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ABSTRACT

Colorectal cancer (CRC) is a leading cause of morbidity and mortality in the world,
mostly in western countries. Worldwide, CRC accounts for over 930 000 deaths/year.
Colonoscopy has been shown to decrease both CRC incidence and mortality by
detecting and allowing the removal of adenomas. Adenomas are part of the
carcinogenesis pathway of colorectal adenocarcinoma and they are particularly
amenable to screening because of their slow growth and ease of endoscopic
resection. However, optical colonoscopy has been shown to miss some pre-malignant
lesions in tandem studies, especially sessile serrated lesions (SSL). These lesions are
different from adenomas, they are more frequent on the right colon, usually present
with a flat morphology and are indistinct from the adjacent normal mucosa which
makes them much harder to detect through optical colonoscopy. SSL also present a
different, faster carcinogenesis pathway and as result of these characteristics, they are
strongly associated with interval CRC, which is the occurrence of colorectal cancer
after a screening colonoscopy and before the next scheduled screening/surveillance

procedure.

New technologies and strategies have emerged to increase the sensitivity of
colonoscopy for pre-cancerous lesions, especially adenomas, since their detection rate
is associated with the future risk of CRC. Nevertheless, in order to increase the

preventive effect of colonoscopy it is also important to detect SSL more effectively.

Herein, we present our contribution to the ongoing search for quality improvements
in screening colonoscopy. We performed one national survey, three randomized trials
and two observational studies to evaluate different aspects of colonoscopy safety and

effectiveness.

The role of sedation in gastrointestinal endoscopy

First, we looked into the role of sedation as it is a fundamental aspect of colonoscopy
safety and quality. We performed a national survey to evaluate the current sedation
and monitoring practices in Portuguese endoscopy units (both in public and private
practice). In this study we learned that sedation is a routine practice in colonoscopy.
Propofol and midazolam are the most used drugs and the former is the agent of
choice for most endoscopists but its’ use is almost exclusively performed by

anesthesiologists.



After this survey was performed and driven by different national practices in Europe
we undertook a randomized study to compare non-anesthesiologist administered
propofol sedation (NAAP) and anesthesiologist directed sedation safety and quality,
in low-risk patients undergoing routine colonoscopy in Portugal. We performed a
single center non-inferiority randomized controlled trial with 277 colonoscopies (150
in the NAAP group and 127 in the anesthesiologist sedation group) and there was no
difference between the primary endpoints in the two groups. The incidence of AE was
39.3% in the NAAP group and 39% in the anesthesiologist sedation group (absolute
difference -0.3%, 95% CI -12.0 to 11.4%; p=0.959). There was no significant difference in
the main quality indicators. The adenoma detection rate (ADR) was 28.4% in group A
and 232% in group B (p=0.331). We concluded that NAAP was non-inferior to
anesthesiologist sedation in a low risk (ASA I-1l) population submitted to colonoscopy.
Adverse events are common but can be safely managed by a trained team and
propofol provides a high-quality sedation by achieving high patient satisfaction scores

and willingness to repeat the colonoscopy.

Quality indicators in colonoscopy

Following this study, we performed an observational cross-sectional study to evaluate
the colonoscopy quality at our unit by measuring the currently accepted quality
indicators and publish them as benchmarking indicators. In this study, the overall
ADR was 36% (95% Cl 32-39), the mean number of adenomas per colonoscopy was
0.66 (95% CIl 0.56-0.77), the sessile serrated lesion detection rate was 1% (95% CI 0-2)
and the adjusted cecal intubation rate (CIR) was 93.7% (95% CI 91.7-95.8). Most
colonoscopies were performed under deep sedation (53%), and 35% were unsedated.
The use of sedation (propofol or midazolam based) was associated with a higher CIR
(OR 3.60, 95% CIl 2.02-6.40, p < 0.001). The high frequency of poor bowel preparation
and the low sessile serrated lesion detection rate were acknowledged, and actions

were implemented to improve both indicators.

Improving quality in colonoscopy

The last studies were designed to evaluate whether the use of narrow band imaging
and Endocuff could improve the detection of lesions, specifically sessile serrated

lesions.



In the Endocuff trial we randomized 257 patients who underwent elective
colonoscopy. The patients were randomly allocated to one of two groups according
to the use of Endocuff Vision (EV) - standard colonoscopy vs. colonoscopy with EV. We
compared the rates of detection of serrated lesions and adenomas. The number of
serrated lesions per colonoscopy was not significantly higher in the EV group (0.233
vs 0.156, mean difference 0.076, p=0.381). None of the secondary endpoints regarding
the detection rate of adenomas (65.9% vs 66.4%; OR 0.977, 95% Cl 0.583-1.638; p=0.931)
or sessile serrated lesions (12.4% vs 7.8%; OR 1.671;, 95% CI 0.728-3.836; p=0.226) were
superior in the EV group. We concluded that EV did not increase the detection rate of

SSL.

In the NBI trial we performed a randomized clinical trial to compare the mean
detection of serrated lesions and hyperplastic polyps 210 mm with NBI or high-
definition white light (HD-WL) withdrawal. We also compared all sessile serrated
lesions (SSL), adenoma and polyp prevalence and rates. Overall, 782 patients were
randomized and the average number of serrated lesions and hyperplastic polyps 210
mm detected per colonoscopy (primary endpoint) was similar between the HD-WL
and NBI group (0.118 vs 0.156, p=0.44). The adenoma detection rate (55.2% vs 53.2%,
p=0.58) and SSL detection rate (6.8% vs 7.5%, p=0.502) were not different between the
two study groups. Withdrawal time was higher in the NBI group (10.88 vs 9.47 min,
p=0.004), with a statistically non-significant higher total procedure time (20.97 vs 19.30
min, p=0.052). The results demonstrate that routine utilization of narrow band
imaging does not improve the detection of serrated class lesions or any pre-malignant

lesion and increases the withdrawal time.

After these trials we decided to explore whether participating in research projects
could have an impact in the quality indicators of routine colonoscopies. We performed
a cross-sectional study comparing the detection of pre-malignant lesions in 147
randomly sampled non-research colonoscopies and 294 from the control groups of
two prospective trials. The pre-malignant lesion detection rate was higher in the trial
group with 65.6% vs 44.2% (OR 2.411; 95% Cl 1.608-3.614; p<0.001), the polyp detection
rate was 73.8% vs 59.9% (OR 1.889; 95% Cl 1.242-2.876; p=0.003), the adenoma detection
rate was 62.6% vs 44.2% (OR 2.110; 95% Cl 1.411-3.155; p<0.001) and the sessile serrated
lesion detection rate was 17% vs 4.1% (OR 4.816; 95% Cl 2.014-11.515; p<0.001). The mean
number of pre-malignant and sessile serrated lesions was 1.70 vs 1.06 (p=0.002) and
0.32 vs 0.06 (p=0.001) lesions per colonoscopy. In a multivariate analysis with each

single potential confounder, there was no significant change in any of the study

Xi



outcomes. Therefore, we concluded that patients involved in colonoscopy trials may
benefit from higher quality examinations, as shown by the higher detection rates.
Institutions should consider supporting clinical research in colonoscopy as a simple

means to improve colonoscopy quality and colorectal cancer prevention.

Xii



RESUMO

O cancro colorretal (CCR) é uma das principais causas de morbimortalidade no
mundo, principalmente no Ocidente. Globalmente, o CCR é responsavel por mais de
930.000 mortes por ano. A colonoscopia demonstrou diminuir a incidéncia e a
mortalidade por CCR através da detecao e remocao de adenomas. Os adenomas
inserem-se na via de carcinogénese do adenocarcinoma colorretal e o seu
crescimento lento e a possibilidade de ressecao endoscopica tornam a sua detecao

fundamental no rastreio de CCR.

Contudo, alguns estudos demonstram que determinadas lesdes pré-malignas
podem nao ser detetadas facilmente por colonoscopia, nomeadamente as lesdes
serreadas sésseis (LSS). Estas diferem dos adenomas, apresentando geralmente uma
morfologia plana e sao mais frequentes no coélon direito, aspetos que tornam mais
dificil a sua detecao por colonoscopia otica. Além disso, as LSS apresentam uma via
de carcinogénese mais acelerada, estando, por isso, associadas a CCR de intervalo
(definido como a ocorréncia de CCR apds uma colonoscopia de rastreio e que de
desenvolve antes da colonoscopia de vigilancia programada). Novas tecnologias tém
sido desenvolvidas no sentido de aumentar a sensibilidade da colonoscopia para
lesGes pré-malignas, nomeadamente adenomas, pois 0 aumento da sua taxa de
detecdo traduz-se na diminuicao do risco de CCR. Porém, para aumentar o efeito

preventivo da colonoscopia é também importante detetar mais eficazmente as LSS.

Tendo estes aspetos em consideracao, os trabalhos aqui apresentados foram
desenvolvidos para a melhoria da investigacao em qualidade em colonoscopia de
rastreio. No total, foram realizados um inquérito nacional, dois estudos observacionais
e trés ensaios randomizados, que pretenderam avaliar diferentes aspetos da

qualidade e seguranca em colonoscopia.

O papel da sedacdo em Gastrenterologia

Em primeiro lugar, o papel da sedagao como aspeto fundamental da seguranca e
gualidade em colonoscopia foi explorado através de um inquérito nacional. Este
inquérito versou sobre as praticas comuns envolvendo a sedacao e monitorizagao nas
unidades de endoscopia Portuguesas (no sector publico e privado). Verificamos que
a sedacao é pratica habitual na realizacao de colonoscopias, sendo o propofol e o

midazolam os farmacos mais frequentemente utilizados. Embora o propofol seja o
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farmaco de eleicao para a maioria dos endoscopistas, este € quase exclusivamente

utilizado por médicos Anestesiologistas.

Posteriormente e, motivados pelo diferente manejo no que respeita a sedagao entre
paises europeus, realizamos um ensaio clinico de nao inferioridade, controlado e
randomizado, comparando a seguranca e qualidade da sedacao com propofol,
administrado por médico nao Anestesiologista (grupo A) e por médico
Anestesiologista (grupo B) em doentes de baixo risco submetidos a colonoscopia
eletiva em Portugal. Foram incluidas 277 colonoscopias (150 no grupo A e 127 no grupo
B), ndao se verificando diferencas nos endpoints primarios entre os dois grupos. A
incidéncia de eventos adversos foi de 39.3% no grupo da sedacao com propofol
administrado por nao anestesiologista e 39% no grupo da sedacao por
anestesiologista (diferenca absoluta -0.3%, IC 95% -12.0 to 11.4%; p=0.959). Nao se
verificaram diferencas estatisticamente significativas nos principais indicadores de
qualidade. A taxa de detecao de adenomas (ADR) foi de 28.4% no grupo A e 23.2% no
grupo B (p=0.331). Assim, concluimos que a sedacao com propofol administrado por
meédico nao Anestesiologista nao foi inferior a sedacao por Anestesiologista numa
populacao de baixo risco (ASA I-1l) submetida a colonoscopia. Os eventos adversos
foram comuns, mas podem ser manejados com seguranga por uma equipa treinada
para o efeito. A elevada qualidade da sedacao com propofol traduziu-se ainda em

maiores niveis de satisfacao dos doentes e de vontade em repetir colonoscopia.

Indicadores de qualidade em colonoscopia

No sentido de avaliar a qualidade da colonoscopia da nossa unidade de técnicas
(Hospital Beatriz Angelo), foram medidos os indicadores de qualidade atualmente
aceites, através de estudo transversal observacional. A taxa de detecao de adenomas
foi de 36% (IC 95% 32-39), o nUmero médio de adenomas por colonoscopia foi 0.66 (IC
95% 0.56-0.77) e a taxa de detecao de LSS foi de 1% (IC 95% 0-2). A taxa de entubacao
cecal ajustada foi de 93.7% (IC 95% 91.7-95.8). A maioria das colonoscopias foi realizada
sob sedacao profunda (53%) e em 35% nao foi utilizada qualquer sedagao. A utilizacao
de sedacao (com propofol ou midazolam) associou-se a uma taxa de entubacao cecal
mais elevada (OR 3.60, IC 95% 2.02-6.40, p < 0.001). Por um lado, a taxa de detecao de
adenomas na nossa unidade foi superior a recomendada. Por outro lado, verificamos
com elevada frequéncia inadequada preparacao intestinal e reduzida taxa de detecao

de LSS, pelo que foram instituidas medidas para melhorar ambos os indicadores.
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Implementacdo de medidas para aumento da detecdo de lesées pré-malignas

Com o intuito de determinar estratégias que contribuissem para o aumento da
detecdo de lesdes, nomeadamente LSS, foram desenhados dois estudos
randomizados. Primeiramente, a utilidade do uso do Endocuff no aumento da
detecao destas lesdes foi avaliada através de um ensaio randomizado que incluiu 257
doentes submetidos a colonoscopia eletiva. Os doentes foram alocados
aleatoriamente a um de dois grupos, consoante a colonoscopia fosse realizada com
recurso a visao com Endocuff (VE) ou sem a sua utilizagao. O numero de LSS por
colonoscopia nao foi significativamente superior no grupo com VE (0.233 vs 0.156,
diferenca média 0.076, p=0.381). Nenhum dos endpoints secundarios,
nomeadamente a taxa de detecao de adenomas (65.9% vs 66.4%; OR 0.977, IC 95%
0.583-1.638; p=0.931) ou de LSS (12.4% vs 7.8%; OR 1.671; IC 95% 0.728-3.836; p=0.226) foi
superior no grupo EV. No nosso estudo, a utilizagdao de VE ndo aumentou a taxa de
LSS.

Em segundo lugar, realizamos um ensaio randomizado comparando o nimero médio
de LSS e pdlipos hiperplasicos com 210 mm detetados na retirada com NBI ou com
luz branca. Foram também comparados a prevaléncia e as taxas de detecao de LSS,
adenomas e podlipos. No total, 782 foram randomizados e o niumero médio de LSSs e
podlipos hiperplasicos com 210 mm detetados por colonoscopia (endpoint primario) foi
semelhante entre o grupo com NBIl e com luz branca (0.118 vs 0.156, p=0.44). A taxa de
detecao de adenomas (55.2% vs 53.2%, p=0.58) e LSS (6.8% vs 7.5%, p=0.502) nao foi
diferente entre os dois grupos. O tempo de retirada foi superior no grupo com NBI
(10.88 vs 9.47 min, p=0.004), sendo o tempo de procedimento superior, No entanto,
sem atingir significado estatistico (20.97 vs 19.30 min, p=0.052). Estes resultados
demonstram que a utilizacdo de NBI nao aumenta a detecao de lesdes serreadas ou

de qualquer lesao pré-maligna, aumentando o tempo de retirada.

Por fim, decidimos explorar se a participacao em projetos de investigacao poderia ter
impacto nos indicadores de qualidade das colonoscopias de rotina. Para tal, através
de um estudo transversal, foi comparada a detecao de lesdes pré-malignas em 147
colonoscopias eletivas aleatoriamente selecionadas e 294 colonoscopias de grupos
controlo de dois estudos prospetivos. No grupo de investigacao, verificou-se uma
maior detecao de lesdes pré-malignas (65.6% vs 44.2%, OR 2.411; IC 95% 1.608-3.614;
p<0.001) e taxa de detecao de pdlipos (73.8% vs 59.9%; OR 1.889; IC 95% 1.242-2.876;
p=0.003), de adenomas (62.6% vs 44.2%; OR 2.110; IC 95% 1.411-3.155; p<0.001) e de LSS
(17% vs 4.1%; OR 4.816; IC 95% 2.014-11.515; p<0.001). O numero médio de lesdes pré-

XV



malignas (1.70 vs 1.06, p=0.002) e LSS (0.32 vs 0.06, p=0.001) por colonoscopia também
superior no grupo de investigacao. Numa analise multivariada ajustada para
potenciais fatores confundidores, nao houve diferenca significativa em nenhum dos
outcomes. Portanto, concluimos que os doentes envolvidos em ensaios clinicos
podem beneficiar de exames com maior qualidade como demonstrado pelas taxas
de detecao mais elevadas. Por conseguinte, o apoio das varias instituicdes no
desenvolvimento da investigacao clinica em colonoscopia pode resultar na melhoria

qualidade em colonoscopia e da prevencao do CCR.
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CHAPTER I

INTRODUCTION



a. COLORECTAL CANCER

Colorectal cancer (CRC) is a leading cause of morbidity and mortality in the world. In
Europe it is the second cause of newly diagnosed cancer with 519.820 cases and the
second cause of cancer associated mortality with 244.824 deaths/year in 2020. In
Portugal it is the leading cause of cancer with an incidence of 10.501 cases and the
second cause of death with 4.320 deaths in 2020 [1]. The incidence has been increasing
steadily in most countries with few exceptions, such as the USA and Germany|[2],
where it has been reduced in part due to screening and the removal of pre-malignant
lesions[3,4]. The prognosis of CRC is highly variable with the 5-year overall survival
ranging from over 90% in the early stages to 14% in advanced disease, however only

40% of cases are diagnosed as a localized disease [5].

In the last decades, knowledge regarding the pathogenesis, risk factors, pre-
malignant lesion biology and cancer biology has evolved significantly and new patient
tailored treatments are emerging. However, the importance of screening has a critical
tool to fight the burden of this disease is as relevant as ever, mostly because most CRC
cases develop after a long adenoma-carcinoma sequence which allows for the

detection and removal of pre-malignant lesions.

Since the early stages of fiberoptic colonoscopy in the 60s the procedure has evolved
significantly and is now at the center stage of CRC screening and it is endorsed by

several scientific societies [6-9].

Epidemiology

The incidence of CRC and especially that of colon cancer is significantly different
between regions and is highest in developed regions such as Japan, Australia, Europe
and North America [1] as seen in figure 1. In Portugal the incidence is higher in the
Northern region but the highest mortality is in Alentejo [10]. This variability may be
explained not only by lifestyle and socioeconomic differences but also by healthcare

(screening and treatment) access differences.
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Figure 1. Estimated crude incidence rates of colorectal cancer in 2020. (World Health Organization, 2022)

In most countries, including Portugal, the incidence of CRC is still increasing but on
the other hand, in countries such as the USA, the incidence has been declining for
over 2 decades [2] with a 52% decrease in the mortality rate between 1970 and 2015,
which has been attributed largely to screening but also to lifestyle changes, use of
aspirin, hormone-replacement therapy and NSAIDs, less smoking and alcohol

consumption and surgical and medical treatment advances.

Recently, the observation of a 2-fold increase in incidence rates in younger patients,
aged 20-49 years [11], has led to a decrease in the screening threshold for average-risk

individuals from 50 to 45 years in the ACS and followed by the ACG guidelines [8,9].

Globally, the incidence of colon and rectal cancer is estimated to increase by 60 and
71.5% until 2035, respectively [12].

ii. Etiology

A large body of evidence has emerged trying to identify the reasons behind a high
regional variability of CRC incidence. Observational data show an association between
diet and lifestyle and the development of CRC with a significant proportion being

attributed to modifiable risk factors [13].



Increasing age is a major risk factor for CRC and even though the incidence has been
increasing in those under 50, over 90% of the cases are diagnosed after 50 years of

age.

In 2015 a WHO taskforce labeled red meat as “probably carcinogenic” based on a
meta-analysis of cohort studies that showed that 100 g of red meat or 50 g of
processed meat increase the risk of CRC by 15-20% [14]. Although it is challenging to
identify with certainty the individual dietary risk factors it seems that a diet with a high
intake of milk and dairy, fiber (fruits, vegetables, wholegrains and nuts) and fish is
associated with a protective effect, whereas the consumption of alcohol, high fat
meals, red meat, processed meat, sugar sweetened beverages, desserts and potatoes
convey an increased risk of CRC [15]. The microbiome and the interplay with the diet
and immunity has also been implicated in the pathogenesis of CRC [16]. Several
micronutrients have been implicated in CRC carcinogenesis and while the evidence
guality is weak, there seems to be a protective role of some micronutrients such as

calcium, vitamin D, folic acid, magnesium and multivitamins [17].

Obesity and a high waist circumference have been shown to be important risk factors
for men and women, while physical activity, especially vigorous activity, is associated

with a decreased risk of CRC, especially in men [18].

Several drugs have been evaluated for their potential as chemoprophylactic agents.
Two of the most studied agents are aspirin and non-steroidal anti-inflammatory
agents (NSAIDs). Aspirin has been studied in observational and randomized trials and
6 meta-analyses have pooled the data and confirmed a protective role (RR from 0.71
to 0.86). NSAIDs also seem to have a beneficial effect but they have only been studied
in observational studies which have been pooled in 3 meta-analyses [17]. However,
these agents are not without adverse effects and currently only aspirin may be
considered in adults aged 50-59 and with a cardiovascular risk over 10%, as

recommended by the US Preventive Services Taskforce.

Environmental and dietary exposures and pharmacologic interventions affect the risk
of CRC but their precise roles remain elusive. Furthermore, different molecular
subtypes of CRC (and precursor lesions) seem to have different risk factors which

increases the complexity of these relations.



iii. Biology
Colorectal cancer is the result of a multi-hit process involving the individual genetic

background and the exposure of the colonic epithelial cells to specific carcinogens

over time [19].

Tumor cells require an accumulation of methylation abnormalities and genetic and
epigenetic events that lead to uncontrolled cell proliferation and the evolution to
adenoma and carcinoma. These can be the gain of function of proto-oncogenes or

the loss of function in tumor suppressor genes.

Most cases of sporadic CRC develop through one of two major pathways: the
chromosome instability pathway (non-hypermutated - less than 8.26 mutations per
10° bases) in 86% and the MSI-H - microsatellite instability pathway (hypermutated —
more than 12 mutations per 10° bases) in 14% of cases [20]. Several genes like APC and
TP53 (tumor suppressor genes) and KRAS, PIBKCA, BRAF and NRAS (oncogenes) are

frequently involved in both pathways.

The CIN pathway is associated with the classic pre-malignant lesion, the tubular
adenoma and the tumorigenesis of these lesions may take over 10 years. The
CIMP/MSI-H is associated with serrated lesions and presents a much shorter

carcinogenesis timeframe.

