
publication bias was present in the results.  
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5.3 Results 
Table 20 Study Details and Baseline Demographics 
Author RCT Full 

Text/Abstract 
Country Year Number of 

Patients 
Hassan(313) Parallel Full Text Italy 2018 634 
Hassan(313) Tandem Full Text Italy 2018 293 
Rex (303) Parallel Full Text USA 2018 590 
Rex(311) Parallel Full Text USA 2019 562 
Dik(310) Tandem Full Text Israel, 

Netherlands, 
USA 

2015 126 

Thayalasekaran et al 
(312) 

Parallel Abstract UK 2019 556 

 Both the parallel and tandem design methodology were used for this one trial by Hassan et al. 
 
Quality Assessment 
The quality of the studies was assessed according to the Cochrane Collaboration’s tool for 
assessing the risk of bias by ST and LF independently and if any disagreement, a 3rd opinion 
was sought from PB(316). The risk of bias was allocation is shown in the following Table 21.  
 
Table 21 Risk of Bias 
Author Random 

Sequence 
Generatio
n 

Allocation 
Concealme
nt 

Blinding 
Participa
nt 

Blinding 
of 
outcome 
assessme
nt 

Incomple
te 
outcome 
data 

Selectiv
e 
reportin
g 

Othe
r 
Bias 

Hassan(313) Low risk Unclear 
risk 

High risk High risk Unclear Low risk High 
risk 

Rex(303) Low risk Low risk High risk High risk Low risk Low risk High 
risk 

Rex(311) Low risk Low risk High risk High risk Unclear Low risk High 
risk 

Dik(310) Low risk Low risk High risk High risk Unclear Low risk High 
risk 

Thayalasekaran(3
12) 

Low risk Low risk High risk High risk Unclear Low risk High 
risk 

 
From 60 studies, we included 5 RCT’s, recruiting a total of 2751 patients. All the studies 
were performed in Western countries. 1370 underwent EndoRings-assisted colonoscopy 
and 1381 underwent standard colonoscopy. One of the RCT’s (Thayalasekaran et al) was a 
conference paper. One study by Vemulapalli et al (303), was a 4-arm trial evaluating 
EndoCuff vs EndoRings vs FUSE vs standard colonoscopy; and therefore, only the 2 limbs of 
standard colonoscopy and EndoRings were included in the analysis. In the tandem design 
RCT by Dik et al (310) only data from the first colonoscopy were analysed. Similarly, in the 
study by Hassan et al which was a combination of a parallel and tandem design study, the 
data from the first colonoscopy in the tandem study were analysed. All the studies used 
high-definition (HD) endoscopes. 
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A summary of the meta-analysis results is reported in Table 22. The first figures are the 
number of studies included in the analysis. Subsequently, details of the heterogeneity, both 
in terms of the significance and the I2 value, are reported. The final column gives the pooled 
results over the different studies.  
 
Table 22 Meta-analysis of Results in Each Arm Separately 
Outcome Group Number  Heterogeneity Pooled Results 
  Studies  p-value I2 % (95% I) 
      
Adenomas SC 5 <0.001 83% 49 (43, 56) 
 EndoRings 5   0.001 79% 55 (49, 60) 
      
Polyps SC 5 <0.001 89% 65 (57, 72) 
 EndoRings 5 <0.001 89% 72 (64, 79) 
      
Advanced  SC 5 <0.001 97% 7 (1, 17) 
adenomas EndoRings 5 <0.001 95% 8 (3, 17) 
      
Proximal SC 2 - - 34 (31, 38) 
adenomas EndoRings 2 - - 41 (37, 44) 
      
SS polyps SC 3 <0.001 95% 7 (2, 15) 
 EndoRings 3 <0001 95% 8 (2, 17) 
      
Cancer SC 3 0.27 23% 1.8 (0.8, 3.2) 
 EndoRings 3 0.29 20% 2.3 (1.1, 3.8) 
      
Caecal intubation SC 4 0.17 41% 99.3 (98.2, 99.9) 
 EndoRings 4 0.60 0% 98.3 (97.3, 99.1) 
      
Outcome Group Number  Heterogeneity Pooled Results 
  Studies (*) p-value I2 Mean (95% I) 
      
Mean adenomas SC 3 <0.001 97% 1.6 (0.9, 2.2) 
 EndoRings 3 <0.001 88% 1.7 (1.3, 2.1) 
      
Caecal intubation SC 4 <0.001 90% 6.4 (5.6, 7.3) 
time EndoRings 4 <0.001 92% 6.6 (5.6, 7.5) 
      
 
The results of the meta-analyses for each group separately suggested that for most 
outcomes there was considerable heterogeneity between studies. Except for cancer 
detection and caecal intubation, where there was little heterogeneity, the results 
demonstrated significant heterogeneity tests and high I2 values.  
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Figure 40 Forest Plot for Adenoma Detection 
 
The pooled ADR was 49% (95% confidence interval 43%-56%) with standard colonoscopy 
and 55% (95% confidence interval 49%-60%) with EndoRingsTM with no significant difference 
observed between the EndoRings and standard colonoscopy with a risk ratio of 1.07 (95% 
confidence interval 0.96-1.19). 
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Figure 41 Forest Plot for Polyp Detection 
 
The pooled PDR was 65% (95% confidence interval 57%-72%) with standard colonoscopy 
and 72% (95% confidence interval 64%-79%), with a risk ratio of 1.09 (95% confidence 
interval 0.99-1.19).  
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Figure 42 Forest Plot for Advanced Adenoma Detection 
 
Advanced adenoma detection rate was reported in the above 5 studies. The pooled AADR 
for EndoRings was 8% (95% CI, 3%-17%) and 7% for standard colonoscopy (95% CI, 1%-17%). 
The RR for increased ADR by EndoRings was 1.21 (95% CI, 0.82-1.78: I2 = 59%) 
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Figure 43 Forest Plot for Proximal Adenoma Detection (Right Colon) 
 
Proximal adenoma detection was only reported in 2 studies. The pooled proximal ADR was 
34% for standard colonoscopy (95% CI, 35-38%) and 41% for EndoRings colonoscopy (95% 
CI, 37%-44%). The RR for proximal ADR by EndoRings 1.20 (95% CI, 0.84-1.70: I2 83%) 
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Figure 44 Forest Plot for Mean Adenomas Per Procedure 
The pooled results for the mean number of adenomas per procedure was 1.6 (95% CI 0.9-
2.2) for standard colonoscopy and 1.7 (95% CI 1.3-2.1).  
 

 
Figure 45 Forest Plot for Sessile Serrated Polyp Detection 
The pooled SSPDR was 7% for standard colonoscopy (95% CI, 2%-15%) and 8% for EndoRings 
(95% CI, 2%-17%). The RR for SSPDR by 1.10 (95% CI 0.81-1.5: I2 0%) 
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Figure 46 Forest Plot for Cancer Detection 
The pooled cancer detection rate for EndoRings was 1.8% (95% CI, 0.8-3.2) and for standard 
colonoscopy was 2.3% (95% CI, 1.1-3.8). The RR 1.19 (95% CI 0.65-2.22: I2 0%). 
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Figure 47 Forest Plot for Caecal Intubation 
The pooled caecal intubation rates were 99.3% (95% CI, 98.2%-99.9%) for standard 
colonoscopy and 98.3% (95% CI 97.3%-99.1%). The RR for caecal intubation was 0.99 (95% 
CI 0.98%-1.00%: I2 0%) 
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Figure 48 Forest Plot for Caecal Intubation Times 
The pooled mean caecal intubation times were 6.4 minutes for standard colonoscopy (95% 
confidence 5.6-7.3 minutes) and for Endorings colonoscopy 6.6 minutes (95% CI, 5.6%-
7.5%). 
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The next analyses pooled the group differences. Summaries of these analyses comparing 
patients who received EndoRings colonoscopy to those that received standard colonoscopy 
are reported in Table 23.  
 
The first figures are the number of studies that were included in the analysis (those studies 
with one or more occurrence of the outcome). Subsequently, details of the heterogeneity, 
both in terms of the significance and the I2 value, are reported. The final columns give the 
pooled treatment differences. For the binary outcomes, the sizes of effects are reported as 
risk ratios, reported with corresponding confidence intervals. These indicate the risk of 
outcome in the EndoRings group relative to the risk in patients undergoing standard 
endoscopy. The mean difference in outcome between groups is reported for the continuous 
outcomes. P-values indicating the significance of the difference between groups are also 
reported.    
 
Table 23 Summary of Meta-Analysis Results 
Outcome Number  Heterogeneity Treatment effect 
 Studies (*) p-value I2 RR (95% I) (+) P-value 
      
Adenomas 5 0.08 52% 1.07 (0.96, 1.19) 0.22 
Polyps 5 0.01 69% 1.09 (0.99, 1.19) 0.09 
Advanced adenomas 4 0.06 59% 1.21 (0.82, 1.78) 0.33 
Proximal adenomas 2 0.02 83% 1.20 (0.84, 1.70) 0.32 
SS polyps 3 0.49 0% 1.10 (0.81, 1.50) 0.53 
Cancer 2 0.49 0% 1.19 (0.65, 2.22) 0.59 
Caecal intubation 4 0.79 0% 0.99 (0.98, 1.00) 0.05 
      
Outcome Number  Heterogeneity Treatment effect 
 Studies (*) p-value I2 Mean (95% I) (+) P-value 
      
Mean adenomas 3 0.12 53% 0.1 (-0.2, 0.3) 0.49 
Intubation time 4 0.06 60% 0.1 (-0.5, 0.8) 0.64 
      
(*) Number of studies in analysis, excluding studies where no occurrences of outcome in either 
group 
(+) Calculated as outcome in EndoRings group relative to outcome in Standard Colonoscopy group 
 
The results suggest a moderate degree of heterogeneity with the I2 over or close to 50% for 
most outcomes. The test for heterogeneity reached significance for polyp detection and 
proximal adenoma detection. The exception to this trend was for sessile serrated polyps, 
cancer detection and caecal intubation, where little heterogeneity between studies was 
observed. The pooled group comparisons suggested no evidence of any statistically 
significant differences in outcomes between EndoRings and standard colonoscopy.  
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Publication Bias 
An additional set of analyses examined for the presence of publication bias. These analyses 
were restricted to the key outcomes, with data reported in all studies. With smaller 
numbers of studies publication bias is more difficult to identify. 
 
Initially, the Egger test was used to examine publication bias. This examines two aspects of 
publication bias, slope, and bias. P-values from both aspects are summarised in Table 24. 
 
Table 24 Publication Bias Results 
Outcome Number  Egger test p-values 
 Studies  Slope Bias 
    
Adenomas 5 0.20 0.12 
Polyps 5 0.34 0.17  
    
 
The results of the Egger test suggested no evidence of publication bias. However, it is noted 
that due to the relatively small number of studies, there is relatively low power to identify 
any possible biases.  
 
The funnel plots for two of the outcomes are shown in Figures 49 and 50. The overall trend 
for both outcomes are that most of the points lie within the ‘funnel’ part of the plot, and the 
values are symmetrical around the middle point. However, for both outcomes, the study 
with the largest effect has the largest standard error with a lower sample size. However, it is 
hard to conclude the presence of publication bias from this one study alone.  
 

 
Figure 49 Funnel Plot for Adenoma Detection 
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Figure 50 Funnel Plot for Polyp Detection 
 
5.4 Discussion 
Initial results on distal attachments were promising, due to the underlying theory in their 
ability to flatten colonic folds on withdrawal, enabling a better view behind the colonic 
folds. There is limited data on the EndoringsTM device in comparison to the other devices 
such as the transparent cap and Endocuff, which have been available for longer. Results in 
relation to the studies on distal attachment devices are contradictory.  
 
There have been opinions expressed about the difficulty in using the EndoRings due to its 
bulky nature, that could theoretically make navigation of the sigmoid colon more 
challenging. 
 
As the EndoRings is the newest device on the market, fewer studies have been performed 
exploring their utility in current clinical practice. It is reassuring that in all the studies 
evaluating the use of the EndoRings, no serious adverse events were reported, endorsing 
the safeness of the device. Furthermore, caecal intubation rates and caecal intubation times 
when comparing EndoRings to standard colonoscopy were similar. So, despite some 
suggestions of difficulty in use, the colonoscopy completion rates and times appear to 
remain unaffected. 
 
This meta-analysis did not show a statistically significant benefit with the EndoRings device 
when compared to standard colonoscopy. Similar results were noted in relation to the other 
secondary outcomes, advanced adenoma detection rate, proximal adenoma detection rate, 
mean adenomas per procedure and sessile serrated polyp detection. 
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Endoscopic trials often have a degree of bias that is difficult to remove. The endoscopist is 
often not blinded to what intervention the patient has been randomized to as they are the 
ones performing the procedure, and so see/control the use of the device. In the case of the 
EndoRings, the endoscopist would fit the distal attachment to the colonoscope before 
starting anal insertion. This inherently introduces a degree of performance and detection 
bias, dependent on the operator’s belief about the intervention being evaluated.  
 
A recent network meta-analysis of the distal devices has a slight improvement in ADR when 
performed by low-performing endoscopists, with the most benefit gained from the use of 
EndoCuff(317). It is noteworthy that the study by Dik et al was an anomaly that showed a 
strikingly favourable result with the EndoRings. In this study (310)the adenoma detection 
rate in the standard colonoscopy limb was lower than in the other studies (312, 313). 
 
This may suggest that the greatest benefit is observed in poor-performing 
endoscopists(310). In the study by Rex et al and Thayalasekaran et al, a small proportion of 
the procedures were performed by less experienced endoscopists. However, these studies 
were not adequately powered to show a significant difference between experts and non-
experts(303, 312). It is important to mention that the EndoRings device was mostly used in 
expert, high-volume centres in all the randomized controlled trials. The applicability of the 
findings of the individual studies and pooled results for the meta-analysis are therefore not 
likely to be representative of the generalisable population. 
 
Given the recent meta-analysis showing utility in non-experts, one could postulate that 
‘add-on-devices’ add little value to an expert endoscopist. One of the drawbacks with 
endoscopy trials, is the ability to accurately make conclusions, once operator variability is 
factored in. In the UK, colonoscopists that undergo bowel cancer screening accreditation are 
deemed experts. They undergo a rigorous examination process and have key performance 
indicators above the national recommendations. However, the RCT’s performed were not 
powered to give adequate conclusions between non-experts and experts. Hence, if we are 
to continue exploring the utility of these devices, it would be important to focus on larger 
studies that can provide sub-group analysis.  
 
The RCT’s in question also had a heterogenous population in that the indications for 
colonoscopy were varied. Again, the issue of studies not being large enough to draw 
adequate conclusions to which population benefits the most is brought in. A drawback in 
the endoscopy literature, is that the words ‘colorectal cancer screening’ can be used in 
varied settings. In the USA, colorectal cancer screening begins at aged 50 and does not 
necessarily include those with a positive FOBT or FIT. In the UK and parts of Europe, the 
terminology colorectal cancer screening refers to patients with a positive FOBT and FIT. 
Patients with a positive FOBT and FIT are enriched with neoplasia and as such will have a 
greater number of adenoma than patients referred with lower GI symptoms(318).  Further 
studies are needed that give recommendations on which population will benefit the most 
from these devices.  
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Although the distal attachment devices have been extensively studied in recent years, their 
use outside of a clinical trial setting remains uncommon. Furthermore, they have generally 
been used more by experts in specialist units and generalisability to most 
Gastroenterologists unknown. One could question why a lot of time and money is invested 
in endoscopic devices that are only used by a small minority of clinicians. 
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CHAPTER 6: 
 

Colonoscopy aided technology in an organized colorectal screening 
programme: a systematic review and meta-analysis. 
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CHAPTER 6. Colonoscopy aided technology in an organized colorectal 
screening programme: a systematic review and meta-analysis.  
 
6.1 Introduction 
The interest in the role of colonoscopy in both the diagnostic and preventative actions in the 
fight against colorectal cancer, lies in the ability of colonoscopy to detect not only cancer, 
but also precursor lesions in asymptomatic individuals, when still curable. Colorectal cancer 
screening programs based on faecal immunochemical tests (FITs) or faecal occult blood tests 
(FOBTs) have consistently been shown to reduce both the incidence and mortality related to 
colorectal cancer(58, 61-63, 319). As a result, there has been a widespread implementation 
of colorectal cancer screening programmes internationally (62). The preventative effect of 
these programs heavily depends on the detection of colorectal neoplasia at post-test 
colonoscopy. The FIT/FOBT population have more advanced neoplasia and consequently the 
adenoma detection rate is substantially higher in this setting than in patients referred for 
colonoscopy due to lower GI symptoms(318). Disappointingly, the use of the adenoma 
detection rate as a reference for an indication on the quality of colonoscopy has reported 
relevant miss rates(96, 320).  
 
Colorectal cancer screening is an ongoing process that requires repeating at various 
intervals, according to national guidelines (58). Screening programmes vary according to the 
country studied. However, the options available are similar and include one of the following: 
stool tests (FOB or FIT) and if positive proceed to colonoscopy, flexible sigmoidoscopy, or 
colonoscopy. Randomized controlled trials evaluating the use of faecal occult blood tests 
(FOB) tests have shown a reduction in mortality with colorectal cancer screening (321-323). 
Guaiac based faecal occult blood tests detect the peroxidase activity of haem, which is 
present in red meat, fresh fruit, and vegetables. As certain foods can cause a false positive 
result, the use of gFOBT requires prior dietary restriction(66). The positive predictive value 
of FOB for cancer is around 11% and in the range of 18-35% for adenomas(64, 65).  
 
