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WSTEP

Rak jelita grubego jest jednym z najczesciej wystepujacych nowotwordw
ztosliwych — w Polsce zajmuje pod tym wzgledem 2. miejsce u obu ptci,

a zachorowalnos¢ na ten nowotwor systematycznie wzrasta. Kazdego roku
rozpoznaje sie prawie 16 000 nowych przypadkdéw. Rak jelita grubego lokalizuje sie
w odbytnicy (30-50%), esicy (15-20%), zstepnicy (6%), poprzecznicy (9%) oraz
wstepnicy z katnicg (14%). Wiekszos¢ rakow jelita grubego rozwija sie na podiozu
gruczolaka uszyputowanego, znacznie rzadziej nieuszyputowanego. Sekwencja
gruczolak-rak jest gtbwng drogg prowadzgcg do raka, obserwowang w 85%
przypadkow raka jelita grubego u ludzi. Rozwéj nowotworu odbywa sie na przestrzeni
lat. W zwigzku z tym istotne znaczenie dla profilaktyki ma wdrozenie badan
przesiewowych, ktére pozwalajg na obnizenie czestosci wystepowania raka jelita
grubego i spadek $miertelnosci z nim zwigzanej. W Polsce podstawowg metodg
wykorzystywang w badaniach przesiewowych jest kolonoskopia. Jej gtéwne zalety to
duza czutos¢ i swoisto$¢ oraz mozliwos¢ usuwania zmian prekursorowych,

co powoduje, ze jest ona narzedziem nie tylko wczesnego wykrywania raka jelita
grubego, ale rowniez zapobiegania jego rozwojowi.

W Polsce od 2000 roku realizowany jest Program Badan Przesiewowych dla
wczesnego wykrywania raka jelita grubego. Stanowi on czes¢ Narodowego
Programu Zwalczania Choréb Nowotworowych i jest finansowany przez Ministerstwo
Zdrowia. Od tego czasu obserwowany jest staty szybki postep technologiczny
owocujgcy  wprowadzaniem nowych generacji sprzetu endoskopowego,
dodatkowego oprzyrzgdowania, co w potgczeniu z doswiadczeniem i inwencjg
endoskopisty umozliwia przeprowadzanie coraz bardziej doktadnej diagnostyki.

Na dobre odeszlismy od endoskopow optycznych, ktore byty wykorzystywane

na poczatku programu badan przesiewowych. Do nowoczesnych technologii
wykorzystywanych obecnie w endoskopii nalezg m.in: wideoendoskopia wysokiej
rozdzielczosci (HDTV 1080p), obrazowanie w waskim pasmie $wiatta (Narrow Band
Imaging), dwustopniowy system optyczny (Near Focus), zmienna sztywnos$¢ sondy
poprawiajgca kontrole wprowadzania endoskopu oraz system magnetycznej
trojwymiarowej nawigacji endoskopu.

Kazda procedura medyczna, aby byta skuteczna i efektywna oraz bezpieczna

dla pacjentdbw musi by¢é dobrze wykonywana. Jako$¢ w endoskopii pozostaje



obszarem, ktory ciggle wymaga doskonalenia. W ocenie jakosci badania kluczowe
znaczenie wydajg sie mie¢ obejrzenie przez endoskopiste catego jelita oraz wykrycie
i usuniecie wszystkich gruczolakow. Wskazniki jakosci w kolonoskopii sg scisle
okreslone i stanowig je miedzy innymi: czestos¢ wykrywania gruczolakéw (adenoma
detection rate — ADR), osiggalnosc¢ katnicy (cecal intubation rate — CIR) oraz odsetek
wykonanych jednoczasowych polipektomii. Obejrzenie catego jelita, z katnicg
wigcznie, jest wazne, gdyz wzrasta obecnie czestos¢ rakéw zlokalizowanych

w prawej potowie jelita. Wedtug wytycznych odsetek kolonoskopii przesiewowych

z osiggnieciem katnicy powinien wynosi¢ co najmniej 95%. Natomiast odsetek
badan, w ktérych wykryto co najmniej jednego gruczolaka powinien wynosi¢

co najmniej 25% u mezczyzn i co najmniej 15% u kobiet. Innym proponowanym
parametrem jakosci jest czas wycofywania aparatu, czyli ten, ktéry endoskopista
poswieca na obejrzenie btony Sluzowej od katnicy do odbytnicy. Nie powinien by¢
krotszy niz 6 minut.

Wiele czynnikow wptywa jednoczesnie na obnizenie skutecznosci badania
w aspekcie wykrywalnosci polipéw, przeoczenia zmian nowotworowych,
cow rezultacie ogranicza wartos¢ badania przesiewowego. Wsréd gtéwnych
czynnikdw powodujgcych niepowodzenie kolonoskopii jako badania zapobiegajgcego
rozwojowi raka jelita grubego wymienia sie: niewtasciwe przygotowanie jelita
do badania, nieosiggniecie katnicy, zbyt szybkie wycofywanie aparatu,
nieuwidocznienie polipéw znajdujgcych sie za haustracjami jelita, trudnosci
w rozpoznaniu polipédw ptaskich, nieradykalna polipektomia, czy tez brak
odpowiedniego  nadzoru endoskopowego u chorych z wykrytymi wczesniej
gruczolakami.

W ostatnich latach obserwujemy systematyczny wzrost liczby badan
kolonoskopowych wykonywanych w ramach skriningu. W zwigzku z tym analiza
jakosci, parametréw na nig wptywajgcych, w tym szkolenia, czy tez indywidualnych
mozliwosci endoskopisty jest niezwykle istotha. W aktualnie spotykanych
publikacjach poza scisle okreslonymi parametrami jakosci poddaje sie badaniom
wiele réznych parametréw mogacych potencjalnie wptywa¢ na koncowy wynik
badania przesiewowego. Swiadczy to o tym, iz nadal poszukiwane sg optymalne
rozwigzania zarowno dla pacjentéw, jak i lekarzy wykonujgcych badania
przesiewowe. Podkreslany jest m. in. wptyw tolerancji badania na jego jakosc.

Badania wykonywane w znieczuleniu ogdélnym sg zwigzane z wiekszg czestoscig



intubaciji katnicy. Jednak samo znieczulenie ogdlne wigze sie to nie tylko z wiekszym
odsetkiem powiktan, ale takze stanowig istotne zwiekszenie kosztéw badania, co stoi
sprzecznosci z zatozeniami badan przesiewowych, ktére powinny byé
ogolnodostepne i racjonalne pod wzgledem finansowym. Dlatego istotne jest, aby
dgzy¢ do zwiekszenia tolerancji badan w znieczuleniu miejscowym stosujgc lepszy
sprzet, czy tez ulepszac swojg technike.

Staty postep technologiczny przyczynia sie do wprowadzania nowych
generacji endoskopow oferujgcych wiele wczesniej nie znanych mozliwosci. Z jednej
strony modernizacja polega na przystosowaniu endoskopow do jak najtatwiejszego
wykonania badania, co przyczynia sie do lepszej tolerancji przez pacjentéw. Z drugiej
strony nowe mozliwosci elektroniki oraz precyzyjnej optyki w zatozeniu dajg
mozliwos$¢ doktadniejszej oceny btony Sluzowej, okreslenia charakteru i rozmiaréw
zmian patologicznych oraz wstepne okreslenie ich charakteru oraz stopnia
ztosliwosci. Dzieki temu istnieje mozliwos¢ podijecia leczenia réwnolegle z badaniem
diagnostycznym, co moze przyczyniac sie do skrocenia catego procesu leczenia oraz
ewentualnej poprawy wynikow tego leczenia.

W zwigzku z tym, iz jako Il Katedra Chirurgii Ogdlnej Collegium Medicum
Uniwersytetu Jagiellonskiego bierzemy czynny udziat w badaniach przesiewowych
wykonywanych w kierunku wczesnego wykrywania raka jelita grubego, uwazamy,
ze powinnismy mie¢ realny wptyw na poprawe jakosci badan. Obliguje nas do tego
réwniez fakt, iz jestesmy Osrodkiem akredytowanym do wydawania certyfikatow
umiejetnosci endoskopowych Towarzystwa Chirurgéow Polskich. Dlatego tez
w ramach cyklu artykutéw publikowanych w prestizowych czasopismach naukowych
postanowilismy przedstawi¢ wyniki naszych doswiadczeh zwigzanych z badaniami
endoskopowymi wykonywanymi w ramach skriningu.

Wyniki badan prowadzonych w |l Katedrze Chirurgii Ogdlnej stanowity
podstawe do napisania niniejszej rozprawy doktorskiej zatytutowanej:
.Retrospektywna analiza wynikow badan kolonoskopowych w ramach programu
badan przesiewowych dla wczesnego wykrywania raka jelita grubego”. Praca
doktorska stanowi cykl prac oryginalnych opublikowanych w czasopismach obecnych
w bazie PubMed, a takze znajdujgcych sie na liscie ISI Thomson Reuters. tgczny
Impact Factor prac wynosi: 6.002. Jako autor rozprawy doktorskiej jestem pierwszym

autorem oraz wspoétautorem prac sktadajgcych sie na wyzej wspomniany cykl.



CELE PRACY

Cel gtowny:

= Okreslenie  czynnikbw majgcych wplyw na jakos¢ badania
endoskopowego.
= Ocena jakosci badan przesiewowych wykonywanych w Il Katedrze

Chirurgii Ogolnej Collegium Medicum Uniwersytetu Jagiellonskiego

Cele dodatkowe:

Ocena przydatnosci rozwoju technik endoskopowych w badaniach
przesiewowych oraz ich wptywu na poprawe jakosci badan.

Analiza réznic w jakosci badan kolonoskopowych wykonywanych w réznych
okresach, z uzyciem réznych pod wzgledem zaawansowania
technologicznego endoskopdw:

lata 2000 — 2003 - era endoskopow optycznych,

lata 2004 - 2008 era endoskopow optycznych i wideoendoskopow,

2009 - 2014 era wideoendoskopow (wykorzystujgcych technologie HD oraz
NBI).