These classifications relate not only to different neoplastic origin and progression but

they also have prognostic implications.
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Figure 2. Models and timelines of colorectal cancer pathogenesis according to the pathway marked by
chromosomal instability (CIN), microsatellite instability (MSI-H) and CpG island methylator phenotype
(CIMP). (adapted from Carethers JM, Jung BH. Genetic and genetic biomarkers in sporadic colorectal
cancer. Gastroenterology 2015; 149: 1177-90)

Pre-malignant lesions

Most cases of colorectal cancer are originated in pre-malignant lesions which present
themselves in two major classes: the conventional adenoma and the serrated class

lesion.

Sporadic CRC is thought to originate from Wnt signaling hyperactivation that leads
to cellular overgrowth and the formation of dysplastic focus (adenoma precursor).
Sequential alterations through the CIN pathway lead to the progression of the
adenomas to increasingly dysplastic lesions and ultimately to invasive carcinomas.
Serrated lesions arise from the activation of BRAF which may then lead to MSI-H
tumors and sessile serrated lesions or they can acquire TP53 mutations and Wnt

overactivation and lead to traditional serrated adenoma, a MSS tumor.
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Figure 3. Pathways of Colorectal Carcinogenesis — conventional adenomas progress by the
chromosomal instability pathway. The serrated pathway is initiated by BRAF or KRAS mutation and
methylation of tumor suppressing genes (CIMP). FAP, familial adenomatous polyposis. Initiation
occurs though the activation of Wnt pathway of BRAF mutation (serratated pathway). (adapted from
East JE et al. British Society of Gastroenterology position statement on serrated polyps in the colon
and rectum. Gut 2017; 66(7), 1181-1196)

Conventional Adenoma

Conventional adenomas are the classical pre-malignant lesions, they evolve over 10-
20 years through the CIN molecular pathway and their carcinogenic potential is well
established. These lesions are highly prevalent being present in half of the persons
over 50 years old[21]. They are more frequently found in the proximal colon in persons
older than 60 years old and in the distal colon in younger individuals. Their

morphology may be flat, sessile or pedunculated, with a short or a long stalk.

With time, adenomas become progressively larger, dysplastic and malignant. The risk
of malignancy is higher in large lesions; hence they are classified according to their
size into diminutive (<6 mm), small (6-10 mm) or large (>10 mm). The risk of a sub
centimeter lesion to be malignantis less than 1%. Large adenomas or small/diminutive
adenomas with a villous component (25%) or high-grade dysplasia are considered to

be an advanced neoplasia.






Sessile Serrated Class

Sessile serrated lesions are distinct from conventional adenomas. The WHO
subclassifies serrated lesions into: hyperplastic polyp (HP), sessile serrated
adenoma/polyp (SSA/P) and traditional serrated adenoma (TSA). However, the name
SSA/P may be misleading since most sessile serrated polyps are not polypoid and have
no cytological dysplasia, unlike adenomas [22]. As such we will address these lesions
as Sessile Serrated Lesions (SSL) as proposed by the British Society of
Gastroenterology [23]. SSL may be further divided according to the presence or

absence of cytological dysplasia.

Hyperplastic polyps present straight crypts with little distortion, they are typical wide
and “serrated” at the surface and can be divided into microvesicular (MVHP), goblet

cell and mucin poor types according to the characteristics of the epithelium.

Traditional Serrated Adenomas are rare dysplastic polypoid lesions with villiform
histology. They have similarities with conventional tubulovillous adenomas but
present an eosinophilic cytoplasm and crypt building. The molecular features include
KRAS or BRAF mutations and variable levels of CIMP positivity [23]. They are usually

found in the distal colon.

Sessile serrated lesions are characterized by disorganized and distorted T or L-shaped
crypt growth which may appear dilated with excessive “serration” at the basal third
and present with inverted crypts [23]. They frequently produce excessive extracellular
mucin which fills dilated crypts and coats the lesion. These lesions are preferentially
located on the proximal colon, they are more difficult to detect than adenomas
because of their flat morphology, cloud-like appearance, the tendency to harbor a
mucus cap and indistinct edges [24]. Risk factors for SSL have been studied and

include smoking, higher BMI and female sex [25].

Their prevalence may be as high as 22% in a screening population but the reported
detection during colonoscopy is highly variable ranging from 1-18% in one American
center [26] and 6-22% in two centers in the Netherlands [27]. This may be due not only
to their endoscopic appearance which makes them harder to detect, with higher miss
rates when comparing to adenomas [28] but also due to a lack of pathology
awareness as some pathologists fail to identify SSL, as shown in a study from 32

centers in the US and Germany [29].

The risk of malignant development from these lesions is less well established than

adenomas but they are believed to be the result of a specific carcinogenesis pathway



involving BRAF mutation and CPG island methylation and to have a faster
development when compared to traditional adenomas. Serrated lesions are thought
to be precursors to 20-30% of all CRC [30], especially after a screening colonoscopy.

Hence, sessile serrated lesions pose relevant detection and management issues.

b. SCREENING

According to the WHO, screening refers to the application of a test in a population
with no signs or symptoms of the disease in order to identify individuals at risk for

early disease and to allow early diagnosis and more effective treatment.

CRC is currently considered a preventable disease, since it has been shown that
screening and surveillance are effective in reducing both the incidence and the
mortality [4,31-34]. This reduction has been identified over the last few decades [2] and
it is mainly attributed to the effect of screening and the removal of early superficial

neoplastic lesions [35,36].

Screening is currently endorsed by many organizations [8,9,37-39] but only a few
countries have organized population screening programs and most perform
opportunistic screening with any of the available tests. In Europe, there is a 450-page
document with 90 authors from 32 countries published in 2010 and summarized in
2013 - The European Guidelines for Quality Assurance in Colorectal Screening and
Diagnosis[39], that provides an evidence-based review of existing data on CRC

screening that stresses quality measures and cost-effectiveness.

There are several screening options currently available: stool-based tests (guaiac,
immunochemical tests and stool DNA) and optical colonoscopy (first tier),
sigmoidoscopy and CT colonography (second tier) and capsule colonoscopy (third
tier) [40]. All of these tests are approved for screening with their own specific
advantages and disadvantages, but colonoscopy is the only “one step” procedure as
all the others require a colonoscopy if positive (2-step approach). Individuals should
be stratified according to their relative risk for CRC and for those with an average risk
screening can be done with any chosen strategy and it is generally recommended for
individuals aged 50-75 but recently, the US Multi-Society Task Force, which represents
the American College of Gastroenterology, the American Gastroenterological
Association, and the American Society for Gastrointestinal Endoscopy have

recommended to begin screening for average-risk individuals at age 45.
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i. Stool-based tests

A large body of evidence supports the effectiveness of fecal occult blood testing.
Guaiac tests (gQFOBT) are the oldest and although effective, they have several caveats
that decrease their accuracy, such as fecal hydration level, the byproducts of certain
foods (red meat, broccoli, cauliflower) and the amount of hemoglobin degradation
caused by normal metabolism. gFOBT has been shown to decrease CRC associated
mortality by 15-33% in the short-term but not all cause mortality in the long-term in
large randomized trials [32,41]. Immunochemical (FIT) tests represent an
improvement over guaiac tests in both sensitivity and specificity for CRC and
adenomas [42] and it is likely to replace them in most instances. When using the
manufacturer threshold (20 ug hemoglobin per gram of stool), the pooled sensitivity
for detection of colorectal cancer was 0.74 (95% Cl, 0.64-0.83; 9 studies; n = 34 352) and
the pooled specificity was 0.94 (95% Cl, 0.93-0.96; 9 studies; n = 34 352)[43]. In both
cases, follow up should be done with a colonoscopy after a positive result and another

stool test in 1-2 years in case of a negative one.

Stool DNA tests are a recent stool test alternative with improved sensitivity to detect
adenomas and cancer but with a higher rate of false positives[44]. The long-term
effect on CRC incidence and mortality is still unknown and the repeat interval has

been suggested to be every 1-3 years [8,43].

CT colonography

Virtual colonoscopy or CTC is performed using standard CT equipment and a
dedicated software to render 3D images of the colon. CTC is a screening option and

the proposed repeat interval is 5 years [8,9,40].

Several studies have investigated the diagnostic performance of CTC when compared
to optical colonoscopy [45-47]. More recently, CTC was also compared to capsule
endoscopy and it was inferior for the detection of small (<10 mm) lesions [48]. In a
meta-analysis including 49 studies and 11.151 patients the sensitivity of CTC for CRC
was 96.1% (398 of 414, 95%CI 93.8% to 97.7%) but when both cathartic and tagging
agents were used no cancer was missed [49]. Unfortunately, the sensitivity is lower for

small lesions and especially for flat lesions like SSLs.

CTC is a moderately expensive, high sensitivity (for CRC detection), low-risk procedure
which carries the exposure of a small amount of ionizing radiation and the burden of

possible extra-colonic incidental findings.
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Capsule colonoscopy

Capsule colonoscopy is a non-invasive diagnostic procedure where the patient
ingests a small video capsule after a cathartic bowel preparation. It is FDA approved
for patients after an incomplete colonoscopy and those who are not candidates for
optical colonoscopy. It is considered a third-tier test by the US Multi-Society Taskforce

and should be used with a 5-year interval.

CC performance has improved with newer generation equipment with a sensitivity
over 80% and a specificity of 93% for lesions >5 mm [50,51]. In the most recent RCT CC
outperformed CTC for lesions 6-9mm [48].

Flexible sigmoidoscopy

Flexible sigmoidoscopy allows the direct visualization of the distal colon and rectum
and if an adenoma is found a full colonoscopy is to be performed. A negative

procedure should be followed up in 5 years [8,37,38,43].

Sigmoidoscopy role in screening has been studied in four large RCTs in the UK, US,
Italy and Norway that showed consistent reductions in both incidence and mortality
with a once or twice in a lifetime sigmoidoscopy [52-55]. The pooled analysis of these
four studies yielded a risk reduction for incidence (RR 0.76, 95%CI| 0.70-0.83) and
mortality (RR 0.74; 95% CIl 0.69 to 0.80) [56].

Optical colonoscopy

Colonoscopy is possibly the most effective screening procedure and is considered a 1+
tier method by the USMSTF [40]. Colonoscopy allows the direct visualization of the
entire colon but is an invasive procedure with a small but non neglectable risk of
complications. Colonoscopy is the only test that can be used as a stand-alone
procedure for screening in average and increased risk populations, in diagnosis, in
surveillance after polypectomy and is always necessary after a positive result with any
of the other screening alternatives. Several large trials like the CONFIRM, COLONPREV
and NordICC studies are ongoing and hopefully will determine the value of
colonoscopy versus that of FIT. Currently we have large observational data to support
colonoscopy as an effective intervention to reduce both CRC incidence and mortality.
In the follow up of the classical National Polyp Study, a 53% reduction in CRC mortality

after a median follow up of 15.8 years was observed [4]. In Ontario, Rabeneck followed
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a large cohort for 14 years and reported a 3% reduction in the hazard risk of death for
every 1% increase of the colonoscopy rate [57]. In the largest cohort study to date, the
Nurses' Health Study, which included 88,902 participants over a 22 year period there
was a 68% reduction in the risk of CRC mortality (HR 0.32, 95%Cl 0.24 to 0.45)[33]. In
this study, patients who developed CRC within 5 years of the colonoscopy were two
times more likely to be characterized as CIMP of MSI-H. In the German population-
based case-control study Brenner et al reported a 91% decrease in the risk of CRC[58]
and when pooling 6 large observation studies under a meta-analysis there was a 69%
risk reduction in the overall incidence and 68% in mortality and the protective effect

was also present for proximal cancer [59].

These data strongly suggest that colonoscopy is probably more effective than
sigmoidoscopy in reducing both the incidence and mortality in the distal, albeit less

so in the proximal colon.

Unfortunately, not all colonoscopies are equal. Since the late nineties that it is known
that colonoscopy is far from perfect with a significant proportion of missed lesions
reported in the well-known tandem study by Douglas Rex in 1997 [60]. Since then,
several important studies have confirmed this limitation and addressed what is
known to be the inter-endoscopist variability and its’ impact in future CRC risk. In a
seminal work by Zauber and colleagues at Kaiser Permanente in California, they
analysed 314,872 colonoscopies from 136 gastroenterologists and observed adenoma
detection rates as low as 7.4 and as high as 52.5%. They identified an inverse
relationship between detection rates and the risk of CRC and death from CRC in the
following 10 years. For every 1% increase in the ADR there was a 3% decrease in the risk
of CRC [35]. This effectiveness measure has been highlighted in a prospective cohort
of 146,860 colonoscopies performed by 294 endoscopists in Poland where it was seen
not only that being a high detector reduces the risk of cancer and death but also that
endoscopists were able to improve their detection rates over time and that this

improvement is also associated with a lower CRC risk [61].

This variability can be the result of factors such as equipment, colonoscopy technique,

bowel preparation, withdrawal time or even endoscopist sleep deprivation [62-64].

Since it has become evident that colonoscopy is critical for successful CRC screening
and its’ effectiveness is highly variable and operator dependent, many societies have
been working to identify key colonoscopy performance/quality measures [65-68].
Most societies and experts agree that the adenoma detection rate is a surrogate for

meticulous inspection of the colonic mucosa and currently it is the best quality
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surrogate for colonoscopy, since a higher ADR result in a smaller risk of interval CRC,
advanced stage CRC and mortality. Still, this indicator has some limitations. The most
obvious one is that the number of adenomas per patient is not included in this
indicator which may lead to the “one and done” effect, however this seems to be fairly
uncommon, affecting only around 7% of endoscopists[69]. Another limitation is that
ADR is not affected by the detection of sessile serrated lesions, which are important
lesions thought to be an important precursor of interval cancer, especially on the right
colon [33]. It seems however that the ADR is correlated to the SSL detection rate [70],
which is a possible explanation of its’ ability to predict interval cancer even if serrated

lesions and not adenomas are the precursor of many of these cancers.

The detection of pre-malignant lesions is therefore the major outcome to strive for
when performing a colonoscopy and an increase in the sensitivity for such lesions may
have a significant impact in decreasing the incidence of interval cancer rates, leading

to a decrease in CRC mortality.

Several techniques have been developed with the aim of improving the adenoma
detection rate. These include improving the bowel preparation, patient sedation,
endoscopic Mmaneuvers, high-definition imaging, magnification and
chromoendoscopy techniques, as well the use of caps, distal attachment devices and
wide-view endoscopes. Still, the available data for each technique is not unequivocal
of their effectiveness for the detection of adenomas and even less so for sessile

serrated lesions.

Narrow band imaging (NBI) is an Olympus™ proprietary technology that has been
studied with equivocal results for the detection of adenomas in several trials [71-73]
but due a technological improvement in last NBI generation, there was a higher ADR
with NBI when compared to white light in a recent meta-analysis [74]. NBI has also
been to shown to be effective for SSL detection, but only in one trial performed in a
single academic center and in a specific syndrome called sessile serrated polyposis
[72,75]. In a randomized controlled trial (RCT) comparing NBI (Olympus™ 190 series
colonoscopes) and high definition - white light (HD-WL) colonoscopy for serrated
lesions proximal to the sigmoid colon in average risk individuals and showed a trend
towards higher detection in the NBI but failed to achieve statistical significance for
the primary endpoint (number of proximal serrated lesions) [76]. Therefore, it's still
unsettled whether NBI should be used systematically during colonoscopy to increase

detection of CRC precursor lesions.
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Apart from the detection of pre-malignant lesions there are several other aspects
important enough to deserve their own quality indicators. These aspects can be
divided into pre-procedure (indication, bowel preparation, informed consent), intra-
procedure (cecal intubation rate, polyp detection rate, withdrawal time, polypectomy
technique, polyp retrieval rate, tattooing, advanced imaging assessment,
complications, monitoring and sedation documentation and patient experience) and
post-procedure (appropriate surveillance) indicators which are also important on their

own.

ii.  Procedural sedation

Gl endoscopies are invasive, unpleasant and sometimes painful experiences. To
overcome such unpleasantness, we have been searching for ways to minimize it since

the introduction of the fiberscope in the 50's.

Sedation is a fundamental aspect of gastrointestinal (Gl) endoscopy. Although some
patients can perform diagnostic esophagogastroduodenoscopy (EGD) and
colonoscopy without sedation, the use of sedation is associated with a higher patient
satisfaction [77,78] and procedural quality [79]. There is also an increasing demand for
sedation by the patients and failure to do so may hamper the efforts of an effective

screening strategy.

There are several options for sedation which range from light sedation (anxiolysis) to
general anesthesia depending on the procedure being performed, the center
expertise and the individual patient. Still, the most commonly used sedation is
moderate-deep sedation achieved by midazolam with or without an opioid
(meperidine / pethidine, fentanyl or alfentanyl), which is commonly designated as
“traditional sedation”, with the other option being propofol which can also be used

alone or in combination with analgesic opioids or midazolam.

The technological advances in endoscopy have improved the diagnostic and
therapeutic capabilities but they have also allowed for faster and less painful
examinations. Advances like the utilization of thinner endoscopes [80], variable
stiffness colonoscopes [81], CO; insufflation [82] and water immersion colonoscopy
[83] allow for less painful procedures. Although helpful, these options are probably not

as effective as medical sedation has been shown to be.

There has been a continuous evolution on sedation practices for endoscopy since the

early 60's when pentobarbital use was described in conjunction with a transtracheal

15



xylocaine injection [84]. The use of meperidine as an analgesic was an initial strategy
and it was followed by the widespread adoption of the combination with diazepam,
which was shown to improve the rate of “satisfactory examinations” by 20%
comparing to meperidine alone [85]. This set the rationale for the so-called traditional

sedation.

After almost two decades there was the advent of midazolam [86]. Midazolam had a
very good acceptance in the endoscopy community in virtue of its faster induction
time, higher effectiveness and shorter duration of action comparing to diazepam
while keeping the safety feeling provided by the existence of a reversal agent.
However, there were several (71) death reports in the 80’'s with midazolam-based
sedation and the Food and Drug Administration (FDA) issued a warning on this topic.
Later, a more systematic epidemiological approach, led by a joint effort from the FDA
and the American Society of Gastrointestinal Endoscopy (ASGE), failed to show an
increased risk of death with midazolam compared with diazepam [87]. At the present
time, midazolam is considered a safe agent and is commonly used as a sedative in

gastrointestinal endoscopy.

Propofol, an ultra-short acting hypnotic agent, was introduced a few years after
midazolam [88] but it had a much slower uptake due to its use mostly as an anesthetic
agent and as a sedative for critically ill patients and its' product label states that it
“should be administered by persons with training in general anesthesia” in the USA
and by anesthetists and intensive care physicians in some European countries.
Because of this, most endoscopists feel untrained to administer propofol. Still, from a
pharmacokinetic/pharmacodynamic point of view, propofol is superior to midazolam
as it has a faster onset and a shorter predictable duration of action [89]. Propofol has
since been proved to be a better sedative for endoscopy when compared to
traditional sedation, improving both patient and endoscopist satisfaction, procedural
quality indicators (such as cecal intubation time), induction, wake up and
psychomotor recovery times [77,78,90-92]. These improvements are achieved without
an increased risk for adverse events as shown in several meta-analyses of randomized
controlled trials (RCT) [77,78,93]. These characteristics may have significant impact in
procedural quality, patients’ acceptance (especially for screening procedures) and

endoscopic unit productivity.

One important concern regarding sedation in colonoscopy is the theoretical increase
in perforation risk. In two observational but robust population-based studies in the US

it has been shown that propofol sedation is not associated with an increased
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perforation risk [94,95]. It may, however, be associated with a slightly higher risk for
aspiration pneumonia [95]. Another recent observational study showed an increased
risk for perforation but only in therapeutic colonoscopy and when adjusted for
confounders the odds ratio was 1.34 with a p value of 0.04 [96]. Obviously, it is hard to
detect small effect sizes for rare outcomes such as colonic perforation, but so far, the
available evidence suggest that sedation doesn’t play a significant role in perforation

rates.

Despite the advantages of propofol and the endorsement of propofol sedation by
several national and international societies [97-101], it is still underused in mMmost
settings, because of medico-legal aspects, namely the requirement of an

anesthesiologist and, consequently, increased costs [102].

The non-availability of NAAP seems to be a limiting step for the availability of propofol
sedation and it significantly increases costs in a non-reasonable tradeoff. This has
been shown in a cost-effectiveness analysis by Cesare Hassan, with a calculated cost

of 1.5 million USD/life year gained [103].

There is wide variability in sedation practice worldwide. In the USA the number of
endoscopic procedures in increasing [104], as a result of the increased uptake of
colorectal cancer screening colonoscopy. The participation of anesthesiologists in
endoscopy has doubled from 14% in 2003 to 30% in 2009 [105] and it was expected to
pass the 50% mark by 2015 [106]. On the other hand, non-anesthesiologist
administration of propofol (NAAP) is becoming less common, as a result of Medicare
reimbursement change in 2009 [107], although this policy has been rejected by

several states.

In Europe the variability is even wider. In most countries routine diagnostic EGDs are
performed without sedation [108] with colonoscopies being more likely to receive
some form of sedation [102]. The countries with highest rates of propofol sedation are
probably Switzerland [109] and Germany [110] with high rates of NAAP. In the latter,
over 90% of the colonoscopies are performed with sedation, 97% of them with
propofol and only 2% of those with support of an anesthesiologist. These data were
acquired from a German national survey in 2011 with 732 respondents and showed an

increase in sedation and propofol rates comparing to the first survey, 4 years earlier.

NAAP is also a common practice in Denmark, Austria, Spain, ltaly, Greece, the

Netherlands and Sweden [101,111-114].

17



When comparing propofol to traditional sedation there is high quality evidence,
which includes several RCTs and five systematic reviews (4 of them with meta-analysis
- table 1) [77,78,90,92,93].