The FIT test is highly specific for detecting human blood of colonic origin, as it uses 
antibodies specific to human haemoglobin, albumin, or other blood constituents (66).   
FIT is increasingly being used compared to gFOBT, because of its greater accuracy, greater 
specificity for human blood, and because only one sample is needed in most screening 
programmes (67-69, 72). In a recent systematic review, the sensitivity of FIT in detecting 
advanced adenoma ranged from 22.2% to 40.3%(72).  
 
Broadly speaking the technologies that have been studied to improve the adenoma 
detection rate fall into two categories: (1) advanced imaging and (2) mechanical devices. 
Advanced imaging aims to increase the contrast between non-neoplastic and neoplastic 
mucosa, whereas mechanical devices aim to expose the hidden mucosa behind colonic 
folds(319). 
 
Data on all the colonoscopy technology has shown mixed results. There is still no clarity on 
the utility of these technologies in organized screening programmes. Firstly, most of the 
studies were performed in primary or unselected settings where there is a much lower ADR 
than in an organized screening programme. Secondly, the significance of organized 
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programs and their ethical implications require robust, high-quality level evidence before 
implementation of any technology. For these reasons, we performed a systematic review 
and meta-analysis on the role of advanced imaging and mechanical devices in FIT/FOBT 
subjects within organized colorectal cancer screening programs. 
 
6.2 Methods 
The analysis methods and inclusion criteria were based on the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses recommendations(324). The Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses checklist is shown in Appendix 1.  
 
Inclusion and exclusion criteria 
For the purposes of this systematic review, only studies published in English were 
considered. All parallel design, RCT’s that analysed a cohort of subjects with a positive 
FOBT/FIT that underwent either standard or technology assisted colonoscopy were 
included. Studies that included a subset of patients with a positive FOBT/FIT had only this 
subset data included in the analysis. Only fully published articles were included.  
 
All retrospective studies, non-controlled studies, review articles and duplicates were 
excluded. RCT’s in abstract format were excluded. Full text articles with no documentation 
on the presence of an FOB/FIT test were also excluded. All studies including non-screening, 
non-average-risk populations were excluded. 
 
Outcome assessment 
The ADR was the primary outcome measure and extracted from the study results. 
Secondary outcome measures were advanced ADR, right-sided colon segment ADR, cancer 
detection rate, mean adenoma per procedure (MAP), and caecal intubation rates. Data on 
procedural times and adverse events were also recorded. 
 
Study definitions 
Standard colonoscopy was defined as a colonoscopy performed without the use of any 
additional modality. Interventional colonoscopy referred to mechanical devices, namely 
add-ons (i.e., distal attachments [EndoCuff, EndoRings, transparent cap] and G-EYE [Pentax, 
Tokyo, Japan]) or imaging technologies (i.e., electronic chromoendoscopy [narrow-band 
imaging, I-SCAN, Fuji Intelligent Colour Enhancement, blue-light imaging, linked colour 
imaging] or wide-angle field of view [ full-spectrum endoscopy]). Proximal adenomas were 
defined as adenomas found proximal to the splenic flexure. Advanced adenomas were 
defined as adenoma t10mm in size or those with high-grade dysplasia or villous component 
at histology. 
 
Data Sources and Search Strategy 
A comprehensive literature search was performed using PubMed, EMBASE and the 
Cochrane Library (up to January 15th, 2020) to identify the full articles evaluating the role of 
advanced imaging and mechanical devices in FIT/FOBT+ve subjects within organized 
colorectal cancer screening programs. Electronic searches were supplemented by manual 
searches of references of included studies and review articles. The free text words and 
comparable Medical Subject Heading/Emtree terms described in Appendix 2 were used.  
 



 116 

Selection Process 
Two review authors (S.T. and L.F.) independently screened the titles and abstracts yielded 
by the search against the inclusion criteria. Full reports were obtained for all titles that 
appeared to meet the inclusion criteria or titles in which there was any uncertainty. Review 
author pairs then screened the full text and abstract reports and decided whether these met 
the inclusion criteria. Disagreements were resolved through discussion with a third author 
(C.H) until consensus was achieved. The reasons for excluding trials were recorded. When 
there were multiple articles for a single study, the latest publication was used.  
 
Data Extraction 
By using standardized forms, S.T and L.F extracted data independently and in duplicate from 
each eligible study. Reviewers resolved the disagreements by discussion with a 3rd reviewer 
(C.H). The following data were extracted for each study; first author, year of publication, 
number of participants, age, gender, number of adenomas and proximal adenoma found in 
each study arm, advanced adenomas, number of cancers, caeca intubation rates, and effect 
estimates with 95% confidence intervals (Cis) and adjustments. Additionally, information on 
the procedure time (minutes) and proportion of adverse events were recorded if available. 
Study authors were not contacted because all the information was available in the fully 
published article. The characteristics of the included studies are available in Table 25. 
 
Table 25 Study Details and Baseline Demographics(319) 
Study Year Intervention No Patients 

Randomized 
No. 
Patients 
FOB/FIT 

Mean 
age(Y) 

Female 
(N)  

Bhattacharyya 
(292) 

2017 EndoCuff 534 EC 266 
SC 265 

EC 67 
SC 67.3 

EC 85 
SC 104 

Van Doorn 
(296) 

2016 EndoCuff 1065 EC 183 
SC 193 

EC 64.7 
SC 64.7 

NR 

Ngu (297) 2018 EndoCuff 1772 EC 394 
SC 403 

EC 61.7 
SC 62.1 

NR 

Hassan (313) 2018 EndoRing 637 ER 317 
SC 317 

ER 62.9 
SC 61.8 

ER 158 
SC 156 

Hassan (260) 2016 FUSE 672 F 328 
SC 330 

F 60.1 
SC 60.4 

F 162 
SC 160 

Shirin (264) 2018 G-EYE 1000 GE 105 
SC 96 

GE 65.4 
SC 65.2  

NR 

Paggi(325) 2009 NBI 222 N 103 
SC 108 

N 59.6 
SC 61.1 

N 47 
SC 47  

Senore(326) 2014 NBI 271 N 117 
SC 120 

N 66.7 
SC 67 

N 46 
SC 49 

 
Quality assessment 
The degree of bias was assessed using the Cochrane Collaboration risk of bias tool(316). The 
risk of bias (unclear, low, or high) was allocated to the following fields (random sequence 
generation, allocation concealment, blinding of participants and personnel, blinding of 
outcome assessment, incomplete outcome data, selective reporting). A funnel plot was used 
to display the publication bias.  
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Statistical analysis 
Dichotomous outcomes were pooled as proportion and relative risk (RR) by random-effects 
model. Dependent variables were modelled on the logit scale and then exponentiated to 
proportion and RR along with 95% CI. Continuous outcomes were pooled as unstandardized 
mean difference, along with 95% CI. Statistical heterogeneity was computed with the I2 
statistic and tested by the Q2 test (statistical significance level set as P < .1). Sensitivity 
analysis was performed by subgroup meta-analytic models according to the type of 
intervention (i.e., advanced imaging and distal attachments). We explored possible 
relationships between study variables and outcomes by means of univariate meta-
regression. Publication bias was assessed by means of a funnel plot with trim-and-fill 
analysis and by the Egger test. All analyses were performed by using STATA 16 (release 16, 
2019; StataCorp LLC, College Station, Tex, USA). All tests were 2- sided, and statistical 
significance was considered as P <0.05, except when differently specified. 
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6.3 Results 
Search results 
The search strategy yielded 2637 studies (Fig.51). Once duplicates were removed, 1690 
studies were screened by analysis of title and abstract, and 1620 studies were removed 
because they were not related to the study topic or met 1 or more exclusion criteria. 
Seventy studies were then further assessed for eligibility by full text examination, and a 
further 62 were excluded for not meeting all inclusion and exclusion criteria. Reasons for 
exclusion was recorded (Fig.51).  Finally, 8 articles (260, 264, 292, 296, 297, 313, 325, 326) 
were included in the final analysis. 
 

 
Figure 51 Preferred Reporting Items for Systematic Reviews and Meta-Analysis: Flowchart of 
Included Studies. Reproduced from Thayalasekaran et al, with permission from Elsevier (319) 
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Study characteristics 
Among included studies, 3 described a technique of advanced imaging, in particular 2 
studies on NB(325, 326) and 1 study on full-spectrum endoscopy(260). The other 5 included 
studies (264, 292, 296, 297, 313) described mechanical devices: 3 studies on use of the 
EndoCuff (292, 296, 297) 1 study on EndoRingsTM(313)and 1 study on G-EYE(264) (for details, 
see Table 25). All studies were conducted within organized screening settings in Europe, 7 of 
which were embedded in a population-based program. Four studies were from Italy, (260, 
313, 325, 326), 2 from the United Kingdom,(292, 297) 1 from Germany, (264) and 1 from the 
Netherlands(296). 
 
The total number of patients in the included studies was 3645: 1813 (49.7%) in the 
intervention arm and 1832 (50.3%) in the standard colonoscopy arm. The mean age ranged 
from 60 to 67 in the standard colonoscopy arm and from 59 to 67 years in the intervention 
arm. Women made up 43.3% in the intervention arm and 44.4% in the standard 
colonoscopy arm. Pooled caecal intubation rates were 96.3% (95% CI, 94.4%-97.6%) in the 
intervention arm and 96.9% (95% CI, 95.1%-98.1%) in the standard colonoscopy arm. 
Studies that were finally analysed were all high quality RCT’s. 
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Primary outcome 
Eight studies (260, 264, 292, 296, 297, 313, 325, 326) (3645 patients) compared ADR for any 
intervention with standard colonoscopy (Table 25). The pooled ADR was 56.5% (95% CI, 
49.9%-62.9%) in the intervention arm and 55.9% (95% CI, 48.6%-63%) in the standard 
colonoscopy arm, corresponding to a RR of 1.01 (95% CI, .93-1.10; I2 Z 50.4%) (Table 26).  
 
Table 26 Pooled outcomes among interventional and standard comparison arm(319) 

Outcome 

Pooled 
estimate 
Interventions 
(%) 

Pooled 
estimate 
Standard 
colonoscopy 
(%) 

Risk ratio for 
increased 
ADR 

Heterogeneity 
(%) 

ADR 56.5 (49.9-
62.9) 55.9 (48.6-63) 1.01 (.93-

1.10) 50.4 

Advanced ADR 23.7 (15.9-
33.6) 

25.9 (17.5-
36.5) .91 (.80-1.05) 7.2 

Right-sided 
colon segment 
ADR 

24.7 (13.3-
41.3) 24.3 (15.3-6.4) 1.02 (.78-

1.33) 67.2 

Cancer 
detection rate 3.6 (2.2-5.7) 4 (3.1-5.1) .96 (.64-1.43) 20.4 

Mean 
adenoma per 
procedure 

1.5 (1.2-1.8) 1.5 (1.1-1.8) .04 (–.13 to 
.20) 53.6 

Cecal 
intubation 
rate 

96.3 (94.4-
97.6) 

96.9 (95.1-
98.1) 

1.00 (.99-
1.01) 0 

Values in parentheses are 95% confidence intervals. 
ADR, Adenoma detection rate. 
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The forest plot of the ADR according to the type of advanced imaging and mechanical device 
is shown in Figure 52.  
 

 
Figure 52 Forest Plot of Adenoma Detection Rate Divided Between Studies Reporting on Advanced 
Endoscopic Imaging and Studies Reporting on Mechanical Devices. Reproduced from Thayalasekaran 
et al, with permission from Elsevier (319) 

Pooling together all studies describing any advanced imaging technique, (260, 325, 326), the 
RR for increased ADR was 0.95 (95% CI, 0.85-1.07) with moderate heterogeneity (I2 = 
50.4%). When pooling together studies describing mechanical devices, (292, 296, 297), the 
RR for increased ADR was 1.04 (95% CI, .92-1.17) with residual moderate heterogeneity (I2 = 
69.49%) (Fig.52).  
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Publication Bias 
Publication bias was not significant for the primary outcome, that is, ADR as a visual 
inspection of the funnel plot did not reveal any substantial asymmetry (Fig 53) and Egger’s 
test yielded P=0.520.  
 

 
Figure 53 Funnel Plot for Publication Bias. Reproduced from Thayalasekaran et al, with permission 
from Elsevier (319). 
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Studies were then subdivided among those describing advanced imaging techniques and 
those describing mechanical devices, as shown in Figure 54. Among the single-intervention 
modalities, pooling together studies describing a single intervention did not yield a 
statistically significant increase in ADR. In detail, 3 studies on EndoCuff showed an RR for 
increased ADR of 1.05 (95% CI, .90-1.21; I2 Z 75.3%) and 2 studies on NBI showed an RR for 
increased ADR of 0.95 (95% CI, .81-1.12; I2Z0%); the results of the remaining studies are 
provided in Figure 54.  

 
 
Figure 54 Forest Plot of Adenoma Detection Rate According to the Type of Advanced Imaging or 
Mechanical Device. Reproduced from Thayalasekaran et al, with permission from Elsevier (319) 
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Sub-analysis FOBT versus FIT 
When subdividing studies using FOBT and studies using FIT, no significant differences were 
found. In detail, 4 studies used FOBT(260, 296, 313, 326) and 4 studies used FIT (264, 292, 
297, 325). When pooling together studies using FOBT, the RR for increased ADR was 1.09 
(95% CI, 0.95-1.25: I2 = 59%). For studies using FIT, the RR for increased ADR was 0.95 (95% 
CI, 0.88-1.02: I2 = 0%).  
 

 
Figure 55 Forest Plots Divided Between Studies Using FIT and Studies Using FOBT. Reproduced from 
Thayalasekaran et al, with permission from Elsevier (319) 
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Secondary outcomes 
Mean adenoma per procedure. The MAP was assessed in 7 studies including 3444 patients  
(260, 292, 296, 297, 313, 325, 326). The pooled MAP was 1.5 (95% CI, 1.2-1.8) in the 
intervention arm and 1.5 (95% CI, 1.1-1.8) in the standard colonoscopy arm, with no 
significant difference (unstandardized mean difference, .04; 95% CI, –.13 to .20; I2 = 53.6%) 
(table 26). Studies were divided according to whether they reported on advanced imaging 
modalities or mechanical devices, and in neither of the 2 groups was a statistically 
significant difference in MAP detected. The 3 studies (260, 325, 326) describing advanced 
imaging showed an unstandardized mean difference of –0.00 (95% CI, –.17 to .16; I2 Z 0%), 
whereas the 4 studies (292, 296, 297, 313) describing mechanical devices showed an 
unstandardized mean difference of 0.06 (95% CI, –.22 to .33: I2 = 73.19%) (Figure 56) 
 
 

 
Figure 56 Forest Plot of Mean Adenomas Per Colonoscopy Divided Between Advanced Imaging or 
Mechanical Devices. Reproduced from Thayalasekaran et al, with permission from Elsevier (319) 
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When pooling together only 3 studies that used the EndoCuff, (292, 296, 297) no significant 
difference in MAP was shown (unstandardized mean difference, 0.16; 95% CI, –0.14 to 0.46; 
I2 = 63.47%). Also, the 2 studies on use of NBI (325, 326) did not show a pooled significant 
difference in MAP (unstandardized mean difference, 0.09; 95% CI, –0.21 to 0.39; I2 = 0%).  
 

 
Figure 57 Forest Plot of Mean Adenomas Per Colonoscopy According to the Type of Advanced 
Imaging or Mechanical Device. Reproduced from Thayalasekaran et al, with permission Elsevier 
(319). 
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Proximal colon ADR.  
Four studies (260, 297, 326) (313) with 3352 patients investigated the proximal colon ADR, 
showing no statistically significant difference (RR, 1.02; 95% CI, .78- 1.33; I2 = 67.2%). When 
pooling the 2 studies on advanced imaging,(260, 326) 1 on NBI and 1 on full-spectrum 
endoscopy, no statistically significant difference was found in proximal colon ADR (RR, 0.83; 
95% CI, 0.51-1.33; I2 = 68.8%). When pooling the other 2 studies on mechanical devices, 
(297, 313)1 on EndoCuff and 1 on EndoRingsTM, no significant difference was found in 
proximal colon ADR (RR, 1.16; 95% CI, 1-1.35; P = 0.6; I2 = 0%).  
 

 
Figure 58 Forest plot of proximal colon adenoma detection rate, divided between studies reporting 
on advanced endoscopic imaging and studies reporting on mechanical devices. Reproduced from 
Thayalasekaran et al, with permission Elsevier (319). 

Advanced ADR.  
Overall, 6 studies (260, 292, 297, 313, 325, 326) reported on advanced ADR. The pooled 
estimates of advanced ADR for the intervention and standard colonoscopy groups were 
23.7% (95% CI, 15.9%-33.6%) and 25.9% (95% CI, 17.5%-36.5%), respectively. The RR for 
increased advanced ADR by any intervention was 0.91 (95% CI, .80- 1.05: I2 = 7.2%). 
 
Colon cancer 
Overall, 7 studies (260, 292, 296, 297, 313, 325, 326) reported colon cancer detection rates. 
Pooling them together, the intervention arm showed a 3.6% rate (95% CI, 2.2%-5.7%), 
whereas the standard colonoscopy arm showed a 4% rate (95% CI, 3.1%-5.1%), 
corresponding to an RR for increased cancer detection of 0.96 (95% CI, .64-1.43; I2 = 20.4%). 
Details regarding all outcomes are reported in Table 26.   
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Study quality 
Study quality assessment according to the Cochrane Collaboration risk of bias tool is 
available in Table 27. The main biases were performance and detection bias because of the 
impossibility to blind the operator and the patient to the active intervention. 
 