Ocena roli doswiadczenia endoskopisty w jakos$ci wykonanego badania

na podstawie poréwnania badan wykonywanych przez lekarzy rezydentéw

i specjalistow chirurgii ogoéinej w latach 2014- 2018.

Przedstawienie wynikéw badan endoskopowych u chorych bezobjawowych.



Publikacje zawarte w rozprawie doktorskiej

Rozprawe doktorskg stanowi monotematyczny cykl prac oryginalnych:

Tytut pracy: How to improve the adenoma detection rate in colorectal
cancer screening? Clinical factors and technological advancements

Czasopismo: Archives of Medical Science

Il. Tytut pracy: Cecal intubation rates in different eras of endoscopic
technological development

Czasopismo: Videosurgery and Other Miniinvasive Techniques

II. Tytut: Impact of responsive insertion technology (RIT) on reducing
discomfort during colonoscopy — randomized clinical trial

Czasopismo: Surgical Endoscopy

V. Tytut pracy: Colonoscopy for colorectal cancer screening - is it effective
in the hands of a general surgery resident?

Czasopismo: Polish Journal of Surgery



OMOWIENIE PRAC NAUKOWYCH WCHODZACYCH W SKLAD CYKLU

Publikacja |

Pierwszg pracg wchodzgca w sktad cyklu jest artykut zatytutowany:

»HOwW to improve adenoma detection rate in colorectal cancer screening? - clinical
factors and technological advancements” opublikowany w czasopismie Archives

of Medical Science. W zwigzku z tym, iz czesto$¢ wykrywania gruczolakéw jest
jednym z kluczowych parametréw okreslajgcych jakos¢ kolonoskopii postanowilismy
sie skupic na czynnikach na niego wptywajagcych, w tym zastosowaniu
najnowoczesniejszych dostepnych technologii endoskopowych. W tym celu
przeanalizowalismy 24055 badan wykonywanych w latach 2004 do 2008. Pacjentow
podzielono na dwie grupy w zaleznosci od stosowanego endoskopu. Grupe | (10405
pacjentow) stanowili chorzy, ktorzy byli badani standardowymi elektronicznymi
endoskopami. W grupie Il znaleZli sie chorzy (13650 pacjentéw), ktérym wykonywano
badanie przy pomocy najnowoczesniejszych endoskopdéw, wykorzystujgcych m.in.:
wideoendoskopia wysokiej rozdzielczosci (HDTV 1080p), obrazowanie w wagskim
pasmie swiatta (Narrow Band Imaging), dwustopniowy system optyczny (Near
Focus), zmienna sztywno$¢ sondy poprawiajgca kontrole wprowadzania endoskopu
oraz system magnetycznej trojwymiarowej nawigacji endoskopu. Poréwnano
czestoS¢ wystepowania gruczolakéw pomiedzy dwoma grupami, a takze inne
czynniki wptywajgce na jakos$¢ badania, w tym osiggalnos¢ katnicy, przygotowanie
jelita, tolerancje pacjentéw na badanie wykonywane w znieczuleniu miejscowym.
Wsréd najistotniejszych  wynikdbw nalezy wymieni¢, iz czesto$¢ wykrywania
gruczolakow byta istotnie wyzsza w grupie Il 31.73% w poréwnaniu z 29.14%

w grupie | ( p<0.001). llo$¢ petnych kolonoskopii, z intubacjg katnicy rowniez byta
wieksza w grupie Il - 96.68% w poréwnaniu z grupg | 93.73% ( p<0.001). Takze
tolerancja badania byta istotnie statystycznie wyzsza w przypadku grupy pacjentow
badanych zaawansowanymi technologicznie endoskopami. Na podstawie
uzyskanych wynikéw wyodrebniono czynniki, ktére istotnie wptynety na jakosé
badania, zwiekszajgc tym samym czestos¢ wykrywania gruczolakéw (ADR) oraz
osiggalnos¢ katnicy (CIR). Nalezg do nich: pte¢ meska, wiek, BMI, przygotowanie
jelita, tolerancja badania. Réwniez istotny wptyw na jakos¢ badania miat fakt

wykonywania kolonoskopii przy uzyciu nowego rodzaju endoskopdéw. Whnioski, jakie



mozna wyciggng¢ na tej podstawie sg nastepujgce: czynniki zalezne od pacjenta
majg niezwykle istotny wptyw na koncowy wynik badania. Réwniez nowe technologie
stosowane w najnowszych aparatach zwiekszajg jakos¢ badania przesiewowego
poprzez wptyw na zwiekszenie czestosci wykrywania gruczolakow oraz zwiekszenie

osiggalnosci katnicy.
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Publikacja Il

Kolejna praca zatytutowana: ,Cecal intubation rates in different eras of endoscopic
technological development” zostata opublikowana w czasopismie Videosurgery and
Other Miniinvasive Techniques. W tej publikacji gtbwny nacisk zostat potozony

na czynnik determinujgcy jakosc¢, jakim jest osiggalnos¢ katnicy. Kompletne badanie,
czyli tzw. petna kolonoskopia, gdzie oglgdamy cate jelito z katnicg wigcznie, jest
niezwykle istotna ze wzgledu na wzrastajgcg czestos¢ zmian o charakterze
nowotworowym w prawej czesci jelita. Poddane analizie zostaty wyniki badan 27463
chorych, ktérzy przechodzili kolonoskopie w ramach programu przesiewowego
wczesnego wykrywania raka jelita grubego. Chorzy zostali podzieleni na trzy grupy

w zaleznosci od czasu, w ktorym byto wykonywane badanie, a co za tym idzie
réznymi endoskopami wykorzystywanymi do badania. Grupa | skfadata sie z 3408
chorych badanych w latach 2000- 2003 z uzyciem endoskopéw optycznych. Grupe |l
stanowito 10405 chorych badanych w latach 2004- 2008 przy pomocy
standardowych endoskopow elektronicznych, grupa Ill to chorzy badani w latach
2009- 2014, gdzie do badania stosowano najnowoczesniejsze technologicznie
endoskopy. Aby okresli¢ wptyw nowych technologii na jakos¢ badania poréwnano
osiggalnos¢ katnicy (cecal intubation rate — CIR), a takze czas osiggniecia katnicy.
Wykazano, iz osiggalnos¢ katnicy zwiekszata sie wraz z postepem technologii
endoskopow uzywanych do badania przesiewowego. W grupie | osiggalnosc katnicy
wynosita 69.75%,w grupie Il i [ll odpowiednio 92.32% i 95.17% (p< 0.001). Réwniez
Sredni czas, w ktérym wykonywano petne badanie byt najkrotszy w grupie lll.
Pozwolito to na wyciggniecie wnioskdw, iz nowe technologie zastosowane

w endoskopach majg istotny wptyw na jakos¢ i efektywnos¢ badan przesiewowych

wykorzystywanych do wczesnego wykrywania raka jelita grubego.
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Publikacja Il

Trzecia z publikacji zatytutowana: ,Impact of responsive insertion technology (RIT)
on reducing discomfort during colonoscopy — randomized clinical trial” opublikowana
w Surgical Endoscopy skupia sie na analizie jednego z rozwigzan technologicznych
stosowanego w najnowoczesniejszych endoskopach. Jest to randomizowane
badanie kliniczne oceniajgce korzysci wynikajgce z implementacji wprowadzania
kontrolowanego (ang. Responsive Insertion Technology — RIT) w kolonoskopiach
skriningowych wykonywanych w znieczuleniu miejscowym. Technologia RIT

ma na celu utatwienie wprowadzenia aparatu, a takze zwiekszenie komfortu pacjenta
w trakcie badania. Analizg zostato objetych 647 pacjentéw. Pacjenci zostali
podzieleni na dwie grupy w zaleznosci od rodzaju uzytego endoskopu. Grupe | (329
pacjentow) stanowili chorzy, u ktérych zastosowano kolonoskopy wyposazone w RIT,
grupe 1l (318 pacjentow) stanowili chorzy, badani standardowymi aparatami

o regulowanej sztywnosci. Poréwnano czas, w ktorym osiggano katnice, ilos¢ petli
powstajgcych w czasie badania, czestos¢ stosowania ucisku brzucha przez
asystenta w czasie badania oraz dolegliwosci bdélowe wyrazone w skali VAS.
Stwierdzono, iz czas intubacji katnicy byt krotszy w przypadku uzycia endoskopow
wyposazonych w RIT, wynosit 209 s i 224 s odpowiednio dla | i Il grupy (p < 0.05).
Wieksza liczba powstajgcych petli byta obserwowana w grupie IlI- 1.7 vs 1.35
(p<0.05). Takze pacjenci w grupie Il czesciej wymagali uciskanie manualnego
brzucha w trakcie badania — 2.2 vs 1.7 (p=0.001). Chorzy w grupie | zgtaszali
mniejsze dolegliwosci bolowe w poréwnaniu z chorymi z grupy Il, ktére oceniono przy
uzyciu skali VAS — 2.3 vs. 2.6. Pozwolito to na wyciggniecie wnioskéw, iz RIT
poprawia manewrowo$¢ kolonoskopow, zapewnia lepszg kontrole nad endoskopem
podczas obracania i wprowadzania, a takze ufatwia wyprostowanie endoskopu.
Sumarycznie skraca to czas intubacji katnicy, ograniczajgc rowniez dyskomfort

pacjenta.
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Publikacja IV

Czwarta z kolei praca bedgca czescig cyklu zatytutowana: ,Colonoscopy for
colorectal cancer screening- is it effective in the hands of general surgery resident?”
zostata opublikowana w Polskim Przegladzie Chirurgicznym (Polish Journal