Table 1. Meta-analysis of randomized controlled trials of propofol versus traditional sedation in
endoscopy. (adapted from Ferreira AO, Cravo M. Sedation in gastrointestinal endoscopy: Where are we
at in 20142 World J Gastrointest Endosc. 2015; 16(2): 102-9)

Sedation Number of OR (95% CI) for
Study Procedures N
compared studies (cases) adverse events
d MA EGD/col p fol vs.
Qadeer /eolonoscopy/ r1OpOTOIVS. 12 e) 0.74 (0.44-124)
et al, 2005 ERCP/EUS traditional sedation
Hypoxia: 0.69
Singh H et al, Propofol vs. (0.25-1.89);
Colonoscopy . . 22 .
2008 traditional sedation Hypotension: 1.03
(0.28-3.83)
Bo LL et al, Propofol vs.
ERCP . . 6 (663) 1.69 (0.82-3.50)
20T traditional sedation
Garewal D et Propofol vs. .
ERCP . . 4 (510) narrative
al, 2012 traditional sedation
W D et al EGD/col p fol vs.
angbeta /colonoscopy/ TOPOTOTVS. 22 (1798) 0.90 (0.70-117)
2013 ERCP traditional sedation

The results are very consistent in showing a similar rate of adverse events with
propofol versus traditional sedation. The advantages of propofol are shorter recovery
and discharge periods, higher post-anesthesia recovery scores, better sedation, and
greater patient cooperation. One limitation of the majority of the RCTs included in the
meta-analysis is the lack of anesthesiologist participation. This may limit the
generalizability of the data but it's unlikely that there would be a decrease in the safety

or quality of this sedation when performed by an anesthesiologist.

The big question is therefore who should be responsible for the administration of

propofol [115].

To address this issue there is only one RCT [116]. This study by Poincloux et al
randomized 90 low risk patients undergoing colonoscopy for sedation by an
anesthesiologist using a target control infusion (TCI) or by the endoscopist using a
modified patient-controlled sedation pedal. In this study patients who were sedated
by anesthesiologists had more frequent side events (16% vs 3%; p=0.008), had higher

doses of propofol (94 vs 260 mg), less pain but similar satisfaction levels.

Apart from randomized controlled trials, there's significant experience with NAAP and
extensive prospective evaluation on the safety and effectiveness of this type of

sedation, especially for low-risk patients. Rex et al published in 2009 a sum of all
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published evidence on NAAP and collected unpublished prospective and
retrospective records from several centers all around the world, totaling 646 080 cases
out of which 4 patients died and 11 were intubated. These numbers are not very
different from published mortality rates for general anesthesia which is 1:13,322
(overall) and 1:200,200 in ASA I-1l [117]. More recently, a large German experience of 24
441 cases on propofol and propofol with midazolam has been published[118]. The data
was collected prospectively and severe adverse events were reported in only 4

patients, with no severe outcomes (death or permanent neurologic damage).

Guidelines

As a consequence of the advantages provided by propofol sedation and the difficulty
in adopting its use due to logistical, financial and medico-legal issues, several national
and international guidelines have been published in the last decade and are shown
in table 2 [97-101,114,119,120]. These guidelines help to provide the framework to allow

endoscopists to perform NAAP in their countries.

Table 2. Existing societal guidelines for non-anesthesiologist administration of propofol (NAAP).
(adapted from Ferreira AO, Cravo M. Sedation in gastrointestinal endoscopy: Where are we at in 2014?
World J Gastrointest Endosc. 2015; 16(2): 102-9)

Scientific Society Limitations Consider anesthesiologist
Sociedad Espafiola de Endoscopia Complex procedure; ASA Il | ASA= llI; long/complex
Digestiva (SEED), 2020 procedure; difficult airway
Canadian Association of n/a ASA= |lI; long/complex
Gastroenterology (CAG), 2008 procedure; difficult airway
German S3 guidelines - ASAZ Ill; long/complex ASA= IV; long/complex
DGVS/DGAI, 2008 procedure; difficult airway procedure; difficult airway
European Society of n/a ASA= Ill; long/complex
Gastrointestinal Endoscopy procedure; difficult airway
(ESGE/ESGENA), 2010/2013

American Society of Gl Endoscopy n/a ASA= |1I; long/complex

- ASGE, 2018 procedure; difficult airway

Of note, the German guidelines were the result of a collaboration between the Gl
endoscopy and anesthesia national societies and are therefore a valuable evidence-
based consensus document made by the country that probably has more frequent

propofol sedation in endoscopy in the world.
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In summary, sedation is a fundamental part of gastrointestinal endoscopy. Sedation
should be tailored to the patient and the procedure being performed with the aims
of keeping both comfort and safety. Endoscopy teams should be composed of
medical practitioners and nurses competent in the endoscopic procedures and in

sedation and monitoring.

These studies aim to improve the screening effect on CRC incidence by increasing
procedural quality and public awareness, as well as stimulating clinical research in

endoscopy.
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C. RESEARCH QUESTIONS AND AIMS

e Research question ]

What are the current practices regarding sedation and monitoring in gastrointestinal

endoscopy in Portugal?

Al

To evaluate the current sedation and monitoring practices in Portuguese endoscopy
units (both in the public and private practice) and the opinion of Portuguese

endoscopists regarding non-anesthesiologist administration of propofol (NAAP).

e Research guestion 2

Is NAAP effective and safe in routine colonoscopy of low-risk patients in a Portuguese

hospital?
Ai

To compare the safety and effectiveness of NAAP and anesthesiologist directed

sedation safety, in low-risk patients undergoing routine colonoscopy in Portugal.

e Research guestion 3

How effective are the colonoscopies performed in a public non-tertiary hospital
(Hospital Beatriz Angelo) and how do they compare to the currently accepted quality
indicators?

Ai

To evaluate the quality of colonoscopy at Hospital Beatriz Angelo in Loures, Portugal,

in the first 3 years since its opening in 2012 having as comparators the established

indicator thresholds.

e Research guestion 4

Is there an increase in the detection of sessile serrated lesions with the systematic use

of Endocuff Vision in colonoscopy?
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Al

To evaluate the effect of Endocuff-assisted colonoscopy on SSL detection and the

detection of serrated lesions at least 10 mm in size

e Research question 5

What is the effect of the systematic use of NBI during colonoscopy withdrawal on

sessile serrated lesions detection?

\5

To evaluate if the systematic usage of NBI during colonoscopy withdrawal contributes

to a higher rate of SSL detection in an average CRC risk population.

e Research question 6

Is there a difference in colonoscopy quality indicators between routine colonoscopy

and colonoscopies performed in the setting of a prospective research study?

>

im

To assess the colonoscopy quality indicators in patients who were included in a
control group for an endoscopic clinical trial at our institution and compare them with

a sample group from the same institution.
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CHAPTER II.

SEDATION IN ENDOSCOPY
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Endoscopic sedation and monitoring practices in Portugal:
a nationwide web-based survey
Alexandre O. Ferreiraa'b, Joana Torresb, Mario Dinis-Ribeiro® and Marilia Cravo®

Background National surveys have been used to obtain
information on sedation and monitoring practices in
endoscopy in several countries.

Aims To provide data from Portugal and query the
Portuguese endoscopists on nonanesthesiologist
administration of propofol.

Materials and methods A 31-item web survey was sent
to all 490 members of the Portuguese Society of
Gastroenterology.

Results A total of 129 members (26%) completed the
questionnaire; 57% worked in both public and private
practice. Most performed esophagogastroduodenoscopy
without sedation (public — 70%; private — 57%) and
colonoscopies with sedation (public — 64%; private —
69%). Propofol was the most commonly used agent for
colonoscopy, especially in private practice (52 vs. 33%), and
it provided the best satisfaction (mean 9.6/10). A total of
94% chose propofol as the preferred sedation for routine
colonoscopy. Nonanesthesioclogist administration of
propofol was performed only by four respondents; however,
71% reported that they would consider its use, given
adequate training. Pulse oximetry is monitored routinely

Introduction

Gastrointestinal sedation is becoming ubiquitous in sev-
eral countries [1-7] because of the obvious advantage it
represents for patients’ comfort and satisfaction and also
because it contributes toward increasing the quality of
the procedures [8,9]. The best sedation modalities are
still a topic of debate. Traditional sedation, consisting of
the combination of a benzodiazepine and an opioid, is
still very common, but it is becoming accepted that
propofol-based sedation allows for the best trade-off in
terms of safety and effectiveness, being endorsed by
several national and international societies [10-15].

Nevertheless, sedation practices are very different
between geographical locations; although data are avail-
able from the USA [6] and some European countries
[1,3-5,7,16], in Portugal, little is known on sedation
and monitoring practices and the last national guidelines
on sedation were issued in 1997 by the Portuguese
Society of Digestive Endoscopy.

All supplementary digital content is available directly from the corresponding
author.
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(99%); oxygen supplementation is administered by 81%
with propofol and 42% with traditional sedation. Most (82%)
believed that propofol sedation may increase the uptake
of endoscopic screening for colorectal cancer.

Conclusion The use of sedation is routine practice in
colenoscopy, but not esophagogastroducdencscopy. The
preferred agent is propofol and it is used almost exclusively
by anesthesiologists. Eur J Gastroenterol Hepatol
27:265-270 Copyright © 2015 Wolters Kluwer Health, Inc.
All rights reserved.
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This study aimed to evaluate the current sedation and
monitoring practices in Portuguese endoscopy units (both
in the public and in the private practice) and the opinion
of Portuguese endoscopists on nonanesthesiologist
administration of propofol (NAAP).

Materials and methods

A 31-item web survey (Supplementary Document 1) was
developed by the authors using the Z#p//-www.survey
monkey.com website. The questionnaire was based on the
German survey [4], but slightly modified, including
specific work setting data from practitioners who work in
both public and private practice {which is very common
in Portugal and not usual in Germany) and the endos-
copists’ personal opinion on the impact of sedation in
endoscopic screening adherence and sedation training
during the gastroenterology residency.

The questionnaire included questions on demographic
data, procedural volume, sedation and monitoring practices,
personal preferences, and opinion on NAAP. Residents
were identified and their survey did not include questions
5-20 as these were related to work setting and volume
and personal practices (Supplementary Document 1) and
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most residents do not perform endoscopy autonomously.
However, they were asked whether they would consider
using NAAP in the future.

An introductory e-mail was sent in April 2014 by the
Portuguese Society of Gastroenterology to all its 490 mem-
bers. The e-mail included a cover letter stating the back-
ground and aims of the study and the link to the survey
website. To increase the response rate, two e-mail remin-
ders were sent 2 and 4 weeks later. Respondents were
informed that their identity would be kept anonymous.

Statistical analysis

Data were exported and analyzed in SPSS Statistics 21
(IBM Corporation, Armonk, New York, United States).
Continuous data were compared using Student’s /test and
categorical variables were tested using a corrected y*-test.

Results

Demographics

A total of 171 members, out of 490 members, responded
to the survey and 129 (26.3%) completed all questions.
Demographic characteristics, workplace, and volume are
shown in Table 1.

Combining individual performance in public and private
practice, the median number of esophagogastroduodeno-
scopy (EGD) and colonoscopies was 60 and 85/month,
respectively.

Sedative regimens

Figure 1 shows the sedation options used for EGD and
colonoscopy in the public and the private setting. The
endoscopists were asked to report the proportions of
EGDs and colonoscopies performed with no sedation,
traditional sedation, or propofol-based sedation, both in
the public and in the private setting.

There was a highly significant difference in the usage of
propofol for both EGD and colonoscopy when comparing
the work setting (private vs. public), with a mean dif-
ference (MD) of 27.19+ 14.18% (P=0.001) for EGD and
22.14+36.46% (P <0.0001) for colonoscopy, comparing
data from endoscopists who worked in both settings.

Table 1 Demographic and workplace characteristics of the survey
respondents

Characteristics N=129
Male sex [n (%)] 74 (57)
Mean age (years) (mean+ SD) 45+11
Residents [n (%)] 14 (10)
Public hospital only [ (%)] 21 (18)
Private practice only [ (%)] 28 (24)
Public and private practice [n (%)] 66 (57)
Number of public EGD/month [median (IQR)] 32 (20-50)
Number of public colonoscopies/month [median IQR] 40 (30-60)
Number of private EGD/month [median (IQR)] 40 (20-90)
Number of private colonoscopies/month [median (IQR)] 50 (30-100)

EGD, esophagogastroduodenoscopy; IQR, interquartile range.

Fig. 1
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based sedation for EGD and colonoscopy in public and private settings.
EGD, esophagogastroduodenoscopy.

Similarly, the absence of sedation was more common in
the public setting than in the private sector for EGD
(MD 20.23+14.68%; P <0.0001) and for colonoscopy
(MD 9.42+29.9%; P=0.021).

Participants were asked about which agents they used
and the usual dose range {(on the basis of the German
survey, but with lower cut-offs). The most commonly
used drugs were propofol (private practice} and mid-
azolam (public hospitals), followed by butylscopolamine,
pethidine, and fentanyl. The usual doses used for colo-
noscopy are described in Table 2. Seldom used agents
included droperidol, tramadol, paracetamol, diazepam,
and alprazolam.

In terms of the recovery times, respondents answered
that there were no significant differences between the

Table 2 Usual doses of the most commonly used agents for
sedation in colonoscopy

Drug dosage N (%)
Propofol (mg)
<50 4 (56)
50-200 55 (77.5)
> 200 12 (16.9)
Total 71
Midazolam (mg)
<2 8 (12.1)
2.5 50 (75.8)
>5 8 (12.1)
Total 66
Pethidine (mg)
<925 6 (273)
25-50 16 (72.7)
Total 22
Fentanyl (pg)
<25 5 (38.5)
25-50 8 (61.5)
Total 13

Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.
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mean recovery times with the use of midazolam and
propofol (36.7+37.3 vs. 38+30.8 min; P=0.314).

Endoscopist satisfaction

The satisfaction level of the endoscopist with the quality of
sedation was measured using a 10-point scale and the
results are presented in Fig. 2. Propofol was the preferred
sedation for both EGD (MD 3.0; P<0.00001) and colo-
noscopy (MD 2.7; P<0.00001) compared with midazolam.
Propofol was assigned 10 points by 75.8 and 76.8% for
EGD and colonoscopy, respectively. Midazolam was rated
10 only once (0.9%) and only for EGD. Midazolam was
slightly preferred over no sedation for EGD (MD 0.82;
P=0.013) and colonoscopy (MD 1.95; P<0.00001).

The most important limitations for procedures without
sedation were patient discomfort (87.9%) and poor patient
collaboration (59.6%). These were also the top two lim-
itations pointed out for traditional sedation (39.7 and
38.5%), with the rest being prolonged recovery (26.9%)
and induction times (19.2%), and cardiorespiratory com-
plications (19.2%). For propofol sedation, the concerns
were prolonged recovery (13.7%), patdent loss of work
time (12.3%), and cardiorespiratory complications (9.6%).

Nonanesthesiologist administration of propofol

Only 3 (2.6%) gastroenterologists reported the utilization
of endoscopist-directed propofol administration and 1
(0.9%) used a second physician (nonanesthesiologist)
who was responsible for the sedation.

The main reasons for the absence of NAAP were iden-
tified as lack of training (62.8%), medicolegal issues
(59.0%), satisfaction with traditional sedation (12.8%),
and incremental cost (5.1%). Among the respondents,
6.4% considered the presence of an anesthetist manda-
tory for propofol sedation, 2.6% argued that national

Fig. 2
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guidelines would be necessary, and 1.3% mentioned the
existing payment/reimbursement policy as a negative
incentive.

When asked about the possibility of NAAP, whether
adequate training and experience was acquired according
to the ESGE guideline, the majority (71.2%) answered
that NAAP would be a viable option, whereas 18.9%
were against this and 9.9% were unsure/had no opinion.
There was a nonsignificant trend for increasing age to be
associated with the answer ‘no’ [odds ratio (OR) 1.041;
95% confidence interval (CI) 995-1.090; P=0.083]. An
interesting observation was that 11 out of the 12 residents
considered NAAP as a possibility and only one was
unsure. The major concerns pointed out were, once
again, lack of training and doubts on the feasibility of the
procedure with only one physician.

Most respondents have professionals with training in
intensive/emergency medicine or anesthesia in their
endoscopy teams (63.1 vs. 34.2%).

Patient monitoring and care

Routine oxygen supplementation is administered in
81.3% of propofol and in 41.9% with midazolam-based
sedation. In terms of administration of flumazenil after a
procedure with midazolam sedation, 9.9% admitted using
it routinely.

Figure 3 shows of the

respondents.

the monitoring practices

Preferred agent

On the question of what sedation the respondents would
prefer for their own colonoscopy, most mentioned pro-
pofol as the agent of choice (79.3%), followed by no
sedation (16.2%) and traditional sedation (5.4%).
Increasing age is associated with the option of no seda-

tion (OR 1.052; 95% CI 1.002-1.105; P=0.042), but this

Fig. 3
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effect decreases after correcting for sex (age OR 1.032;
95% CI 982-1.085; P=0.211; male sex hazard ratio 3.868;
95% CI 991-15.094; P=0.52).

When questioned on the preferred sedation for all rou-
tine colonoscopies, in a setting without logistic or finan-
cial constraints, 93.7% chose propofol, 3.6% chose
traditional sedation, and 2.7% chose no sedation at all.

"The main reasons pointed out as the advantages for propofol
were better sedation/patient comfort (95.5%), higher quality
of colonoscopy (60.4%), and shorter recovery (49.5%).

As widespread propofol sedation may not be feasible at
present, question 29 inquired about the best criteria to
prescribe propofol sedation. A previously failed colonoscopy
was the first criterion (63.1%). Other accepted criteria were
patients with an expectedly high colonoscopy burden [e.g.
inflammatory bowel disease or patients at high risk for colo-
rectal cancer (CRC)] (41.4%) or if the patient would be
willing to pay the incremental cost (22.5%). A total of 53.2%
of the respondents considered that propofol sedation should
be accessible and proposed as an option to all patients.

Perceived impact of propofol sedation on patient
compliance for endoscopic screening

A total of 82% recognized that widespread use of propofol
sedation may have a positive impact on patients’ accep-
tance and adherence to endoscopic screening for CRC,
whereas 9% did not believe on such an impact. The
remaining 9% were unsure of the effect.

Finally, 88.7% of the respondents believed that certified
training would be useful, namely, in the gastroenterology
residency program, whereas 3.8% did not see a benefit
and 7.5% were unsure.

Discussion

Here, we present the results of the first Portuguese
national survey focusing on the sedation aspects of
digestive endoscopy. There was a 26% response rate,
which is similar to the USA (27%) and German surveys
(17%) [4.,6], but lower than the Swiss (78%) [3], Italian
(41%) [5], and Greek (40%) [1] surveys.

Portuguese endoscopists perform a median of 32-40
(public—private) EGDs and 40-50 colonoscopies/month.
Those who work both in the public and in the private
sector perform 60 EGDs and 85 colonoscopies/month,
which is similar to the workload of American endosco-
pists (12.3 EGDs and 22.3 colonoscopies/week) [6] and
higher than the workload of Greek endoscopists (48
EGDs and 35 colonoscopies/month) [1].

In Portugal, most EGDs are performed without sedation and
most colonoscopies are performed with sedation (64% in
public hospitals and 69% in the private sector), either tra-
ditional or propofol based. This figures are lower than those
in the US, Germany, Canada, and Switzerland [3,4,6,17].

In the private sector, there is a higher usage of sedation
for EGDs (27 vs. 47%; P <0.001), but only a slight
increase for colonoscopy (57 vs. 68%; P=0.021). There
was a clear preference for propofol in the private sector
(33 vs. 55%; P<0.0001). We believe that these results
can be explained by the current reimbursement protocols
that may work as an incentive to use sedation in private
practice, but not in public hospitals, where anesthesia
professionals are preferably allocated to other tasks.

As expected, the most commonly used drugs were pro-
pofol and midazolam, with usual doses under 200 and
5mg, respectively. The most used analgesics were
pethidine and fentanyl; similar to other European coun-
tries, but unlike the USA, pethidine is favored over
fentanyl [1,5]. Of note is the utilization of tramadol,
paracetamol, diazepam, and alprazolam by some endo-
scopists, agents that have long been superseded by more
effective agents for procedural sedation.

Endoscopists were satisfied with their sedation options
for both EGDs and colonoscopy. No sedation was a
limitation especially for colonoscopy, with a mean score
of 5 out of 10. Propofol was clearly the preferred sedative,
with mean scores of 9.6 for both EGD and colonoscopy.
This preference was also reflected in the choice for their
own sedation and is consistent with data from other
national surveys [1,6]. This preference may be the result
of higher ease or procedural quality, but it may also be
because propofol is being administered almost always by
an anesthesiologist (only four endoscopists reported
using NAAP), which means that there is an extra
team member in the room, decreasing the burden of
patient care and possibly increasing the endoscopist
comfort, even though it adds to the overall cost of the
procedure.

NAAP is almost nonexistent in Portugal (3.6%), but most
respondents (71.2%) would consider NAAP, given ade-
quate formation and training. This proportion was even
higher among residents (11/12; 92%) and was inversely
related to age. The main obstacles to the implementation
of NAAP were pointed out as being lack of training
(62.8%) and medicolegal issues (59.0%). These reasons
are similar to those reported in American, Greek,
and Italian surveys, but the usage of NAAP is much lower
in Portugal compared with 7.7% in the USA, 19% in
Greece, 25% in Italy, 56% in Switzerland, and 98% in
Germany.

Most (88.7%) respondents believed that certified training
programs are beneficial, especially if integrated into the
Gastroenterology residency curriculum. These kinds of
certified training programs are mandatory in some
European countries and it should be considered in
Portugal as well. It is noteworthy that propofol sedation,
including NAAP, has been compared with traditional
sedation in several randomized-controlled trials and
meta-analyses [9,18]. They have shown propofol to be as
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safe as traditional sedation, while increasing patient
satisfaction and allowing faster recovery and discharge
times.

The preferred sedation for their own colonoscopy as well
as routine colonoscopy was propofol, 79 and 94%,
respectively. Older, male endoscopists seem to be more
likely to prefer no sedation for themselves.

Oxygen supplementation was administered by only
81.3% with propofol and 41.9% during traditional seda-
tion, even though it is recommended for moderate and
deep levels of sedation [19,20].

Pulse oximetry and blood pressure measurements are
almost universally used. EKG monitoring is used in most
patients, even though it is recommended only for
patients with known comorbidities. Capnography is used
only by a small minority (2/111). Capnography monitor-
ing is recommended for deep sedation by the ASA, but
not by the endoscopy societies, as no clinical benefit has
been shown apart from a decreased incidence of hypox-

emia [21,22].