Table 27 Risk of Bias(319) 

Study Random 
Sequence 
Generation 
(Selection 
Bias) 

Allocation 
Concealment 
(Selection 
Bias) 

Blinding of 
participants 
and personnel 
(Performance 
Bias) 

Blinding of 
outcome 
assessment 
(Detection 
Bias) 

Incomplete 
Outcome 
Data 
(Attrition 
Bias) 

Selective 
Reporting 
(Reporting 
Bias) 

EndoCuff       
Bhattacharyya 
et al (292) 

Low risk Low risk High risk High risk Low risk Low risk 

Van Doorn et al 
(296) 

Low risk Low risk High risk High risk Low risk Unclear 
risk 

Ngu et al (297) Low risk Low risk High risk High risk Low risk Low risk 
FUSE       
Hassan et al 
(260) 

Low risk Low risk High risk High risk Low risk Low risk 

EndoRings       
Hassan et al 
(313) 

Low risk Unclear risk High risk High risk Unclear Low risk 

G-EYE       
Shirin et al 
(264) 

Low risk Unclear risk High risk High risk Unclear risk Unclear 
risk 

NBI       
Paggi et al 
(325) 

Low risk Low risk High risk High risk Low risk Low risk 

Senore et al 
(326) 

Low risk Low risk High risk High risk High risk Low risk 
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6.4 Discussion 
This study showed that advanced imaging and mechanical technologies did not increase the 
detection rate of colorectal neoplasia in FIT positive subjects. This brings into question, the 
utility of colonoscopy technology in this setting. Furthermore, the study did not show any 
increase in the MAP, proximal adenoma detection rate and advanced adenoma detection 
with the new technologies(319).  
 
Organized colorectal cancer screening programs already carry a high economic burden for 
health services (327). Therefore, every new technological implementation under 
consideration for widespread use within the screening program must be backed by a strong 
and unequivocal evidence of a gain in screening performance/quality(319).  
 
When evaluating the technologies included in this analysis, there is no real justification to 
facilitate the incorporation of their use into widespread clinical practice, due to the 
significant financial investment required. However, advanced electronic imaging that is 
already built into most existing endoscopic systems in the West require no further expense.  
 
The quality of colonoscopy in the included studies is very high, which is reflected in the 
mean ADR of 55.9% in the standard colonoscopy limb and the 96.9% caecal intubation rate. 
The performance of endoscopists who partake in organized colorectal cancer screening is 
commensurate with high performance, that is continuously monitored(328). A recent 
network meta-analysis of all the distal attachment devices showed that there was a slight 
improvement in the ADR with the use of distal attachment devices. This improvement was 
more noticeable in the cohort of endoscopists with a low baseline ADR(317). 
 
Tandem design randomized controlled trials have been met with criticism in the past, due to 
the unnatural application. Patients are randomized in different orders to both the standard 
and the trial intervention. There is a high likelihood of introduction of operator-related bias 
in this setting as endoscopists might be reassured those patients are undergoing two rounds 
of evaluation, with both the standard and intervention technology, thereby reducing the 
likelihood of missed adenoma. Tandem design studies provide data on the adenoma miss 
rate, which is not documented as well as the adenoma detection rate. Uncertainty exists on 
the clinical interpretation of the adenoma miss rate, as it is not as clearly related to the risk 
of post-colonoscopy interval cancer(319).  
 
Not all available studies could be analysed because some were performed in a tandem 
design and omitted as part of the exclusion criteria, further reducing the number of studies 
available for subgroup analyses(319).  
 
The actual efficacy of colonoscopy technology remains unclear because of contradictory 
findings of studies and a lack of powering to appreciate differences in sub-group analysis. A 
limitation of this meta-analysis was the number of studies on the individual modalities for   
sub-group analysis was few in most cases. In the case of EndoRings/G-EYE and FUSE, there 
was only 1 study. Nonetheless, when both the mechanical and imaging studies were pooled 
together, no trend for the group was demonstrated(319).  
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The single-blinded nature of endoscopy studies is unavoidable. It does however, mean that 
there is the potential for subjective bias. Despite this, high-quality RCTs were included in the 
analysis, reducing the risk of bias, which was confirmed by quality assessment and 
publication bias calculation(319). 
 
Overall, this meta-analysis has shown that in FIT positive subjects, no technological 
innovation seems to significantly increase the detection of colorectal neoplasia during high-
quality colonoscopies performed by endoscopists with a high existing adenoma detection 
rate.  
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Table 28 Preferred Reporting Items for Systematic Reviews and Meta-Analyses Checklist. 
Reproduced from Moher et al, with permission PLoS Medicine (329) 

Section/topi
c 

No Checklist item Reported  
on page no 

Title 
Title 1 Identify the report as a systematic review, meta-analysis, or both. 1 
Abstract 
Structured 
summary 

2 Provide a structured summary including, as applicable: background; 
objectives; data sources; study eligibility criteria, participants, and 
interventions; study appraisal and synthesis methods; results; limitations; 
conclusions and implications of key findings; systematic review registration 
number. 

2 

Introduction 
Rationale 3 Describe the rationale for the review in the context of what is already known. 3 
Objectives 4 Provide an explicit statement of questions being addressed with reference to 

Participants, Interventions, Comparisons, Outcomes, and Study design 
(PICOS). 

3 

Methods 
Protocol 
and 
registration 

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., web 
address), and, if available, provide registration information including 
registration number. 

4 

Eligibility 
criteria 

6 Specify study characteristics (e.g., PICOS, length of follow-up) and report 
characteristics (e.g., years considered, language, publication status) used as 
criteria for eligibility, giving rationale. 

4 

Information 
sources 

7 Describe all information sources (e.g., databases with dates of coverage, 
contact with study authors to identify additional studies) in the search and 
date last searched. 

4 

Search 8 Present full electronic search strategy for at least 1 database, including any 
limits used, such that it could be repeated. 

Appendix 2 

Study 
selection 

9 State the process for selecting studies (i.e., screening, eligibility, included in 
systematic review, and, if applicable, included in the meta-analysis). 

4 

Data 
collection 
process 

10 Describe method of data extraction from reports (e.g., piloted forms, 
independently, in duplicate) and any processes for obtaining and confirming 
data from investigators. 

4 

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding 
sources) and any assumptions and simplifications made. 

5 

Risk of bias 
in individual 
studies 

12 Describe methods used for assessing risk of bias of individual studies 
(including specification of whether this was done at the study or outcome 
level), and how this information is to be used in any data synthesis. 

Table 3, page 
5 

Summary 
measures 

13 State the principal summary measures (e.g., risk ratio, difference in means). 5,6 

Synthesis of 
results 14 Describe the methods of handling data and combining results of studies, if 

done, including measures of consistency (e.g., I 2) for each meta-analysis. 5,6 

Risk of bias 
across 
studies 

15 Specify any assessment of risk of bias that may affect the cumulative 
evidence (e.g., publication bias, selective reporting within studies). Table 3 

Additional 
analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup 

analyses, meta-regression), if done, indicating which were prespecified. 5,6 
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Result 
Study 
selection 17 Give numbers of studies screened, assessed for eligibility, and included in the 

review, with reasons for exclusions at each stage, ideally with a flow diagram. 7 

Study 
characteristi
cs 

18 For each study, present characteristics for which data were extracted (e.g., 
study size, PICOS, follow-up period) and provide the citations. 7 

Risk of bias 
within 
studies 

19 Present data on risk of bias of each study and, if available, any outcome level 
assessment (see item 12). Table 3 

Results of 
individual 
studies 

20 
For all outcomes considered (benefits or harms), present, for each study: (a) 
simple summary data for each intervention group and (b) effect estimates 
and confidence intervals, ideally with a forest plot. 

7,8 

Synthesis of 
results 21 Present results of each meta-analysis done, including confidence intervals 

and measures of consistency. 7,8 

Risk of bias 
across 
studies 

22 Present results of any assessment of risk of bias across studies (see item 15). Table 3 
Page 9 

Additional 
analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup 

analyses, meta-regression [see item 16]). 7,8 

Discussion 

Summary of 
evidence 24 

Summarize the main findings including the strength of evidence for each 
main outcome; consider their relevance to key groups (e.g., healthcare 
providers, users, and policymakers). 

10,11 

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at 
review-level (e.g., incomplete retrieval of identified research, reporting bias). 10,11 

Conclusions 26 Provide a general interpretation of the results in the context of other 
evidence, and implications for future research. 10,11 

Funding 

Funding 27 Describe sources of funding for the systematic review and other support 
(e.g., supply of data); role of funders for the systematic review. 1 
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Appendix A: Search Strategy(319) 
Embase Search 15/1/2020 
“NARROW BAND IMAGING” 
(Narrow Band Imaging).ti.ab 
(Cap-assisted colonoscopy).ti.ab 
(Transparent Cap Colonoscopy).ti.ab 
(Cap Colonoscopy).ti.ab 
(Cap-assisted).ti.ab 
(endocap).ti.ab 
(endocuff).ti.ab 
(cuff-assisted).ti.ab 
(Ecuff).ti.ab 
(Endoring).ti.ab 
(Endorings)ti.ab 
(Fujinon Intelligent Color Enhancement) ti.ab 
(Fujinon Intelligent Colour Enhancement) ti.ab 
(FICE).ti.ab 
(Fuji Intelligent Color Enhancement).ti.ab 
(Fuji Intelligent Colour Enhancement).ti.ab 
(I-scan).ti.ab 
(FUSE AND endoscopy).ti.ab 
(Full Spectrum Endoscopy).ti.ab 
(extra wide angle view colonoscopy).ti.ab 
(third eye endoscopy).ti.ab 
(Transparent Hood).ti.ab 
(Third eye retroscope).ti.ab 
(Third eye panoramic).ti.ab 
(Naviaid).ti.ab 
(G-EYE colonoscopy).ti.ab 
(balloon colonoscopy).ti.ab 
(Blue laser imaging).ti.ab 
(Linked Colour Imaging).ti.ab 
(LCI colonoscopy).ti,ab 
Exp ADENOMA/ 
(adenoma*).ti,ab 
1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16 OR 
17 OR 18 OR 19 OR 20 OR 21 OR 22 OR 23 OR 24 OR 25 OR 26 OR 27 OR 28 OR 29 OR 30 OR 
31 
32 OR 33 
34 AND 35 
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Medline Search 13/1/2020 
“NARROW BAND IMAGING” 
(Narrow Band Imaging).ti,ab 
(Cap-assisted colonoscopy).ti,ab 
(Transparent Cap Colonoscopy).ti,ab 
(Cap Colonoscopy).ti,ab 
(cap-assisted).ti,ab 
(endocap).ti,ab 
(endocuff).ti,ab 
(cuff-assisted).ti,ab 
(Ecuff).ti,ab 
(Endoring).ti,ab 
(Endorings).ti,ab 
(Fujinon Intelligent Color Enhancement).ti,ab 
(Fjunion Intelligent Colour Enhancement).ti,ab 
(FICE).ti,ab 
(Fuji Intelligent Color Enhancement).ti,ab 
(Fuji Intelligent Colour Enhancement).ti,ab 
(i-scan).ti,ab 
(FUSE AND endoscopy).ti,ab 
(Full spectrum endoscopy).ti,ab 
(extra wide angle view colonoscopy).ti,ab 
(Third eye endoscopy).ti,ab 
(Transparent Hood).ti,ab 
(Third eye retroscope).ti,ab 
(Third eye panoramic).ti,ab 
(Naviaid).ti,ab 
(G-EYE colonoscopy).ti,ab 
(balloon colonoscopy).ti,ab 
(Blue laser imaging).ti,ab 
(Linked Colour Imaging).ti,ab 
(LCI colonoscopy).ti,ab 
Exp Adenoma/ 
(adenoma*).ti,ab 
1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16 OR 
17 OR 18 OR 19 OR 20 OR 21 OR 22 OR 23 OR 24 OR 25 OR 26 OR 27 OR 28 OR 29 OR 30 OR 
31 
32 OR 33 
34 AND 35 
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Cochrane Search 15/1/2020 = 4494 
NARROW BAND IMAGING 
“Narrow Band Imaging” 
“Cap-assisted colonoscopy” 
“Transparent Cap Colonoscopy” 
“Cap Colonoscopy” 
“Cap-assisted” 
“endocap” 
“endocuff” 
“cuff-assisted” 
“Ecuff” 
“Endoring” 
“Endorings” 
“Fujinon Intelligent Color Enhancement” 
“Fujinon Intelligent Colour Enhancment” 
“I-scan” 
“FUSE and endoscopy” 
“Full Spectrum Endoscopy” 
“Extra wide-angle view colonoscopy” 
“third eye endoscopy” 
“Transparent Hood” 
“Third eye retroscope” 
“Third eye panoramic” 
“Naviaid” 
“G-EYE colonoscopy” 
“Balloon colonoscopy” 
“Blue laser imaging” 
“Linked colour imaging” 
“LCI colonoscopy” 
#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR 
#14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 
OR #26 OR #27 OR #28 
ADENOMA 
“Adenoma*” 
#30 OR #31 
#29 AND #32 
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CHAPTER 7: 
 

I-Scan and Image Enhanced Endoscopy 
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Chapter 7: I-Scan and Image Enhanced Colonoscopy 
7.1 Introduction 
An ageing population and expansion of colorectal cancer screening programmes are leading 
to a continual increase in workload and costs to health services. Colonoscopy with 
polypectomy is considered the gold-standard tool for the prevention of colorectal cancer 
(57, 330). The occurrence of colorectal polyps are very common, with  1 polyp found in 
nearly 40% of all colonoscopies(331). The majority of colorectal polyps (approximately 90%) 
are <10mm in size(332, 333), with 50% of the polyp’s histology concordant with non-
adenoma(333, 334).  
 
Image enhancement techniques, such as I-Scan (Pentax, Tokyo, Japan) are emerging as tools 
that can assist with both the in-vivo detection and the in-vivo characterization of lesions.  
I-Scan consists of a digital contrast system that uses post-processing computer algorithms 
and a standard definition processor to regulate light reflected from the mucosa to enhance 
surface visualization. As discussed in greater detail in chapter two I-Scan consists of 3 
enhancement modalities: surface enhancement, contrast enhancement and tone 
enhancement. Surface enhancement enhances the visualization of borders between normal 
and abnormal mucosa by enhancing the light and dark contrast. Contrast enhancement 
brings in a blue-coloured tinge to the endoscopic views, through the inhibition of certain red 
and green wavelengths to increase differences in the depth of the mucosal surface. Tone 
enhancement attenuates the dominant red light wavelengths to enhance the subtle 
irregularities surrounding the mucosa and vessel structures(335). Studies that have explored 
the utility of I-scan in both lesion detection and characterization have shown conflicting 
results(334).  
 
I-scan and in-vivo detection 
Most of the available literature on the role of I-scan in the detection of colorectal neoplasia 
comes from retrospective and observational studies. Large, multi-centered randomized 
controlled trials are lacking(334).  
Hoffman et al did one of the few randomized controlled trials where 220 patients were 
randomized to either standard colonoscopy or HD colonoscopy plus I-scan. This study 
showed that with HD colonoscopy and I-scan, significantly more colorectal neoplasia (38%) 
was detected than with standard colonoscopy (13%) (336). 
In another randomized tandem design study 389 patients were randomized to first 
withdrawal with (1) high-definition endoscopy, followed by (2) HD + I-scan 1 and finally (3) 
HDWL + I-scan 2. The study did not show an improvement in the detection of adenoma with 
the use of I-scan 31.9% (HDWL) vs I-Scan (36.5%), p=0.742(337) 
In one randomized tandem design study in a cohort of Lynch syndrome patients, the 
adenoma miss rate was significantly lower with I-scan (12%) versus HD-WLE (62%), 
p=0.007(338).  
Other studies evaluating the efficacy of I-scan have been either retrospective or 
observational in study design. One large cohort study by Bowman et al (1936 patients) 
showed that polyps were detected more in the I-Scan cohort 56% compared to 47% in the 
control group (p=0.03)(335). In a prospective study by Hoffman et al, examination of the 
distal 30cm of the colon was undertaken using 3 imaging modalities, firstly with HDWL, 
secondly with HDWL +I-scan, and finally methylene blue. I-scan increased the number of 
lesions identified from 176 to 335 (p<0.001), but the biggest increase was noted with 
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chromoendoscopy to 646 (p<0.001)(339). This small study showed that the detection of 
diminutive polyps (<5mm in size) improved with 2.48 (HDWL), 4.7 (I-scan), and 9.1 
(chromoendoscopy with methylene blue), p<0.001(339).  
 