of Surgery). Niezwykle waznym elementem podstawowego, wspoiczesnego
wyksztatcenia chirurgicznego sg procedury endoskopowe. Pacjenci powinni
otrzymywac opieke na najwyzszym mozliwym poziomie, jednak chirurdzy bedgcy

w trakcie specjalizacji muszg rowniez zdobywac niezbedne doswiadczenie. Dlatego
w tej pracy naukowej postanowiono oceni¢ efektywnosc kolonoskopii wykonywanych
przez lekarzy rezydentow w ramach badan przesiewowych wczesnego wykrywania
raka jelita grubego. W tym celu poréwnano wskazniki jakosci badan wykonanych
przez rezydentow oraz lekarzy posiadajgcych specjalizacje z zakresu chirurgii
ogolnej. Analizg objeto 6384 pacjentéw, ktorzy mieli wykonang kolonoskopie w latach
2014-2018. Pacjentow podzielono na dwie grupy. Grupe | (2268 pacjentéw) stanowili
chorzy badani przez lekarzy rezydentow, grupe Il (4116 pacjentow) stanowili pacjenci
badani przez lekarzy specjalistow chirurgii ogolnej. Porownano czesto$S¢ wykrywania
gruczolakéw, osiggalnos¢ katnicy oraz tolerancje pacjentdw na wykonywane
badanie. Jesli chodzi o osiggalnos¢ katnicy, grupy nie roznity sie, cecal intubation
rate (CIR) wynosit 95.99% (p=0,994). Nie stwierdzono istotnej réznicy w czestosci
wykrywania gruczolakéw wynosita ona 29.30% w grupie | oraz 27.66% w grupie I
(p=0.203). Badania wykonywane przez specjalistow byty lepiej tolerowane przez
pacjentéw. Tolerancja w czterostopniowej skali byta bardzo dobra w 78.98% w grupie
lekarzy specjalistow oraz w 75.18% w grupie lekarzy rezydentéw (p<0.001). Wyniki
pozwolity na postawienie wniosku, iz lekarze w trakcie specjalizacji sg w stanie
wykonywac¢ kolonoskopie efektywnie i z jakoscig nie odbiegajagcg od wymogow
stawianych przez miedzynarodowe towarzystwa endoskopowe. Lekarze rezydenci
wymagajg jednak nadal doskonalenia swoich umiejetnosci, aby polepszy¢é komfort

pacjentow w trakcie badania i osiggnaé technike lekarzy specjalistow.
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PELNA TRESC PUBLIKACJI WCHODZACYCH W SKLAD CYKLU:
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Clinical research

How to improve the adenoma detection rate
in colorectal cancer screening? Clinical factors
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Abstract

Introduction: Colonoscopy has been widely regarded as the gold standard in
colorectal cancer (CRC) screening. Within recent years different endoscopic
imaging techniques have been introduced to improve the quality of colonos-
copy. The adenoma detection rate (ADR) is the single most important quality
indicator for colonoscopy. The aim of this study was to evaluate the quality
of CRC screening expressed by ADR in two different eras of endoscopic tech-
nology advancement.

Material and methods: We conducted a dual-center study that enrolled
24 055 patients, who underwent colonoscopy as part of a national screening
program. Patients were sorted into two groups according to the advance-
ment of endoscopic equipment used for colonoscopic examination: group
|- 10 405 patients examined between 2004 and 2008 (standard electronic
endoscopes); group Il — 13 650 patients examined between 2009 and 2014
(modern endoscopes). The ADR in two different eras and the impact of en-
doscopic novelties were determined.

Results: The ADR in group | was 29.14%, in group 11 31.73% (p < 0.001). The
overall ADR was 30.88% — 38.80% and 25.95% (p < 0.001) for the male and
female patients, respectively. The mean adenoma number per colonoscopy
was 0.366 (95% Cl: 0.357-0.375; p < 0.001), 0.337 (0.321-0.352) and 0.380
(0.369-0.392) for patients in group | and group Il, respectively.
Conclusions: Our study shows that technological innovation, novel endosco-
py devices and diagnostic techniques improve the quality in CRC screening
by increasing the ADR. However, we need to determine which of the tech-
nologies are supreme to achieve excellence in colorectal cancer screening.

Key words: cancer, adenoma, screening, technology, quality, colorectal,
endoscopy, detection, rate, adenoma detection rate.

Introduction

Colorectal cancer (CRC) is the third most common cancer worldwide
and the second most common in Europe and the United States. It con-
stitutes approximately 10% of all cancers observed in men and women
[1-3]. Over 90% of CRC cases follow an adenoma-to-cancer sequence
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over many years [4]. Colorectal cancer screening
has been successful in reducing the incidence and
mortality of CRC by increasing the proportion diag-
nosed at an early stage and facilitating removal of
pre-neoplastic lesions [5]. Colonoscopy is current-
ly the preferred method for screening, decreasing
the incidence of CRC by up to 80% [6, 7]. This
beneficial effect is strongly associated with the
adenoma detection rate (ADR), which is the sin-
gle most important quality surrogate for screening
colonoscopy. The definition of ADR suggested by
the English Bowel Cancer Screening Programme
is the number of colonoscopies at which one or
more histologically confirmed adenomas is found
divided by the total number of colonoscopies per-
formed. According to the most recent European
Society of Gastrointestinal Endoscopy (ESGE) rec-
ommendations, ADR should be at the minimum
level of 25%. The goal of the modern colonosco-
py quality improvement is to reduce the operator
dependence, and generally to move low-level per-
formers toward high-end performance as rapidly
as possible.

Poor cecal intubation rate (CIR) correlates with
a low adenoma detection rate, and it is closely
associated with an increased risk of post-colo-
noscopy colorectal cancer (PCCRC). Within recent
years different endoscopic imaging techniques
have been introduced to improve the quality of
colonoscopy and CRC screening. We have wit-
nessed the transition from fiberscopes to video-
scopes, which already has significantly increased
the diagnostic capability of endoscopes. Follow-
ing the introduction of videoscopes, the structure
of the endoscopes has been changed nowadays.
Responsive insertion technology (RIT) combines
three technologies, passive bending (PB), high-
force transmission (HFT), and variable stiffness,
to facilitate the feasibility of the examination,
increasing the CIR, and increasing the patient’s
comfort. The new endoscopes also include nar-
row band imaging (NBI), near focus (NF) and
magnetic endoscopic imaging (MEI) — novelties
that are supposed to reduce the adenoma miss
rate.

Our aim was to evaluate the quality of colo-
noscopy expressed by ADR in two different eras of
endoscopic technology advancement.

Material and methods

We conducted a retrospective dual-center
study in the 2" Department of Surgery, Jagiello-
nian University Medical College and the Specialist
Diagnostic and Therapeutic Center “Medicina” in
Krakow, Poland. The study was approved by the
local ethics committee and conducted in accor-
dance with the principles of the Declaration of
Helsinki (KBN no. 122.6120.36.2016).

Patients

We selected 24 055 patients aged 40-65 who
underwent colonoscopy screening between Janu-
ary 2000 and December 2014 (as part of a nation-
al colorectal cancer screening program, which was
financed by the Polish Ministry of Health). Patients
with a prior history of abdominopelvic surgery, in-
flammatory bowel disease, active malignancy, and
a high anesthetic risk (ASA IV) were excluded from
the study. All patients were pre-evaluated before
the examination and written informed consent for
the procedure was obtained. Bowel preparation
was accomplished using verbal and written infor-
mation. Patients were informed to take a liquid
propulsive agent (i.e., 420 g of polyethylene glycol
(PEG) in 4 | of water) in the evening prior to the
procedure for morning patients and a split-dose
regimen for those in the afternoon schedule.

Setting

We used Olympus series colonoscopes (Olym-
pus Optical Co. Ltd, Tokyo, Japan). Patients were
sorted into two groups according to the endoscop-
ic equipment used for colonoscopic examination.

Group | included 10 405 patients examined be-
tween 2004 and 2008. This era encompasses the
use of electronic endoscopes with a standard res-
olution (CF-Q145, CF-Q165, and CF-Q180).

Between 2009 and 2014, we performed 13 650
colonoscopies using the CF-HQ190L (group II).
This was the era of endoscopes with a high-defi-
nition resolution, magnetic scope guide, respon-
sive insertion technology (RIT) and narrow band
imaging (NBI) with dual focus two-stage optical
lens technology (Table ).

Patients’ preoperative characteristics including
demographics, body mass index (BMI), family his-
tory of malignancy and significant comorbidities
were determined.

Outcome

Ten experienced endoscopists conducted
the procedures, each having independently per-
formed over 1000 colonoscopies, certified by the
Polish Society of Surgeons. The ADR was deter-
mined as the number of colonoscopies in which
one or more histologically confirmed adenomas
were found divided by the total number of colo-
noscopies performed. We compared the ade-
noma detection rate (ADR) and mean adenoma
number per colonoscopy in two successive eras
of endoscopic technological development ac-
cording to the series of the endoscope used. We
compared the procedures per room ratio (PPR —
a parameter that describes the approximate ca-
pacity of procedures per room, representing the
mean number of procedures done daily in one
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colonoscopy office). Other endpoints of the study
influencing the ADR were analyzed: complete-
ness of examination, bowel preparation assess-
ment (5-point scale), and patient tolerance for
examination (4-point scale). Pathological results
were also presented.

Statistical analysis

All data were analyzed with StatSoft Statistica
v.12.5 (StatSoft Inc, Tulsa, Oklahoma, USA). The
results are presented as mean * standard de-
viation (SD), or median and interquartile range
(IQR), when appropriate. The study of categorical
variables used Pearson’s x? test, or y? with Yates
correction when appropriate. The Shapiro-Wilk
test was used to check for normal distribution of
data. Quantitative data were analyzed with Stu-
dent’s t-test (for normally distributed data) or the
Mann-Whitney test (for non-normally distributed
data). Univariate and multivariate logistic regres-
sion models were built including continuous and
categorical variables. Results were considered sta-
tistically significant when the p-value was found
to be less than 0.05.