"The vast majority of the respondents (81%) believed that
the availability of propofol sedation for screening colo-
noscopy may increase population adherence to an endo-
scopic CRC screening program. It has been shown that
sedation reduces anxiety and increases patient satisfac-
tion and acceptance for repeat colonoscopies [23].

This survey was based on previous ones conducted in the
USA and Germany, but is the first of its kind in Portugal,
with the support of the Portuguese Society of
Gastroenterology. It enabled us to gain insight into the
current national practice of sedation in digestive endoscopy.

Sdll, there are some important limitations that should be
acknowledged. First, only 27% of the Society members
answered and thus, these results may not reflect accu-
rately the Portuguese reality. However, there were a
reasonable number of retired members or those who do
not perform endoscopy. Keeping this in mind, our sample
may be more representative than it appears at first glance.
Second, this kind of survey has several well-known sys-
tematic biases such as recall bias and self-report bias.

In conclusion, we conducted the first Portuguese national
survey on endoscopic sedation that allowed us to take a
snapshot in 2014 and obtained data that may be used as a
benchmarking tool (for Portugal and other countries) and
help set goals and quality targets. Eventually, it may also
contribute toward the elaboration of a national position
statement on the subject.

Endoscopic screening is a powerful method to prevent
CRC, but it is important to maximize population adher-
ence and procedural quality, while maintaining a rea-
sonable cost-effectiveness ratio compared with other
screening strategies. NAAP may contribute toward this
goal. Although endoscopists are willing to perform
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NAAP, the lack of training is the main cause for the lack
of NAAP in Portugal. Therefore, it is reasonable to
establish certified training programs for residents, fully
trained specialists, and endoscopy nurses. These pro-
grams should be developed on the basis of national
guidelines in concordance with the European guideline.

In the future, a second survey may allow us to gain a
better understanding of the national trends in this
important aspect of endoscopy.
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Non-anesthesiologist administration of propofol
sedation for colonoscopy is safe in low risk patients:
results of a noninferiority randomized controlled trial

Alexandre Oliveira Ferreira, Joana Torres, Elidio Barjas, Joana Nunes, Luisa Gléria, Rosa Ferreira, Manuel Rocha,
Sonia Pereira, Sofia Dias, Antonio Alberto Santos, Marilia Cravo

Servico de Gastrenterologia, Hospital Beatriz Angelo, Loures, Portugal

Background and study aims: Propofol provides
the best sedation in colonoscopy. The safety of
non-anesthesiologist administration of propofol
(NAAP) is still a matter of debate. The aim of the
current study was to evaluate sedation safety, co-
lonoscopy quality, and patient satisfaction with
NAAP.

Patients and methods: The study was a single-
blinded, noninferiority, randomized controlled
trial comparing NAAP (Group A) with anesthe-
siologist-administered sedation (Group B) per-
formed at a single academic institution. Patients
(18 -80 years) who underwent colonoscopy and
were at low anesthetic risk (American Society of
Anesthesiologists class [-1I) were included. The
primary end point was the incidence of adverse
events. Secondary end points were propofol
dose, patient satisfaction and pain, colonoscopy
quality indicators, and procedure and recovery
times.

Results: A total of 277 patients were included in
the analysis. The incidence of adverse events was

39.3% in Group A and 39.0% in Group B (absolute
difference -0.3%, 95% confidence interval [CI]-
12.0% to 11.4%; P=0.959). There were no sentinel
adverse events. The following interventions
{Group A vs. Group B) were necessary: atropine
administration (0% vs. 5.5%; P=0.004); airway re-
positioning (8.7% vs. 4.7%; P=0.196); increased
oxygen administration (6.7% vs. 3.9%; P=0.317),
and increased fluid rate (2.7 % vs. 0.8%; P=0.379).
There were no differences in cecal intubation and
adenoma detection rates. Recovery times were
longer in Group B (58+33 vs. 67 £29 minutes; P=
0.032). There were no differences in mean propo-
fol dose, withdrawal time, painless colonoscopy,
satisfaction, and amnesia. All but two patients
(Group B) were willing to repeat the colonoscopy.
Conclusions: NAAP is equivalent to anesthesiolo-
gist-administered sedation in the rate of adverse
events in a low risk population.

Trial registration: ClinicalTrials.gov
(NCT02067065).

Introduction

v

Colorectal cancer (CRC) is a leading cause of can-
cer worldwide and is accountable for over 600
000 deaths annually [1]. Colonoscopy is the gold
standard for CRC screening [2,3]. Because colo-
noscopy can be an uncomfortable procedure, the
use of sedation has become common in order to
improve patient acceptance. Most procedures
worldwide are performed using a combination of
benzodiazepines and opioids to provide “con-
scious sedation.” In the past decade, there has
been a growing interest in the use of propofol for
colonoscopy [4-6]. Propofol has been shown to
have better pharmacokinetic and pharmacody-
namic profiles than benzodiazepines [7-10], and
it can achieve better patient and endoscopist sa-
tisfaction, better sedation, quicker onset, shorter
recovery time, and improved colonoscopy quality

[11]. Observational data suggest that these bene-
fits may also be achieved when propofol is admi-
nistered by non-anesthesiologists, without com-
promising patient safety [12-15].

Several guidelines have been published regarding
non-anesthesiologist administration of propofol
{NAAP) [16-19]. However, despite the evidence
to support propofol administration by non-anes-
thesiologists, there are many barriers to its imple-
mentation and it is still not used in most coun-
tries [20 - 24]. Only one small underpowered ran-
domized controlled trial (RCT) has compared
NAAP with anesthesiologist-administered seda-
tion. The trial suggested superiority of NAAP for
colonoscopy [25], in terms of both safety and pa-
tient satisfaction.

We performed a noninferiority pilot study to
compare the safety of NAAP with that of anesthe-
siologist-administered sedation in low risk pa-
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tients undergoing routine colonoscopy in Portugal, a country
where NAAP is not common [26].

Patients and methods

v

Patients and setting

Between January 2014 and February 2015, outpatients aged 18-
80 years who were referred for elective colonoscopy were consid-
ered for inclusion in the study.

All patients were evaluated by an anesthesiologist. Exclusion
criteria included American Society of Anesthesiology (ASA)
class>1lI, pregnancy, active intravenous drug use, or patients
with a predicted difficult airway and ventilation according to
the anesthesiologist assessment. A “difficult airway” was de-
fined as more than two of the following: body mass index
(BMI) >30kg/m? Mallampati score >2; neck mobility <21°
thyromental distance <6cm; history of difficult airway or al-
tered anatomy. “Difficult ventilation” was defined as more
than two of the following: age >55 years; BMI >30kg/m?; pres-
ence of facial hair; history of snoring; history of obstructive
sleep apnea syndrome; and mouth opening <3.8 cm.

The study was conducted at a single academic medical center.
The institutional review board of Hospital Beatriz Angelo ap-
proved the study protocol. Written informed consent for the
study was obtained from all participating patients, together
with informed consent for the colonoscopy. The study was also
approved by the Portuguese National Data Protection Comimis-
sion {CNPD). The study was registered at ClinicalTrials.gov
(NCT02067065).

Study design

The study was a single-center, noninferiority RCT with two paral-
lel intervention groups: Group A - NAAP; Group B - anesthesiol-
ogist-administered propofol-based sedation.

Intervention and team description

In Group A, sedation was performed with propofol monosedation
(given as 20-40mg boluses) by a team consisting of one endos-
copist (A.O.E) and two nurses, one of whom was exclusively
dedicated to sedation and patient monitoring, according to
guidelines issued by the European Society of Gastrointestinal
Endoscopy (ESGE) [5]. The endoscopist had experience in inten-
sive and emergency medicine. A total of three nurses were in-
volved in NAAP within the study. All of the nurses had been in-
volved in hundreds of procedures performed under anesthesia,
and each nurse had performed 30 procedures of NAAP under an-
esthesiologist supervision as training for the study. In addition,
all three nurses had advanced cardiac life support certification
and had attended a theoretical NAAP course directed by A.O.E,
as there is currently no certified training in Portugal.

In Group B, sedation was propofol based (also given as boluses),
with other agents used at the discretion of the anesthesiologist.
The team included an anesthesiologist and a dedicated sedation
nurse, as well as the endoscopist and the endoscopy nurse. Nine
endoscopists participated in Group B procedures in the study.
All endoscopy suites were equipped with advanced airway
equipment and an anesthesia workstation (Fabius Tiro; Drager,
Wien, Austria). One cardioverter/defibrillator (HeartStart MRx,
Philips, Eindhoven, The Netherlands) was available for the 3-
room Endoscopy Unit.

All colonoscopies were performed using Olympus Evis-Exera Il
equipment {Olympus, Tokyo, Japan), with room air insufflation.
Patients from both groups were administered supplemental oxy-
gen (3L per minute). Patients were systematically monitored by
clinical observation and noninvasive arterial blood pressure
measurements every 5 minutes, and continuous pulse oximetry,
capnography, and electrocardiographic monitoring. Events were
recorded by the assistant nurse during the endoscopic procedure.
All parameters were automatically recorded at 5-minute inter-
vals onto the patient electronic file (Innovian Anesthesia; Dra-
ger), which was used to double check recorded events.

After the procedure, patients were evaluated every 15 minutes
for discharge eligibility, according to the Chung Post-Anesthetic
Discharge Scoring System (29) [27].

Randomization

Simple randomization was performed using www.randomiza-
tion.com, and the sequence allocation was concealed from the in-
vestigators. Patients were scheduled to an endoscopy suite with
or without an anesthesiologist, according to the randomization
table, by a professional who was not directly involved in the
study. Only patients were kept blinded. Nurses, anesthesiologists,
and endoscopists were all aware of the intervention group.

Outcomes

The primary end point was the occurrence of adverse events
{minor and sentinel) as defined by the World SIVA International
Sedation Task Force [28]. Minor events were oxygen saturation
75%-90% for<60 seconds, transient apnea, airway obstruction,
allergic reaction, failed sedation, bradycardia or tachycardia
(> 25% change from baseline), hypo- or hypertension (>25%
change from baseline), and seizure. Sentinel events were pro-
longed (>60 seconds) oxygen desaturation or <75%, prolonged
apnea (>60 seconds), cardiovascular shock, and cardiac arrest.
The secondary outcomes were colonoscopy time, withdrawal
time, cecal intubation rate, adenoma detection rate, propofol
dose, patient satisfaction {10 point visual analog scale), pain (5-
point scale), amnesia, and willingness to repeat the colonoscopy.

Sample size calculation and statistical analysis

A sample size of 320 procedures (two groups of 160) was calcu-
lated in order to obtain 90% power and a one-sided 5% signifi-
cance level to exclude a 15% difference in favor of the rate of ad-
verse events in the anesthesiologist group.The expected inci-
dence of adverse events was 30%, and it was based on the adverse
event incidence from our preliminary experience during the nur-
ses training (90 procedures under anesthesiologist supervision).
The mean (SDs) are shown for continuous variables with a nor-
mal distribution. These were compared using an independent ¢
test. The Mann-Whitney U test was used for comparison of
patient pain and satisfaction scores. Categorical variables are
presented as proportions (%) and were compared using the Fish-
er’s exact test or chi-squared test. For the estimation of the pri-
mary outcome confidence interval (CI), the simple asymptotic
method was used. Linear and logistic regression were used for
continuous and dichotomous outcomes, respectively. Odds ratio
{OR) and 95 %Cls are presented. Missing data were dealt with by
pairwise deletion.

The multivariable models were exploratory analyses performed
to investigate the observed differences in recovery time and in
patient amnesia. These statistical analyses were not on the trial
protocol. We hypothesized that the utilization of other sedatives
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Fig.1 Patient flow through the study.

would contribute to longer recovery and higher rates of amnesia.
We built the model using only the data from Group B, as there
was no use of additional sedatives in Group A (per protocol). Ad-
justment was made for propofol dose.

Premature ending of the trial

After the completion of 277 procedures, there was a change in in-
stitution policy. Patients were no longer evaluated by an anesthe-
siologist prior to sedation, and therefore the study design was
violated. At this point it was decided to stop the trial.

Group A'
{n=150)

Age, mean (SD), years 58.6(13.8)
Male sex, n (%) 61 (40.7)
Weight, mean (SD), kg 68.7(11.6)
Height, mean (SD), cm 163.1 (8.6)
ASA classification, n (%)

ASA | 13(8.7)

ASALI 137(91.3)
Cardiovascular disease, n (%) 20(13.3)
Smoking, n (%) 24/133(18.0)
Snoring history, n (%) 17/130(13.1)
Heartrate, mean (5B}, bpm 72.4(13.2)
Arterial pressure, mean (SD), mmHg 99.3(14.5)
Indication for colonoscopy, n (%)

Screening/surveillance 78 (52.0)

Rectal bleeding 21(14.0)

Abdominal pain 8(5.3)

Inflammatory bowel disease 10(6.7)

Altered bowel movements 20(13.3)

Polypectomy 6(4.0)

Other 7(4.7)

ASA, American Society of Anesthesiologists; bpm, beat per minute.
1 Group A =non-anesthesiologist administration of propofel.
2 Group B =anesthesiologist-administered sedation.

Group A’

{n=150)
Colonoscopy time, mean (SB}, minutes 21.6(13.0)
Withdrawal time, mean (SD), minutes 11.4(9.8)
Propofol dose, mean (SD}, mg 215(92)
Additional sedatives, n (%) 0(0)
Recovery time, mean (SB}, minutes 58(33)

N/A, not applicable as per protocol.
1 Group A=non-anesthesiologist administration of propofel.
2 Group B =anesthesiologist-administered sedation.

Original article WE&E

Results

v

Baseline characteristics

A total of 277 colonoscopies were included, 150 in the NAAP
group (Group A) and 127 in the anesthesiologist-administered
sedation group (Group B) as shown in © Fig. 1. Reasons for pa-
tients being randomized but not receiving the allocated interven-
tion were none attendance (n=>5) and respiratory infection (n=3)
at the time of the procedure.

Groups were comparable in terms of their baseline characteris-
tics (© Table1).

Procedure and sedation

Colonoscopy times and sedation parameters are shown in© Ta-
ble2. Mean (+SD) total colonoscopy times were 2.95 £ 1.4 min-
utes longer in Group A compared with Group B (P=0.033). In
Group B, 10 patients were administered additional sedatives
{midazolam and alfentanil) (© Table3). Propofol doses were sim-
ilar between groups but were higher in Group B after adjusting
for age and colonoscopy time (B coefficient 25.21, 95%CI 8.498
to 41.920; P=0.003). Recovery times were longer by 8.57£3.96
minutes in Group B (P=0.032). This difference was independent-
ly associated with the administration of additional sedatives
(mean difference 35.986, 95%Cl 17.961 to 54.010; P<0.001)
when adjusting for propofol dose.

Group B? Pvalue Table1 Baseline patient charac-
(n=127) teristics.
55.4(15.4) 0.072
50(39.4) 0.826
70.5(16.3) 0.303
163.7 (12.0) 0.660
0.180
18(14.2)
107 (84.3)
12/115(10.4) 0.569
20/114(17.5) 1.0
24/110(21.8) 0.086
75.0(13.8) 0.114
98.4(15.1) 0.595
0.851
64(50.4)
14(11.0)
10(7.9)
13(10.2)
14(11.0)
5(3.9)
725
Group B2 Pvalue Table2 Proceduretimesand
(n=127) sedation dose.
18.6(9.9) 0.033
9.8(7.5) 0.154
230(97) 0.205
10(7.9) NfA
67(29) 0.032
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Table3 Characteristics of patients who were administered additional sedatives.

Sex Age, years  Propofol dose,mg  Additional sedative, name (doseinmg)  Recovery time, minutes Adverse events
1 Female 43 120 Midazolam (1.0) 70 No
2  Female 69 90 Midazolam (1.0} 60 No
3  Female 55 130 Midazolam (2.0) 65 No
4 Female 48 200 Midazolam (3.0) 60 No
5 Female 69 350 Midazolam (3.0) 240 Hypertension, vomiting
6 Female 44 270 Alfentanil (0.5) N/D Bradycardia
7  Male 41 290 Alfentanil (0.3) 135 Hypertension
8 Female 59 320 Alfentanil (0.5) 90 No
9 Female 27 350 Midazolm (2.0) N/D No
10 Male 21 480 Midazolam (3.0) 75 No
N/D, not determined.
Group A' (n=150} Group B2 (n=127) P value Table4 Incidence of adverse
Hypotension, n (%) 27(18.0) 16(12.6) 0.216 EeiESs
Bradycardia, n (%) 26(17.3) 26 (20.5) 0.505
Hypoxemia, n (%) 14(9.3) 8(6.3) 0.352
Tachycardia, n (%) 2(1.3) 6(4.7) 0.093
Airway obstruction, n (%) 0(0) 1(0.8%) 0.458
Others 0 2(1.6) 0.209
1 Group A=nen-anesthesiologist administration of propefol.
2 Group B=anesthesiologist-administered sedation.
Group A (n=150} Group B2 (n=127) Pvalue Table5 Reported interventions.
Airway repositioning, n (%) 13(8.7) 6(4.7) 0.196
Increased supplemental oxygen, n (%) 10(6.7) 5(3.9) 0.317
Atropine administration, n (%) 0(0) 7(5.5) 0.004
Rapid intravenous fluids, n (%) 4(2.7) 1(0.8) 0.379

1 Group A=non-anesthesiologist administration of propefol.
2 Group B=anesthesiologist-administered sedation.

Adverse events

There was no difference in the primary end point between the
two groups. The incidence of adverse events was within the
prespecified noninferiority margin, with 39.3% in Group A and
39.0% in Group B (absolute difference -0.3%, 95%CI-12.0% to
11.4%; P=0.959). There were no sentinel events. © Table4 shows
the incidence of each adverse event by intervention group, and
© Table5 shows the interventions performed.

Atropine administration for bradycardia was more frequent in
Group B (0% vs. 5.5%). Butylscopolamine was more often used
in Group A (14.0% vs. 1.5%). This was because the endoscopist
(A.O.E) routinely used this drug to reduce colonic contractions
and to improve mucosal visualization.

There was one case of transient airway obstruction in Group B,
which was managed by airway repositioning and increased sup-
plemental oxygen.

Patient satisfaction

© Table6 summarizes patient satisfaction and evaluation of the
sedation quality. Overall, patients were satisfied with the seda-
tion, with low pain scores and high amnesia rates. Almost all of
the patients reported that they would repeat the colonoscopy
with the same sedation and would recommend it to their famil-
ies. There were no significant differences between the two
groups.

There was a trend towards a higher amnesia rate in Group B
(83.9% vs. 90.8%; P=0.093). This result may be explained by
the administration of other sedatives (midazolam/alfentanil), as

there was a significant association (OR 5.704; 95%CI 1.186 to
27.428; P=0.030) after adjusting for propofol dose and when
looking specifically at the anesthesiologist-administered seda-
tion group.

Colonoscopy quality

There was no significant difference in the main quality indicators.
The adenoma detection rates were 28.4% in Group Aand 23.2% in
Group B (P=0.331). The cecal intubation rates were 94.7% and
96.1% (P=0.584), respectively, and the mean (£SD) withdrawal
time was 11.4+9.8 and 9.8 £7.5 minutes, respectively (P=0.154).

Discussion

2 4

This is the largest RCT comparing the safety of NAAP with that of
anesthesiologist-administered sedation. The results showed that
in a low risk population, both procedures were equivalent in
terms of adverse events, colonoscopy quality outcome measures,
and patient satisfaction.

Colonoscopy is currently the preferred screening method for CRC
but it is associated with pain and discomfort, which may lead to a
low uptake. In order to make it less unpleasant, and to increase
patients’ acceptance and adherence, sedation is increasingly
being used.

Traditional sedation (benzodiazepine with or without an opioid)
is the most commonly used strategy. During the past decade pro-
pofol has been studied as an alternative. Propofol-based sedation
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Group A" (n=150) Group B? {(n=127) P value Table6 Patientsreported out-
Pain (10 point VAS), % n=133 n=99 0.319 comes.
0 111(83.5) 88(88.9)
1 10(7.5) 1(1.0)
2 6 (4.5) 5(5.1)
3 4(3) 1(1.0)
4 1(0.8) 202.0)
5 1(0.8) 1(1.0)
7 0(0) 1(1.0)
Satisfaction (1-5), % 0.590
2 1/148 (0.7) 17111 (0.9)
3 2/148 (1.4) 2/111(1.8)
4 23/148(15.5) 14/114(12.3)
5 122/148(82.4) 97/114 (85.1)
Amnesia, % 125/149 (83.9) 109/120 (90.8) 0.093
Willingness to repeat, % 149/149 (100) 118/120(98.3) 0.114
Would recommend, % 148/149(99.3) 118/120(98.3) 0.440

VAS, visual analog scale.
1 Group A =non-anesthesiologist administration of propofel.
2 Group B =anesthesiologist-administered sedation.

has been compared with traditional sedation in several trials and
meta-analyses of RCTs [12,13,29,30]. There is no evidence for an
increased risk of adverse events with propofol. However, propofol
sedation for digestive endoscopy is still underused in many coun-
tries [20,22,26,31], and is mostly administered by anesthesiolo-
gists. In Germany, Switzerland, and a few other countries where
NAAP is accepted, the usage of propofol is much higher [32,33].
Several guidelines recommend the utilization of propofol by
endoscopists as a safe and effective alternative to traditional se-
dation [5, 16,18, 19,34]. The ESGE even elaborated a training cur-
riculum for the professionals involved in sedation [6]. These
guidelines derive from the experimental evidence but also from
alarge body of observational data supporting the safety of propo-
fol administration by non-anesthesiologists [8,15,35]. The other
main obstacles to more widespread use of propofol sedation in-
clude costs and lack of anesthesiologists to staff the procedures.
The incremental cost per life - year gained by anesthesiologist se-
dation was calculated by Rex et al. to be US$5.3 million [8]. For
the current study, we involved the Anesthesiology Department
of the Hospital Beatriz Angelo in the training of the nurses who
were selected for the NAAP group.All procedures were per-
formed with an anesthesiologist present in the Endoscopy Unit
(but not in the same room). Overall, the two groups were ba-
lanced in terms of patient characteristics, as shown in© Table 1.
In the final analysis, the groups had a very similar incidence of
adverse events (39.3% and 39.0%; absolute difference -0.3%,
95%CI-12.0% to 11.4%; P=0.959), which allowed us to deter-
mine the noninferiority of NAAP. However, it is important to
acknowledge the wide CIs obtained for this primary outcome.
The most significant adverse event was bradycardia requiring
atropine. This intervention was exclusive to the anesthesiologist
group (0 vs. 5.5%; P=0.004). The intensive monitoring and de-
tailed event reporting strategy followed in the study resulted in
a higher than expected number of events being detected, albeit
with no clinical consequences.