Table 29 Studies of I-Scan for Polyp Detection 
Author Study 

Design 
No of 
patients 

Measures Primary 
Outcome 

Main 
Outcome 

Hoffman(336) RCT 200 HDWL vs 
HDWL + I-
Scan 

ADR HDWL 
13% vs 
HDWL + I-
Scan 38% 

Hong(337) RCT 389 HDWL vs 
HDWL + I-
Scan 

Adenoma 
miss rates 

HDWL 
22.9% vs 
HDWL +I-
Scan 
19.3% 

Bisschops(338) RCT  61 HDWL 
versus 
HDWL +   
I-Scan 

Adenoma 
miss rate 

HDWL 
62% vs 
HDWL + I-
Scan 12% 

Bowman(335) Cohort 1936 HDWL vs 
HDWL + I-
Scan 

ADR HDWL 
(402) vs 
HDWL + I-
Scan 618 

Kim(340) Cohort 501 SD vs 
HDWL + I-
Scan 

ADR HDWL 
27.9% vs 
HDWL + I-
Scan 
37.2% 

Rodriguez-D’Jesus and 
Saperas(341) 

Cohort 155 SD vs 
HDWL + I-
Scan 

ADR SD ADR 
29.5% vs 
HDWL + I-
Scan 30% 

 
I-scan and in-vivo characterization 
In-vivo diagnosis/characterization is the ability to make a diagnosis on the nature of the 
polyp during endoscopic views, without histological confirmation. The ability to make an 
accurate in-vivo diagnosis is significantly advantageous for the main reason, that if the 
endoscopist is certain that the polyp in question is hyperplastic (benign), then it can be left 
in-situ without the need for unnecessary polypectomy. Polypectomy is associated with risks 
(namely bleeding and perforation) (150). Polypectomy also increases procedural time, 
workload for the histopathologist and incurs additional costs for the processing of samples 
(155). Small hyperplastic polyps, account for one-third of all polyps and have a negligible risk 
for malignant transformation, especially if located in the distal colon (155, 334).   
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The utility of I-scan for the in-vivo characterization of colonic lesions has been evaluated in 
studies, but also with conflicting results. A prospective study by Hoffman et al evaluated in-
vivo characterization in diminutive polyps (<5mm) in size. I-scan had a sensitivity of 82% and 
specificity of 96% for neoplastic lesions. The results from this study should be interpreted 
with caution, as there were only 11 neoplastic polyps being evaluated(339). The larger 
study, from the same German group, showed very promising results; 82 neoplastic and 63 
non-neoplastic lesions were included with a mean size of 5.6mm. A sensitivity of 98%, 
specificity of 100% and overall accuracy of 98.6% were shown(336).  
 
In a tandem design randomized controlled trial of 389 asymptomatic patients, a statistically 
significant improvement in the accuracy of prediction of neoplasia with HDWL + I-scan 2 
compared to HDWL alone (accuracy 79.3% vs 75.5%, P=0.029; sensitivity 86.5% vs 72.6%, 
P=0.020; and specificity 91.4% vs 80.6%, P=0.040) was shown (337). 
 
In a prospective cohort study by Lee et al, 142 patients underwent colonoscopy and where 
diminutive colonic polyps were detected, underwent evaluation with HDWL and thereafter 
with NBI or I-scan. A total of 296 diminutive colonic polyps were noted. NBI and I-scan 
showed greater sensitivity compared with HDWL for adenomatous prediction (p=0.05). No 
significant differences were detected between NBI and I-scan  (sensitivity, 88.8% vs 94.6%; 
specificity, 86.8% vs 86.4%; accuracy, 87.8% vs 90.7%, respectively; P 0.05)(342).  
 
A study by Chan et al evaluated the use of I-scan for in-vivo characterization of 146 lesions 
and found no significant differences between HDWL and I-scan for sensitivity (74.1% vs 
72.2%), specificity (69.4% versus 71.4%), or accuracy (71.8% vs 71.8%)(343). The results 
from this study were appreciably lower than other published data.  
 
In an observational study, a skilled endoscopist performed in-vivo characterization of 150 
polyps from 78 patients. The correct histology was predicted in 138/150 cases with a 
sensitivity, specificity and accuracy of 95,82, and 92% respectively(344).  
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Table 30 Sensitivity, Specificity, Accuracy for the In-Vivo Histological Prediction of Colorectal Polyps 
with I-Scan 

Author Study Design No of polyps Histological 
Prediction 

Hong(337) RCT 425 Sensitivity 86.5% 
Specificity 91.4% 
Accuracy 79.3% 

Klenske(345) Cohort 230 Sensitivity 91% 
Specificity 90%, 
accuracy 90% 

Lee(342) Cohort 296 Sensitivity 95% 
Specificity 86%, 
Accuracy 91% 

Chan(343) Cohort 103 Sensitivity 72%, 
Specificity 71%, 
Accuracy 71% 

Pigo(344) Cohort 150 Sensitivity 91%, 
Specificity 90%, 
Accuracy 90% 

Schachschal(346) Cohort 675 Sensitivity 78%, 
Specificity 73%, 
Accuracy 77% 

Basford(347) Cohort 209 Sensitivity 97%, 
Specificity 91%, 
Accuracy 95% 

 
The Delphi Process 
The Delphi/Modified Delphi technique is a tool that was developed by Olaf Helmer-
Hirschberg and his colleagues at the RAND organization in the 1960’s. The purpose of the 
RAND co-operation is to help with the improvements in policy and decision making through 
the conduction and analysis of research(348).  
 
The Delphi/Modified Delphi process remains a popular tool in information systems research 
and has more recently been adopted in the medical field to help inform guidelines for 
clinical practice(348). The objective of a Delphi process is for a group of experts in the field 
to give a reliable consensus opinion on clinical recommendations/guidelines. The Delphi 
process is used in areas of high uncertainty(348). For example, during the emergence of the 
Covid-19 pandemic, a group of experts used a modified Delphi technique to develop 
recommendations for the recovery of endoscopy services(349).  
 
The modified Delphi technique has emerged as both an efficient and cost-effective 
methodological technique. The technique involves a group of experts identifying and 
prioritizing issues around a complex problem through a series of communications. The lead 
researchers design a questionnaire and identify an appropriate group of experts who are 
qualified to answer the question. The questionnaire is then administered to the rest of the 
group with respondents giving their feedback anonymously. A key benefit to this technique 
is the avoidance of an individual expert directly confronting another expert. The lead 
researchers then analysed the responses. Following the analysis, there is a re-design of the 
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questionnaire/survey based on the responses to the first one and the survey is administered 
again. The researchers re-iterate this process until the respondents reach a satisfactory level 
of consensus(348).  
 
There are two variations of this technique: the Delphi process and the Modified Delphi 
process. The Delphi process is more time-consuming and involves an iterative one-on-one 
sequential interview with individual experts. The Modified Delphi process on the other hand 
consists of gathering a group of experts to raise the issues for a structured discussion and to 
gain consensus amongst all experts simultaneously. This involves repetitive rounds of voting 
on an agreed questionnaire, until a consensus is achieved. The Modified Delphi technique 
can therefore achieve consensus in a more-time and cost-effective manner(348).  
 
Some of the drawbacks that are recognized with the Modified Delphi technique is that a 
dominant individual could constrain the other participants to adopt their more favoured 
consensus. The successful application of the Delphi Technique can be hampered by the lack 
of face-to-face negotiation amongst participants. There is always a risk with this sort of 
approach that the participating experts may not be able to reach a consensus of 
opinions(348). 
 
The size of the group of experts in a Delphi process is not dependent on statistical power, 
but rather the group dynamics for arriving at a consensus among experts. The literature, 
therefore, recommends 10-18 experts for a Delphi panel. Studies have consistently shown 
that for questions, requiring expert judgement, the average of individual responses is 
inferior to the averages produced by group decision processes; research has explicitly shown 
that the Delphi method bears this out. The conclusions made from a Delphi process are 
largely dependent on the expert members of the Delphi review(348).  
 
7.2 Aims of study 
The aim of this study was to perform a comprehensive review of the available I-scan 
literature and develop evidence based clinical guidelines using a modified Delphi process, 
for the use of I-scan during colonoscopy(334).  
 
7.3 Methodology 
The funding for this study was provided by an educational grant from Pentax Medical. The 
funding source had no role in the design, practice, or analysis of the study(334).   
 
Inclusion criteria in the expert group included the following: individuals with an 
international reputation in endoscopy leadership, those involved in the management of 
large endoscopy departments, individuals that have published extensively in the field of 
endoscopic research, and experts who have already been involved in the development of 
international guidelines. Experts from the following countries were selected. Experts with 
extensive experience of I-scan where high-volume usage of I-scan was performed from 8 
countries were therefore contacted for participation in the consensus group(334).  
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The consensus group consisted of international key opinion leaders in the field of image-
enhancement technology with previous experience of national guideline publication and 
original research in the field. The members of the guideline committee met and held online 
discussions between May 2015-June 2015 to develop the guideline(334).  
 
The literature search was performed using Medline, the Cochrane Central Register of 
Controlled Trials and conference abstracts. The following search terminologies were used:           
I-scan; colon; colo-rectum; polyps; adenoma; hyperplastic polyps. Original studies were 
retrieved by title and full texts were reviewed to filter out publications deemed 
irrelevant(334).  
 
A modified Delphi process was used to develop consensus statements for the use of I-scan 
during colonoscopy. Two experts (PB working in UK and SS working in the Netherlands) 
reviewed the literature and developed the statements. The Delphi questionnaire was 
delivered using Google Forms (Google, California, USA) as part of the G-suite package 
https://www.google.co.uk/forms/about/. The Delphi process (350) is a reliable technique 
that is gaining popularity in healthcare for its systematic way to determine consensus 
opinions in defined clinical settings (351, 352) 
 
The key steps in the process were: 1) Selection of the consensus group; 2) Development of 
draft statements; 3) Systematic literature reviews to identify evidence to support each 
statement; 4) Rounds of repeated anonymous voting on statements with feedback at each 
round, until consensus agreed or statement rejected; 5) Grading of the strength and quality 
of the evidence and strength of the recommendations using the accepted criteria(353-355). 
The respondents were asked to choose 1 of the following for each statement; (A+) Strongly 
agree; (A) Agree with reservation; (N) Neutral; (D) Slightly disagree; (D+) Strongly 
disagree(334).  
 
The level of agreement increased with each round of voting. Statements were accepted if 
>80% of the panel members strongly agreed or agreed with the statement. If the statement 
received <80% agreement, then the panel members made modifications, which were then 
put forward again for re-voting. If >80% agreement was not achieved after 4 rounds of 
voting, then the statement was rejected. At the end of each round of voting the votes and 
comments were communicated from the expert group to the 2 lead researchers (PB and SS). 
This permitted the modification of the statements according to the comments received. An 
independent researcher (ST), who had no connection with any of the participants analysed 
and summarized the final data(334). 
 

https://www.google.co.uk/forms/about/
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7.4 Recommendations and Statements 
Statement 1 
When performing routine colonoscopy, HD white light (HDWL) is recommended rather 
than standard definition for the detection and diagnosis of colorectal polyps 
 
64% (A+), 36% (A), 0% (N), 0%(D), 0%(D+) 
Grade of Recommendation: Strong; Level of evidence: moderate(334) 
 
Summary of evidence: 
A diagnosis of colorectal cancer occurs in the following sequence: lesion detection, lesion 
characterization and histological confirmation. Theoretically, the concept that underpins 
high-definition endoscopy due to the sharper resolution, would result in brighter images 
and a greater detection and characterization of colorectal lesions(148).  
 
A retrospective observational study that evaluated 426 patients that underwent HDWL in 
comparison to those that underwent SD colonoscopy (426 patients) showed that HDWL had 
no advantage with no increase in the detection of polyps or adenomas(356). A smaller 
prospective observational study of 131 patients showed that HDWL did not lead to a 
significant increase in adenoma or polyp detection(144). A large retrospective study by Erim 
et al of 900 colonoscopies also showed no significant difference between the overall 
number of polyps using standard definition versus HD colonoscopies (46% vs 43.3%, 
p=0.42)(357). 
 
In a single-centre prospective, randomized controlled trial with 197 patients randomized to 
SD colonoscopy and 193 patients randomized to HDWL colonoscopy showed no difference 
in the adenoma detection rate; (1.10) SD versus (1.38 (HDWL), p=0.10, but did show a 
significant increase in the total number of polyps detected by high-definition colonoscopy 
0.19 (SD) versus 0.34 (HDWL), p=0.02 respectively(358). 
 
A well-designed randomized controlled trial with 310 patients randomized to HDWL and 310 
patients randomized to SD colonoscopy, showed a greater detection of adenoma: 119 (SD) 
versus 125 (HDWL), p=0.04 and a greater detection of hyperplastic polyps 51 (SD) versus 58 
(HDWL), p=0.04 (142).  
 
A large retrospective study by Buchner et al of 2430 patients with 1204 receiving HDWL 
colonoscopy and 1226 receiving SD colonoscopy found both a greater polyp and adenoma 
detection rate with HDWL colonoscopy compared to standard colonoscopy (42.2% vs 37.8%, 
p=0.026) for polyp detection and (28.8% vs 24.3%, p=0.012) for adenoma detection 
respectively (147). 
 
In a multi-centre randomized controlled trial in the UK BCSP cohort a comparison between 
SD Olympus colonoscopy to HD Pentax colonoscopy was evaluated. 266 patients were 
studied: 133 patients with HDWL and 129 with SD colonoscopy. The PDR 55.6% HDWL vs 
56.6% SD and ADR was 43.6% HDWL vs 45.7% SD. HDWL was significantly superior in the 
detection of flat adenomas 18.6% versus SD 5.2%, p<0.001, but not for pedunculated or 
sessile polyp detection(359) 
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A meta-analysis including 5 studies and 4422 patients, showed a small difference between 
the detection of colonic polyps and adenomas when using HD colonoscopy vs. standard 
video endoscopy. For polyp detection, the incremental yield was 3.8% (95 CI 1%-6.7%), with 
a number needed to treat (NNT) of 26. For adenomatous polyps the incremental yield was 
3.5% (95% CI 0.9%-6.1%) with a NNT of 28. There was no difference in the detection rate of 
high-risk adenomas. The pooled weighted mean difference (WMD) in small adenoma 
detection improved with HD colonoscopy(148, 334). 
 
Some studies suggest a benefit of HDWL colonoscopy in polyp and adenoma detection when 
compared to standard colonoscopy, whilst others show no advantage. The evidence from 
several large multi-centre RCT is lacking. The meta-analysis did show a benefit in the use of 
HDWL over SD colonoscopy. Overall, more studies and the meta-analysis show a trend 
towards better polyp detection with HDWL colonoscopy than SD colonoscopy. The evidence 
available combined with the experts own clinical experience led to the experts proposing a 
strong recommendation for the above statement with a moderate level of evidence. It is 
now widely accepted that high definition colonoscopes should replace standard definition 
colonoscopes.  
 
Statement 2 
HD Colonoscopy with I-scan improves polyp and adenoma detection rates when compared 
to SD colonoscopy without I-scan 
 
36% (A+), 64% (A), 0%(N), 0% (D), 0%(D+) 
Grade of Recommendation: Strong; Level of evidence: moderate(334). 
 
Summary of evidence: 
All experts agreed with the above statement.  
With advances in technology the use of higher definition colonoscopy coupled with 
electronic chromoendoscopy in the form of I-scan should theoretically be better than the 
sole use of standard colonoscopy. As HDWL endoscopy became widely available, most 
studies compared HDWL to HDWL+ I-scan. Therefore, there are only a few studies 
comparing SD colonoscopy to HDWL + I-scan.  
 
A large retrospective analysis of 1101 colonoscopies compared standard definition white 
light colonoscopy (n=849) to HDWL + I-scan (n=252) and found the HDWL + I-scan arm 
detected a greater number of lesions than SD colonoscopy (67.9% versus 48.1%, P < 0.0001). 
A greater proportion of non-protruding lesions were diagnosed with the HDWL + I-scan than 
with the standard definition (SD) colonoscopy (27.8% vs 9.9%, p=0.04), although this was 
not significant for larger (>10mm lesions). The authors concluded that HD + I-scan leads to 
significantly higher detection rates of polyps <10mm and flat lesions but makes no 
difference for those larger than 10mm(334, 360). 
 
One retrospective study of 501 patients who underwent HD + I-scan (n=149 patients) and SD 
colonoscopy (n=352 patients), showed a statistically significant increase in the detection of 
both colorectal and neoplastic polyps with HDWL + I-scan when compared to SD 
colonoscopy alone. The detection of colorectal polyps was 52% for HDWL + I-scan compared 
to 38.1% for SD colonoscopy, p=0.004. The detection rate for neoplastic polyps was 37.2% 
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for HDWL + I-scan versus 27.9% for SD colonoscopy, p=0. 041.There was no difference in 
polyp size between the two modalities, but non-protruding polyps were more commonly 
detected with HDWL + I-scan then with standard white light colonoscopy (24.6% vs 13.5%, 
p=0.007)(340).  
 
One post hoc analysis of 542 consecutive colonoscopies (389 HDWL + I-scan colonoscopy) 
and (153 SD colonoscopy) analysed polyp detection between experts and non-experts. 
Experts performed more colonoscopies (272 HDWL + I-scan and 83 SD colonoscopy) than 
non-experts (117 HDWL+ I-scan and 70 SD colonoscopy), p=0.006. This non-randomized 
study showed that there was a significantly greater detection of non-protruding lesions 
<10mm in size for the experts with HDWL + I-scan 13.2% versus non-experts 41.7%, 
compared to SD colonoscopy in experts 5.5% and 1.1% non-experts p=0.008(361).  
 
Two studies; one retrospective analysis and one single-centre randomized controlled trial 
showed the superiority of HDWL+ I-scan to SD colonoscopy for the increased detection of 
PDR and ADR(336, 360).  
 
A randomized controlled trial by Hoffman et al, found that HD+ I-scan detected significantly 
more adenomatous and cancerous lesions than SD endoscopy (38% vs 13%, p< 0.0001). The 
HDWL + I-scan arm also detected a significantly greater proportion of flat adenomas than 
the SD arm, 58% and 23% respectively(334, 336). 
 
The widespread availability and clinical preference to HDWL colonoscopy means that further 
studies directly comparing SD colonoscopy to HDWL colonoscopy are unlikely to be 
performed. The studies show the benefit with HDWL + I-scan compared to SD colonoscopy. 
All the experts in the consensus panel agreed with the above statement, which is supported 
by the best available evidence. 
 
Statement 3 
HDWL + i-scan is superior to HDWL alone for the optical diagnosis of colorectal polyps.  
 
36% (A+), 55% (A), 9% (N), 0% (D), 0%(D+). 
Grade of Recommendation: Strong; Level of evidence: low(334). 
 