Results

We observed no difference between the groups
regarding sex and age (p = 0.790 and 0.404, re-
spectively). Body mass index was slightly higher in
group Il (p < 0.001). Family history of malignancy
was more prevalent in group Il (43% vs. 41.18%,
p = 0.010). Patients in this group had more sig-
nificant comorbidities than in group | (21.87% vs.
8.89%, p < 0.001). Complete colonoscopies were
performed more frequently in group Il (96.68% vs.
93.73%, p < 0.001) and the adenoma detection
rate was higher in group Il (31.73% vs. 29.14%,
p < 0.001) along with mean adenoma number
per colonoscopy (p < 0.001). Procedures per room
ratio (PPR) was comparable (p = 0.088). Patients
in groups | and Il differed slightly, yet statisti-
cally significantly, in terms of bowel preparation
and tolerance of examination (p < 0.001). Bowel
preparation assessment was classified as follows:
1 — poor, 2 — substandard, 3 — adequate, 4 — good,
5 — excellent. Patients’ tolerance of colonoscopy
was described as follows: 1 — severe discomfort,
2 — moderate discomfort, 3 — mild discomfort,
4 —no or minimal discomfort. Basic characteristics
and comparison between group | and group Il are
presented in Table Il.

Table Il presents univariate logistic regression
analysis of influence of selected factors on com-
pleteness of examinations. Significant factors
were patients’ sex, age, BMI, bowel preparation,
tolerance and examination performed in group Il.
They were included in multivariate logistic re-

Table I. Parameters of endoscopes used in the
study

Endoscopes used in group | (2004-2008)

Olympus CF-Q145:

¢ Diameter: 12.8 mm

Working length: 168 cm

Instrument channel: 3.7 mm

Field of view: 140°

Angulation range: up: 180, down: 180, right: 160,
left 160

Olympus CF-Q165:

e Diameter: 12.8 mm

¢ Working length: 168 cm

¢ Instrument channel: 3.7 mm

¢ Field of view: 140°

¢ Angulation range: up: 180, down: 180, right: 160,
left 160

Olympus CF-Q180:

e Diameter: 12.8 mm

Working length: 168 cm

Instrument channel: 3.7 mm

Field of view: 170°

Angulation range: up: 180, down: 180, right: 160,
left 160

« Features: variable stiffness technology

Endoscopes used in group 1l (2009-2014)

Olympus CF-HQ190L:

e Diameter: 12.8 mm

Working length: 168 cm

Instrument channel: 3.7 mm

Field of view: 170°, near 160°

Angulation range: up: 180, down: 180, right: 160,

left 160

¢ Features: variable stiffness technology, narrow band
imaging (NBI), responsive insertion technology (RIT),
scope guide, high definition (HD) (1280 x 1024 pixels)

gression in Table IV. Multivariate logistic regres-
sion analysis of the influence of selected factors
on completeness of examinations revealed that
patients’ sex, BMI, bowel preparation, tolerance
and colonoscopy performed in the era of modern
endoscopes were significant independent factors
that resulted in completeness of examinations.

Univariate logistic regression analysis of the
influence of selected factors on the adenoma de-
tection rate (ADR) is presented in Table V. Male
sex, age, BMI, bowel preparation, completeness of
examinations, patient’s tolerance for examination
and colonoscopies performed in group Il increased
ADR. Then significant factors were included in the
multivariate logistic regression analysis presented
in Table VI: male sex, age, BMI, bowel preparation,
completeness of examinations and examinations
performed in the modern endoscope era (group I1)
increased ADR as independent factors.

The overall ADR was 30.88-38.80% and 25.95%
for the male and female patients, respective-
ly. The mean adenoma number per colonoscopy
was 0.366 (95% Cl: 0.357-0.375) — 0.483 (0.466—
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Table 1l. Comparison between groups

Parameter All Group | Group I P-value
Sex M/F, n (%) 9007/13841 2881/4404 6126/9437 0.790
(39%/61%) (40%/60%) (39%/61%)
Age, mean = SD [years] 54 +7 54 +6 54 +7 0.404
BMI, mean + SD [kg/m?] 26.87 +4.74 26.56 £3.9 26.97 +4.97 < 0.001
Malignancy in family history, n (%) 9692 (42.42) 3000 (41.18) 6692 (43.00) 0.010
Significant comorbidity, n (%) 4051 (17.73) 648 (8.89) 3403 (21.87) < 0.001
Full/incomplete examinations, n (%) 21875/973 6828/457 15047/516 < 0.001
(95.74/4.26) (93.73/6.27) (96.68/3.32)

PPR 10.29+6.88 9.95+6.22 10.46+7.17 0.088
Adenoma detection rate — ADR (%) 30.88 29.14 31.73 < 0.001
Adenoma number per colonoscopy, 0.366 +0.715 0.337 +0.683 0.380 +0.728 < 0.001
mean + SD (95% Cl) (0.357-0.375) (0.321-0.352) (0.369-0.392)
Bowel preparation assessment*, n (%):

5 20726 (90.71) 6824 (93.67) 13902 (89.27) < 0.001

4 377 (1.65) 86 (1.18) 291 (1.87)

3 712 (3.12) 266 (3.65) 446 (2.87)

2 271 (1.19) 90 (1.24) 181 (1.16)

1 67 (0.29) 19 (0.26) 48 (0.31)
Patient tolerance for exam*, n (%):

4 21838 (95.58) 6988 (95.92) 14850 (95.42) < 0.001

3 305 (1.33) 117 (1.61) 188 (1.21)

2 265 (1.16) 63 (0.86) 202 (1.30)

1 305 (1.33) 117 (1.61) 188 (1.21)

PPR — procedures per room, parameter that describes approximate capacity of procedures per room, representing mean number of
procedures done daily in one colonoscopy office. *Bowel preparation assessment classification: 1 — poor, 2 — substandard, 3 — adequate, 4
—good, 5 —excellent. **Patient tolerance of colonoscopy classification: 1—severe discomfort, 2— moderate discomfort, 3—mild discomfort,

4 - no or minimal discomfort.

Table IlI. Univariate logistic regression analysis of influence of selected factors on completeness of examinations

Parameter OR 95% CI P-value
Sex, M vs. F 0.43 0.37-0.51 < 0.001
Age, with every year 0.99 0.98-0.99 0.049

BMI, with every 1 kg/m? 0.93 0.91-0.95 < 0.001
Significant comorbidity 1.05 0.47-2.34 0.905

Bowel preparation assessment, with every grade higher 1.95 1.88-2.02 < 0.001
Patient tolerance for exam, with every grade higher 4.52 4.19-4.87 < 0.001
Group 1vs. 2 1.95 1.71-2.22 < 0.001

OR — odds ratio, Cl — confidence interval.

0.500) and 0.290 (0.280-0.301) for the male and
female patients, respectively.

Table VII presents the adenoma detection rate
in relation to specific factors that influenced ADR
in the logistic regression model.

Tables VIII and IX present comparisons of his-
topathological findings respectively in distal and
proximal colon between groups with p-values of
inter-group comparisons.
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Table IV. Multivariate logistic regression analysis of influence of selected factors on completeness of examinations

Parameter OR 95% Cl P-value
Sex, M vs. F 0.59 0.49-0.71 < 0.001
BMI, with every 1 kg/m? 0.96 0.94-0.98 < 0.001
Bowel preparation assessment, with every grade higher 2.11 1.94-2.29 < 0.001
Patient tolerance for exam, with every grade higher 4.67 4.28-5.10 < 0.001
Group 1 vs. 2 1.91 1.60-2.27 < 0.001
OR - odds ratio, Cl - confidence interval.
Table V. Univariate logistic regression analysis of influence of selected factors on ADR

Parameter OR 95% ClI P-value
Sex, Fvs. M 1.82 1.69-1.92 < 0.001
Age, with every year 1.03 1.02-1.04 < 0.001
BMI, with every 1 kg/m? 1.03 1.02-1.04 < 0.001
Significant comorbidity 1.06 0.98-1.15 0.124

Bowel preparation assessment, with every grade higher 1.19 1.11-1.27 < 0.001
Patient tolerance for exam, with every grade higher 1.31 1.20-1.43 < 0.001
Completeness of examinations 2.09 1.73-2.53 < 0.001
Group 1vs. 2 1.13 1.05-1.22 0.001

OR — odds ratio, Cl — confidence interval.
Table VI. Multivariate logistic regression analysis of influence of selected factors on ADR

Parameter OR 95% Cl P-value
Sex, Fvs. M 1.82 1.69-1.96 < 0.001
Age, with every year 1.03 1.02-1.04 < 0.001
BMI, with every 1 kg/m? 1.02 1.01-1.03 < 0.001
Bowel preparation assessment, with every grade higher 1.17 1.09-1.26 < 0.001
Patient tolerance for exam, with every grade higher 1.06 0.95-1.18 0.271

Completeness of examinations 1.79 1.41-2.26 < 0.001
Group 1vs. 2 1.13 1.04-1.22 0.004

OR - odds ratio, Cl — confidence interval.

Discussion

The single most important outcome to mea-
sure the effectiveness of colonoscopy is the ADR,
since it is associated with the future risk of CRC
occurrence and mortality. Physicians performing
screening colonoscopies with ADR below 20% are
more likely to have patients subsequently pre-
senting interval cancer [8].

Our results have confirmed some particular cir-
cumstances that without a doubt should be main-
tained to keep the quality of the examinations at
the highest possible level. Effective bowel cleans-
ing is one of them. The better the bowel prepara-
tion is, the more precise is detection of preneo-
plastic lesions and the easier is cecal intubation.