An interesting finding was the shorter recovery time in the NAAP
group (mean difference 8.57+3.96 minutes; P=0.032). This dif-
ference may be explained by the administration of other seda-
tives in Group B, as there was a significant difference (mean dif-
ference 35.986, 95%Cl 17.961 to 54.010; P<0.001) when adjust-
ing for propofol dose. This difference may have an impact on the
productivity of the Endoscopy Unit.

There were no significant differences in the quality indicators of
the colonoscopy, including the adenoma detection rate.

No significant differences were found in the rate of specific
events, although the study was not powered to address this ques-
tion. The only interventions that were different between groups
were the administration of atropine and butylscopolamine. Atro-
pine was not used in the NAAP group, perhaps because butylsco-
polamine was more commonly administered in Group A (it has a
chronotropic effect).

Colonoscopy was well accepted by almost the entire study group
irrespective of sedation protocol; most were satisfied and willing
to repeat the procedure. This observation adds to the value of
propofol-based sedation for digestive endoscopy.

Poincloux et al. performed a randomized trial comparing NAAP
with anesthesiologist-administered sedation [25], with patient
satisfaction as the primary end point. A total of 90 patients were
randomized and the study failed to show a difference in the pri-
mary end point. A lower adverse event rate was observed in the
NAAP group, which was associated with lower mean propofol
dose.

There is still an ongoing debate concerning whether or not NAAP
should be permitted. Most anesthesia societies have opposed
NAAP [36] but lack the evidence to support their rationale of in-
creased risk. There is increasing evidence to support the safety
and feasibility of NAAP under strict conditions, alongside the fa-
vorable cost-effectiveness of NAAP and the importance of CRC
screening. Therefore, it should lead to the adoption of the exist-
ing European Training Curriculum, which is based on cooperation
between gastroenterologists and anesthesiologists to fulfill the
preconditions of certification, which should take place on a na-
tional basis.

Limitations

The major limitation of the study design is the clinical relevance
of the adverse event chosen as the primary end point. If “harder”
and more relevant end points (e.g. cardiac arrest, prolonged ap-
nea, or shock) had been chosen then a sample size of several hun-
dred thousand patients would have been required. These rare
end points can only be studied with large observational databa-
ses [8,35]. In the current study there was no such event. There
was no need for endotracheal intubation or bag mask ventilation.
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The sedation protocol allowed the anesthesiologist to administer
other sedatives/analgesics at his discretion. This may seem to
limit our ability to compare the monitoring but it was felt before-
hand that this was a more realistic approach, as we believe the is-
sue is the comparison of propofol sedation without anesthesiolo-
gist support and sedation by an anesthesiologist.

A possible limitation to the external validity is the single endos-
copist in Group A. Only A.O.F. was assigned to perform NAAP be-
cause of his experience in intensivefemergency medicine and air-
way management. Despite this limitation, we believe that as
there was no need to perform advanced airway support, it is un-
likely that the results would have been different with a less-ex-
perienced physician assigned to NAAP. However, it should be em-
phasized that according to the current European guidelines, the
defined skills of the individual responsible for NAAP (including
nurses) is an absolute precondition before considering NAAP for
sedation. Although Group A had one endoscopist whereas Group
B had nine, it is unlikely that this difference constitutes a signifi-
cant bias as the outcomes of interest were not endoscopy related.
The endoscopist, anesthesiologist, and nurses were aware of the
intervention group. To minimize any bias, the primary end point
was reported by the NAAP sedation nurse in Group A and by the
anesthesiologist in Group B. A double check was then performed
using the electronic health records (pulse, pulse oximetry, arter-
ial pressure, and drug administration).

An issue that arose near the end of the study was the change in
the institution policy regarding the need for an anesthesiology
evaluation in an appointment prior to the procedure. This change
was due to a decision by the Anesthesiology Department and was
unrelated to the study. As the protocol specified that randomiza-
tion would occur after that appointment, we were faced with an
important decision. It was decided that the most sensitive option
would be to halt the trial and avoid a possible selection bias. This
decision was made by the investigators, not the Ethics Commit-
tee. Although we did not reach the calculated sample size, the ef-
fect estimate was within the prespecified noninferiority thresh-
old.

Conclusion

In conclusion, in the safety analysis, NAAP was noninferior to an-
esthesiologist-administered sedation in a low risk (ASA I-II)
population undergoing colonoscopy. Adverse events are common
during sedation but can be safely managed by a trained team.
Propofol provides high quality sedation by achieving high patient
satisfaction scores and willingness to repeat colonoscopy rate.
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Background: Colorectal cancer (CRC) is thefirst cause of can-
cer-related mortality in Portugal. CRC screening reduces dis-
ease-specific mortality. Colonoscopy is currently the pre-
ferred method for screening as it may contribute to the re-
duction of CRC incidence. This beneficial effect is strongly
associated with the adenoma detection rate (ADR). Aim: Qur
aim was to evaluate the quality of colonoscopy at our unit by
measuring the currently accepted quality parameters and
publish them as benchmarking indicators. Methods: From
5,860 colonoscopies, 654 screening procedures (with and
without previous fecal occult blood testing) were analyzed.
Results: The mean age of the patients was 66.4 + 7.8 years,
and the gender distribution was 1:1. The overall ADR was

36% (95% confidence interval [Cl] 32-39), the mean humber
of adenomas per colonoscopy was 0.66 (95% Cl 0.56-0.77),
and the sessile serrate lesion detection rate was 1% (95% Cl
0-2). The bowel preparation was rated as adequate in 496
(76%) patients. The adjusted cecal intubation rate (CIR) was
93.7% (95% Cl 91.7-95.8). Most colonoscopies were per-
formed under monitored anesthesia care (53%), and 35%
were unsedated. The use of sedation (propofol or midazol-
am based) was associated with a higher CIR with an odds
ratio of 3.60 (95% Cl 2.02-6.40, p < 0.001). Conclusion: Our
data show an above-standard ADR. The frequency of poor
bowel preparation and the low sessile serrated lesion detec-
tion rate were acknowledged, and actions were implement-
ed to improve both indicators. Quality auditing in colonos-
copy should be compulsory, and while many units may do
so internally, this is the first national report from a high-
throughput endoscopy unit.
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Taxa de Detecao de Adenomas: Revelo a Minha Se
Revelares a Tua

Palavras Chave

Adenoma - Colonoscopia - Neoplasias colorrectais -
Indicadores de qualidade em assisténcia a satde -
Qualidade de cuidados de salde

Resumo

O cancro do colon e reto (CCR) é a primeira causa de can-
cro e de morte por cancro em Portugal. O rastreioreduz a
mortalidade especifica por CCR. A colonoscopia é o méto-
do preferencial para o rastreio uma vez que pode contri-
buir para a redugéo da incidéncia do CCR. Este efeito estad
fortemente associado a taxa de detecdo de adenomas
(TDA). O nosso objetivo foi avaliar e dar a conhecer a qua-
lidade da colonoscopia na nossa unidade, através da me-
dicdo dos principais indicadores de qualidade e torna-los
publicos como indicadores de afericdo para outras unida-
des. De um total de 5,860 colonoscopias foram seleciona-
das para anélise 654 de rastreio (com ou sem pesquisa de
sangue oculto prévia). A idade média foi de 66.4 + 7.8
anos e a distribuicdo por género de 1:1. A TDA global foi
de 36% (95% C| 32-39), o nimero médio de adenomas
por colonoscopia foi de 0.66 (95% Cl 0.56-0.77) e a taxa
de detecdo de lesdes serreadas sésseis foi 1% (95% Cl
0-2). A preparacdo intestinal foi considerada adequada
em 496 (76%). A taxa de intubacéo cecal ajustada foi de
93.7% (95% C191.7-95.8). A maioria das colonoscopias foi
realizada sob sedacédo profunda/anestesia por anestesista
(53%) e 35% foram sem sedacéo. A utilizacdo de sedacdo
estd associada a uma maior taxa de intubacdo cecal (OR
3.60; 95% Cl 2.02-6.40, p < 0.001). Estes dados revelam
uma TDA superior ao minimo definido para colonoscopia
dequalidade. Afrequéncia de preparacdesintestinaisina-
dequadas e a baixa taxa de detecéo de lesdes serreadas
sésseis séo indicadores importantes que foram reconhe-
cidos e levaram a medidas de melhoria de qualidade na
nossa unidade. Aauditoria de qualidade em colonoscopia
deve ser realizada de forma continua e embora muitas
unidades facam auditorias internas, esta é a primeira pu-
blicacdo com os dados de uma unidade de endoscopia

nacional. © 2016 Sociedade Portuguesa deastrenterologia

Publicado por S, Karger AG, Basel.

62 GE Port ] Gastroenterol 2017;24:61-67
DOI: 10.1159/000450901

Colorectal cancer (CRC) is the first cause of cancer-
related mortality in Portugal and a leading cause of cancer
deaths in the world [1]. CRC screening reduces disease-
specific mortality [2-10]. Colonoscopy is currently the
preferred method for screening [11, 12] as itallows for the
detection and removal of premalignant lesions and may
contribute for the reduction of CRC incidence (2, 4, 5, 13,
14], which is still increasing in Portugal [1, 15]. However,
this beneficial effect is strongly associated with the ade-
noma detection rate (ADR) [2], which is the single most
important quality surrogate for screening colonoscopy
[16]. Besides ADR, the European Society of Gastrointes-
tinal Endoscopy (ESGE) published a set of indicators and
the recommended quality thresholds to ensure effective
screening in Europe [17].

In Portugal, there is no organized CRC screening pro-
gram yet. Screening colonoscopy is performed in hospi-
tals, ambulatory centers, or office-based endoscopy clin-
ics, and there is no systematic audit of colonoscopy qual-
ity in place.

Health services research is increasingly being valued as
a means to study the outcome of specific interventions
and to establish benchmarking criteria to healthcare pro-
viders. It also enables to detect organizational underper-
formance in order to undertake conscientious changes.

Qur aim was to evaluate the quality of colonoscopy at
the Hospital Beatriz Angelo in Loures, Portugal, in the
first 3 years since its opening in 2012, having as compara-
tors the established indicator thresholds when available.

We conducted a single-center, cross-sectional study in the sec-
ondary care hospital Hospital Beatriz Angelo (HBA) between Jan-
uary 2012 and December 2014. The data were retrospectively col-
lected.

Patients

We selected all patients >50 years of age who were referred to
HBA directly for colonoscopy screening or following a positive fe-
cal occult blood test (FOBT). Patients referred for colonoscopy for
other indications, including surveillance after resection of colorec-
tal lesions and a family history of CRC or adenomas, were exclud-
ed from the analysis.

All patients were pre-evaluated at a gastroenterology appoint-
ment where the written informed consent for the procedure was
obtained.

Bowel preparation was accomplished using verbal and written
information. Patients were informed to take a 3-day low-residue
diet, a low-volume (2 L) polyethylene glycol bowel preparation

Oliveira Ferreira et al.
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(Moviprep®; Norgine Limited, Hengoed, UK), and 2 tablets of bi-
sacodyl 5 mg in the evening prior to the procedure for morning
patients and a split-dose regimen for those in the afternoon sched-

ule.

Setting

The Endoscopy Unit at HBA is integrated in a surgical ambula-
tory care center and comprises 3 endoscopy rooms equipped with
Olympus Evis-Exera II (Olympus, Tokyo, Japan) video processors
and endoscopes of the 160 and 180 series. The electrosurgical units
are VIO 200D and 200S models (Erbe Elektromedizin GmbH,
Ttibingen, Germany). All rooms are equipped with an anesthesia
workstation (Fabius Tiro; Drager, Vienna, Austria).

The recovery room has a total capacity of 26 patients, 10 of
which are attributed to the Endoscopy Unit.

During the study period, the unit was staffed by 8 gastroenter-
ology consultants and 1 gastroenterology resident.

Each room is staffed by an endoscopist, a nurse, and a staff as-
sistant. For the cases performed under propofol sedation - moni-
tored anesthesia care (MAC) - an anesthesiologist and a second
nurse were also staffing the room.

Qutcomes

We used the institution’s electronic health record to collect in-
dividual patient demographic characteristics as well as colonos-
copy quality indicators, which were as follows: ADR (calculated as
the number of colonoscopies with histologically confirmed adeno-
mas over the total number of colonoscopies); the mean number of
histologically confirmed adenomas per colonoscopy; lesion detec-
tion rate (number of colonoscopies with endoscopically detected
lesions over the total number of colonoscopies); number of endo-
scopic detected lesions per colonoscopy; advanced ADR (lesion
size >10 mm, high-grade dysplasia, or villous histology); CRC de-
tection rate; lesion attack rate (number of lesions removed over
number oflesions detected); cecal intubation rate (CIR), crude and
adjusted for stenosis); rate of cecal intubation photographic docu-
mentation; bowel preparation quality as rated by the endoscopist
as adequate (good and fair) or inadequate; type of sedation (pro-
pofol based, midazolam based, or none); written surveillance rec-
ommendation rate, and complication rate (clinically significant
bleeding and perforation or post-polypectomy syndrome) that in-
volved admittance of the patient or a subsequent emergency room
episode.

As quality thresholds for CIR, we used the bowel preparation
quality and informed consent rate for those set by the ESGE [17],
and for the remainders, we used the thresholds set by the American
Society for Gastrointestinal Endoscopy (ASGE) [16].

Statistical Analysis

The mean and standard deviations are shown for continuous
variables with a normal distribution. These were compared using
an independent £ test. The other continuous variables were com-
pared using the Mann-Whitney U test.

Categorical variables are presented as proportions (%) and
compared with the Fisher or x* tests. For the estimation of the
confidence intervals (Cls), the simple asymptotic method was
used. Logistic regression was used for dichotomous outcomes in
order to determine the effect estimates that are presented as odds
ratio (OR) and 95% Cls. Missing data were dealt by pairwise dele-
tion.

Adenoma Detection Rate

Table 1. Demographic and procedural characteristics

Screening FOBT Total
(n=110)  (n=544) (n=654)
Mean age + SD, years ~ 63.4+7.5 67.0+7.74 664178
Male sex 57 (52) 271(50) 328 (50)
Obesity 25 (23) 164 (30) 189 (29)
Diabetes 21 (19) 115 (21) 136 (21)
CRC family history 27 (25) 59 (11) 86 (13)
Sedation
Propofol based 63 (57) 283 (52) 346 (53)
Midazolam based 11 (10) 66 (12) 77 (12)
No sedation 36 (33) 195 (36) 231 (35)

Values are n (%), unless otherwise indicated.
FOBT, fecal occult blood test; CRC, colorectal cancer; SD,
standard deviation.

From a total of 5,860 colonoscopies performed during
the study period, 736 were included for review. After in-
dividual review of each patient’s electronic health record,
82 were excluded as they were considered to be diagnos-
tic procedures for symptomatic patients. The final sam-
ple was composed of 654 colonoscopies, and the demo-
graphic and procedural characteristics are depicted in
Table 1.

The mean age was 66.4 + 7.8 years, and the gender ra-
tio was 1:1. Colonoscopy quality indicators are shown in
Table 2. The overall ADR is 36% (95% CI 32-39) 45.8 and
25.1% for the male and female patients, respectively. The
mean adenoma number per colonoscopy was 0.66 (95%
CI0.56-0.77).

The bowel preparation was rated by the endoscopist as
adequate (excellent, good, or fair) in 496 (76%) patients.
236 (35%) patients were submitted to unsedated colonos-
copy, while the majority (53%) were offered propofol-
based deep sedation under anesthesiologist care.

The crude CIR was 92% (95% CI 89-94) and 93.7%
(95% CI 91.7-95.8) after adjusting for stenosis and poor
bowel preparation. Table 3 shows the adjusted CIR ac-
cording to the sedation type. The use of sedation (propo-
fol or midazolam based) was associated with a higher CIR
with an OR of 3.60 (95% CI 2.02-6.40, p < 0.001). Con-
cerning CIR, there was no statistically significant differ-
ence between propofol- or midazolam-based sedation
(OR 0.88,95% CI10.29-2.72, p = 0.831).

To increase the CIR by 1, the number that needs to be
sedated is 18.9.
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Table 2. Colonoscopy quality indicators

Screening (#=110)

FOBT (n = 544)

Total (1= 654)

ASGE thresholds, %

ADR 34 (25-43) 36 (32-40) 36 (32-39) >25
MAPC 0.53 (0.36-0.69) 0.69 (0.57-0.81) 0.66 (0.56-0.77) na.
AADR 14 (7-20) 20 (17-24) 19 (16-22) n.a.
SSL - 1(0-2) 1(0-2) na.
LDR 51 (41-60) 54 (50-58) 54 (50-57) na.
MLPC 0.95 (0.67-1.22) 1.09 (0.93-1.26) 1.07 (0.92-1.21) n.a.
CRC DR 1(0-3) 3(1-4) 2(1-4)

CIR 94.4 (89.5-99.3) 93.6 (91.3-95.9) 93.7 (91.7-95.8) >90*
Cecal intubation documentation 94 (89-99) 91 (89-94) 92(89-94) >95
Adequate bowel preparation, # (%) 81 (74) 416 (76) 496 (76) >85
Adverse event rate 2(0-4) 2(1-3) 2(1-3) n.a.
Surveillance recommendation 38 (29-48) 60 (55-64) 56 (52-60) >90

Valuesare 95% CI, unless otherwise indicated. FOBT, fecal occult blood test; ASGE, American Society for Gastrointestinal Endoscopy;
ADR, adenoma detection rate; MAPC, mean adenoma per colonoscopy; AADR, advanced adenoma detection rate; SSL, sessile serrated
lesion; LDR, lesion detection rate; MLPC, mean lesion per colonoscopy; CRC DR, colorectal cancer detection rate; CIR, cecal intubation

rate; n.a., not available.
* 295 for screening procedures (not FOBT).

Table 3. Adjusted cecal intubation rate (CIR) by sedation type

Propofol Traditional sedation ~ No sedation

CIR,n (%) 277 (95.8)  65(94.2) 166 (90.2)

With these data, we can calculate a number needed to
diagnose of 2.8 for colorectal adenomas and 50 colonos-
copies for CRC. In the subgroup of positive FOBT, the
numbers were 2.8 and 33, respectively.

To calculate the cost-effectiveness ratio for CRC and
adenoma detection, we used the value payed by the na-
tional health system to private units, which is set at EUR
101.23 for a colonoscopy. Accordingly, the cost for the
detection and removal of an adenomais EUR 283.44, and
EUR 5,061.50 for 1 diagnosis of CRC.

HBA is a newly built hospital (2012), and its manage-
ment places an important focus on quality improvement
and innovation. The current study results from this need
and aims at promoting the design and implementation of
specific measures to improve the outcomes.
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The single most important outcome to measure the ef-
fectiveness of colonoscopy is the ADR, since it is associ-
ated with the future risk of CRC incidence and mortality
[2]. The ADR at our unit (36%, 95% CI 32-39) is well
above the quality threshold set by theendoscopy societies,
which is currently 25% [16]. The benefit of knowing our
own ADR mayalso motivate quality improvement, as has
been shown in several interventional studies with the im-
plementation of scheduled personalized ADR report
cards. Endoscopists thrive when they are aware of their
own quality metrics [18, 19].

It is our intention to maintain the audit in order to
promote a continuous incentive to improve the yield of
colonoscopy.

Nevertheless, although ADR is considered the best
surrogate marker of colonoscopy quality, it is associated
with several shortcomings such as allowing itself to be
gamed while inducing a “one-and-done” performance by
the practicing endoscopist [16]. To overcome this limita-
tion, the mean number of adenomas per colonoscopy is
an alternative indicator that is gaining acceptance as it
possesses more information than the ADR [16, 20]. The
mean number of histologically confirmed adenomas per
colonoscopy in our cohort (0.66 [95% CI 0.56-0.77]) is
well above the threshold of 0.5 lesions per colonoscopy
proposed by the Indiana Group [20].

The very low sessile serrated lesion (SSL) detection has
led us to discuss the issue with our pathologists, and we
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are currently performing a large-scale randomized trial to
evaluate a specific intervention to improve SSL detection.
Participation in research protocols may constitute by it-
self an incentive to overperform, and this is a hypothesis
that we will be evaluated in the future.

The CIR (93.7%) was also within the established qual-
ity threshold. The use of sedation seems to have been
valuable in this regard as it was used in the majority of
procedures and was associated with a higher CIR.

Regarding procedural sedation, our unit has a higher
rate of propofol sedation than the reported in Portuguese
public hospitals in a recent national survey [21]. The
ESGE evidence-based guideline endorses the use of non-
anesthesiology-administered propofol sedation [22], but
the Portuguese National Health Administration (Dire¢do
Geral de Satide) recommends the routine use of MAC for
screening colonoscopy. Sedation has been extensively
studied and mainly improves patients’ comfort and ac-
ceptance with little (if any) added risk with anesthesia ser-
vices [23].

The data presented herein support sedation use, either
as moderate/traditional sedation or as MAC. The usage
of sedation was associated with a higher CIR with a num-
ber need to treat of 18.9,and although we did not evaluate
safety, we have previously studied propofol-based deep
sedation during colonoscopy in a strictly controlled clin-
ical trial, and there were no serious adverse events [24].
Still, there is ongoing and renewed discussion on the ben-
efits of sedation since the NordICC trial exposed some
evidence failing to associate a benefit in comfort, CIR, and
ADR with sedation [25]. Moreover, concern over the po-
tential for the increase in adverse events due to sedation
reemerged with the analysis of over 3 million colonos-
copyadministrative claims in the USA (patients aged 40—
64 years) by Wernlietal. [23], where 34% were performed
with anesthesia services. In that study, anesthesia was as-
sociated with a significant increased risk for complica-
tions (OR 1.13 [95% CI 1.12-1.14]), albeit a low absolute
risk. A safe and very cost-effective alternative to MAC is
nonanesthesiologist administration of propofol as we
have shown previously in a noninferiority randomized
controlled trial, which enrolled 277 low-risk (American
Society of Anesthesiologists [ASA] <3) patients [24]. Cur-
rently, we offer the option of moderate sedation to all our
patients and MAC to selected patients.