Summary of evidence: 
In one small study of 69 patients, the distal 30cm of the colon was first examined with 
HDWL alone, then HDWL + I-scan and finally methylene blue chromoendoscopy. The study 
showed the following increase in the detection of lesions; accordingly, HDWL 154, HDWL + I-
scan 335 and methylene blue chromoendoscopy 646. (339). HDWL + I-scan was therefore 
superior to HDWL colonoscopy alone. 
 
A large (1936 patient) prospective study in the USA compared HDWL to HDWL + I-scan.  
On withdrawal, 929 patients underwent HDWL colonoscopy, and 1007 patients underwent 
HDWL + I-scan colonoscopy. There was a statistically significant increase in the detection of 
adenoma in the HDWL + I-scan group (618 adenomas) compared to HDWL alone (402 
adenomas), p <0.001. I-scan also detected more advanced adenomas ;шϭϬ� ŵŵͿ� ϳϵ�
compared to HDWL alone 47, p=0.021(335).  
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In a small tandem design RCT in 61 patients with Lynch Syndrome; HDWL (n=30) versus 
HDWL + I-scan (n=31), where patients underwent back-to-back colonoscopy, the adenoma 
miss rate was significantly lower with I-scan (12%) versus HD-WLE (62%), p=0.007(338).  
A single-centre tandem design RCT of 389 patients in Korea compared HDWL to HDWL +             
I-scan. In this study 119 asymptomatic patients were randomized to first withdrawal with 
HDWL, 115 patients were randomized to I-scan 1 group (contrast/surface enhancement 
mode), 118 patients were randomized to I-scan 2 group (contrast/surface/tone 
enhancement mode). All patients underwent a second examination with HDWL as the 
reference standard. The study did not demonstrate an improvement in the adenoma 
detection rate or adenoma miss rate with the use of I-scan. The adenoma detection rates 
during the first withdrawal of HDWL, i-SCAN1, and i-SCAN2 were 31.9%, 36.5%, and 33.1%, 
respectively (P 0.742), and the adenoma miss rates of each group were 22.9%, 19.3%, and 
15.9%, respectively (P 0.513)(337). 
 
Most experts (93%) agreed with the above statement, with only a small proportion (7%) 
neutral on their opinion. The level of evidence to support the statement is low, with no 
large, multi-centre RCT’s available. Thus, most experts based their recommendation on their 
own personal experience.  
 
Statement 4 
HDWL + I-scan in expert hands meets ASGE PIVI standards for optical diagnosis of diminutive 
polyps. 
 
27% (A+), 64% (A), 0%(N), 9%(D), 0%(D+). 
Grade of Recommendation: Strong; Level of evidence: moderate(334). 
 
Summary of evidence: 
The American Society of Gastrointestinal Endoscopy (ASGE) has identified the in-vivo 
diagnosis of colorectal polyps as a key area for new endoscopic technologies and outlined 
their recommendations in a document called “The ASGE PIVI (Preservation and 
Incorporation of Valuable Endoscopic Innovations) on the Real-Time Endoscopic Assessment 
of the Histology of Diminutive Colorectal Polyps” 
 
Two performance metrics were outlined in the PIVI document: 

1. A ш 90% negative predictive value (NPV) for the accurate in-vivo diagnosis of 
adenoma by a technology is necessary before it can be adopted into clinical practice 
to influence decision making about leaving recto-ƐŝŐŵŽŝĚ�ŚǇƉĞƌƉůĂƐƚŝĐ�ƉŽůǇƉƐ�чϱŵŵ�
in size in situ, without resection. 

2. In-vivo diagnosis using endoscopic technology to determine histology of colon 
polyps<5mm, when combined with histological analysis of polyps>5mm, should 
provide a t90% agreement in assignment of post-polypectomy surveillance intervals  
(185) 

 
The studies conducted thus far, have tended to focus on the first performance metric and 
limited data is available on the accurate assigning of post-polypectomy surveillance intervals 
with the use of I-scan for the in-vivo diagnosis of colorectal neoplasia.  
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The distinction between what criteria constitutes an expert and non-expert endoscopist is 
sometimes poorly defined in endoscopic studies. Studies commonly report that the 
colonoscopies were performed by experienced endoscopists. However, the studies do not 
often mention the endoscopist’s lifetime number of colonoscopies or baseline adenoma 
detection rate prior to the commencement of the trial. Furthermore, it can also be difficult 
to ascertain how much experience of optical diagnosis the endoscopists have, if not 
explicitly described in studies. If training or previous experience in optical diagnosis has 
occurred, this is likely to improve the results.  
 
In the UK, it is widely recognized that colonoscopists who have received bowel cancer 
screening programme accreditation are experts, as they undergo a rigorous colonoscopic 
examination and have above average key performance indicators (minimum caecal 
intubation rates 95% and adenoma detection rates of 20%). This is not necessarily the case, 
for trials conducted in both Europe and the USA.  
 
In an observational study by Pigo et al an experienced endoscopist (>1000 colonoscopies) 
performed an in-vivo histological prediction of 150 polyps using HDWL + I-scan. 4 
endoscopists who did not perform any colonoscopies, subsequently reviewed the images of 
the 150 polyps on a computer display. Prior to the start of the trial, the 4 endoscopists, 
received a teaching set of 20 polyps not included in the test set. The study found the 
following: sensitivity, specificity, and accuracy of 87.7, 61.7 and 82.2% respectively. The 
calculated NPV was 93% so it met the first PIVI standard for not resecting suspected 
hyperplastic polyps (<5mm) in the recto-sigmoid area but they did not collect data on 
prediction of surveillance interval so conclusions could not be drawn about the second PIVI 
standard. This study therefore supports the statement that in expert hands, the 1st PIVI 
criteria (>90% NPV for the accurate in-vivo diagnosis of adenoma) can be met. This approach 
has the potential to reduce costs and risks associated with the redundant removal of 
diminutive hyperplastic colorectal polyps(334, 344) 
 
In an observational cohort study, experienced endoscopists made a real-time endoscopic 
diagnosis of 121 diminutive distal colorectal polyps with HDWL and I-scan. The histology was 
then evaluated by an experienced GI histopathologist who was blinded to the real-time 
endoscopic polyp prediction. The in-vivo diagnosis was then finally compared to the actual 
histological diagnosis. The overall accuracy of digital chromoendoscopy for prediction of 
adenomatous polyp histology was 90.1 %. Sensitivity, specificity, positive and negative 
predictive values were 93.3, 88.7, 88.7, and 93.2 %, respectively. Surveillance intervals with 
digital chromoendoscopy were correctly predicted with >90 % accuracy(362).  
 
In the single-centre, single expert endoscopist study by Basford et al, HDWL endoscopy was 
compared to HDWL +I-scan for the in-vivo diagnosis of all polyps <10mm in size. 209 
diminutive polyps were evaluated. The experienced endoscopist underwent a period of 
extensive training with the use of I-scan before the study commenced. The study showed a 
sensitivity of 97.1%, specificity of 90.7%, and an accuracy of 94.7%. A negative predictive 
value (NPV) of 100% for both HDWL endoscopy and I-scan for the in-vivo prediction of 
adenomatous histology of diminutive recto-sigmoid polyps was found. UK and USA polyp 
surveillance intervals were predicted with 95.2% accuracy with HDWL endoscopy and 97.2% 
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accuracy with I-scan. This study reported on both the PIVI standards and showed that HDWL 
alone and HDWL + I-scan meet both PIVI standards.(334, 347) 
 
The above studies demonstrate that I-scan use in expert hands meet PIVI standards, but 
more information on surveillance intervals is needed for them to meet the second PIVI 
recommendation. The current data is based on single centre trials, and more information is 
needed from multi-centre, prospective, randomized controlled trials for I-scan to meet both 
PIVI criteria.  
 
Statement 5 
HDWL+ I-scan in non-expert hands does not meet ASGE PIVI standards for optical 
diagnosis of diminutive polyps. 
 
27% (A+), 73%(A), 0%(N), 0%(D), 0%(D+) 
Grade of Recommendation: Strong; Level of evidence: moderate(334). 
 
Summary of studies: 
The connotation ‘trainee endoscopist’ can mean an individual with very little endoscopy 
experience or an endoscopist nearing independent practice. Similarly, the definition of a 
non-expert endoscopist is also rather vague and could mean an individual with a high 
lifetime colonoscopy count (>1000) but lower than average key performance indicators, 
little experience with optical diagnosis technology or an independent endoscopist who has 
performed only 400 colonoscopies. Precise documentation on the exact level of experience 
of ‘non-experts’ is often inadequately described in studies.  
 
A 3-phase study by Klenske et al included a total of 230 diminutive colorectal polyps in 84 
patients. In the first 2 study phases, 5 experienced endoscopists made an in-vivo diagnosis 
of colorectal polyp histology. The experts had performed (>1000 colonoscopies) and had 
prior experience with optical diagnosis. The experts had a 94% sensitivity, 90% specificity 
and 97% negative predictive value (NPV) for the in-vivo prediction of distal polyps, meeting 
the ASGE PIVI criteria. In the final phase of the study, 4 non-experts (junior endoscopists 
with <100 colonoscopies and no prior experience of optical diagnosis) not involved in the 
prior study phases received a 30-minute short training session on optical diagnosis and 
made a post-hoc diagnosis of polyp histology using an I-scan database. After only one 
training session, the non-expert endoscopists correctly assessed the polyp histology with I-
scan with 89% accuracy, 89% sensitivity and 90% specificity. The 4 non-expert endoscopists 
had a ш� ϵϬй� ŶĞŐĂƚŝǀĞ� ƉƌĞĚŝĐƚŝǀĞ� ǀĂůƵĞ� ;EWsͿ͕ but because the optical diagnosis was not 
made in-vivo during colonoscopy, they do not meet the ASGE PIVI criteria (345). 
 
In one tandem designed Korean study of 389 asymptomatic patients randomized to back-to-
back colonoscopy with HDWL and I-scan 3 endoscopists with baseline adenoma detection 
rates 32%, 29% and 30% respectively and varying levels of experience with I-scan performed 
the procedures. An accuracy of 79.3%, sensitivity of 86.5% and specificity of 91.4%, with a 
NPV of 76.2% for HDWL + I-scan was found, which fell significantly below the recommended 
PIVI criteria of a ш�ϵϬй�ŶĞŐĂƚŝǀĞ�ƉƌĞĚŝĐƚŝǀĞ�ǀĂůƵĞ�;NPV). Although the endoscopists had an 
above average baseline ADR, not all the endoscopists were experts in optical diagnosis, 
which could be a factor as to why they did not meet the ASGE PIVI standards.(337). 
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In one study by Chan et al, 2 endoscopists with a minimum lifetime colonoscopy count of 
2000 colonoscopies, and no prior experience of I-scan use evaluated 103 polyps. The 
authors reported an accuracy of 71.8%, sensitivity of 72.2%, specificity of 71.4% and NPV of 
70%, falling below the PIVI recommendations (343). 
 
The majority of studies show that in non-expert hands the in-vivo prediction of colorectal 
polyp histology falls below the ASGE PIVI criteria. The consensus panel therefore 
recommended that only in endoscopists with expertise in optical diagnosis, that optical 
diagnosis be used for the diagnosis of diminutive polyps.  
 
Statement 6 
Optical diagnosis of polyps with I-scan has a learning curve and needs systematic training.  
 
36% (A+), 64% (A), 0%(N), 0%(D), 0%(D+). 
Grade of Recommendation: Strong; Level of evidence: moderate(334). 
 
Summary of evidence: 
The ability to perform optical diagnosis accurately is a skill that can be acquired through 
training. Training modules have been produced and subsequently evaluated in research 
trials, to determine if there is an improvement in optical diagnosis. Most studies have been 
performed with the use of NBI. In one observational study in an academic hospital, 37 
physicians with varying levels of expertise, received a small-group 20-minute teaching 
session, where the endoscopic criteria for classification of polyp histology with NBI was 
shown. Written pre-tests and post-tests were used to evaluate the teaching outcomes 
where endoscopists scored high-definition photographs of polyps against a confirmed 
histological diagnosis. The accuracy increased from 47.6% on the pre-test to 90.8% post-
test, p=0.001. After training, the level of agreement was good with k=0.69 for all 
endoscopists and k=0.79 for fellows(363). In another study clinicians received a 20-minute 
training module on NBI, and subsequently reviewed 70 clips of diminutive polyps with 
feedback after each video. The study demonstrated that the accuracy improved with 
consecutive video blocks of 20 (364).  
 
A prospective 2 centre study of I-scan was performed to evaluate the learning curve for the 
differentiation between hyperplastic and adenomatous polyps. In this study, a series of 20 
polyp images with the confirmed histology was reviewed to standardize the image 
interpretation. 110 unknown images were then blindly reviewed. 4 endoscopists from 2 
different endoscopy centres evaluated the images. 77/110 lesions were adenomas, and 
33/110 lesions were hyperplastic polyps. The accuracy level progressively improved from 
73.9% to 94.3% as the endoscopists reviewed images from study set 1 to study set 5, 
suggesting that there is a learning curve. (334, 365). 
 
In one I-scan training study, 11 endoscopists with varying levels of experience received a 20-
minute didactic training session on HDWL + I-scan use. A total of 550 colorectal polyps using 
a digital image library were reviewed with the subsequent prediction of the polyp histology. 
The study showed that after a short didactic training session, the polyp histology could be 
predicted with a mean accuracy of 84%(366). 
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A distinct learning curve was also shown in the single-centre study evaluating in-vivo polyp 
diagnosis by a single experienced endoscopist. The accuracy of in-vivo diagnosis with I-scan 
gradually improved from 82% within the first 100 polyps, to 97% during the last 100 polyps 
of this 400-polyp study. Similarly, the sensitivity and specificity rose from 86.8 and 76.6% to 
94.2 and 100%. The PIVI standard of NPV >90% was achieved. The authors calculated the 
numbers needed to train (NNT) for the in-vivo, real time prediction of histology as more 
than 200 polyps(347). The studies have shown that the skill of optical diagnosis with I-scan 
has a learning curve and with systematic training can be improved. All the experts agreed 
with the above statement.  
 
Statement 7 
The performance of I-scan for the real time characterization of colorectal polyps is similar 
to NBI & FICE. 
 
45% (A+), 55% (A), 0% (N), 0% (D), 0% (D+) 
Grade of Recommendation: Strong, Level of evidence: moderate(334). 
 
Summary of evidence: 
One prospective cohort study has directly compared I-scan to NBI for the in-vivo diagnosis of 
diminutive colorectal polyps. The Korean study of 142 patients with 296 diminutive 
colorectal polyps showed that both NBI and I-scan displayed an increased sensitvity and 
accuracy comparable to HDWL for the prediction of adenomas (p<0.05). There was a similar 
efficacy for the in-vivo diagnosis of DCP with NBI and I-Scan (sensitivity, 88.8% vs 94.6%; 
specificity, 86.8% vs 86.4%; accuracy, 87.8% vs 90.7%, respectively; P 0.05)(342).  
 
A small RCT randomized 33 patients to NBI and 33 patients to I-scan, with the endoscopists 
making an in-vivo polyp prediction. There were no statistically significant difference 
between the accuracies of NBI and I-scan respectively 73.7% (73/99) and 75.8% (75/99), 
(p=0.744)(367).  
 
A meta-analysis of the optical diagnosis of I-scan colonoscopy of 925 patients that included 
the evaluation of 2312 polyps, showed a sensitivity and specificity of 91.5% and 92.1% 
respectively, with an AUC of 0.97 (368). When the sensitivity and specificity available from 
the I-Scan meta-analysis are compared to the sensitivity and specificity of FICE from the 
meta-analysis by Wanders et al, I-Scan showed a similar sensitivity and higher specificity; 
sensitivity (91.5% I-Scan vs 91.8% FICE) and a higher specificity (92.1% I-scan vs 83.5% FICE) 
for in-vivo diagnosis(369). 
 
There have been no studies that directly compare I-Scan to FICE published so far. All the 
experts agreed with the above statement.  
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Statement 8 
The adenoma detection rate of HD+ I-scan is comparable to chromoendoscopy. 
 
45% (A), 0% (A+), 36% (N), 9% (D), 9% (D+) 
Statement rejected (45% acceptance)(334) 
 
Summary of evidence: 
Dye-based chromoendoscopy takes longer on withdrawal with white light or electronic 
chromoendoscopy. Dye-based chromoendoscopy can also be disadvantageous because it 
can be challenging to obtain unenhanced views despite extensive washing, following the 
application of dye to the colonic mucosa. I-scan is therefore easier, as the enhanced images 
can be switched on and off at the press of a button as required and is less time-consuming.  
A Cochrane systematic review of 11 studies with a total of 2727 patients, showed that dye-
based chromoendoscopy improved polyp detection compared to standard colonoscopy with 
at least one neoplastic polyp (OR 1.53, 95% CI 1.31-1.79) and at least one diminutive 
neoplastic lesion (OR 1.51, 95% CI 1.19-1.92)(161). 
Few studies have compared standard colonoscopy, to IEE and dye-based chromoendoscopy. 
A study of conventional colonoscopy, NBI and dye-based chromoendoscopy showed that 
NBI had a diagnostic accuracy equivalent to dye-based chromoendoscopy and better than 
standard colonoscopy(370).  
Only one study by Hoffman et al compared high-definition colonoscopy to I-scan and 
methylene blue chromoendoscopy. In this study, the distal 30cm of the colon was first 
evaluated with HDWL alone, then HDWL + I-scan and finally methylene blue. HDWL 
colonoscopy detected 176 lesions, I-scan 335 lesions and chromoendoscopy 646 lesions 
(p<0.001). The overall polyp detection rate for small lesions <5mm was 2.48 (HDWL), 4.7 (I-
Scan) and 9.1 (chromoendoscopy) respectively. The amount of adenoma was not 
significantly different (HDWL 5, I-scan 11, chromoendoscopy 11)(339).  
 