Poor cleansing of the bowel is associated with
prolonged procedures and low ADR. There is het-
erogeneity among the studies concerning bowel
cleansing as to whether split or non-split prepara-
tion is more effective. However, tolerance of high
volumes of polyethylene glycol (PEG) solution may
be low. Splitting the dose may improve it [9]. Au-
thors are now also focusing on the timing of bow-
el cleansing. The outcome of cleansing appears to
be efficient when the examination is commenced
within hours of the bowel preparation [10]. The
bowel cleansing in our study met the criteria of
the European Society of Gastrointestinal Endosco-
py, according to which no more than 10% of the
examinations should need to be repeated due to
inadequate bowel preparation.
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Table VII. Comparison of ADR in selected param-

eters
Parameter ADR (%) P-value
Sex, Fvs. M 25.95/38.80 < 0.001
Age [years]:
50-55 27.82 < 0.001
56-60 32.08
61-65 33.43%
BMI [kg/m2]:
<25 28.17 < 0.001
25-30 31.71
30-35 34.60
> 35 36.82
Significant comorbidity, 31.96/30.62 0.132
Yes/no
Malignancy in family, 31.09/30.82 0.751
Yes/no
Bowel preparation assessment*:
5 32.26 < 0.001
4 23.86
3 23.65
2 30.10
1 11.54
Patient tolerance for exam™*:
4 31.32 < 0.001
3 22.19
2 21.13
1 18.35
Complete vs. incomplete  31.47/18.01 < 0.001
examination
Group 1vs. 2 29.14/31.73 0.001

*Bowel preparation assessment classification: 1 — poor, 2 —
substandard, 3 - adequate, 4 — good, 5 — excellent. **Patient
tolerance of colonoscopy classification: 1 — severe discomfort,
2 — moderate discomfort, 3 — mild discomfort, 4 — no or minimal
discomfort.

Patient-related aspects also have an impact
on ADR. Obesity is an independent risk factor of
adenoma occurrence. There is a debate concern-
ing body weight and the technical struggle in
reaching the cecum during colonoscopy. There is
evidence suggesting that both low and high BMI
patients are technically demanding for a physician
performing the examination [11]. Obesity is also
associated with poor bowel preparation, which
can subsequently lead to a difficult and prolonged
colonoscopy. Our study has revealed that a higher

BMI was a factor associated with statistically sig-
nificantly higher ADR and a higher cecal intuba-
tion rate (CIR). It might be due to the low muscle
content of a low-BMI patient that may predispose
to loop formation and patient intolerance, which
leads to unsuccessful colonoscopy. There are
studies which revealed that the number of loops
formed during the insertion of the endoscope in
low-BMI patients is higher than that in obese pa-
tients [12].

The ADR varies between men and women. Ad-
enomas are more common in men, which explains
our outcome that male sex is an independent fac-
tor leading to higher ADR. The American Society
for Gastrointestinal Endoscopy (ASGE) recommen-
dations propose that adenomas should be de-
tected in more than 25% of asymptomatic male
individuals (> 50 years) and in more than 15% of
asymptomatic female individuals (> 50 years) at
first. According to studies based on large popula-
tions of patients, factors associated with comple-
tion of the colonoscopy without sedation include
male sex. That explains the higher cecal intubation
rate among males in our study [13]. ADR as well
as the advanced cancer detection also increases
with age. Both men and women with each decade
of life after 50 have a statistically higher ADR [14].

Several studies have shown that even certified
colonoscopists exhibit variation in the adenoma
detection rate. The difference in detecting serrat-
ed lesions is even greater than for conventional
adenomas. It demonstrates that colonoscopy is
a highly operator-dependent procedure [15, 16].
That is why training in differentiation skills is es-
sential.

The benefit of knowing our own ADR may also
motivate endoscopic quality improvement, as it
has been shown in several interventional studies
with the implementation of scheduled personal-
ized ADR report cards [17, 18]. It has been con-
firmed in recent studies, including a meta-anal-
ysis, where patients were undergoing same-day,
back-to-back (tandem) colonoscopies, that es-
pecially in the right colon polyps are more likely
to be missed [19, 20]. Of course failure to reach
the cecum leads to low ADR in the right colon
as a consequence of excessive loop formation or
failure to traverse angulated, fixed, or strictured
sigmoids (most commonly among female patients
with prior gynecological surgery and patients with
advanced diverticular disease). Even if the cecum
is intubated successfully, there are factors increas-
ing the adenoma miss rate such as localization
behind the folds and flat lesions [21, 22].

Using an effective technique means performing
endoscopy with a withdrawal time allowing a phy-
sician to keep his ADR level high. There is a strong
association of detection of precancerous lesions
with withdrawal time. There are studies showing
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Table VIII. Comparison of histopathological findings in distal colon between groups

Parameter All Group | Group Il P-value
Total number of exams with samples for 3501 (15.32%) 1187 (16.29%) 2337 (15.02%) 0.013
pathological exam

Non-neoplastic lesions 1509 (6.60%) 559 (7.67%) 950 (6.10%) < 0.001
Hyperplastic polyp 422 (1.85%) 141 (1.94%) 281 (1.81%) 0.497
Benign non-epithelial neoplasm 123 (0.54%) 36 (0.49%) 87 (0.56%) 0.532
1-2 Tubular adenomas < 10 mm 1059 (4.63%) 283 (3.88%) 776 (4.99%) < 0.001
3—-4 Tubular adenomas < 10 mm 29 (0.13%) 5 (0.07%) 24 (0.15%) 0.135
> 5 Tubular adenomas < 10 mm 3 (0.01%) 0 3 (0.02%) -
Tubular adenoma > 10 mm 97 (0.42%) 38 (0.52%) 59 (0.38%) 0.122
1-2 Tubular-villous adenomas < 10 mm 58 (0.25%) 24 (0.33%) 34 (0.22%) 0.120
> 5 Tubular-villous adenomas < 10 mm 1 (< 0.01%) 1 (0.01%) 0 -
Tubular-villous adenoma > 10 mm 34 (0.15%) 16 (0.22%) 18 (0.12%) 0.057
Villous adenoma < 10 mm 4 (0.02%) 2 (0.03%) 2 (0.01%) 0.810
Villous adenoma > 10 mm 3 (0.01%) 3 (0.04%) 0 -
Polyp with high grade dysplasia < 10 mm 54 (0.24%) 22 (0.30%) 32 (0.21%) 0.211
Polyp with high grade dysplasia > 10 mm 28 (0.12%) 8 (0.11%) 20 (0.13%) 0.862
Invasive adenocarcinoma in polyp 6 (0.03%) 3 (0.04%) 3 (0.02%) 0.607
Non-epithelial malignant neoplasm 1 (< 0.01%) 0 1 (0.01%) -
Macroscopic adenocarcinoma 70 (0.31%) 23 (0.32%) 47 (0.30%) 0.861

Table IX. Comparison of histopathological findings in proximal colon between groups

Parameter All Group | Group Il P-value
Total number of exams with samples for 12943 (56.65%) 4618 (63.39%) 8325 (53.49%) < 0.001
pathological exam

Non-neoplastic lesions 8331 (36.46%) 3086 (42.36%) 5245 (33.70%) < 0.001
Hyperplastic polyp 1957 (8.57%) 658 (9.03%) 1299 (8.35%) 0.084

Benign non-epithelial neoplasm 44 (0.60%) 17 (0.23%) 27 (0.17%) 0.336

1-2 Tubular adenomas < 10 mm 1483 (20.36%) 413 (5.67%) 1070 (6.88%) 0.006

3—-4 Tubular adenomas < 10 mm 44 (0.19%) 13 (0.18%) 31 (0.20%) 0.739

> 5 Tubular adenomas < 10 mm 11 (0.05%) 3 (0.04%) 8 (0.01%) 0.996

Tubular adenoma > 10 mm 286 (1.25%) 119 (1.63%) 167 (1.07%) < 0.001
1-2 Tubular-villous adenomas < 10 mm 148 (0.65%) 64 (0.88%) 84 (0.54%) 0.003

3-4 Tubular-villous adenomas < 10 mm 4 (0.02%) 3 (0.04%) 1 (0.01%) 0.189

Tubular-villous adenoma > 10 mm 107 (0.47%) 52 (0.71%) 55 (0.35%) < 0.001
Villous adenoma < 10 mm 4 (0.02%) 3 (0.04%) 1(0.01%) 0.189

Villous adenoma > 10 mm 20 (0.09%) 13 (0.18%) 7 (0.04%) 0.003

Polyp with high grade dysplasia < 10 mm 108 (0.47%) 40 (0.55%) 68 (0.44%) 0.250

Polyp with high grade dysplasia > 10 mm 125 (0.55%) 37 (0.51%) 88 (0.57%) 0.583

Invasive adenocarcinoma in polyp 25(0.11%) 9 (0.12%) 16 (0.10%) 0.659

Non-epithelial malignant neoplasm 5 (0.02%) 1 (0.01%) 4 (0.03%) 0.928

Macroscopic adenocarcinoma 241 (1.05%) 87 (1.19%) 154 (0.99%) 0.158
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a linear correlation between ADR and withdrawal
time, proving that a 6-minute withdrawal time is
crucial to maintain the quality of the examination
[23, 24].

The role of modern colonoscopy is to improve
the quality by reducing the operator dependence.
Within recent years different types of endoscop-
ic imaging techniques have been introduced to
improve the quality in colonoscopy and as a con-
sequence the colorectal cancer screening. Ad-
vanced endoscopic imaging is revolutionizing our
current methods to diagnose and treat colorectal
lesions.

One of the technologies that has become stan-
dard in modern endoscopy is high definition (HD).
High definition endoscopes have more pixels than
standard definition (SD). Improved image quality
should improve lesion detection and recognition.
High definition not only helps to visualize lesions
during a screening colonoscopy, but it also en-
hances evaluation of post-polypectomy scars at
follow-up. A meta-analysis suggested that the im-
plementation of HD produces a 2% to 4% gain in
the ADR [25]. In our study ADR in successive eras
of endoscopic technological development has ris-
en. The difference in ADR between the analyzed
eras is 2.59%, which is an acceptable level accord-
ing to the literature.