One of the most important results obtained was the
acknowledgement of a high proportion of patients with a
bowel preparation quality considered inadequate. Almost
a quarter of all procedures were deemed poorly prepared
by the endoscopist. Poor bowel preparation has been as-

Adenoma Detection Rate

sociated with a lower CIR and ADR [26], as well as high-
er rates of adverse events and repeat procedures. This
study allowed us to acknowledge the underperformance
and to determine bowel preparation as a priority issue in
our unit. An intervention to optimize it is now in place.
The intervention consists of adopting split-dose and
same-day regimens for morning and evening procedures
and a newly designed written document with emphasis
on simplicity. Split-dose for morning procedures has
been shown to improve ADR and especially the quality of
the preparation in the right bowel [27, 28]. Although, this
scheme is advocated by major societies [29, 30], its uptake
has been suboptimal due to factors such as fear of in-
creased aspiration risk, fecal incontinence, and low pa-
tient education [31], even with the ASA guidelines advo-
catinga 2-hour clear liquid fast for all forms of anesthesia
in patients without risk factors for aspiration [32].

The aim of the intervention is to lower the inadequate
preparations to a value <15% in order to comply with the
quality metrics and improve our ADR while decreasing
the number of repeat procedures. We have implemented
an ongoing auditing strategy to measure the impact of the
intervention, which will soon be reported.

Studies such as the present one show a commitment to
quality that should be mandatory in all endoscopy units.
We believe that the reports of critical quality indicators
such as the ADR should be made public and wish to con-
tribute by taking a first step towards transparency and
benchmarking in colonoscopy in Portugal.

Moreover, the continuous audit of quality parameters
and the comparison of benchmarks may contribute to
implement proven interventions or hypothesize new in-
terventions that may contribute to the increase in effec-
tiveness (or safety) of colonoscopy. As this was an inter-
nal audit conducted by the endoscopy unit personnel, an
obvious conflict of interest has to be acknowledged. The
ideal option would be to have an external audit or natural
language software to calculate the quality indicators au-
tonomously.

As a limitation we must acknowledge the fact that
most patients included were not “screening naive” as 83%
had a positive FOBT as the indication for colonoscopy.
However, the ADR in both screening and FOBT groups
was remarkably similar, and the estimated CIs were above
25% in both groups.

Another important limitation is the lack of a validated
bowel preparation quality scale in our analysis. This is
due to the retrospective design of the study and because
only one-third of the procedures had reported values for
each segment of the colon using a validated scale (the Bos-
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ton Bowel Preparation Score). All reports used a subjec-
tive scale of poor/fair/good preparation determined by an
endoscopist. Following this study, it became mandatory
in our unit to systematically assess and include the prepa-
ration quality in the colonoscopy report.

The presented data also prompted us to implement a
proven strategy to improve the bowel preparation quality
and designed a multicenter randomized controlled trial
to test a specific intervention to improve the SSL detec-
tion rate.

The ultimate goal of this study is to increase the public
acceptance for colonoscopy by showing data to support
its effectiveness and to decrease the incidence- and CRC-
associated mortality in Portugal. Moreover, the Portu-
guese government recently issued an executive document
in order to implement a CRC screening strategy in Por-
tugal by 2017. Such a program has to bear in its core the

awareness of the importance of quality colonoscopy. We
urge colonoscopists to embrace quality metrics and make
them public while external audit is not in place. Such
transparency will hopefully contribute to make colonos-
copy the most cost-effective screening strategy in Portu-
gal.

Written informed consent for the procedure was obtained by
the patients.

The authors have no conflicts of interest to declare.
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Endocuff-Assisted Colonoscopy Does Not increase the Sessile Serrated Lesion

Detection Rate — A Randomized Controlled Trial

Background

Colorectal cancer (CRC) is the most common cancer and the second leading cause of cancer-related
death, with 242 000 deaths/year[1]. Colonoscopy has been shown to decrease both the incidence of CRC
and the related mortality by facilitating the detection and allowing the removal of adenomas([4,31-34,53]
and is endorsed as the preferred option for CRC screening and adenoma surveillance[9,38,121,122]. The
adenoma detection rate (ADR) is currently the main quality indicator for colonoscopy[66,68], as a higher
ADR results in lower risks of CRC and mortality[35]. However, conventional colonoscopy has been shown
to miss lesions in tandem studies, especially sessile serrated lesions (SSLs). [28,60,123]

Recently, a new endoscopic cap, Endocuff Vision™ (EV), was developed, and it is an improvement on a
previous generation of Endocuff. This device is a soft plastic cap that is 2.5 cm in length with a cylindrical
core and thin flexible projections fixed to the core that flatten colonic folds and stabilize the colonoscope
tip, giving a better view of the entire colon.

Some studies have reported higher adenoma detection rates with Endocuff-assisted colonoscopy than
with conventional colonoscopy[124-127]. The largest RCT involving EV (n=1172) showed not only a
significantly higher ADR but also a significantly higher SSL detection rate (+1.1%, p=0.03)[127].

Nevertheless, the available data regarding the effectiveness of EV with regard to detecting SSLs are
limited. There has been only one RCT involving patients with sessile serrated polyposis; evidence from
RCTs is lacking. Few studies have specifically compared SSL detection rates between Endocuff-assisted
colonoscopy and conventional colonoscopy, and those that have been performed have had conflicting
results [127-130].

Consequently, randomized studies are needed to accurately evaluate the effect of Endocuff-assisted
colonoscopy on SSL detection and the detection of serrated lesions at least 10 mm in size; therefore, the
present study was performed.

Methods

Study design

We performed a 2-arm superiority RCT to compare SSL detection rates between Endocuff-assisted
colonoscopy and conventional colonoscopy at Hospital Beatriz Angelo.

The study was approved by the institutional review board at Hospital Beatriz Angelo and was registered
at clinicaltrials.gov (NCT03856957). All patients gave a written informed consent.

The present study adheres to Consort Guidelines.

Study population

Subjects fulfilling the following inclusion criteria were assessed for inclusion in the study: aged 40-79
years; undergoing outpatient elective colonoscopies for screening, surveillance or diagnosis; and ability
to give written informed consent prior to study participation.

Subjects fulfilling any of the following criteria were excluded from the study: severe diverticulosis, colonic
stricture, primary sclerosing cholangitis, inflammatory bowel disease, known polyposis syndromes,
personal colorectal cancer history or previous colorectal surgery, pregnancy or breastfeeding.

Outcomes

The primary endpoint was the average number of serrated lesions = 10 mm in size detected per
colonoscopy in the Endocuff-assisted and conventional colonoscopy groups. This endpoint included all
sessile serrated lesions and hyperplastic lesions = 10 mm.
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The secondary endpoints were the SSL detection rate (number of patients with at least one SSL/total
number of participants); adenoma detection rate (humber of patients with at least one adenoma/total
number of participants); number of adenomas detected per colonoscopy (humber of adenomas/total
number of participants); polyp detection rate (humber of patients with at least one polyp/total number
of participants); number of polyps detected per colonoscopy (humber of polyps/total number of
participants); adenocarcinoma detection rate (humber of malignant adenocarcinomas/total number of
participants); caecal intubation rate; caecal incubation time; withdrawal time; and incidence of
procedure-related adverse events.

Study procedures and data collection

We used a block randomization table generated in STATA, and the investigators were blinded to the
random allocation. Randomization was concealed until patient assignment. Consenting patients were
randomly assigned to the Endocuff-assisted colonoscopy group or the conventional colonoscopy group
before the procedure with a computer-generated randomization table in REDCap. Study data were
collected and managed using REDCap (Research Electronic Data Capture) electronic data capture tools
hosted at Sociedade Portuguesa de Gastrenterologia[131,132]. REDCap is a secure, web-based software
platform designed to support data capture for research studies, providing 1) an intuitive interface for
validated data capture; 2) audit trails to track data manipulation and export procedures; 3) automated
export procedures for seamless data downloads to common statistical packages; and 4) procedures to
support data integration and interoperability with external sources.

The participating endoscopists were all experienced in optical colonoscopy (defined by having
performed a minimum of 300 colonoscopies)[133]. The procedures were performed using a high-
definition Olympus endoscope (CF-H190, CF-H180, PCF-H180AL/I or GIF-H180/H190). Colonoscopies were
performed by one of ten endoscopists either without sedation, under conscious sedation or under deep
sedation, as requested by the assistant physician. Antispasmodics (butylscopolamine) could be
administered during the procedure if necessary.

The histologic evaluation of each lesion was performed by pathologists in our centre. The pathologists
were blinded to the method used during the procedure.

Data collection

We recorded patient demographic and clinical data, including date of birth, sex, weight, height, body
mass index, education level, smoking habits, personal history of polyps and polypectomy, date of previous
colonoscopy and family history of CRC; colonoscopy data, such as the endoscopist performing the
procedure, colonoscope type, indication for the procedure (screening, surveillance, or diagnosis), type of
sedation (unsedated or conscious or deep sedation), the administration of antispasmodics
(butylscopolamine), caecal intubation, intubation and withdrawal times, Boston Bowel Preparation Score
(BBPS) in each colon segment (ascending, transverse and left colon) and adverse events; and for each
lesion detected, the location, size, morphology (Paris Classification[134]) and histology (hyperplastic,
adenoma, SSL or adenocarcinoma).

Sample Size

The prevalence of SSLs at the time of screening colonoscopy is close to 5% but ranges from 1to 18%, with
a mean of 1.62 lesions per patient[135,136]. For serrated lesions = 10 mm, we based our estimate on Rex’s
trial[76], which reported 0.05 proximal lesions per colonoscopy. Based on an observational study,
Endocuff may increase the SSL detection rate 5-fold. We decided to be conservative in our estimate.
Therefore, considering the number of lesions per patient as the primary endpoint and aiming to have
80% power at a 5% significance level to detect a difference from 0.05 to 0.15 lesions/colonoscopy, we
needed a total sample size of 198 colonoscopies. We accounted for a 2% crossover rate and therefore
adjusted the sample size to 216 colonoscopies. Furthermore, based on data from our institution, we
anticipated that more than 80% of patients would have adequate bowel preparation according to the
validated Boston Bowel Preparation Scale (BBPS)[137]. To compensate for poor mucosal visualization and
lower lesion detection due to poor preparation, we further adjusted the sample size to 254 patients.
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Statistical Analysis

The statistical analysis was conducted with the SPSS software package, version 21 (Statistical Package for
the Social Sciences, IBM Corporation, Armonk, NY, USA). Categorical variables are expressed as
frequencies and percentages, while continuous variables are described as the means and standard
deviations or medians and ranges. The chi-squared test and Fisher's exact test were used to explore
associations between categorical variables. Differences in means for continuous variables and
dichotomous variables were analysed by t-tests or Mann-Whitney U tests, as appropriate.

An analysis to estimate the effect of the use of Endocuff on lesion detection outcomes was conducted
using logistic regression. We performed multiple regression with adjustment for withdrawal time and
bowel preparation.

Results

Patient and Procedural Characteristics

A total of 257 patients were recruited and randomly assigned to the Endocuff group (n=129) and the
control group (n=128). The trial profile is depicted in figure 1, and baseline characteristics were balanced,
as summarized in table 1.

Figure 1. Trial profile.

257 patients recruited
and randomized

129 assigned to EV 128 assigned to SC

group group

9 patients had EV removed
during the procedure but
were included in the final

analysis

129 analyzed in EV 128 analyzed in SC
group group

SC, standard colonoscopy; EV, Endocuff Vision.

Table 1. Baseline characteristics of the study population

Characteristics SC Group (n=128) EV Group (n=129) P-Value
Age,y 64.01 (9.10) 62.10 (10.04) 0112
Male sex, n (%) 69 (53.9) 68 (52.7) 0.848
Body mass index 27.60 (3.92) 27.41 (3.81) 0.695
Family history of CRC (15 degree) 22 (17.2) 27 (20.9) 0.445
Previous colonoscopy, n (%) 59 (46.1) 59 (45.7) 0.954
Median tim'e .since last cc')Ionoscopy, 27 (3-144) 27 (3-230) 0.893
months (minimum-maximum)
Personal history of polyps, n (%) 40 (31.3) 42 (32.8) 0.789
Indication

e Screening 19 (14.8) 22 (17.)

e FOBT 12 (9.4) 16 (12.4)

e  Surveillance 38 (29.7) 33 (25.6) 0.766

. Diagnostic 59 (46.1) 58 (45.0)
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All randomized patients received the allocated intervention; however, in 9 patients, the EV was removed
during the procedure, as the endoscopist found it difficult to progress to the caecum. These patients
were included in the EV group as per the intention-to-treat principle. Ten endoscopists participated in
the study, but 91% of the procedures were performed by six of these endoscopists; the proportions of
procedures performed by these endoscopists were similar between the two groups.

The groups were also similar with regard to the procedural aspects that could impact the detection of
lesions, such as bowel preparation quality and procedure durations. Procedural data are summarized in
table 2.

Table 2. Procedural characteristics

Characteristics SC Group (n=128) EV Group (n=129) P-Value
Deep sedation, n (%) 15 (1.7) 17 (13.2)
Conscious sedation, n (%) 103 (80.5) 98 (76.0) 0.634
No sedation, n (%) 10 (7.8) 14 (10.9)
Mean Boston Bowel Preparation Score
e Leftcolon 212 (0.48) 1.99 (0.56) 0.056
e Transverse colon 2.11(0.51) 2.04 (0.53) 0.284
e Ascending colon 2.05 (0.52) 2.02 (0.506) 0.644
e  Overall 6.28 (1.41) 6.08 (1.51) 0.267
Butylscopolamine administration 1(8.7) 12 (9.4) 0.842
Caecal intubation 124 (96.9) 123 (95.3) 0.527
Intubation time, min 7.64 (4.01) 7.03 (4.60) 0.285
Withdrawal time, min 12.82 (6.01) 11.94 (5.84) 0.259

The proportions of patients undergoing caecal intubation were similar. In 3 patients in the EV group, it
was not possible to reach the caecum even after removing the device from the colonoscope due to
sigmoid fixation.

Outcomes

The outcomes are summarized in table 3. There was no significant difference in the primary endpoint,
that is, the number of serrated lesions 210 mm in size per colonoscopy, or in any of the secondary
endpoints with regard to the detection of lesions, adenomas or sessile serrated lesions.

Table 3. Lesions detected stratified by study group

Characteristics SC Group (n=128) EV Group (n=129) ITT OR/MD; 95% Cl; p-value
PD(R), n (%) 98 (76.6) 103 (79.8) 1.213; 0.670-2.195; 0.524
ADR(R), n (%) 85 (66.4) 85 (65.9) 0.977: 0.583-1.638; 0.931
SSL detection (rate), n (%) 10 (7.8) 16 (12.4) 1.671; 0.728-3.836; 0.226
rsaetzated lesion 210 mm detection 3 (24) 8 (6.2) 2.733;0.708-10.545; 0145
Adenocarcinoma detection rate 2 (1.6) 2 (1.6) 0.992; 0.138-7.153; 0.994
Number of lesions, mean (SE) 2.46 (0.24) 2.91(0.26) 0.454; -0.249-1.156; 0.204
Nurnber of adenomas per 163 (0.22) 182 (0.22) 0197; -0.421-0.814; 0.531
colonoscopy

Number of SSLs per colonoscopy 0.156 (0.05) 0.233 (0.07) 0.0763; -0.095-0.248; 0.381
Number of serrated lesions (=10 mm) 0.02 (0.01) 0.06 (0.02) 0.038: -0.012-0.088; 0.131
per colonoscopy

ITT — intention to treat; OR — odds ratio; MD — mean difference; Cl - confidence interval; PDR - polyp detection rate; ADR — adenoma
detection rate; SSL — sessile serrated lesion.

The overall adenoma detection rate was 66.1%, the SSL detection rate was 10.1%, the rate of detection of
serrated lesions 210 mm in size was 4.3%, and the detection rate of invasive neoplasia was 1.6%. The rate
of detection of any polyp was 78.2%. The mean numbers of serrated lesions (including hyperplastic lesions
>10 mm) were 0.233 and 0.156 (p=0.381) in the EV and control groups, respectively. The mean numbers of
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adenomas were 1.821and 1.625 (p=0.531), respectively. The differences were not significantly changed after
adjusting for either BBPS or withdrawal time.

Adverse Events

There were no major adverse events in any group; however, there were 3 mucosal lacerations in the
Endocuff group, while there were no mucosal lacerations in the control group. These events did not
require any specific intervention.

Discussion

Our study objective was to confirm the beneficial effect of EV on the results of optical colonoscopy,
specifically the detection of SSL, as they are harder to identify. We also wanted to evaluate the effect of
EV on the detection of adenomas. For the primary endpoint, which was the mean number of
premalignant serrated lesions, including all histologically confirmed SSLs and hyperplastic lesions =10
mm in size, there was a nonsignificant trend towards a higher detection rate in the EV group (MD 0.0763;
95% Cl -0.095-0.248; p=0.381). There was no difference in the ADR, SSLDR, mean number of SSLs per
colonoscopy or mean number of adenomas per colonoscopy.

Endocuff has been developed to improve the effectiveness of colonoscopy with regard to reducing the
incidence of colorectal cancer. The first-generation Endocuff was shown to increase the adenoma
detection rate[138] and decrease the adenoma miss rate[126], but not all studies showed such a clear
beneficial impact, including a large RCT [128].

The largest trial of Endocuff Vision, the ADENOMA trial (n=1772), showed significant increases (4.7%,
p=0.02) in the ADR and the SSL detection rate (1.1%, p=0.03), especially in the left colon, although the study
was restricted to 797 patients who underwent colonoscopy for bowel cancer screening. In the non-
screening colonoscopy subgroup (N=975), there was no difference between the groups.

Furthermore, SSLs are different from adenomas. They are preferentially located in the right colon, are
usually flat with a mucus cap and are accompanied by subtle differences in the adjacent mucosa, which
make them much harder to detect during conventional colonoscopy. Moreover, they are difficult to
differentiate from hyperplastic polyps on histological examination [139], and large (210 mm) right colon
hyperplastic polyps may in fact have invasive potential and could be managed as SSLs [22]. As a result of
these characteristics, these lesions are associated with interval CRC [140,141].

In a RCT conducted in the Netherlands, the primary endpoints were the mean number of adenomas per
patient and the adenoma detection rates in the Endocuff-assisted colonoscopy and conventional
colonoscopy groups. The authors also evaluated the serrated lesion rate and mean number of SSLs per
patient and found no differences between the two groups (27% vs. 25%, P=0.48; 0.52 + 1.15 vs. 0.48 + 1.05,
P=0.52, respectively)[128]. However, hyperplastic polyps were also included in this analysis, and lesion size
was not considered. Small purely hyperplastic lesions have a lower malignant potential; therefore, there
is less interest in improving the rate of their detection than in improving that of larger serrated
lesions[129]. A more recent study from the United States found a significantly higher SSL detection rate
in the Endocuff-assisted colonoscopy group than in the conventional colonoscopy group (15% vs. 3%,
P<0.0001). However, that was an observational retrospective study conducted in a population of veterans,
with a male predominance and multiple predisposing risks for adenomatous polyps; therefore, the
results may not be generalizable to the general population[142]. In a very recent RCT on EV, which is
currently the largest, higher rate of detection of both adenomas (40.9 vs 36.2%, p=0.02) and SSLs (2.3 vs
1.1%, p=0.03) were observed in the EV group[127].

Our study did not show any differences in the quality outcomes studied. While Endocuff Vision seems to
be a useful add on for colonoscopy, as shown in the ADENOMA trial, its beneficial effect may be
influenced by other factors, such as the skill of the endoscopist and prior detection rates.

The present study has several limitations: a relevant issue is the high overall lesion detection rate, as
reflected by the ADRs of 65.9% in the EV group and 66.4% in the SC group and the SSLDRs of 12.4 and
7.8%. These are very high detection rates when compared to other trials, even if we take into account the
low volume of screening procedures included (15%). In the ADENOMA trial, they had an ADR of 56% in the
Bowel Screening Programme and an ADR of 24% in the non-screening colonoscopies. Although the
ADRs and SSLDRs were higher than anticipated, the sample size was calculated using an estimated
mean number of serrated lesions =10 mm in size of 0.05, which was close to what we observed, so it is
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difficult to attribute the lack of difference to a lack of power in the study. Recently, a debate has started
regarding whether the effectiveness of EV differs depending on the individual endoscopist. Some data
suggested that “high detectors” obtained no additional benefit from using the Endocuff[143]; however,
in a cluster randomized crossover trial performed in 2020, a subanalysis suggested that “high detectors”
(defined as those with an ADR>25%) had a significantly higher ADR when using EV (mean difference
10.3%, p=0.001), while low detectors had a nonsignificant mean difference (6.7%, p=0.11)[144]. Our study
did not allow us to explore this hypothesis due to the sample size and the fact that all endoscopists had
ADRs above 40%, which may explain our results. Another limitation is that the blinding of the
endoscopists was not possible to achieve, as they were always able to know whether the EV was on the
scope. To overcome this limitation, we decided to perform the RCT with a single bowel exploration rather
than in tandem, as this was probably the best trial design for the evaluation of a specific intervention.

Conclusion

In conclusion, our study did not show a significant difference in the detection of premalignant lesions
when EV was or was not used during routine colonoscopy. There was a nonsignificant trend towards a
higher rate of detection of serrated lesions in the EV group. A larger RCT in a bowel cancer screening
population is needed to definitely determine the role of EV in improving the rate of detection of colonic
serrated lesions.
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Narrow Band Imaging versus White Light for the Detection of Sessile Serrated

Colorectal Lesions: a Randomized Clinical Trial

Abstract

Background: Colorectal cancer (CRC) is a leading cause of cancer. The detection of pre-malignant lesions
by colonoscopy is associated with reduced CRC incidence and mortality. Narrow band imaging has
shown promising but conflicting results for the detection of serrated lesions.