The above statement was rejected by the experts as only one study has directly compared 
HDWL+ I-scan to chromoendoscopy. This small study showed a greater polyp detection, but 
equal detection of neoplasia. Further studies are needed for confirmation. However, due to 
the widespread availability of I-scan and its ease of use, it is unlikely that such studies will be 
performed in the future. 
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Statement 9 
HDWL alone can be effective for the in-vivo characterization of polyps in expert hands. 
 
9% (A+), 45% (A), 27% (N), 9% (D), 9% (D+) 
Statement rejected (54% acceptance)(334) 
 
Summary of evidence: 
This statement was primarily based on the single-centre study by Basford et al where the in-
vivo diagnosis of diminutive colonic polyps was evaluated with HDWL and HDWL + I-
Scan(347). 
In this prospective, single-operator study 209 small colonic polyps <10mm in size were 
evaluated with HDWL and HDWL + I-Scan. There were no significant differences in polyp 
characterization between the two modalities of HDWL and HDWL + I-Scan. The overall 
diagnostic accuracy using HDWL alone was 93.3% with a sensitivity of 95.5% and a specificity 
of 89.3%. The overall diagnostic accuracy using HDWL + I-Scan was 94.7%, with a sensitivity 
of 97.0% and specificity of 90.7%. The negative predictive value for adenomatous histology 
of diminutive rectosigmoid polyps was 100% with both HDWL endoscopy and I-Scan.  
Polyp surveillance intervals in the UK and USA found an accuracy of 95.2% with HDWL and 
97.2% with I-scan(334, 347). The high accuracy of HDWL seen in the HISCOPE study was not 
comparable to other studies. Lee et al found an accuracy of 80.7% with HDWL(342) and 
Hong et al found an accuracy of 72.2% with HDWL(337) 
 
The study by Basford et al demonstrated a diagnostic accuracy greater than 90% for the in 
vivo characterization of diminutive colon polyps using HDWL. One explanation for the high 
accuracy with HDWL could be the strict protocol of cleansing all polyps before assessment 
with a mucolytic solution of water, simethicone, and N-acetylcysteine. This protocol could 
have facilitated greater visualization of the surface and vascular patterns. Another 
explanatory factor for the high accuracy of HDWL alone could be that the charge-coupled 
device used in this study was a 1.2 megapixel one. The endoscopist underwent an extensive 
period of familiarization with I-scan with the development of a classification system, prior to 
the start of the study. They may have subsequently got over the learning curve of I-scan, 
which could also be a likely explanation for the similar efficacy found between HDWL and 
HDWL + I-scan. Furthermore, this observational study was limited as all the polyps were 
assessed with HDWL and then HDWL + I-Scan, with no randomization to either modality 
(347). 
 
This statement was rejected by the consensus panel, as only single-centre, single operator 
study showed that HDWL alone could be effective in the in-vivo characterization of polyps in 
experts.  
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Table 31 Summary of the 7 Accepted Statements (334) 

Statement Level of 
Agreement 

Grade of  
Recommendation 

Level of  
Evidence 

When performing routine colonoscopy, HDWL 
is recommended rather than standard 
definition for the detection and diagnosis of 
colorectal polyps 

100% Strong Moderate 

HD colonoscopy with I-scan improves polyp 
and adenoma detection rates when compared 
to SD colonoscopy without I-scan 

100% Strong Moderate 

HDWL + I-scan is superior to HDWL alone for 
the optical diagnosis of colorectal polyps 

91% Strong Low 

HDWL + I-scan in expert hands meets ASGE 
PIVI standards for optical diagnosis of 
diminutive polyps 

91% Strong Moderate 

HDWL + I-scan in non-expert hands does not 
meet ASGE PIVI standards for optical diagnosis 
of diminutive polyps 

100% Strong Moderate 

Optical diagnosis of polyps with I-scan has a 
learning curve and needs systematic training 

100% Strong Moderate 

The performance of I-scan for the real time 
characterisation of colorectal polyps is similar 
to NBI & FICE 

100% Strong Moderate 

 
7.5 Discussion 
This is the first international consensus document produced using a modified Delphi process 
outlining the use of I-scan colonoscopy for the management of colorectal polyps. Separate 
guidelines on advanced imaging for the detection and differentiation of colorectal neoplasia 
have been produced by the European Society of Gastrointestinal Endoscopy (371). However, 
instructions specifically outlining I-scan were lacking. The I-scan consensus panel, therefore 
evaluated the available literature on the utility of I-scan for both polyp detection and the in-
vivo characterization of colonic polyps, to produce a set of recommendations for adoption 
into routine clinical practice. 9 statements were selected to represent the following clinical 
areas; use of I-scan compared to HDWL and dye-based chromoendoscopy, applicability of 
the PIVI standards to I-scan colonoscopy, use of I-scan between experts and non-experts 
and comparability of I-scan to NBI and FICE(334). 
 
The I-scan consensus panel used a modified Delphi process to develop the 9 statements. The 
panel members and a panel chair reviewed each of the included articles. A senior author 
reviewed and graded each article to ensure consistency in the assessment of the evidence. 
Due to the paucity of data, the overall level of evidence in relation to the recommendations 
was low to moderate. If the level of agreement was t 80% the recommendations were 
accepted. A high level of agreement for most of the statements existed, signifying that most 
are currently applicable for routine clinical practice(334).  
 
Although there are a lot of studies evaluating the use of I-scan colonoscopy, there are few 
large, multi-centred randomized controlled trials on the area. The existing studies do still 
address areas of clinical importance and have facilitated the development of the I-scan 
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consensus guidelines. These guidelines provide clinically applicable information to 
endoscopists who already possess the I-scan technology, or plan to obtain it in the future. 
Table 31 summarizes the accepted 7 statements. This guideline summarizes the available 
evidence in an accessible format(334).  
 
The value of study design should never be underestimated when reviewing the available 
evidence around a topic. Retrospective and observational studies are inherently biased due 
to a lack of randomization. The strongest scientific evidence to guide clinical practice comes 
from well designed, large multi-centred randomized controlled trials. RCT’s in endoscopic 
settings often have an inherent bias as it is often not possible to blind the endoscopist to the 
intervention that the patient is assigned to. Operator bias towards or against an 
intervention, can therefore occur.  
 
Endoscopic technology is constantly changing. A new skill needs to be learnt with each new 
innovation. If each new innovation is consistently shown to be better than the one before, 
the former could become obsolete. This has already started to occur in clinical endoscopic 
activity with the use of electronic image enhancement technology superseding dye-based 
chromoendoscopy.  
 
The experts did explore potential areas for future research at the consensus meeting. One 
potential area would be the role of I-scan for the assessment of invasive features of complex 
colonic polyps and the assessment of the margins of the endoscopic resection base. Another 
area highlighted would be the use of I-scan in IBD assessment(334). A recently published 
randomized controlled trial, has shown that I-scan showed no benefit compared to HDWL 
colonoscopy for the detection of neoplasia in inflammatory bowel disease(208). 
 
The evidence supporting the use of HDWL + I-scan for the detection and characterization of 
diminutive colorectal polyps is generally positive. Utility in non-expert hands and without 
adequate training such that the ASGE PIVI recommendations are met has not been evident 
in the existing data. However, studies have shown that training can improve along a learning 
curve, and it is a skill that can be acquired(334).  
 
This work represents an evaluation of the available literature on the role of I-scan 
colonoscopy(334). 
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CHAPTER 8. Endoscopic Resections in Inflammatory Bowel Disease: A 
multicentre European outcomes study 
 
8.1 Introduction 
Inflammatory bowel disease (IBD) is a well-recognized risk-factor for colorectal cancer. The 
duration of disease, disease activity and extent of disease are all factors that increase the 
risk of colorectal cancer (192). It is not yet known if polypoid or non-polypoid lesions confer 
the same risk of colorectal cancer (203). An early meta-analysis reported that the overall 
prevalence of carcinogenesis in IBD was 3.7%, with cumulative probabilities of cancer 
development to be 2% by 10 years, 8% by 20 years, and 18% by 30 years disease duration. 
This early meta-analysis pooled together data from a variety of studies that included expert 
centres, private practice settings, surgical series and population-based cohorts (192). A 
more recent meta-analysis pooled together the results of 8 studies and included 10,385 
patients. This study showed a much lower prevalence of colorectal cancer, with roughly 
1.6% patients with ulcerative colitis diagnosed with colorectal cancer during the 14 years of 
follow up(193). 
 
The majority of colorectal cancers in IBD are believed to occur via the inflammation-
dysplasia-cancer pathway(372). Guidelines therefore recommend surveillance colonoscopy 
(373). With the recent advances in endoscopic technology, dysplasia in IBD is now more 
visible (199, 203). International guidelines recommend that dysplasia in colitis be defined as 
‘endoscopically resectable’ if it is clearly visible and has distinct margins(203). Delineation of 
the margins surrounding dysplastic lesions can be very challenging if there is active 
inflammation of the colon. Furthermore, even in the setting of quiescent disease activity, 
increased submucosal fibrosis on a background of inflammatory bowel disease makes 
endoscopic resection more technically challenging(374). 
 
The risk for developing colorectal cancer after complete endoscopic resection is now 
believed to be lower than previously reported(375). A recent meta-analysis of the risks of 
cancer and dysplasia following endoscopic resection showed that the pooled rates of 
colorectal cancer were 5.3 per 1000 person-years of follow-up and the pooled rates for 
dysplasia 65 occurrences per 1000 patient-years(375). Surgery is recommended for the 
management of non-visible or endoscopically unresectable visible dysplastic lesions(203).  
 
Endoscopic mucosal resection (EMR), a technique based on the principles of traditional 
polypectomy is widely practiced in the West, is easier to complete than ESD and has a low 
complication rate. Completeness of excision, however, can be difficult to ascertain (376). 
Recurrence is also greater with piecemeal EMR(377). One large observational study of EMR 
on visible dysplasia in chronic UC showed recurrence rates of 14% for laterally spreading 
tumours(378). EMR may not be adequate for the endoscopic excision of non-polypoid 
lesions >20mm in size in colitis, as there is no definitive confirmation of complete excision 
due to the piecemeal nature of the histological specimen(379).  
 
By contrast, endoscopic submucosal dissection (ESD) facilitates en-bloc resection(376) and is 
generally associated with lower rates of recurrence. ESD is technically challenging, not 
widely practiced in the West and is associated with higher complication rates. The ‘knife 



 157 

assisted’ resection (KAR) technique offers a simplified alternative using an electrosurgical 
knife to perform mucosal incision and application of a snare to remove the lesion piecemeal 
or en-bloc (374). Both ESD and KAR have shown their efficacy in curative resections in 
inflammatory bowel disease (380-383). Outcomes from ESD have historically been better in 
the East than the West(384). In one observational study of 67 lesions using a knife-assisted 
resection technique in colitis, en-bloc resection was achieved in 52/67 (78%) of cases with 
15/67 (22%) resected piecemeal. An en-bloc R0 resection was achieved in 49/52 (94%) of 
the lesions. A perforation rate of 2/67 (3%) and bleeding rate of 7/67 (10%) was reported. At 
a median follow up of 18 months, the overall cure rate for KAR was 66/67 (98%)(385).  
 
The first small observational study to report on ESD in colitis evaluated 10 neoplasia: 7/10 in 
Italy and 3/10 in Japan. En-bloc ESD was possible in 8 cases, with a curative resection in 7 
cases. No recurrence was visible at medial follow up of 24 months(381). In one retrospective 
analysis in Japan of 25 patients with UC, en bloc excision was performed in 25/25 (100% 
cases) and R0 resection in 19/25 (76% cases). No post-operative bleeding occurred and 
there was only 1 perforation in the series. There was no recurrence in the median 21 
months follow up period(382). Another retrospective study of ESD in IBD, with the majority 
of ESD performed in the west 23/32 in the UK and 9/32 in Japan reported good outcomes. 
91% of the lesions were removed via en-bloc ESD, with recurrence only occurring in 1/32 
lesions. One patient had delayed bleeding, with no further need for medical treatment. No 
other adverse events were reported(380). There is currently no evidence to support the use 
of one technique over the other in this context.  
 
Table 31 Studies of Endoscopic Resections in IBD 

Author Country Number Modality RO Recurrence Perforation Bleeding 
Branq(386) Portugal 50 EMR 72% 1/50 0 0 
Choi(387) UK 100 EMR/ 

Polypectomy 
97/100 
ESD  
3/100 

- 24% - - 

Hurls(378) UK 204 EMR - 14% - - 
Kalte(388) USA 63 EMR 53 

ESD 10 
- 4/63 0 1/63 

Gulati(389) UK 15 ESD/ 
Hybrid KAR 

6/15 0/15 1/15 1/15 

Smith(385) UK 67 Hybrid KAR 52/67 2% 2/67 7/67 
Iacop(381) Italy  

Japan  
10 
 

ESD 8/10 0/8 0 1 

Suzuki(380) UK 
Japan 

32 ESD 23/29  0 1/32 

Kinosh(382) Japan 25 ESD 76% 0% 0% 1/25 
 
8.2 Aims 
The aim of the study was to evaluate the feasibility, safety, and efficacy of endoscopic 
resections of neoplasia in inflammatory bowel disease, from 5 tertiary referral hospitals 
across Europe (374).  
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8.3 Methods 
A retrospective cohort study of patients with both Ulcerative Colitis and Crohn’s disease 
from 5 tertiary referral hospitals in Europe was performed. The following 5 institutions were 
involved; Queen Alexandra Hospital, Portsmouth; Kings College Hospital, London, Maria 
Sklodowska-Curie Memorial Cancer Centre and Institute of Oncology, Poland, University of 
Lodz, Poland, Humanitas Research Hospital, Italy. The procedures were performed by eight 
endoscopists one (Portsmouth), two (London), two (Milan), two (Warsaw), one (Lodz).  
The information was obtained by reviewing electronic endoscopy records, histology, and 
clinic letters. This study was undertaken as a service evaluation exercise with institutional 
approval (4035) to perform the study granted. All patients who were referred for 
endoscopic resection of visible neoplasia on a background of IBD from 2008-2016 were 
included in the study. (374). The study focused on the outcomes following endoscopic 
therapy, so data on the duration of inflammatory bowel disease and the number of patients 
referred straight to surgery was not collected. All the included patients had a dysplastic 
lesion detected during colitis surveillance colonoscopy and would therefore have 
inflammatory bowel disease to meet the requirements for colitis surveillance colonoscopy. 
The first endoscopic follow-up was calculated from the date of the therapeutic procedure to 
the first endoscopic follow up (3-6 months). The long-term follow up was calculated from 
the date of the therapeutic procedure to the date of the last colonoscopy surveillance. The 
median long-term follow up was calculated from this. (374) 
 
Procedure 
All lesions were evaluated using high-definition white light endoscopy (HDWL) and 
methylene blue or indigocarmine chromoendoscopy (0.2%). Endoscopic resections were 
classified as en-bloc or piecemeal if they were removed in one piece or multiple pieces 
respectively.  
The procedures were performed as follows: 
Evaluation of lesions: high-definition white light endoscopy and methylene blue indigo 
carmine were used to evaluate the morphology and pit patterns prior to endoscopic 
resection.  
Endoscopic mucosal resection was performed by lifting the submucosa to create a cushion, 
and snare cautery for lesion resection 
Endoscopic submucosal dissection was performed by mucosal incision with an ESD knife 
(flush knife (Fujifilm, Japan) or dual knife (Olympus, Japan) followed by submucosal 
dissection with the aim of achieving an en-bloc resection.  
If submucosal dissection became challenging, due to excessive fibrosis, poor access, or size, 
then a snare was applied around the lesion to resect it using KAR.  
The injection fluid consisted of a combination of colloid and adrenaline. When endoscopic 
submucosal dissection was performed, the following knives were used; dual knife (Olympus) 
and flush knife (Fujinon). In cases of severe fibrosis, a hook knife (Olympus) and IT knife 
were used. All the endoscopic procedures were performed by experienced endoscopists in 
tertiary centres. EMR was performed with snares at the discretion of the Endoscopist (e.g., 
10,15,20mm braided type). Complete RO resection was defined as lesions that were 
removed en-bloc either via EMR or ESD with free lateral and vertical margins. If lesions were 
removed via piecemeal EMR they were classified as an R1 resection. A site check of the 
endoscopic resection base was recommended at 3-6 months. (374) 
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Analysis 
Statistical analysis was performed using the statistical software package, Stata. Factors 
affecting the choice of endoscopic resection modality and patient outcomes were explored. 
The first set of analysis examined the association between various factors and the choice of 
endoscopic modality (EMR vs ESD/KAR). ESD and KAR cases were combined for analysis due 
to small numbers. The following factors were analysed; lesion size, lesion location, Paris 
classification (polypoid and non-polypoid lesions), and the presence or absence of fibrosis. 
All the factors examined were categorical in nature, and thus the Chi-square test was used.  
Subsequent analyses examined factors associated with two patient outcomes: the presence 
of complications and time to recurrence. Again, all factors examined were categorical in 
nature. Due to the relatively small number of complications and recurrences, Fisher’s exact 
test was preferred for the analysis of these outcomes. Recurrences occurred over a longer 
period, and thus the analysis was performed using survival analysis methods. Factors 
associated with the time to recurrence were examined using Cox regression. The exception 
was for tumour location, where there were no recurrences in one group, and the log rank 
test was used instead. (374). 
 