Another optical enhancement technology pres-
ent in modern endoscopes is filter technology that
uses narrow red-green-blue light bands, i.e. nar-
row band imaging (NBI), to enhance micro-vessel
architecture. There are randomized controlled tri-
als (RCTs) showing the improvement in ADR with
the use of NBI compared to standard endoscopies.
There is also one study suggesting that NBI may
improve the learning curve for detecting flat le-
sions [26, 27]. Initial studies show that this tech-
nology has potential to improve ADR, but we defi-
nitely need further investigations. In our study we
cannot determine what the real influence on ADR
in group Il was. Not every report contained the
Kudo classification describing the found lesion.
However, it was possible to use the NBI whenever
the physician performing endoscopy had diagnos-
tic doubts.

In our study we performed a multivariate logis-
tic regression analysis of the influence of selected
factors on ADR, which showed that patients’ tol-
erance is one of the crucial elements. The mod-
ern endoscopes that we used in our study are
equipped with tools that increase the tolerance of
the patients. The variable stiffness of the endo-
scope and responsive insertion technology (RIT)
are features simplifying endoscope insertion and
reducing the discomfort and pain during the ex-
amination. Undesired loops are reduced when the
RIT endoscope is used, because of the secondary
bending section of the endoscope and its flexibil-

ity. In conventional colonoscopes, when the scope
passes through a sharp flexure in the colon, the
force applied by the physician when inserting the
scope can sometimes directly push up the wall
of the colon because the distal end of the scope
bends with a small radius (the so-called stick
phenomenon). The bending function is useful for
preventing the stick phenomenon, which causes
severe pain for patients during colonoscopic in-
sertion in colonic flexures [28, 29]. Reduction of
loop formation and auxiliary maneuvers when us-
ing RIT reduce the patients’ discomfort, leading to
higher ADR.

Another technology that has an impact on pa-
tients’ tolerance is magnetic endoscopic imaging
(MEI) commercialized by Olympus as ScopeGuide
(Olympus, Tokyo, Japan). Magnetic endoscopic
imaging is a non-radiographic imaging technique
capable of displaying real-time three-dimen-
sional images of the colonoscope shaft within
the abdominal cavity [30]. The main advantage
is the possibility to locate the lesions precisely.
However, there are RCTs confirming that use of
MEI during colonoscopy has the potential to ease
cecal intubation, and reduce patient discomfort
and dependence on sedation [31]. Also the MEI
system appears to be beneficial for inexperi-
enced endoscopists, and it increases the cecal
intubation rate. The technology helps to reduce
the number of attempts to straighten loops and
the duration of looping. However, experienced
endoscopists are likely able to recognize and re-
solve loops quickly without the need for MEI vi-
sualization [32].

Colonoscopy is considered to be a gold stan-
dard for CRC screening. However, we still have
a lot of work to do, especially considering the
adenoma miss rate in the right colon. Many le-
sions are still missed because of the inability to
visualize flat lesions and those located behind the
fold. A perfect device should be ergonomic, and
effective in its results and costs [33, 34]. According
to our experience technologies such as HD, NBI,
RIT and MEI meet the above-mentioned criteria
and enhance the quality of screening endosco-
py. There are several technologies present on the
market, such as Full Spectrum Endoscopy (FUSE)
and devices fixed to the colonoscope tip for the
purpose of flattening folds, including a short cap
or hood, Endocuff, Endocuff Vision, and Endoring.
Our experience with those technologies is initial.
Hence, we need more date to determine whether
they can improve ADR. So far the data are mixed
with regard to their efficacy.

In conclusion, there has been a technological
revolution in endoscopy since the beginning of
our study in 2004. We showed that technological
innovations, novel endoscopy devices and diag-
nostic techniques as well as patient-related fac-
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tors significantly improve the quality of colorec-
tal cancer screening by increasing the adenoma
detection rate. Endoscopes of the new era have
great potential. However, in the future, we need to
determine and standardize which of the technolo-
gies are supreme to achieve excellence in colorec-
tal cancer screening.
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Abstract

Introduction: Colonoscopy plays a critical role in colorectal cancer (CRC) screening and has been widely regarded as
the gold standard. Cecal intubation rate (CIR) is one of the well-defined quality indicators used to assess colonoscopy.
Aim: To assess the impact of new technologies on the quality of colonoscopy by assessing completion rates.
Material and methods: This was a dual-center study at the 2™ Department of Surgery at Jagiellonian University
Medical College and at the Specialist Center “Medicina” in Krakow, Poland. The CIR and cecal intubation time (CIT)
in three different eras of technological advancement were determined. The study enrolled 27 463 patients who
underwent colonoscopy as part of a national CRC screening program. The patients were divided into three groups:
group | — 3408 patients examined between 2000 and 2003 (optical endoscopes); group Il — 10 405 patients exam-
ined between 2004 and 2008 (standard electronic endoscopes); and group Ill — 13 650 patients examined between
2009 and 2014 (modern endoscopes).

Results: There were statistically significant differences in the CIR between successive eras. The CIR in group | (2000~
2003) was 69.75%, in group Il (2004-2008) was 92.32%, and in group Ill (2009-2014) was 95.17%. The mean CIT
was significantly reduced in group IlI.

Conclusions: Our study shows that the technological innovation of novel endoscopy devices has a great influence on
the effectiveness of the CRC screening program. The new era of endoscopic technological development has the poten-
tial to reduce examination-related patient discomfort, obviate the need for sedation and increase diagnostic yields.

Key words: technology, quality, endoscopy, cecal intubation rate, cecal intubation time.

allowing early detection and removal of precan-
cerous lesions [1, 2]. The performance of a ‘com-

Colonoscopy is widely used for the diagnosis  plete colonoscopy’ by passage of the colonoscope
and treatment of disorders of the colon. It allows along the whole length of the colon to the cecum
to visualize the entire large intestine mucosa and  or terminal ileum is a key parameter for measur-
distal terminal ileum. It also plays a critical role in  ing the quality of the procedure. Hence, the cecal
colorectal cancer (CRC) screening in many countries  intubation rate (CIR) is one of the well-defined
and has been widely regarded as the gold standard, quality indicators used to assess colonoscopy [3].
decreasing the incidence of CRC by up to 80% and A poor cecum intubation rate is closely correlated
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with a low adenoma detection rate and increased
risk of post-colonoscopy colorectal cancer (PCCRC)
[4]. However, the CIR not only is a quality indicator
but also reveals the endoscopic skills of a physi-
cian. Experienced colonoscopists have been shown
to intubate the cecum in more than 90% of cases
[5]. Reasons for failing to reach the cecum include
excessive loop formation and failure to traverse an-
gulated, fixed, or strictured sigmoids. These prob-
lems occur most commonly among female patients
with prior gynecological surgery and patients with
advanced diverticular disease [6, 7]. The chance of
reaching the cecum decreases with patients’ age
and increases with a higher body mass index (BMI).
Cecal intubation in a young healthy patient is most
likely to be successful [8]. On the other hand, en-
doscopes have evolved over time through continual
improvements. The transition from fiberscopes to
videoscopes has significantly increased the diag-
nostic and therapeutic potential of the endoscopes.
Following the introduction of videoscopes, there
continued to be numerous technological advanc-
es facilitating scope insertion and operation, such
as responsive insertion technology (RIT), which is
a unique combination of three technologies: pas-
sive bending (PB), high-force transmission (HFT),
and variable stiffness. Thus, the structure of endo-
scopes has been altered to facilitate the feasibility
of the examination increasing the CIR, reducing the
cecal intubation time (CIT) and diminishing patient
discomfort during the examination. The new endo-

scopes also include narrow band imaging (NBI) and
magnetic endoscopic imaging (MEI).

Aim

The aim of this study was to assess the impact of
new technologies on colonoscopy completion rates.
Therefore, we determined the most important colo-
noscopy quality indicators, the CIR and CIT, in three
different eras of technological advancement.

Material and methods

This was a retrospective study at the 2" Depart-
ment of Surgery at Jagiellonian University Medical
College and at the Specialist Diagnostic and Ther-
apeutic Center “Medicina” in Krakow, Poland. The
study enrolled 27 463 patients who underwent
colonoscopy as part of a national colorectal cancer
screening program, which was financed by the Polish
Ministry of Health. Polish citizens ages 50-65 years
or 40-65 with a first-degree relative with abdomi-
nal cancer took part in the analysis. The inclusion
criteria were that patients were between 40 and
65 years of age, were able to provide informed con-
sent, had an indication for colonoscopy as colorectal
cancer screening and for whom this was a first or
follow-up colonoscopy. We excluded all patients with
a prior history of abdominopelvic surgery, inflamma-
tory bowel disease, an active malignancy, and a high
anesthetic risk (ASA IV); who were pregnant; who
were unable to provide informed consent; and who

36 563 patients qualified for the colorectal
cancer screening programme

Y

Y

27 745 patients
* Qualifed for the study

8818 patients did not meet the inclusion criteria:

* An active malignancy
* ASA IV

IBD
Prior history of abdominopelvic surgery

Pregnancy
Lack of consent to participate in the study

282 patients

Y

¢ Obstructive cancer

27 463 patients
* Analyzed cases

Y

A

\d

3408 patients
e Group |
* 2000-2003

* Group Il
*+ 2004-2008

10 405 patients

13 650 patients
* Group Il
* 2009-2013

Figure 1. CONSORT diagram of patient enrollment

26

Videosurgery and Other Miniinvasive Techniques 1, March/2018



Cecal intubation rates in different eras of endoscopic technological development

had obstructive cancer (Figure 1). All of the patients
had to personally sign a written consent form before
embarking on the study, which was approved by the
local ethics committee and conducted in accordance
with the principles of the Declaration of Helsinki
(KBN no 122.6120.36.2016).