Methods: We performed a randomized clinical trial to compare the mean detection of serrated lesions
and hyperplastic polyps 210 mm with NBI or high-definition white light (HD-WL) withdrawal. We also
compared all sessile serrated lesions (SSL), adenoma and polyp prevalence and rates.

Results: Overall, 782 patients were randomized (WL group 392 patients; NBI group 390 patients). The
average number of serrated lesions and hyperplastic polyps 210 mm detected per colonoscopy (primary
endpoint) was similar between the HD-WL and NBI group (0.118 vs 0.156, p=0.44). Likewise, the adenoma
detection rate (55.2% vs 53.2%, p=0.58) and SSL detection rate (6.8% vs 7.5%, p=0.502) were not different
between the two study groups. Withdrawal time was higher in the NBI group (10.88 vs 9.47 min, p=0.004),
with a statistically non-significant higher total procedure time (20.97 vs 19.30 min, p=0.052).
Conclusions: The routine utilization of narrow band imaging does not improve the detection of serrated
class lesions or any pre-malignant lesion and increases the withdrawal time.

Introduction

Colorectal cancer (CRC) is a leading cause of morbidity and mortality in the world, especially in western
countries [145,146]. Worldwide, CRC accounts for 860,000 deaths worldwide[146]. Colonoscopy has been
shown to decrease both the incidence of CRC and the related mortality by facilitating the detection and
allowing the removal of adenomas([4,31-34,53] and is endorsed as the preferred option for CRC screening
and adenoma surveillance[9,38,121,122]. The adenoma detection rate (ADR) is currently the main quality
indicator for colonoscopy[66,68], as a higher ADR results in lower risk of CRC and mortality[35]. However,
conventional colonoscopy has been shown to miss lesions in tandem studies, especially sessile serrated
lesions (SSLs). [28,60,123] These lesions are different from adenomas; they are more frequent on the right
colon and usually present with a flat morphology that makes them much harder to detect through
optical colonoscopy. SSL also present a different, faster carcinogenesis pathway and as result of these
characteristics, they are associated with interval CRC, which is the occurrence of colorectal cancer after
screening colonoscopy and before the next scheduled screening procedure [140,141].

Narrow band imaging (NBI) has been shown to be effective for SSL detection in one trial performed in an
academic center and in the setting of sessile serrated polyposis [72,75]. In another RCT, Douglas Rex et al
compared NBI (Olympus™ 190 series colonoscopes) and high-definition white light (HD-WL)
colonoscopy for the detection of proximal serrated lesions in average risk individuals. This trial showed a
trend towards higher detection in the NBI but failed to achieve statistical significance for the primary
endpoint (number of proximal serrated lesions)[76]. Few other trials have studied the effect of NBI on the
detection of colorectal polyps and adenomas and some have also reported the incidence of serrated class
lesions with non-significant results in most of them [71,147-149]. Recently, a meta-analysis pooled the
results of these trials which showed a significant increase in the detection of serrated lesions with
NBI[150].

Therefore, it's still unsettled whether NBI should be used systematically during colonoscopy withdrawal
to increase detection of CRC precursor lesions.

Our aim was to evaluate if the systematic usage of NBI during colonoscopywithdrawal contributes to a
higher rate of SSL detection in an average CRC risk population.

Materials and Methods

Study Design

We performed a 2-arm superiority RCT to compare SSL detection between NBI and HD-WL optical
colonoscopy. The study was approved by the institutional review board at Hospital Beatriz Angelo and
NOVA Medical School and was registered at clinicaltrials.gov (NCT02876133). Patients were required to
sign a written informed consent.
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The study was performed in one academic center between October 2016 and February 2021.

Study population

Consenting individuals fulfilling the inclusion criteria: patients scheduled for elective colonoscopies, aged
40 to 74, cecal intubation and adequate bowel preparation according to the Boston Bowel Preparation
Score (BBPS) >1 in each bowel segment; and without exclusion criteria: known polyposis syndromes,
primary sclerosing cholangitis, inflammatory bowel disease, personal colorectal cancer history or
colorectal surgery, contraindications to polypectomy, current pregnancy and ASA >3,

Outcomes

The primary endpoint was the average number of serrated lesions including hyperplastic lesions 210 mm
detected per colonoscopy.

The secondary endpoints were: SSL detection rate (humber of patients with at least 1 SSL/total number
of participants); serrated class lesions detected per colonoscopy (number of serrated lesions/total
number of participants); adenoma detection rate (hnumber of patients with at least 1 adenoma/total
number of participants); adenomas detected per colonoscopy (number of adenomas/total number of
participants); malignant adenocarcinoma detection rate (number of malignant adenocarcinomas/total
number of participants); incidence of procedure related adverse events.

Study procedures and data collection

We used a block randomization table generated in STATA and the investigators were blinded to the
random allocation. Randomization was concealed until patient assignment. Consenting patients were
randomized with REDCap to the NBI group or the white light colonoscopy group, after cecal intubation
and before the withdrawal. Study data were collected and managed using REDCap (Research Electronic
Data Capture) electronic data capture tools hosted at Sociedade Portuguesa de Gastrenterologia[131,132].
REDCap is a secure, web-based software platform designed to support data capture for research studies,
providing 1) an intuitive interface for validated data capture; 2) audit trails to track data manipulation and
export procedures; 3) automated export procedures for sesamless data downloads to common statistical
packages; and 4) procedures to support data integration and interoperability with external sources.

The six participating endoscopists were all experienced in optical colonoscopy (defined by having
performed a minimum of 300 colonoscopies)[133] and electronic chromoendoscopy with an ADR above
40% in all cases. The procedures were performed using a high-definition Olympus endoscope (CF-H190
or GIF-H190). Colonoscopies were performed either without sedation, under conscious sedation or under
deep sedation, as requested by the assistant physician. Antispasmodics (butylscopolamine) could be
administered during the procedure at the endoscopist discretion.

The histologic evaluation of each lesion was performed by pathologists in our centre. The pathologists
were blinded to the method used during the procedure.

We recorded patient demographic and clinical data, including date of birth, sex, weight, height, body
mass index, education level, smoking habits, personal history of polyps and polypectomy, date of previous
colonoscopy and family history of CRC; colonoscopy data, such as the endoscopist performing the
procedure, colonoscope model, indication for the procedure, depth of sedation (no sedation, conscious
or deep sedation), the administration of antispasmodics (butylscopolamine), intubation and withdrawal
times, Boston Bowel Preparation Score (BBPS) in each colon segment (ascending, transverse and left
colon) and adverse events; and for each lesion detected, the location, size, morphology (Paris
Classification[134]) and histology (hyperplastic, adenoma, SSL or adenocarcinoma).

Sample size

The prevalence of SSL at screening colonoscopy is close to 5% but ranges from 1 to 18%, with a mean of
1,62 lesions per case [135,136]. For serrated lesions 210 mm we based our estimate on Rex’s trial[76] which
had a proportion of 0.098 proximal lesions per colonoscopy with NBI. We believed that a 100% increase
in yield could be a sufficient difference to consider routine use of NBI. Therefore, considering the number
of lesions per patient as the primary endpoint and to have an 80% power at a 5% significance level to
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detect a difference from 0.049 to 0.098 lesions/colonoscopy, we would need a total sample size of 968
colonoscopies. We anticipated a 2% cross-over rate and therefore we adjusted the sample size to 987
colonoscopies.

The statistical analysis was conducted with the SPSS software package, version 21 (Statistical Package for
the Social Sciences, IBM Corporation, Armonk, NY, USA). Categorical variables are expressed as
frequencies and percentages, while continuous variables are described as the means and standard
deviations or medians and ranges. The chi-squared test and Fisher's exact test were used to explore
associations between categorical variables. Differences in means for continuous variables and
dichotomous variables were analysed by t-tests or Mann-Whitney U tests, as appropriate.

The study was prematurely terminated due to the significant impact of COVIDI9pandemic on
recruitment pace.

Results

Patient and procedural characteristics

A total of 872 patients were assessed for eligibility, with 90 patients excluded before randomization due
to poor bowel preparation (n=75) and failure to reach the cecum (n=15). From the included 782 patients,
390 were randomly assigned to NBI and 392 to HD-WL group. All patients received the allocated
intervention. The trial profile is depicted in figure 1.

Figure 1. Trial profile.

872 patients assessed for
inclusion

75 patients with bbps<6 and
15 with incomplete

colonoscoy excluded
782 patients randomized

390 assigned to the NBI group 392 assigned to the WL group

390 analyzed in the NBI group 392 analyzed in the WL group

Table 1 summarizes baseline characteristics. There were no differences between the two study groups
regarding age, sex, family history of CRC, personal history of polyps and colonoscopy indication.

Table 2 shows procedural characteristics. Mean withdrawal time was 1.41 minutes higher in the NBI group
(10.88 vs 9.47 min, p=0.004), with a statistically non-significant higher total procedure time (20.97 vs 19.30
min, p=0.052). No significant differences were observed between the two study groups regarding depth
of sedation, administration of antispasmodics (butylscopolamine) and bowel preparation quality in each
colonic segment.
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Table 1. Baseline characteristics of the study population

Characteristics WL Group (n=392) NBI Group (n=390) P-Value
Age,y 61.44 (9.91) 60.89 (9.99) 0.444
Male sex, n (%) 204 (52.7) 212 (54.5) 0.618
Body mass index 27.67 (4.79) 27.76 (4.95) 0.813
Family history of CRC (1°* degree) 93 (24.3) 68 (17.5) 0.190
Previous colonoscopy, n (%) 160 (41.5) 171 (44.0) 0.480
Median tim.e .since last cglonoscopy, 38 (1-228) 32 (1-249) 0.081
months (minimum-maximum)
Personal history of polyps, n (%) 111 (28.8) 19 (30.7) 0.576
Indication

e Screening 72 (18.8) 89 (23.1)

e FOBT 49 (12.8) 61(15.8)

e Surveillance 101 (26.3) 103 (26.6) 0.122

. Diagnostic 162 (42.2) 133 (34.5)

Table 2. Procedural characteristics

Characteristics WL Group (n=392) NBI Group (n=390) P-Value
Deep sedation, n (%) 130 (33.9) 135 (34.8)
Conscious sedation, n (%) 209 (54.4) 221(57.0) 0.272
No sedation, n (%) 45 (11.7) 32(8.2)
Mean Boston Bowel Preparation Score

: #f;;‘j;ge olon 226 (0.438) 222 (0.415) 0222

«  Ascending colon 2.40 (0.490) 2.37 (0.484) 0.470

2.45 (0.503) 2.40 (0.495) 0179

Butylscopolamine administration 14 (30.2) 125 (32.7) 0.447
Total time, min 19.30 (11.32) 20.97 (10.53) 0.052
Withdrawal time, min 9.47 (6.18) 10.88 (6.37) 0.004

Outcomes

Table 3 summarizes detected lesions by study group (HD-WL vs NBI group). For the primary endpoint of
the average number of serrated lesions and hyperplastic polyps 210 mm detected per colonoscopy, there
was no significant difference between the two groups (0.118 vs 0.156, p=0.44). Overall, no differences were
observed in polyp detection rate (69.6% vs 69.3%, p=0.93), adenoma detection rate (55.2% vs 53.2%, p=0.58),
SSL detection rate (6.3% vs 7.5%, p=0.502) and serrated lesions including hyperplastic 210 mm detection
rate (6.8% vs 8.9%, p=0.298) between HD-WL and NBI groups. Likewise, the number of adenomas (1.23 vs
1.23, p=0.996) and SSLs (0.11 vs 0.13, p=0.712) per colonoscopy were also not different. Finally, the
adenocarcinoma detection rate also similar (1.6% vs 1.1%, p=0.535).

Table 3. Lesions detected stratified by study group

. WL Group NBI Group > GIEOA 1
Characteristics (n=392) (n=390) ITT OR/MD; 95% Cl; p-value
PD(R), n (%) 268 (69.6) 269 (69.3) 0.987; 0.727-1.340; 0.933
ADR(R), n (%) 211 (55.2) 205 (53.2) 0.923; 0.695-1.226; 0.580
SSL detection (rate), n (%) 24 (6.3) 29 (7.5) 1.212; 0.692-2.122; 0.502
Serrated Ies',lon and hyperplastic 210 26 (6.8) 34 (89) 1326: 0.780-2.257: 0.298
mm detection rate
Adenocarcinoma detection rate 4 (1.0) 6 (1.6) 1.496; 0.419-5344; 0.535
Number of lesions, mean (SE) 1.92 (0.114) 2.12 (0.130) 1.034; 0.975-1.097; 0.262
Number of adenomas per 1236 (0.090) 1236 (0.112) 1.000; 0.931-1.074; 0.996
colonoscopy (SE)

Number of SSLs per colonoscopy (SE) 0.113 (0.029) 0.130 (0.036) 1.043; 0.833-1.307; 0.712
Number of serrated lesions (210 mm) | 415 5 o5 0156 (0.039) 1.089; 0.876-1.355; 0.442
per colonoscopy (SE)

ITT — intention to treat; OR — odds ratio; MD — mean difference; Cl - confidence interval; PDR - polyp detection rate;
ADR - adenoma detection rate; SSL — sessile serrated lesion.
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Discussion

We performed a randomized controlled trial design to determine whether narrow band imaging
improves the detection of serrated lesions and hyperplastic lesions 210 mm. Our results did not show a
significant difference in the detection of these lesions or in any other lesions (adenomas, sessile serrated
lesions, all polyps, and invasive cancer).

Furthermore, our study was not only negative in all lesions detection outcomes, but it also showed an
increased inspection (withdrawal) time by an average of 85 seconds with NBI. We believe this effect was
probably associated with the known need for better washing and suction of the colon as NBI image is
severely impaired by the presence of colonic residue and even clear fluids. This effect has also been seen
in other trials studying NBI[150]. It is important to note the high detection rates (ADR of 54% and SSLR of
7%) in this study as the magnitude of optimization strategies decreases with high detection rates.

Strengths of this study include the randomized design and large sample size, using an endpoint that
included sessile serrated lesions according to the pathologist and large hyperplastic lesions which are
also a significant finding. An option would be to have all endoscopically suspicious lesions for serrated
morphology double checked by a second expert digestive pathologist.

Limitations include the uncontrolled withdrawal time which was higher in the NBI group, the
impossibility to blind the endoscopist, which is inevitable in these studies. However, we have previously
studied and reported colonoscopy quality outcomes that may help as a benchmark. Previously we
published in GE an observational study from 2012 to 2014 with a routine ADR of 36% and an SSL detection
rate of 1%[137]. These figures improved in our latest report with data from 2017 to 2019 with a ADR of 55%
and SSL detection rate of 4%[151]. The data shown demonstrate the overall detection improvement
during routine colonoscopies in our departmentin recent years and is in line with the outcomes reported
in our control group. Another important limitation is that our study was prematurely terminated due to
COVID19 pandemic and we were 205 hundred cases short. To better understand we calculated that this
sample with these results has a power of 71% to detect the prespecified effect in the sample size
calculation. Therefore, it would be very unlikely that with an extension of the trial the primary endpoint
would be met.

In this study we used sessile serrated lesions and large hyperplastic polyps as a combined endpoint to
overcome the limitation of the known pathological identification of SSL. Unlike in Rex’s trial, [152] we did
not include all proximal hyperplastic lesions, and this may have contributed to a smaller effect of NBI.

This study is one of the largest randomized controlled trials studying the effect of NBI for the detection
of colorectal lesions and more specifically sessile serrated lesions and large serrated class lesions. It failed
to show a significant effect other than an increase in the withdrawal time.

We conclude that a beneficial detection effect of NBI is very unlikely and overwhelmed by an increase in
procedural time.
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ABSTRACT

Background: Colorectal adenoma detection has been associated with cancer prevention
effectiveness. Clinical trials have been conceived to determine the role of several interventions
to increase the detection of pre-malignant lesions. We hypothesized that colonoscopy in the
setting of such trials have higher pre-malignant lesion detection rates.

Methods: We performed a cross-sectional study comparing the detection of pre-malignant
lesions in 147 randomly sampled non-research colonoscopies and 294 from the control groups
of two prospective trials. We included outpatients aged 40-79 who had no personal history of
CRC.

Results: Baseline characteristics were similar between the two groups. The pre-malignant
lesion detection rate in the trial vs control group was 65.6% vs 44.2% (OR 2.411; 95% C|
1.608-3.614; p<0.001), the polyp detection rate was 73.8% vs 59.9% {OR 1.889; 95% Cl|
1.242-2.876; p=0.003), the adenoma detection rate was 62.6% vs 44.2% {OR 2.110; 95% CI
1.411-3.155; p<0.001) and the sessile serrated lesion detection rate was 17% vs 4.1% (OR 4.816;
95% Cl 2.014-11.515; p<0.001). The mean number of pre-malignant and sessile serrated lesions
was 1.70 vs 1.06 {p=0.002) and 0.32 vs 0.06 {p=0.001) lesions per colonoscopy. In a multivariate
analysis with each single potential confounder, there was no significant change in any of the

study outcomes.
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Conclusions: Patients involved in colonoscopy trials may benefit from higher quality
examinations, as shown by the higher detection rates. Institutions should consider supporting
clinical research in colonoscopy as a simple means to improve colonoscopy quality and

colorectal cancer prevention.

KEY WORDS: Colonoscopy. Quality. Research. Adenoma.

INTRODUCTION

Colorectal cancer is one of the leading cancers and accounts for over 860,000 deaths
worldwide.[1] Colonoscopy has been shown to decrease both CRC incidence[2] and mortality by
detecting and allowing the removal of adenomas.[3-8] The magnitude of this effect is related to
the detection rate of pre-malignant colorectal lesions, especially the adenoma detection rate
{ADR), which is highly variable.[9-13] Sessile serrated lesions are another subset of colorectal
lesions that also harbour malignant potential[14] and are harder to detect, suffering from even
higher variability between endoscopists[15].

Quality in colonoscopy is therefore a major issue in digestive endoscopy, with significant efforts
being made by international societies such as the European Society of Gastrointestinal
Endoscopy (ESGE)[16] and the American Society of Gastrointestinal Endoscopy {ASGE)[17] to
set the standards. Both societies set the adenoma detection rate as one of the most important
indicators of colonoscopy quality.

In the last few decades, endoscopists and researchers have tried to improve the
detection of pre-malignant lesions through technological advancements, such as high-definition
imaging, electronic chromoendoscopy,[18] wide view lenses[19], devices[20,21] or artificial
intelligence,[22] as well as through simple interventions such as educational sessions,
feedback[23], benchmarking, changing the patient position[24], performing the colonoscopy
underwater[25] or administering butylscopolamine[26] or simethicone[27]. Several of the trials
of these interventions reported ADRs above 50% in some groups, including in the “placebo”
arms.[18,28,29] These results are well over the proposed threshold of 25% and above our

department’s own indicators with an ADR of 36% and a Sessile Serrated Lesion detection of 1%,
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as published in 2017.[30]

We hypothesized that patients whose colonoscopy was performed in a clinical trial
setting may have higher pre-malignant lesion detection {adenomas and SSL) than patients
under routine care. To our knowledge, there are no data to assess the impact of clinical
research projects on quality performance in endoscopy units.

Qur aim was to assess the colonoscopy quality indicators in patients who were included
in a control group for an endoscopic clinical trial at our institution and compare them with a

sample group from the same institution.
MATERIALS AND METHODS

Patients and Setting
We conducted a retrospective cross-sectional study comparing a colonoscopies performed in a

clinical trial setting and a group of “routine” colonoscopies.

inclusion Criteria

The inclusion criteria for the control group were similar to those for the trials with registered
protocols, which included patients aged 40 to 79 undergoing outpatient colonoscopies. Bowel
preparation quality was determined with the Boston Bowel Preparation Score {BBPS) and
deemed adequate if at least 2 points were reached in each segment. One of the trials excluded
patients with one or more segment with a BBPS below 2, but the other trial randomized
patients before the colonoscopy preparation, and preparation gquality was not an exclusion
criterion. To control for bowel preparation quality, we decided to include only cases with BBPS
scores of at least 2 in each segment.

Patients with polyposis syndromes, primary sclerosing cholangitis, inflammatory bowel
disease, a personal history of colorectal cancer or surgery or failure to reach the caecum were
excluded.

All patients provided informed written consent before their procedures and a specific

consent form was completed for those who were participants in the trials. The Institutional
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Review Board approved the collection of data for this observational study.

Case Selection

Routine colonoscopies for the control group were randomly selected from our department’s
database of routine colonoscopies. For the “trial group”, colonoscopies were randomly selected
from the control amms of two trials performed at our institution {NCT03856957 and
NCT02876133). A computer-generated algorithm was created for case selection. Cases were
selected from our 2019 colonoscopy database of outpatient colonoscopies performed in
subjects aged 40-79 vears during 2019. If the cases did not meet the study criteria, they were
excluded from the selection.

In the clinical trials we defined a cut-off of 300 colonoscopies to allow the participation of an
endoscopist which allowed the participation of senior endoscopists and two residents. In the
control group colonoscopies from nine senior endoscopists and the same two “senior”

residents were included.

Study Outcomes

The primary outcome was the pre-malignant lesion detection rate, and the secondary
outcomes were the polyp detection rate, ADR, sessile serrated lesion {SSL) detection rate,
number of pre-malignant lesions, adenomas and SSL per colonoscopy and number of serrated

lesions >9 mm.

Sample Size Caicuiation and Statistical Analysis

We decided to use a 2:1 trial group to control group ratio since we already had the trial
database with over 1000 cases and calculated a sample size of 294 trial colonoscopies and 147
control colonoscopies to have 80% power to detect a difference based on our own preliminary
data. For the control group, we assumed a 36% ADR from our own series,[30] and for the study
group, we assumed a 60% ADR based on our Endocuff trial (NCT03856957) and the recently
published ADENOMA trial, an RCT also studying Endocuff.[31]
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To determine the “clinical trial” effect more accurately, we adjusted the study endpoints
for age, sex, bowel preparation, sedation depth and personal history of polyps using
multivariate logistic regression analysis. We adjusted individually for each confounder and then
tested all variables in a single model.