8.4 Results 
A total of 121 lesions were detected in 93 patients. 2 lesions were excluded from the 
analysis as one patient had a metachronous cancer in the rectum and the other patient had 
multiple dysplastic lesions. They were both referred for surgery. There was no underlying 
inflammation in the surrounding mucosa of all the resected lesions. If there was underlying 
inflammation detected on initial colonoscopy, then this was medically treated before 
proceeding with the endoscopic resection. The numbers of resections performed in each 
centre are shown in table 32 
 
Table 32 Resections Per Centre(374) 

City Total No 
Lesions 

ESD KAR EMR 

Milan 13 6 0 7 
 

Portsmouth 24 5 15 4 
 

London 23 
 
 

5 
 

3 
 
 

15 

Lodz 6 6 0 0 
 

Warsaw 53 1 0 52 
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There were more men 53/93 (57%) in the cohort then females 40/93 (43%). The median age 
was 62 (range of 26-83). Most patients had Ulcerative colitis 81/93 (87%), with 10/93 (11%) 
having Crohn’s and 2/93 (2%) IBD unclassified (Table 33). The mean size of the lesions was 
27mm (5-120mm)(374). (Table 35) 
 
Table 33 Patient Demographics(374) 

Demographics (n=93)  
Sex  
Male 53/93 (57%) 
Female 40/93 (43%) 
Median Age 
Range 

62 
(26-83) 

Type of Disease  
Crohn’s 10/93 (11%) 
Ulcerative Colitis 81/93 (87%)  
IBD Unclassified 2/93 (2%) 
Disease Extent (n=93)  
Pancolitis 61/93 (66%) 
Left 17/93 (18%) 
Not available 15/93 (16%)  
 
Table 34 Endoscopic Resection Modality(374) 

Resection Modality Number of Lesions  Percentage % 
EMR 78/119 65.5% 
ESD 24/119 20.2% 
KAR 17/119 14.3% 
 
EMR and ESD were the two commonest techniques performed. 65% of the lesions were 
performed by endoscopic mucosal resection. The number and percentage of lesions in each 
category treated with each endoscopic technique are also listed (Table 34). Because of small 
numbers, ESD and KAR modalities were combined for analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 161 

Variables associated with the choice of endoscopic modality are summarised in table 35. 
The lesions were classified as per the SCENIC guidelines modified Paris Classification for 
visible dysplasia, polypoid and non-polypoid lesions(374).    
 
Table 35 Lesion Characteristics and Type of Resection Techniques (374) 

Variable Category EMR 
N (%) 

ESD/KAR 
N (%) 

P-value 

Lesion size d10 
11-20 
21-35 
36+ 

27 (96%) 
34 (87%) 
11 (42%) 
6 (22%) 

1 (4%) 
5 (14%) 
14 (58%) 
21 (78%) 

 
< 0.001 
 

Lesion Location Right 
Left 
Rectum 

39 (74%) 
28 (67%) 
11 (46%) 

14 (26%) 
14 (33%) 
13 (54%) 

 
0.06 

Paris Polypoid 
 
Non-polypoid 

33 (82%) 
 
45 (57%) 

7 (18%) 
 
34 (43%) 

 
0.006 

Fibrosis No 
Yes 

72 (97%) 
6 (13%) 

2 (3%) 
39 (87%) 

< 0.001 
 

The results suggest that lesion size, Paris classification and fibrosis were all significantly 
associated with the choice of endoscopic resection technique. There were 6/65 (9.2%) 
lesions <20mm in size treated by ESD compared to 59/65 (90.8%) lesions <20mm treated by 
EMR. There were 16/51 (31.4%) lesions >20mm in size treated by EMR vs 35/51(68.6%) by 
ESD. A greater lesion size was associated with a greater use of ESD/KAR. Only 4% of lesions 
10mm or lower were treated with ESD, whilst 78% of lesions 35mm or more were resected 
with ESD. ESD/KAR was more frequently used for the treatment of non-polypoid lesions, 
34/79 (43%), than polypoid lesions 7/40 (18%), (p=0.006). Almost all patients (97%) without 
fibrosis were treated by EMR and patients with fibrosis were treated by ESD/KAR (87%), 
p<0.001. 49/78 (63%) lesions treated by EMR were resected en-bloc. 27/41 (65.9%) of the 
ESD/KAR cases were resected en-bloc, compared to 15/41 (36.6%) resected piecemeal(374).  
 
Table 36 Histology(374) 

Histology Number of Lesions 
LGD 90/119 (75.6%) 
HGD 7/119 (5.88%) 
Adenocarcinoma 5/119 (4.2%) 
Hyperplastic 7/119 (5.88%) 
SSP 6/119 (5.04%)   
Not available 4/119 (3.36%) 
Most lesions resected were adenomas with low-grade dysplasia 90/119 (Table 36). Five 
adenocarcinomas were found. In 4/119 lesions, the endoscopic diagnosis had a high index of 
suspicion for adenoma, so the lesions were endoscopically resected. However, the 
subsequent histological analysis confirmed the presence of hyperplasia. Not all lesions were 
biopsied before resection, as this was not standard policy in any of the expert centres. 
Histology was not available for 4 cases, as 2 specimens were not retrieved, and 2 results 
were not available electronically(374).  
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Follow Up 
Follow up endoscopy data was not available for 34/119 lesions. The median follow-up time 
for the first follow up endoscopy was 6 months with an inter-quartile range from 3 to 12 
months. The overall median follow-up time is 55 months with a range between 6-115 
months(374).  
 
Recurrences 
There were 7 recurrences in the cohort (6 recurrences of tubular adenoma with low-grade 
dysplasia and 1 sessile serrated adenoma). The results suggested that no factors were 
significantly associated with a recurrence. However, the number of recurrences is small, so 
the ability to detect any statistically significant associations was not possible. There were an 
insufficient number of recurrences to perform a multivariate analysis. 2/7 recurrences were 
in lesions that were <20mm in size, originally treated by EMR. 5/7 lesions with recurrence 
were >20mm in size. 4/5 lesions were originally treated by EMR or piecemeal KAR. Only 1/7 
lesions >20mm in size treated by ESD had recurrence. A graphical illustration of the 
occurrences of recurrence for the group is given in the Kaplan-Meier plot below (figure 59). 
(374) 
 

 
Figure 59 Overall Occurrence of Recurrence (374). Reproduced from Al-Kandari/Thayalasekaran et al 
with permission Oxford University Press 
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Variables Affecting Recurrence  
Analyses were performed to examine factors associated with recurrence.  
A summary of the analysis results is given in table 37. The figures are the hazard ratios from 
the Cox regression analyses, reported with corresponding confidence intervals. These 
indicate the hazard (or risk) of a recurrence in each category relative the hazard in a 
baseline category. P-values indicating the significance of the results are also shown.  
 
Table 37 Variables Affecting Recurrence 

Variable Category Hazard Ratio (95% CI) P-value 
    
Paris I (Polypoid)            1 0.31 
 II (Non-Polypoid) 3.00 (0.36, 25.0)  
    
Resection type R0            1 0.05 
 R1 5.06 (0.98, 26.2)  
    
Lesion location Left (+) 0.36 
 Right   
 Rectum   
    
Fibrosis No           1 0.53 
 Yes 0.59 (0.11, 3.04)  
    
Lesion size ч�ϮϬ            1 0.15 
 > 21 3.30 (0.64, 17.0)  
    
Endoscopic  EMR / snare            1 0.67 
modality ESD / KAR 1.38 (0.31, 6.18)  
    
Modality (*) ESD            1 0.51 
(subgroup) KAR 2.23 0.20, 24.6)  
    
 
(+) Unable to calculate the hazard ratios due to no recurrences in the rectum group. P-value value 
from the log rank test 
(*) Analysis for subgroup of patients only. Omitting those with EMR/snare modality 
 
Table 37 demonstrates that apart from margin involvement (R0/R1), none of the other 
factors made any difference to recurrence. Patients with an R1 resection had a 5-fold 
increased risk of recurrence than patients with an R0 resection.  
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Complications  
The following complications occurred in the cohort shown in Table 38 below. The 
complication rate was low in this cohort, so the ability to correlate strong associations with 
any variable was limited.(374) 
 
Table 38 Complications (374) 

Complications 7 
Bleeding 3 (43%) 
Perforation 4 (57%) 
 
Perforation 4 
Endoscopically Treated 3 (75%) 
Surgery 1 (25%) 
 
All complications were managed endoscopically, except 1 patient who had a delayed 
perforation after 24 hours and required surgery.  
 
Overall, more complications were experienced with ESD/KAR (5/41 (12%)) than with EMR 
(2/78 (3%); p=0.05). Sub-group analysis also showed that complications were higher with 
ESD 4/5 (17%) than KAR 1/5 (6%), but this did not reach statistical significance, (p=0.38).  No 
other factors were associated with complications. (374) 
 
Need for Surgery 
The study design did not allow us to collect data on individuals with dysplasia who went 
straight to surgery without endoscopic therapy. Of the 93 individuals who underwent 
endoscopic therapy, 8/93 patients (8.6%) had surgery performed during the study period. 
5/8 (5.4%) patients in the cohort had adenocarcinoma and went for surgery. 3/5 patients 
had adenocarcinoma diagnosed in the endoscopic resection specimen. The remaining 2/5 
patients had adenocarcinoma endoscopically detected in a different location on follow up 
endoscopy at 12 and 24 months respectively. 2/8 (2.2%) patients went for surgery after an 
initial incomplete attempt at endoscopic resection was abandoned. 1/8 (1%) patient 
underwent surgery due to a delayed perforation(374).  
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Figure 60 HDWL Dysplasia. Reproduced from Al-Kandari/Thayalasekaran et al with permission 
Oxford University Press(374) 

 
Figure 61 Indigocarmine Dysplasia. Reproduced from Al-Kandari/Thayalasekaran et al with 
permission Oxford University Press(374) 

 
Figure 62 Resection Base. Reproduced from Al-Kandari/Thayalasekaran et al with permission Oxford 
University Press(374) 
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8.5 Discussion 
Advances in endoscopy technology, have improved the visibility of UC related dysplastic 
lesions. Most dysplastic lesions detected during colonoscopy, can be removed 
endoscopically(390). The endoscopist’s focus has now moved in the direction of clinical 
decision making to the suitability of dysplastic lesions to endoscopic resection modality, 
rather than whether a lesion is a sporadic adenoma or a dysplasia-associated lesion/mass 
(380). 
 
A group of experts published an international consensus statement outlining 
recommendations for the management of dysplasia in IBD (SCENIC guidelines)(203). The 
guidelines recommend surveillance colonoscopy after the complete removal of 
endoscopically resectable polypoid and non-polypoid dysplastic lesions, rather than 
colectomy(203). Surgery remains the treatment of choice when the lesions are not 
endoscopically resectable (390) 
 
The underlying inflammation in inflammatory bowel disease can make the lesion borders 
unclear and increases submucosal fibrosis, making the endoscopic resection of visible 
dysplasia more challenging (391). In this clinical scenario, only experienced colonoscopists 
with expertise in advanced endoscopy should perform colonic endotherapy(390). The 
challenges related to colonic endotherapy in this setting might have restricted the offering 
of this option over colectomy. 
 
This is the first multi-centre European study of patients treated with endoscopic resection 
for dysplasia in inflammatory bowel disease. Each of the centres in the study receive a high-
volume of referrals for complex colonic endotherapy. However, the overall number of 
lesions is still low, which could be a possible reflection of the relatively low prevalence of 
neoplasia in IBD, echoing the findings of a recent meta-analysis by Jess et al(193). As the 
occurrence of dysplasia in IBD is a relatively rare entity, coupled with the expertise required 
for safe and successful endoscopic resection, a prudent approach would be to reserve 
colonic endotherapy in this setting to highly specialized centres with greater experience. 
(374) 
 
The results of this study suggest that the choice of endoscopic resection modality is 
significantly associated with lesion size, and the presence of fibrosis. Most lesions >35mm in 
size were treated (78%) by ESD/KAR vs (22%) for EMR. Only 4% of lesions 10mm or lower 
were treated with ESD. The presence or absence of fibrosis influenced the choice of 
resection technique. Almost all patients without fibrosis were treated by EMR (97%), whilst 
most patients with fibrosis were treated by ESD/KAR (87%), p<0.001. (374) 
 
Despite the technical difficulties of endoscopic resections in IBD, the recurrence rates with 
both EMR and ESD/KAR were low at 7% and 9% respectively. This may be due to smaller 
(<20mm) lesions, without fibrosis treated by EMR compared to larger lesions with significant 
fibrosis treated by ESD/KAR. As the technique of KAR was also analysed with ESD this may 
also explain why there was a similar recurrence rate in the 2 endoscopic modalities as 2/3 
recurrences in the ESD/KAR cohort were treated by piecemeal KAR. Piecemeal resection was 
found to be an independent risk factor for recurrence in a recent meta-analysis(226, 374). 
This study showed lower recurrence rates compared to a recent meta-analysis that reported 
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a 13.8% recurrence rate in a normal colon, with no underlying inflammatory bowel 
disease(220).  
 
ESD in colitis by expert endoscopists has recently been shown to be a suitable therapeutic 
option in other studies (380-382). Recurrence rates of 1/32 (3%) in the study by Suzuki et al 
(380), 2/10 (20%) by Iacopini et al (381) and 0/25 by Kinoshita et al (382)in studies looking at 
only ESD in colitis has been reported.  
 
Complications in the ESD/KAR arm in this series were 5/41 (12%) patients. 4 had 
perforations (3 treated endoscopically) and 1 bleed (controlled endoscopically)(374). A 
recent meta-analysis of studies on ESD in Eastern settings, in patients without IBD, showed 
the rate of perforation to be 4.9%(234). There was a slightly higher incidence of 
complications with ESD in this study, which may reflect the differences in complication rates 
between the East and West or be related to underlying inflammation in colitis leading to a 
higher rate of fibrosis. Although there was a slightly higher incidence of complications in this 
series compared to others, only 1/5 of the complications needed to undergo surgery to 
manage the complication. The studies on ESD in colitis by Kinoshita(382) et al reported a 
perforation rate of 4% and Suzuki(380) et al a bleeding rate of 3%.  
 
A recent meta-analysis has pooled the results of all the studies on endoscopic resections in 
IBD to estimate the risk of neoplasia after the endoscopic resection of visible dysplasia in 
IBD. In this meta-analysis, the results of 18 studies and 1037 patients were evaluated. After 
lesion resection, the pooled risk rate of colorectal cancer per 1000 years of follow up was 2 
(95% CI, 1-3), the pooled risk rate of high-grade dysplasia was 2 (95% CI, 1-3) and the pooled 
risk rate of any lesion was 43 (95% CI, 30-57). Meta-regression analyses showed that lesion 
location, lesion size, lesion type and endoscopic resection modality did not affect the 
outcomes outlined. The pooled rate of patients requiring surgical management was 9.9% 
(95% CI, 6.5-14.7). The pooled rate of bleeding reported after dysplasia resection was 2.2% 
(95% CI, 1.1-4.4). The pooled rate of perforation was 2% (95% CI, 0.9-4.4)(392). 
 
One of the limitations in this study is the retrospective design. Some of the follow up data 
was also missing, because of patients returning to their referral centres to undergo 
surveillance colonoscopy or patient choice not to undergo further follow up colonoscopy. 
The centres involved in the study were tertiary referral centres so follow up colonoscopy 
would have happened in the local hospital for most of these patients and the data was not 
readily available for the purpose of this study. Although, this study is one of the largest 
studies to date (119 lesions), the event rates are still relatively small, and a good sub-group 
analysis on the factors affecting recurrence rates and complications was not possible.  
 
In this study, biopsies of the adjacent mucosa to the dysplastic lesion were not taken, 
despite it being a recommendation of the SCENIC guidelines. The efficacy of modern 
endoscopy technology and chromoendoscopy have improved significantly, that the 
resection margins are easily delineated, and there is no longer a need to take biopsies 
around the lesion. This study gives further weight to the evidence that adjacent biopsies are 
not required as the recurrence rates in this study were low. One recent study found that 
dysplasia was only detected in 5% of mucosal biopsies from surrounding dysplastic lesions, 
suggesting that routine biopsy collection adds little clinical information(393).  
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The paucity of data on the endoscopic management of visible dysplasia in IBD, has led to an 
ongoing debate over its optimal management. This series suggests that EMR is a safe and 
effective option for smaller lesions without fibrosis, while larger lesions with fibrosis 
(>20mm) should be treated with ESD/KAR. The prevalence of these lesions is still relatively 
low, and the endoscopic management requires considerable expertise. Referral to expert 
centres, who perform a higher case load of endoscopic resections should be considered. A 
multi-disciplinary approach to identify who is best served by endoscopic resection and who 
should be considered for surgery is advised. This study demonstrates that both ESD and 
EMR are feasible in colitis if lesions are selected appropriately. These findings need to be 
reproduced in a prospectively designed randomised controlled trial comparing outcomes of 
EMR vs ESD in inflammatory bowel disease.  
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Chapter 9: 
 

Summary of Work and Suggestions for Future Research. 
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Chapter 9 Summary of Work and Suggestions for Future Research. 
 

 
Figure 63 Image of Dr Hiroma Shinya, Pioneer of Modern Colonoscopy 
 
The central theme of this thesis is to explore the role of advanced colonoscopy in the 
management of colorectal neoplasia. The detection and removal of adenomas via 
polypectomy is considered an important factor in the reduction of the morbidity and 
mortality associated with colorectal cancer. Good patient outcomes are reported with the 
diagnosis of colorectal cancer in the early stages of disease. Colorectal cancer screening 
programmes were therefore established as a key priority for most public health programs in 
most of the developed world. Colorectal cancer screening programmes improve prognosis 
related to colorectal cancer through the endoscopic removal of pre-cursor lesions and 
identification of cancers that can undergo curative surgery. Colorectal cancer screening has 
been shown to be cost-effective compared to no screening in studies (73, 74). Colonoscopy 
is still considered the best investigation for the examination of the colonic mucosa, 
facilitating diagnosis and colonic endotherapy(88, 89).  
 