The instruments used in all of the colonoscopies
were from the Olympus series (Olympus Optical Co.
Ltd, Tokyo, Japan). We compared the cecal intuba-
tion rates of three different eras of endoscopic tech-
nological development regarding the series of endo-
scope used. According to the technological era, the
patients were divided into three groups. Group | con-
sisted of 3408 patients who underwent colonosco-
py between 2000 and 2003. This was the era of op-
tical endoscopes (CF-Q10 and CF-Q20), which had
the following parameters: insertion tube diameter:
13.3 mm, biopsy working channel: 3.2 mm, working
length: 168 cm, and field of view: 120°. Group Il in-
cluded 10 405 patients examined between 2004 and
2008. This period constitutes the era of electronic
endoscopes with standard resolution (CF-Q145,
CF-Q165, and CF-Q180), which had the following pa-
rameters: insertion tube diameter: 12.8 mm, working
length: 168 cm, instrument channel: 3.7 mm, field of
view: 140°, and angulation range: up: 180°, down:
180°, right: 160°, and left: 160°. Between 2009 and
2014, we performed 13 650 colonoscopies using
the CF-HQ190L (these patients formed group IlI).
This was the era of endoscopes with a high-defini-
tion resolution, magnetic scope guide, responsive
insertion technology (RIT) and narrow band imaging

Photo 1. Endoscopic view showing Bauhin’s
valve
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(NBI) with dual focus two-stage optical lens technol-
ogy. The endoscopes used in this era had the fol-
lowing parameters: channel width: 3.7 mm, working
length: 168 cm, field of view: normal: 170° near:
160°, outer diameter: 13.2 mm, outer diameter inser-
tion tube: 12.8 mm, max angulation up: 180°, max
angulation down: 180°, max angulation right: 160°,
and max angulation left: 160°. Ten experienced en-
doscopists conducted the procedures, each having
independently performed over 1000 colonoscopies.
Assisting the endoscopists during the colonoscopies
were experienced endoscopy nurses, each having
participated in more than 2 000 procedures.

The patients were initially placed onto their left
side, whereas the endoscopic technique depended
on the personal preference and experience of the
endoscopist. During the course of the procedure,
maneuvers such as manual abdominal pressure, re-
positioning of the patient, and instrument rotations,
twists, stiffening, and straightening were applied
where needed. The data collected related to the pa-
tient were the age, gender, height, weight, and BMI.
Cecum intubation was considered to be attained
when the ileocecal valve (Bauhin’s valve) and appen-
diceal entrance were properly identified (Photos 1, 2).
The endoscopies were performed under local anes-
thesia using lidocaine 2% gel topically on the anal
canal. All of the patients were given the same bowel
preparation guidelines based on the oral ingestion
of liquid propulsive agents (i.e., 420 g of polyeth-
ylene glycol (PEG) in 4 | of water, taken in 4 doses
every 6 h one day before the colonoscopy).

S

Photo 2. Endoscopic view showing appendiceal
orifice
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Table I. Characteristics of individuals subjected to colonoscopy in the 3 technological eras

Group Gender N Age BMI
Mean SD Mean SD
F 2078 54.19 4.20 26.34 4.58
M 1330 53.94 4.18 27.41 4.44
Il F 6289 54.29 431 26.20 3.95
M 4116 54.16 4.28 27.09 4.32
1l F 8276 54.61 441 26.57 4.15
M 5374 53.87 4.39 27.57 4.19

P-value 0.326 0.151 0.316

During and after the colonoscopy, data on the
procedure-related outcomes, such as the cecal in-
tubation time (CIT) and cecal intubation rate (CIR),
were collected. These procedure-related times were
recorded by an assistant nurse using the stopwatch
function on the endoscopy equipment. Cecal intuba-
tion was considered successful through the visual-
ization of colonoscopic landmarks, i.e., the ileocecal
valve (ICV) and appendiceal orifice (AO), and the CIT
was defined as the time required from the introduc-
tion of the colonoscope until it reached the base of
the cecum. After the cecum was identified, still pho-
tographs of the cecal landmarks were taken.

Statistical analysis

The materials acquired in this study were system-
atized and analyzed, and the distribution of variables
was established. Since the analyzed parameters did
not have a normal distribution, nonparametric tests
were applied in the analysis. The qualitative vari-
ables were compared using the independent y? test.

100
90
80
70
60
50 A
40
30 1
20 A
10 1

0

CIR (%)

| Il 1
Group

Figure 2. Cecal intubation rate
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For comparison of the quantitative variables, the
Mann-Whitney test was used. Comparison of quanti-
tative data for more than two groups was done using
the Kruskal-Wallis test. The statistical significance
threshold was established at p < 0.05.

Results

A total of 27 463 colonoscopies performed from
January 2000 to December 2014 were included in
the study. Three groups of patients, each from an
era of endoscopic technological development, were
compared in terms of age, sex, and BMI. No differ-
ences in the distributions of sex, age, and BMI were
observed between the groups (Table I).

No complications were observed from any of the
procedures included in the study. All of the patients
recovered and were discharged from the endoscopy
unit.

There were statistically significant differences
in the cecal intubation rates between the patients
of the subsequent eras of endoscopic technological
development. The CIR in group | (2000-2003) was
69.75%, the CIR in group Il (2004-2008) was 92.32%
and the CIR in group Il (2009-2014) was 95.17%
(Figure 2).

The mean cecal intubation time of group Ill,
which was 209 s and SD: 93.75 s, was significantly
lower than that of group |, which was 250 s and SD:
92.75 s. The mean CIT in group Il was 224 s, which
had an SD of 103.07 s (p < 0.05) (Table II).

Discussion

The cecal intubation rate has become one of the
most important indicators of quality in endoscopy
procedures. Cecal intubation is defined as a deep

Videosurgery and Other Miniinvasive Techniques 1, March/2018
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intubation into the cecum with the tip of the en-
doscope so that it is able to touch the appendiceal
orifice. The current guidelines of the European So-
ciety of Gastrointestinal Endoscopy (ESGE) and the
English National Health Service (NHS) Bowel Cancer
Screening Programme (BCSP) expect a completion
rate above 90% as a minimum standard. The Euro-
pean Commission guideline also expects a 90% ce-
cal intubation rate (excluding cases with obstructive
cancer) [9]. The US Multi-Society Task Force on Col-
orectal Cancer recommends different benchmarks
depending on whether it is a “screening” or “symp-
tomatic” population of patients (95% and 90%,
respectively) [10, 11]. Canadian standards set the
minimum adjusted CIR at the level of 95% [12]. Over
the years, the requirements of the author guidelines
regarding the CIR have become stricter. However, it
is completely understandable because complete ex-
aminations of the colon and rectum are crucial to
any endoscopy and especially to a colorectal cancer
screening program.

The companies are constantly trying to respond
to the expectations of endoscopists to successfully
accomplish cecal intubation, inventing equipment
that is easier to insert and is applied without patient
discomfort [13]. Failure to reach the cecum is not
only inconvenient but also expensive for the patient
(it requires another endoscopy or a radiological ex-
amination such as virtual colonoscopy) [14].

In 2000, we started a national colorectal cancer
screening program with simple optical endoscopes.
Over the years, we have been introduced to new
technologies in endoscopy. Sophisticated techno-
logical innovations and advanced endoscopes have
been developed in an effort to eliminate the draw-
backs of colonoscopy, maximize its ability to detect
precancerous lesions and maximize its ability to
reach the cecum. Our study has shown that techno-
logical improvement has a significant influence on
the quality of endoscopy.

We observed differences in the CIRs between the
three technological eras. Huge advances in the era
of electronic endoscopes (2004-2008) have led us to
improve our results of successful cecal intubations
from 69.75% to 92.32%. The difference between the
era of high-quality advanced endoscopes and stan-
dard instruments was also statistically significant.
Despite the fact that the total cecal intubation rate
in group Il was very high in our department (most
of the colonoscopies are performed by experienced
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Table Il. Cecal intubation time

Cecal intubation time [s]
Mean + SD

I 250 £92.75
Il 224 £103.07
1 209 +93.75

Group

endoscopists), colonoscopes equipped with a vari-
able stiffness, which are currently used, improve the
percentage of cecal intubation [15-18].

Another important finding of this study was that
the time needed to reach the cecum was reduced
in the RIT endoscope group compared with the con-
ventional group and optical endoscopes group. This
finding has also already been previously reported
[19]. The time differences obtained in our study
were small between the RIT group and the standard
electronic group but substantial when compared to
the optical endoscopes group, and these differences
were statistically significant.

One of the major causes of unsuccessful cecal in-
tubation is pain during colonoscopy. The CIR is lower
in patients with previous abdominal procedures. It
is most often caused by the looping of the instru-
ment during insertion, which causes discomfort by
stretching the intestinal mesentery [20-22].

Endoscopies that are performed with the most ad-
vanced endoscopes according to our study are most
likely to be complete. This result is likely from the use
of responsive insertion technology. During the proce-
dure, secondary bending occurs when a section of the
endoscope, which is extremely flexible, bends passive-
ly, which is beneficial when the sharply angulated sig-
moid looping is present. The bending function, which
is not present in conventional endoscopes, is useful
for preventing the stick phenomenon, which causes
severe pain for patients during colonoscopic insertion
into splenic or hepatic flexures [23]. Reduced loop for-
mation and auxiliary maneuvers while using the RIT
lead to a higher CIR [24]. Another feature of the most
advanced endoscopes that might have improved the
CIR and CIT is magnetic endoscope imaging (scope
guide). According to previous publications, colonos-
copies performed using magnetic endoscope imaging
demonstrated significantly lower rates of loop forma-
tion [25].