The mean and standard deviation are shown for continuous variables with a normal
distribution. These were compared using an independent t-test. Categorical variables are
presented as proportions {%) and compared with the Fisher’'s exact or ¥* test. Logistic
regression was used to determine the effect estimates, which are presented as odds ratios and
95% confidence intervals. Missing data were resolved by pairwise deletion. Statistical analysis
was conducted with the SPSS software package, version 21 (Statistical Package for the Social
Sciences, IBM Corporation, Armonk, NY, USA).

The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki

as reflected in a priori approval by the institution's human research committee.
RESULTS

Patients
A total of 441 colonoscopies were selected, of which 294 were included in the clinical trial
group and 147 were included in the control group. Baseline characteristics are depicted in Table
1

Most baseline characteristics {age, sex, colorectal cancer family history and personal
history of polyps) were similar between the two groups. Sedation was significantly different

because in the clinical trials group, all cases were performed under deep sedation.

Outcomes

The study outcomes are summarized in Table 2. All lesion types were more frequently detected
in the trial group. The pre-malignant lesion detection rate was 65.6% vs 44.2% {OR 2.411; 95%
Cl 1.608-3.614; p<0.001), the polyp detection rate was 73.8% vs 59.9% (OR 1.889; 95% C|
1.242-2.876; p=0.003), the adenoma detection rate was 62.6% vs 44.2% (OR 2.110; 95% Cl|
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1.411-3.155; p<0.001) and the sessile serrated lesion detection rate was 17% vs 4.1% {OR 4.816;
95% Cl 2.014-11.515; p<0.001). The mean number of pre-malignant and sessile serrated lesions
was higher in the research group, with 1.70 vs 1.06, p=0.002 and 0.32 vs 0.06 {p=0.001) lesions
per colonoscopy, respectively. The mean number of lesions {overall) was not significantly
different between the groups.

In a multivariate analysis with each single potential confounder, there was no significant
change in any of the study outcomes.

The effects on the main quality indicators {ADR, SSL and pre-malignant lesion detection
rate) were adjusted in a single model including age, sex, sedation depth and history of polyps
{Table 3). In this model, the detection odds ratios were kept at a significant level for pre-
malignant lesions {OR 2.316; 95% C| 1.307-4.102; p=0.004), SSL detection rate {OR 6.810 95% IC
1.588-29.210; p=0.010) and ADR {OR 2.002; 95% IC 1.129-3.549; p=0.018).

DISCUSSION

Our study compared the main colonoscopy quality indicators in two separate groups
comprising 441 colonoscopies performed at our institution. In one group, patients underwent
routine colonoscopy and were not participants in any clinical trial. They were later selected, and
their data were retrospectively recorded without any prior knowledge of group membership by
the intervening clinical team. In the other group, we had colonoscopies that were selected from
the control groups of clinical trials, where the clinical team was aware that the outcomes would
be systematically recorded and analysed.

In this study, we observed higher ADR, SSLDR and lesion detection in colonoscopies that
were performed in a clinical trial setting. The results showed high lesion detection rates in both
groups; these rates were well above the thresholds proposed by the leading endoscopy
societies (ESGE and ASGE).

CRCis a leading cancer in the Western world. Effectively increasing the ADR by just 1%
has been shown to decrease CRC incidence by 3%; however, there is remarkable inter-
endoscopist variability in this metric, with rates ranging between 7.4% and 52.5%.[9] There

have been significant efforts to establish quality indicators to guide endoscopy practitioners in
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their quest to maximize the effectiveness of colorectal cancer screening, and although it can be
argued, currently, the best indicators of quality are probably adenoma detection rate and mean
adenomas per colonoscopy.[16,17] The ADR is the most studied and widely accepted quality
measure,[17,32] but the mean adenoma number may be more discriminative and more
resistant to gaming. The SSLDR suffers from even more variability between endoscopists, as
these lesions may be harder to detect than conventional adenomas.[33,34] In one study, this
variability was 20-fold, ranging from 0.3% to 6.7% among endoscopists from the same
group.[34] Furthermore, evidence is also increasing to support sessile serrated lesion detection
as an important quality metric, especially for the proximal colon due to their association with
interval cancer due to missed lesions.[35,36]

Studies have shown that when endoscopists are audited, publicly report their indicators
and receive feedback, their performance increases up to 45%.[37-39] This type of intervention,
if effective, is potentially more cost-effective than using artificial intelligence equipment or
single-use devices such as the third eye or even the Endocuff cap. In our department, we have
been interested in determining our own quality indicators and published them as a benchmark
reference.[30] We have also performed several trials on colonoscopy quality in the last few
vears,[40] one of which is currently recruiting participants (NCT02876133). This study was
initiated after we noticed high rates of detection in these trials.

We acknowledge some important limitations inherent to the study design. The
endoscopists in the trial group were not aware of this particular study, but they were not
blinded to the research protocols as they were aware of the trial in which they were involved.
The control group data were retrospectively collected; thus, some potentially relevant
confounders, such as family history of CRC or withdrawal time, were not accounted for, as the
data were not available. Only in 2019 did the electronic reporting system start to automatically
record the withdrawal time. Moreover, the groups were not properly matched even though the
baseline characteristics were quite similar. We tried to overcome that limitation by adjusting
the outcomes for known potential confounders such as age, sex and sedation. Bowel

preparation was controlled with by including only colonoscopies with at least 2 BBPS points in

each bowel segment. Furthermore, with the multivariate analysis, we were able to see an
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association of age, male sex and personal history of polyps with higher lesion detection. The
model also allows us to confirm that the association of being in a trial with higher lesion
detection rates is independent of age, sex, personal history of polyps and sedation depth.

The strengths of our study include being the first to analyse the impact of participating
in an endoscopy trial and showing a significant benefit of participating in clinical trials. There
have been a few other studies on the impact of research in other areas, such as cancer[41,42]
and women’s health,[43] although these studies have had conflicting results.[44]

In conclusion, this study showed, for the first time, that being involved in research,
specifically in colonoscopy clinical trials, may lead to a significant improvement in the detection
of pre-malignant lesionseven if the subjects are allocated to control/placebo groups. Should our
results be confirmed among other centres/study groups it could help to foster clinical research

in colonoscopy quality with the added clinical benefit of decreasing CRC burden.
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Table 1. Baseline characteristics of the study population

Trial Group Control Group p-value
{n=294) {n=147)
Age, v 62.16 {9.81) 61.97 (9.97) 0.802
Male sex, n {%) 161 {54.8) 70 {47.6) 0.157
CRC family history, n {%) 65 (22.4) 26 {18.1) 0.294
Previous colonoscopy, n (%) 133 (45.4) 74 (50.7) 0.295
Personal history of polyps, n {%) 87 (29.7) 44 (30.3) 0.838
Deep sedation, n (%) 294 {100) 65 {44.2) 0.001
Conscious sedation, n {%) 62 (42.2)
No sedation, n {%) 20 (13.6)
Indication 0.050
. 53 {17.3) 24 (16.3)
e FOBT/diagnostic 214 (69.9) 89 {60.5)
. 39 {12.7) 34 (23.1)
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Table 2. Primary and secondary outcomes

Trial Group {n=316) | Control Group {n=182) p-value

Mean polyp number (se) 2.21{0.14) 1.74{0.12) 0.062
Mean pre-malignant lesion 1.70 (0.12) 1.06 (0.16) 0.002
number (se)

Mean adenoma number 1.38 {0.10) 1.00(0.15) 0.032
{se)

Mean SSL number (se) 0.32 {(0.02) 0.06 {0.02) 0.001
Mean number of serrated 0.06 {0.019) 0.02 {0.015) 0.158

lesions >9 mm (se})

Polyp detection rate, % 73.8 59.9 0.003

Pre-malignant lesion 65.6 44.2 <0.001
detection rate, %
Adenoma detection rate, % 62.6 442 0.0002
Sessile serrated lesion

detection rate, % 17.0 4.1 0.0001
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Table 3. Logistic regression to control for potential confounders for pre-malignant lesion

detection
Variables Odds ratio Robust p
standard
errors
Trial group 2.316 0.292 0.004%**
{1.307-4.102)
Age 1.043 0.011 0.0001#**
{1.021-1.065)
Sex:
female 0.478 0.213 0.001***
{0.315-0.725)
Sedation:
no 0.892 0.352 0.745
{0.447-1.779)
Polyp history:
yes 1.610 0.240 0.048*
{1.005-2.578)
Wald ¥ test 54.436%**
Pseudo R? 0.158

*¥¥ denote p-values < 0.01, ** denotes p-value < 0.05.
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Our works revolved around two dimensions of colonoscopy quality. The first two
studies were dedicated to sedation and monitoring practices in gastrointestinal
endoscopy. The third study was an audit performed at our unit to establish
performance indicators and benchmarks for other units and for the future of our
practice. The two detection trials were an attempt to improve the awareness and the
identification of a subset of pre-malignant lesions: the sessile serrated lesions.
Although the studies did not have positive conclusions on the usage of NBI and EV,
there was an overall (including the control group) improved detection when
compared to the benchmark set in our previous study. This was probably the result of

increased endoscopist and pathologist awareness for this type of lesions.

In the last study we determined that participation in colonoscopy prospective studies
is associated to increased pathology identification and thus such studies should be

pursued by organizations with interest in colorectal cancer screening.

a. SEDATION IN COLONOSCOPY

In the first manuscript we reported the results of a Portuguese survey performed in
2014. The survey had a 26% response rate. The respondents worked at both private
and public institutions and reported differences in the sedation type according to
their workplace with propofol being used in 55% in the private practice scenario and
33% (p<0.0001) in public hospitals, where traditional sedation is also frequently used,
even though propofol is associated with higher satisfaction scores. NAAP was very
rarely reported with only 3.6% of respondents reporting its' use, mostly because of a
lack of training and medico-legal issues, similarly to the American, Italian and Greek

survey results.

The accuracy of this study was limited by the 26% response rate but this proportion is
undervalued since the total number considered was the pool of 490 associates of the
Sociedade Portuguesa de Gastrenterologia which included doctors who were retired

or did not perform endoscopy at all (hepatologists, surgeons or pathologists).

Since 2014 the landscape has most certainly changed. The volume of colonoscopy in
the private sector increased significantly and the National Health Service started to
compensate the anaesthesia services in the private sector, this alteration probably led

to a significantly increased utilization of anaesthesiologist directed propofol sedation.

In the second study we performed a randomized trial to evaluate the safety and

feasibility of NAAP in Portugal. NAAP has been shown to be safe in large observational
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studies [113,118] and is routinely performed in a few European countries like Germany,
Austria, Denmark and in some centers in Spain, Italy and Greece but it is very
uncommon in Portugal, as we have shown. In our study, we included 277 patients
undergoing colonoscopy and assigned them to a group of NAAP and to a control
group with an anaesthesiologist. The groups were well balanced and apart from a
lower incidence of bradycardia in the NAAP group (due to higher use of
butylscpolamine) there was no difference in the overall incidence of adverse events,
which was our primary endpoint. The recovery time was lower in the NAAP group (58
vs 67 min, p=0.032) and the adenoma detection rates were similar between groups
(28.4% vs 23.2%, p=0.331). The longer recovery time was associated with the use of

midazolam and/or alfentanyl.

These results are in line to the previous RCT on NAAP with 180 patients [116] and to a
recently published third one with 630 patients [153]. All three trials showed non-
inferiority in safety, as measured by the incidence of adverse events, in patient

satisfaction scores and in the adenoma detection rate when using NAAP.

Several trials and meta-analysis have also compared the use of propofol and
traditional sedation, which is usually a combination of a short acting benzodiazepine
like midazolam and an opioid like fentanyl. There is a small benefit in favour of
propofol sedation with higher patient satisfaction, cecal intubation rate, recovery time

and a lower incidence of complications [154,155].

Despite this strong evidence, it must be acknowledged that randomized trials have
an important limitation when addressing the safety issue since hard endpoints like
death or neurologic disability are exceedingly rare in routine endoscopic procedures

which would lead to unfeasible sample sizes in excess of 100.000 procedures [95,113].

Nevertheless, the existing data support the widespread use of propofol which has
been adopted in most countries as the most commonly used agent for sedation in

endoscopy.

b. COLONOSCOPY AUDITING

In the third study we performed a review of 3 years of activity in our Endoscopy Unit
at Hospital Beatriz Angelo. Our aim was to know how effective our colonoscopies were
and to establish benchmarks against which other units and even our future activity
could be compared. Another aim was to allow the measurement of specific quality

improvement interventions over time. We analyzed 654 screening and FOBT positive
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colonoscopies with an overall adenoma detection rate of 36% (95%CI 32-39) and 0.66
adenomas per colonoscopy. The identification of a low SSL detection of 1% led to
multidisciplinary discussion with the pathologists and an increased awareness which
improved our sensitivity for these lesions in our most recent reports (up to 7%).
Another important indicator that was deemed subpar was the bowel preparation with
almost a quarter of colonoscopies classified as having a poor preparation and this in
turn is known to be associated with a lower cecal intubation rate, a lower adenoma
detection rate, an increased incidence of adverse events and repeat procedures|[156].
After this study we renewed our preparation leaflets and adopted split-dose regimens
which are advocated by major guidelines but was slowly adopted due to fear of
aspiration, fecal incontinence and low patient education [157]. We also changed the
colonoscopy report in order to include a validated bowel preparation score — the

Boston Bowel Preparation Score.

C. IMPROVING SESSILE SERRATED LESIONS DETECTION

We evaluated the utility of NBl and Endocuff Vision in routine/screening colonoscopy.
Since these technologies were previously studied for adenoma detection and since
we were interested in studying and improving our own performance for the detection
of serrated lesions, we decided to design two trials specifically with SSL detection as

the primary endpoints.

Our NBI study was halted due to the COVID pandemic but we were able to randomize
a total of 782 patients to NBI or white light inspection during withdrawal and looked
into the detection of SSL adenomas and cancer. This study failed to show any
significant differences in the detection of these lesions even though it increased the
inspection time by a mean of 85 seconds (p=0.004), probably because NBI inspection
needs more work to wash and clean all debris and achieve a better bowel preparation,
as even a small amount of clear fluid may impair mucosal inspection. For the primary
endpoint we used a combination of histological diagnosed of sessile serrated lesions
with or without dysplasia and centimetric hyperplasic polyps to overcome
pathological underdiagnosis. In a previous trial by Douglas Rex [76] they included all
hyperplastic lesions and although this decision would increase the power of the study,

the clinical significance of such lesions would be debatable.

There are now several RCTs and meta-analysis of RCTs studying the role of NBI for the
detection of adenomasm[74] and serrated lesionsm[150] and there seems to be a

small benefit that only becomes apparent when pooling the studies and looking into
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the subgroup using second generation NBI and patients with optimal bowel
preparation. Even though our trial used second generation NBI equipment, the lack
of difference between groups and the added procedural time suggest NBI should be

used as add on to white light and not the main examination light during withdrawal.

In the Endocuff Vision study we used the same composite endpoint of the mean
number of sessile serrated lesions and hyperplastic polyps >9 mm per colonoscopy.
There was a non-significant higher number of lesions in the EV group (0.02 vs 0.06,
p=0.131) and no differences in any of the other detection metrics (PDR, ADR, MAPC,
SSL detection rate) nor in the inspection or procedure times. In the large EV trial
ADENOMA (n=1772), there was a significant higher detection of both adenomas and
SSL, however this difference was only apparent in the screening subgroup (n=797). EV
helps to detect lesions behind folds and for this reason it was shown to be more
effective the left colon. Sessile serrated lesions are preferentially located in the right
colon and essentially hard to detect due to two reasons: they may be completely flat
and present very subtle features which make them similar to the underlying normal
colonic mucosa. A combination of EV and endoscopic image enhancement could be

more effective to increase the sensitivity for these lesions.

Based on our studies and in the currently available evidence it can be suggested to
use routinely for screening colonoscopy and consider using NBI when the bowel

preparation is optimal and especially in the right colon.

d. IMPACT OF RESEARCH ON COLONOSCOPY QUALITY

The last study was motivated by our observation that over time the detection of
pathology in the colonoscopies being performed at our institution was increasing
substantially from an ADR of 36% in 2012-2014 to 65% in the Endocuff study in 2019.
We hypothesized that this could be due to technological and training issues that
changed over the 5-year period or it could also be because of the lack of blinding of
the endoscopists participating in trials’ colonoscopies, since it has been shown that

endoscopists perform better when they know they are being audited [158].

To evaluate this effect, we designed a study to determine the main quality indicators
in a group of colonoscopies included in the NBI and EV trials and a control group
selected from a population with the same inclusion criteria and with colonoscopies

performed by the same endoscopists within the same timeframe (2019). We included
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441 colonoscopies in a 2:1 ratio and observed higher ADR, SSLDR and lesion detection

in colonoscopies that were performed in a clinical trial setting.

We must recognize that such study design has some relevant limitations. The first one
is that the endoscopists in the trial knew they were being observed and their
performance was under direct scrutiny. Secondly, the control group data was
retrospectively collected and as such some potential confounders such as family
history of CRC and withdrawal time were not accounted for. Another limitation was
the lack of a proper matching between groups but we tried to overcome this situation

by applying a multivariate analysis with known potential confounders.

Still, this study is the first to evaluate the impact of research on colonoscopy quality
and it suggests that there was a significant clinical benefit for the patients that were

included in these trials.

This study should prompt endoscopy units to pursue excellence and motivate
practitioners to evaluate key performance indicators and to set up interventions to
improve what is the ultimate goal of colonoscopy: detection and resection of pre-

malignant lesions in order to decrease CRC burden.
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Colonoscopy is of paramount importance for colorectal cancer screening and
sedation is an increasingly important part of the procedure. Most colonoscopies in
Portugal are performed with traditional sedation (midazolam alone or with an opioid)
or anesthesiologist directed propofol sedation but propofol is the preferred agent for
Portuguese endoscopists. NAAP is virtually non-existent due to lack of training and

medico-legal issues regarding the administration of propofol.

The administration of propofol during routine colonoscopies in low-risk patients
allows high quality examinations and can be safely performed by a team including an
endoscopist and nurses with adequate training in sedation and airway management.
Propofol is the agent of choice for patients and endoscopists and increasing its
availability may improve the willingness of the population to undertake endoscopic

screening and surveillance.

The auditing of colonoscopy quality indicators is a useful tool to assess the
effectiveness, establish benchmarks, identify subpar indicators and design proven
interventions to improve the effectiveness and safety of the colonoscopy.
Performance indicators such as the quality of bowel preparation, sedation utilization,
patient satisfaction, pathology detection and resection technique are highly variable
and may be improved. Endoscopy units should therefore establish protocols to
maintain continuous auditing activity in order to promote the improvement of the

endoscopists activity and maximize the outcomes of screening.

Colonoscopy and colonoscopes have had a remarkable evolution over the last few
decades. Several devices and techniques have been developed and evaluated in order
to improve the pre-malignant lesions detection yield of the colonoscopy. Endocuff
Vision is one of these devices and has been shown to improve the detection of
adenomas. We performed a study which only showed a non-significant trend towards
higher detection of sessile serrated lesions when using the EV distal attachment. EV
may be a useful adjunct since it increases adenoma detection rates with no significant

downsides.

NBI is a simple to use advanced imaging technique but the studies on pathology
detection have had conflicting results. We performed a large trial that failed to show
a difference in the detection of both sessile serrated lesions and adenomas. The use
of NBI was associated to a small increase in the procedural time with no added
benefit. NBI should be reserved for patients with very good bowel preparation and in

conjunction with high-definition white light inspection of the mucosa.
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Participating in research studies is an act of generosity by the individuals and in our
data we were able to determine that the participation in prospective colonoscopy
studies in which the endoscopists are being actively audited, leads to an increase in
the detection of pre-malignant lesions. Endoscopy units should promote research in
colonoscopy quality with the added benefit of improving the performance indicators

and minimize the future burden of colorectal cancer which is our ultimate goal.

Our results are important to raise societal awareness for colorectal cancer screening
and also for gastroenterologists and policy makers to understand that colonoscopy
not only is effective and safe as a means for the prevention and early diagnosis of a
major public health issue in Portugal, but also that quality is multi-dimensional and
highly variable. Units should be incentivized to design and establish interventions to
improve the effectiveness of colonoscopy. By having a genuine interest and by
working together (gastroenterologists, anesthesiologists, pathologists and nurses),
performing research and auditing the results it is possible to maximize the outcomes

of our daily practice.

Future Research

Further studies are needed to keep up with the ongoing evolution in endoscopy.

Since our national survey, the landscape of sedation has probably changed
considerably with a more widespread adoption of propofol based sedation. For this
reason, we have started to work on new survey which is currently underway and will

allow us to understand the evolution of the last few years.

New devices and technological advances keep pushing the quality indicators to new
heights which were unrealistic a couple of decades ago. Imaging, chromoendoscopy
improvements and the recently introduced computer-aided polyp detection (artificial
intelligence) equipments which are a significant improvement in the identification of
neoplastic lesions [159]. With an increasingly higher sensitivity we will identify smaller
lesions and very subtle lesions that were almost invisible when trials like the National
Polyp Study were performed. Therefore, it is of the utmost importance to determine
whether these lesions are clinically relevant, how should they affect surveillance
schedules and what is the impact of their removal in what matters most: CRC

incidence and mortality.

In the future, it will be important to evaluate the value of the key performance

Mmeasures as the adenoma detection rate becomes less discriminative. Possible
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performance indicators to consider and evaluate include the mean number of
adenomas per colonoscopy, adenomas per positive colonoscopy or the inclusion of
sessile serrated lesions detection in a combined metric. It will be possible and
desirable to refine the risk stratification of the patients and establish personalized
indicator thresholds. Apart from this, it will also be relevant to study the performance
measures and pathology identification measures outside the setting of colorectal

cancer screening.

Although there has been a significant evolution in recent decades that led to the
widespread acceptance of colonoscopy as a safe, painless and cost-effective
screening procedure, there is still room to further improve the outcomes as the cancer

of the colon and rectum remains a top cancer in most western countries.
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