The 19th century saw the beginning of modern medicine, with the development of medical 
devices such as the stethoscope and x-ray. The quality of healthcare continues to improve, 
with each continued advance in medical technology. The current day physician has an array 
of medical equipment in their armamentarium to assist with their diagnostic skills.  
Nonetheless, the central role of a current day physician is still the ability to make accurate 
diagnosis and judgement calls so that the optimal management is implemented.  
 
The field of endoscopic research is constantly changing with the rapid pace of technological 
innovation and development of new techniques and technologies. Technologies are at risk 
of rapidly appearing and then disappearing if diligent evaluations are not performed. 
Without scientifically backed evidence, any new technology in question, could be viewed as 
merely an artifice. A vital aspect of endoscopy research is the continued analysis of both 
new and existing technology. Without ongoing evaluations, outdated technology could still 
be in use. Furthermore, prematurely replacing the ‘old with the new’ without rigorous 
research may result in the new adopted technology being less effective than the former 
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one. Clinicians need to be able to use the new technologies competently and in the 
appropriate setting to aid clinical management. Robust evidence to support the 
implementation of these technologies is imperative to inform future patient care. 
Healthcare systems could also collapse if clinicians were utilising all the available 
technologies without prioritisation. It could also be argued that the overuse of technology 
when not necessary could cause harm to the patient. Adequately powered randomized 
controlled trials are essential to make accurate conclusions on the utility of each new 
technology. Meta-analysis can pool the results of individual studies to provide a specific 
estimate of a treatment effect and may be able to describe the reasons for heterogeneity 
between the results of the different studies(394).  
 
In recent years, there has been a considerable effort made to improve the quality of GI 
endoscopy in the UK. Key performance indicators such as the adenoma detection rate have 
a minimum standard of 15% set by the BSG(89). Endoscopy reporting systems that require 
completion of the endoscopy report at the time of the procedure without the 
histopathological confirmation of the presence of an adenoma can be a key limitation in the 
use of the ADR as a KPI. Not all the commercially available reporting software directly link 
the endoscopy reports to the existing pathology databases, so audits of the ADR can be 
challenging, and time-consuming hand audits are sometimes necessary to confirm the 
presence of adenoma. Ideally, all polyps that are resected should be retrieved, but this does 
not sometimes occur. In these situations, it is impossible to confirm if a polyp is an 
adenomatous or hyperplastic one. The Polyp Detection Rate (PDR) has therefore been 
adopted as a surrogate marker for ADR(395). The drive to increase the adenoma detection 
rate of endoscopists, is related to the lower risk of interval colorectal cancer associated with 
high adenoma detection rates(90).  
 
One study in this thesis directly compared the EndoRingsTM distal attachment device to 
standard colonoscopy to evaluate whether the new technology could assist with polyp 
detection. It should be noted that the EndoRingsTM is designed to detect polyps and not 
differentiate hyperplastic polyps from adenoma. The EndoRingsTM RCT was therefore 
powered for polyp detection as the primary endpoint. The randomized controlled trial in 
chapter 4 describes the use of the EndoRingsTM distal attachment device which consists of 2 
layers of flexible circular rings that straighten colonic mucosal folds on withdrawal allowing 
adequate inspection behind colonic folds and centre the lumen. The randomized controlled 
trial showed a statistically significant increase in the mean number of polyps per patient and 
polyp detection rate in the EndoRingsTM limb compared to standard colonoscopy. There was 
a trend towards a greater detection of adenoma in the ER arm, but the difference in ADR did 
not meet statistical significance. The randomized controlled trial showed promise for the 
EndoRingsTM device to improve polyp detection. Larger studies that are adequately powered 
to detect a difference in adenoma detection should be undertaken. The RCT of EndoRingsTM 
contrasts with the existing data on distal attachment devices as experts in this study had a 
greater polyp detection than non-experts. Non-experts may have found the EndoRingsTM 

bulky and were also not performing ER colonoscopy on high risk (FOBT/FIT+ve patients) like 
the experts were. Endoscopists might employ greater diligence when performing 
colonoscopy on high-risk patients, due to the greater likelihood of neoplastic pathology in 
this cohort. The EndoRingsTM which is the most recently developed distal attachment device 
has been studied the least. The findings from the RCT in chapter 4 which showed promise 
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for EndoRingsTM to improve polyp and adenoma detection are not concordant to other 
studies that have shown no benefit with the EndoRingsTM(303, 313). 
 
Fewer RCT’s have been performed using the EndoRingsTM device than other distal 
attachment devices. In chapter 5 the meta-analysis combined the date from the 5 published 
RCT’s that evaluated EndoRingsTM colonoscopy against standard colonoscopy. The meta-
analysis included a total of 2751 patients and did not show a statistically significant benefit 
with the EndoRingsTM device when compared to standard colonoscopy. The meta-analysis 
included a relatively small number or RCT’s (5) that were all performed in Western 
countries, limiting the conclusions that could be drawn worldwide. The RCT’s in question 
also had a heterogenous population in that the indications for colonoscopy were varied. 
Furthermore, due to the lack of available data, further subgroup analysis evaluating the role 
of EndoRingsTM in settings (high risk vs moderate risk patient groups), experts vs non-expert 
endoscopists was not possible and remains unanswered. EndoRingsTM, does not seem to 
determine higher adenoma detection rate compared to standard colonoscopy, and its 
widespread use, could therefore not be justified.  
 
Patients with a positive FOBT or FIT form a high-risk category, that should be targeted for 
the increased neoplasia detection(318). The meta-analysis in chapter 6 on the use of 
endoscopic technology to improve adenoma detection in organised colorectal screening 
programmes showed no significant improvement with any technology (NBI, distal 
attachment devices, G-EYE and FUSE system)  in patients undergoing colonoscopy due to a 
positive FOBT and FIT test(319). The technologies that were evaluated included distal 
attachment devices (EndoCuff and EndoRingTM), wide angle colonoscopy (G-EYE and FUSE 
system) and IEE (Image Enhanced Endoscopy). Robust evidence is necessary to facilitate the 
incorporation of any new technology into organised colorectal cancer screening 
programmes The technologies evaluated in this meta-analysis do not seem to justify the 
major financial investment required to implement their widespread incorporation into such 
programs. Clinicians may have a natural bias when performing colonoscopy in high-risk 
cohorts such as FIT/FOBT+ve patients. They may subconsciously be extra meticulous care 
when examining behind colonic folds, aware that they are performing endoscopy in a high-
risk cohort. Therefore, in an RCT the ADR might be higher in the non-intervention arm, than 
in the intervention arm. The performance of endoscopists who perform colonoscopy in 
organised colorectal cancer screening programs is synonymous with a high standard(328). In 
the meta-analysis in chapter 6, the standard of colonoscopy in the included studies is high, 
as evidenced by the high mean ADR of 55.9% in the standard colonoscopy limb and the 
96.6% caecal intubation rates(319). Addition of further technology may not be likely to 
provide a benefit. Further work is required in low/moderate/high risk groups to identify the 
optimal scenario where it should be used. Overall, this meta-analysis has shown that in FIT 
positive subjects, no technological innovation seems to significantly increase the detection 
of colorectal neoplasia during high-quality colonoscopies performed by endoscopists with a 
high existing adenoma detection rate.  
 
A minimum lifetime colonoscopy count or baseline ADR are often described in the published 
studies to distinguish experts from non-experts. There is a lack of a widely accepted 
definition and significant heterogeneity in the published literature. Studies are generally 
inadequately powered to detect a statistically significant difference in the performance 
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between low and high detectors. A recent meta-analysis has shown that distal attachment 
devices had only a modest improvement in the ADR in low-performing endoscopists 
compared to standard colonoscopy(317). The EndoCuff meta-analysis showed the greatest 
improvement in the ADR for endoscopists with ADRs (<35%), with no benefit in operators 
with an ADR (>45%)(291) 
 
Endoscopy trials are often single blinded. In the case of the EndoRingsTM, the endoscopist 
fits the distal attachment to the colonoscope before starting anal insertion. This inherently 
introduces a degree of performance and detection bias, dependent on the operator’s belief 
about the intervention being evaluated. The bias is often unavoidable. Most studies that 
evaluate new endoscopy technology are performed in expert centres, under trial settings, 
where the participating clinicians could be subject to the Hawthorne effect. In a trial setting, 
the procedural list is often reduced, with more time available to the endoscopist to 
familiarise themselves with the new technology. This is not an accurate representation of 
‘real-life’ endoscopy, which often consists of long overbooked procedural lists, with 
inadequate amounts of time allocated to train adequately in the new technology. This could 
explain why the uptake of new technologies such as the distal attachment device outside of 
expert centres remains uncommon and not reflective of widespread clinical practice. One 
could question why a lot of time and money is invested in evaluating endoscopic devices 
that are only used by a small minority of clinicians. If we are to continue exploring the utility 
of these devices, it would be important to focus on evaluating the use of these devices in 
small, non-academic units. For an accurate interpretation of the utility of a new technology 
to be made, it is important that evaluation on busy procedural lists, reflective of routine 
practice in most endoscopy units worldwide is undertaken.  
 
New endoscopy technologies are often met with initial enthusiasm and significant money, 
time and effort are invested in their evaluation. The situation with add-on devices has been 
no different. The pro-innovation bias that something new is naturally an improvement to 
the existing has led to constant boundary pushing of what innovation can achieve. However, 
it would be sensible to take a step back to gain an unbiased approach and to focus on simple 
measures and techniques that can improve operator performance. If there is no incremental 
benefit in the use of technology when properly evaluated, a substantial amount of time and 
money need not be wasted in exploring their utility further. A study that evaluated 
improvements in ADR according to centres where the training of screening centre leaders in 
teaching high quality colonoscopy changed not only the trainer’s performance, but 
improved the performance of the overall centre, with a sustained improvement in 
colonoscopy performance over 1.5 years(396). Operator skill may be the most important 
predictor for increased lesion detection than any technology, due to the excellent images 
currently available with standard endoscopic equipment. Perhaps, it would be right to now 
focus on simple measures and training these techniques to other colonoscopists to provide 
a sustained improvement in ADR.  
 
Technologies can either increase the detection of polyps or differentiate adenomatous 
polyps from hyperplastic polyps. By contrast to distal attachment devices and wide-angle 
colonoscopy, no financial investment is required to implement the widespread use of IEE 
routinely, as it is easily available using on-off button technology on the endoscopy systems. 
Despite this, regular use of IEE is not widely employed for increasing adenoma detection 
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rates in colonoscope withdrawal. It is predominantly used for in-vivo differentiation of 
adenoma to hyperplasia studies, by those with the training to use IEE. Once a polyp is 
identified, it is imperative that an accurate in-vivo diagnosis is made to the nature of the 
lesion, especially in relation to complex polyps.   
 
The endoscopist, confident that s/he is looking at a diminutive hyperplastic polyp in the 
recto-sigmoid colon, can leave the polyp in situ-without the need to undertake 
polypectomy, and reduce costs, time, and risk to the patient. The use of IEE to identify 
features of invasion in large, complex lesions, is crucial to avoid attempted endoscopic 
resection of cancers at greater risk of perforation and tumour seeding. In this instance it is 
better to refer for surgery at the outset.  
 
The image quality of early endoscopes was poor and only gross abnormalities could be 
identified. In that era, the endoscopist was dependent on the histology of the biopsy taken, 
to aid their management. Historically, the standard practice was to simply remove all 
polyps, whether they were hyperplastic or adenomatous and send for histological analysis. 
Current endoscopy technology has significantly improved, with a wealth of opportunity for 
both the diagnosis and endoscopic removal of polyps. Now, small, and very flat, subtle 
polyps can be identified. Data showed the efficacy of NBI for optical diagnosis, but this was 
largely in the hands of experts with extensive experience in the use of IEE(186, 369). The 
theory behind ‘resect and discard’ has the potential to provide time and cost savings to the 
histopathologist. Although, the DISCARD(149) study showed promise for the replacement of 
histological analysis by in-vivo diagnosis in an academic unit with extensive experience in 
IEE, DISCARD 2 confirmed that resect and discard was not ready for widespread 
implementation(187).  
 
Most of the available literature on the role of I-scan in the detection of colorectal neoplasia 
comes from retrospective and observational studies. Large, multi-centred randomized 
controlled trials are lacking. Studies have evaluated polyp detection and polyp 
differentiation using I-scan colonoscopy. The ideas covered in chapter 7 briefly outline the 
use of colonoscopy technology in the role of increasing polyp detection but also polyp 
differentiation. The ability to make an accurate in-vivo histological prediction using 
endoscopy technology could have significant health care system cost implications. The 
chapter 7 on the use of I-scan technology in colonoscopy focused on the use of a modified 
Delphi process to form a series of evidence-based recommendations on the use of I-scan 
technology in colonoscopy. The literature on the use of I-scan was from individual small 
studies, mostly in expert settings. Guidelines on advanced imaging for the detection and 
differentiation of colorectal neoplasia have been produced by the European Society of 
Gastrointestinal Endoscopy (334). However, instructions specifically outlining I-scan were 
lacking. The I-scan consensus panel evaluated the available literature on the utility of I-scan 
for both polyp detection and the in-vivo characterisation of colonic polyps, to produce a set 
of recommendations for adoption into routine clinical practice. HDWL +/- I-scan is advised 
for polyp detection. High definition colonoscopes should replace standard definition 
colonoscopes wherever possible. HDWL with I-scan is advised for optical diagnosis of 
colorectal polyps, when compared to HDWL alone. Evidence supports the use of I-scan 
technology for optical diagnosis of diminutive polyps in experts with training in IEE(334, 
347). Evidence supporting the use by non-experts is lacking and shows that the in-vivo 
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prediction of colorectal polyp histology falls below the ASGE PIVI criteria(334, 337). The 
consensus panel outlined that in expert hands HDWL + I-scan fulfilled the ASGE PIVI 
standards for optical diagnosis of diminutive polyps, but not in non-expert hands. Studies 
have shown that the skill of optical diagnosis can be learnt with systematic training and has 
a learning curve(345, 347).  
 
In recent times, 3 types of technologies have garnered significant interest in the field of 
endoscopic research: 

x Image enhancement endoscopy 
x Device assisted colonoscopy 
x Artificial intelligence 

 
This thesis explores areas of endoscopic detection and characterisation of neoplasia with 
the first 2 technologies. The study of artificial intelligence is still in infancy but given the 
promising early findings and the increasing use of AI and automation technologies across all 
disciplines, AI may surpass all endoscopic technology in both lesion detection and 
characterisation in the future. The technologies should not be mutually exclusive of one 
another. Future research exploring how the technologies work in conjunction with one 
another to improve performance is needed to identify how utilisation could be optimised. 
Each technology should be explored so that progress is made. However, due efforts are 
needed in improving operator performance, so that basic techniques are not left by the 
wayside.  
 
Inflammatory bowel disease is a well-recognised risk factor for colorectal cancer.  
A recent meta-analysis showed that the prevalence of colorectal cancer was actually much 
lower than previously thought(193). It is now possible to remove lesions endoscopically, 
that would have previously been referred for surgery. Endoscopic resection in a setting of 
colitis can be challenging; the underlying inflammation increases fibrosis and makes 
delineation of borders more challenging. It could be argued that only experienced 
colonoscopists with expertise in advanced endoscopy should perform colonic endotherapy 
in this setting (390). EMR is widely practiced in the West and is technically easier than ESD. 
Although complication rates are lower with EMR, completeness of excision can be difficult 
to ascertain with EMR. ESD in contrast permits en-bloc resection but is more technically 
challenging, with higher complication rates and is not widely practiced in the West. 
 
The evidence supporting the endoscopic management of dysplasia in inflammatory bowel 
disease is limited. This is partly due to the infrequent occurrence of dysplasia in colitis and 
partly due to the technical challenges associated with endoscopic resection in a fibrotic 
colon. 
 
The chapter 8 describes the successful outcomes of both modalities of endoscopic resection 
(EMR vs ESD) in the management of dysplasia in colitis and was the first paper to do so.  
The multi-centre retrospective series of 119 lesions suggests in 93 patients showed that 
EMR is safe and effective for smaller lesions (<20mm), whereas larger lesions should be 
treated with ESD/KAR. Only 7 recurrences occurred in the cohort. Complications in the 
cohort were also low; 7. Only 1 patient with a delayed perforation underwent surgery. 8/93 
patients underwent surgery. 5/8 had adenocarcinoma and underwent surgery. 2/8 had an 
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initial incomplete attempt at endoscopic resection and 1/8 underwent surgery due to a 
delayed perforation(374). Surgery for the treatment of dysplasia within colitis could be 
avoided in most cases.  
 
This thesis has evaluated how elements of advanced endoscopic technology and endoscopic 
resection techniques can reduce the morbidity and mortality associated with colorectal 
cancer. The findings discussed in this thesis will hopefully increase our knowledge of the role 
of advanced endoscopic imaging and resection techniques in the identification, 
characterisation, and treatment of early gastrointestinal neoplasia, with the consequent 
reduction in the mortality due to gastrointestinal cancers as the main outcome.  
 
Endoscopy research is constantly pushing the boundaries of technological innovation. In 
future, endoscopy is likely to become more of a therapeutic intervention, than a diagnostic 
modality as alternative investigations in conjunction with artificial intelligence is likely to 
perform much of the diagnostic work that is currently performed by Gastroenterologists.  
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