We also noted an association between BMI and
the technical difficulty in successfully achieving
cecal intubation. In our study, a lower BMI was an
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independent factor associated with a lower CIR. It
is possible that the low fat and muscle content of
a low-BMI patient may lead to loop formation and
patient intolerance.

Conclusions

We have gone through a technological revolution
since the earliest flexible endoscope was presented
by Hirschowitz in 1957 at the American Gastroscopy
Society annual meeting [26]. Our study shows that
technological innovation, novel endoscopy devices
and diagnostic techniques have a great influence
on the effectiveness of the colorectal cancer screen-
ing program. A new era of endoscopic technological
development has the potential to reduce examina-
tion-related patient discomfort, obviate the need for
sedation and increase diagnostic yields. A higher CIR
and shorter CIT indicate better endoscope insertabil-
ity and ergonomics.
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Abstract

Background In many countries, colonoscopies for col-
orectal cancer screening are performed without sedation
due to the cost. Changes in the structure of the endoscopes
are designed to facilitate the colonoscopic examination,
reduce the duration of the procedure, and improve the
imaging of the intestinal lumen. The variable stiffness of
the endoscope and the recently introduced responsive
insertion technology (RIT) are features aimed at easing
colonoscope insertion and reducing the discomfort and
pain during the examination. The aim of the study is to
analyze whether the new RIT system can improve the
practice of colonoscopy under no anesthesia with respect to
the widely available variable stiffness colonoscopes.
Materials and methods This analysis included 647 patients
who underwent complete colonoscopy in the screening
program. All colonoscopies were performed without
sedation. Olympus series 180 and 190 endoscopes equip-
ped with a magnetic positioning system were used. Group I
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included patients who were examined using endoscopes
equipped with responsive insertion technology (RIT), and
group II included patients who were examined using con-
ventional variable stiffness colonoscopies. The main
objective was to evaluate the cecal intubation time, the
number of loops, the requirement to apply manual pressure
to different areas of the abdomen and the degree of dis-
comfort and pain expressed on a visual analogue scale
(VAS). ClinicalTrials.gov number, NCT01688557.
Results Group I consisted of 329 patients, and group II
included 318 patients. The mean age of the patients was
58.4 years (SD =+ 4.21). Both groups were compared in
terms of age, sex, and BMI. The mean cecal intubation
time was 209 s in group I and 224 s in group II (p < 0.05).
Increased loop formation was observed upon endoscope
insertion in group II (1.7 vs. 1.35) (p < 0.05) and required
more manual pressure to the abdomen (2.2 vs. 1.7)
(p = 0.001). In group I, less discomfort and pain, as graded
on a VAS (2.3 vs. 2.6), were noted.

Conclusions The implementation of RIT reduced of the
cecal intubation time. The modified structure of the endo-
scope rendered the colonoscopic examination easier by
reducing loop formation upon insertion with a subsequently
reduced rate of auxiliary maneuvers.

Keywords Colonoscopy - Colorectal cancer - Responsive
insertion technology

Colorectal cancer (CRC) is the third most common cancer and
the fourth leading cause of cancer-related death worldwide [1].
Since 2009, mounting evidence from observational studies has
demonstrated that colonoscopy screening is associated with
reductions in both CRC incidence and mortality [2-5]. Most
cases of CRC arise from adenoma via a process known as the
adenoma—carcinoma sequence and are therefore amenable to
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screening and early treatment [6, 7]. Approximately 98 % of
all colonoscopies in the USA are performed with sedation [8].
Traditionally, sedation involves a benzodiazepine and an
opioid. Recently, propofol has been utilized as an alternative
option for sedation due to its rapid induction of sedation, faster
recovery, lack of active metabolites, and equivalent levels of
amnesia. However, in many other countries (e.g., Poland),
colonoscopies for CRC screening are performed without
sedation due to the costs. The structure of endoscopes has been
altered to facilitate feasibility of the examination, reduce the
time of its duration, and diminish patient discomfort during
examination. Responsive insertion technology (RIT) is a
unique combination of three technologies: passive bending
(PB), high-force transmission (HFT), and variable stiffness.
These technologies work together to improve ease of insertion
and operator control, which may help to minimize patient
discomfort and enhance procedural efficiency.

PB helps colonoscopes move through acute bends in the
colon because the passive bending section is located
between the insertion tube and the conventional bending
section of the endoscope. When the scope meets resistance,
the pressure is redistributed such that the insertion tube
automatically bends to adjust to the contours of the colon,
thereby potentially decreasing patient discomfort and pro-
viding rapid insertion to the cecum.

HFT provides improved operator control for pushing
and twisting maneuvers. Whenever the scope is pushed
forward or rotated, the pushing force or rotational torque is
transmitted in a 1:1 manner down the length of the inser-
tion tube. Thus, the scope reacts more sensitively to
physician handling and is easier to maneuver within the
colon. This technology features an insertion tube that better
transmits the pushing force and torque by reducing the loss
of force at the loop, thus helping the device pass the sig-
moid colon with less pushing force and torque.

Variable stiffness allows the flexibility of scopes to be
incrementally altered by manipulating a flexibility adjust-
ment ring that ranges from 0 to 3. This innovative feature
allows the variable stiffness colonoscope (VSC) to be
adjusted on a case-by-case basis to meet the unique
anatomical needs of the patient and the physician’s han-
dling preferences.

The aim of the study was to analyze whether the new
RIT system can improve the practice of colonoscopy under
no anesthesia with respect to the widely available variable
stiffness colonoscopes.

Materials and methods
The analysis was performed between 2014 and 2015 at the

Endoscopy Unit in Krakow as a part of a national colorectal
cancer-screening program, which was financed by the

@ Springer
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Polish Ministry of Health. The study was approved by the
local ethics committee and was conducted in accordance
with the principles of the Declaration of Helsinki. Polish
citizens aged 50-65 or 40-65 with a history of abdominal
cancer in a first-degree relative took part in the analysis.
Inclusion criteria were that patients were between 40 and
65 years of age, able to provide informed consent, whose
indication for colonoscopy was colorectal cancer screening,
and for whom this was a first or follow-up colonoscopy
(Fig. 1). We excluded all patients with suspected significant
gastrointestinal bleeding, previous abdominopelvic surgical
history, previous colonic resections, known inflammatory
bowel disease, or specific conditions that made it theoreti-
cally more desirable to use a specific colonoscope (e.g.,
stenosis, major bleeding), patients with a high anesthetic
risk (ASA-4), pregnant women, and patients who were
unable to provide informed consent.

Six hundred and sixty-five consecutive endoscopy unit
outpatients who were scheduled to undergo colonoscopy
screening for CRC were invited to participate in this study
upon arrival for their appointment. Eighteen patients with
an incomplete colonoscopy due solely to inadequate
preparation or sedation were excluded (Fig. 1).

All patients were given the same bowel preparation
guidelines based on the oral ingestion of liquid propulsive
agents (i.e., 420 g of polyethylene glycol (PEG) in 4 L of
water taken in 4 doses every 6 h one day before the
colonoscopy). Bowel cleansing quality was graded at the
end of the procedure according to the Boston bowel
preparation scale.

All colonoscopies were performed by 7 experienced
endoscopists (>1000 colonoscopies), who had previously
dealt with endoscopes equipped with RIT and possessed
comparable experience in the use of this technology. All
endoscopists were assisted by nurses who were responsible
for applying manual pressure to different areas of the
abdomen to facilitate endoscope insertion. All colonoscopies
were performed without sedation. There was no technical
possibility to blind the type of endoscope because of their
completely different appearance, and clothing of endoscope
in a sleeve camouflage would have hampered the perfor-
mance of colonoscopy thus affecting the study results.

Olympus series 180 and 190 endoscopes equipped with
magnetic positioning system were used. Group I included
329 patients who were examined using variable stiffness
endoscopes equipped with RIT (Olympus CF-HQ190L,
Olympus Optical Co. Ltd, Tokyo, Japan), and group II
included 318 patients who were examined using conven-
tional variable stiffness endoscopes (Olympus CF-
H180DL, Olympus Optical Co. Ltd, Tokyo, Japan). The
mean age of the patients was 58.4 years (SD =+ 4.21).
Patients were randomly assigned to two groups as descri-
bed below. Randomization took place at the endoscopy unit
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Fig. 1 Consort diagram of
patient enrollment

974 patients

CRC screening program

Invited to participate in the research study

309 patients

261 - prior abdominal surgery
58 —lack of consent to participate in the study

665 patients

Qualified to the study

18 patients
. Incomplete colonoscopy
8 -insufficient bowel preparation

Randomization

7
3-interruption of the examination at patient’s request

647 patients

Underwent complete colonoscopy

329 patients
. Group |
With RIT

318 patients
. Group Il
Without RIT

at the study center. A computer-generated list was used for
randomization. The randomization sequence was created
by the R package “blockrand” with a 1:1 allocation using
randomly varying block sizes. To allocate a patient to
either the RIT or standard group, a sealed envelope was
opened and the randomization card taken out before
endoscopy. The endoscopy team did not take part in the
randomization allocation process.

The main objectives were to evaluate the cecal intubation
(CD) time, the rate of loop formation, the requirement of
applying manual pressure to different areas of the abdomen,
and degree of discomfort and pain expressed on a visual
analogue scale (VAS). Cecal intubation was defined as the
time of the insertion of the colonoscope tip to a point prox-
imal to the appendiceal orifice. Loops were identified on the
magnetic positioning system display during colonoscopic
examination. Additionally, following the colonoscopic
examination, the pain perceived by the patient was recorded
using a VAS for pain of 0-10. On that scale, the absence of
pain corresponds to 0, and the maximum bearable pain cor-
responds to 10. This parameter was collected by the nursing
staff immediately after the colonoscopy (evaluation of
intraprocedural pain) and again 15 and 60 min after the
colonoscopy (evaluation of postprocedural pain).

Statistics

Continuous variables are expressed as the mean + SD.
Categorical variables were expressed as frequencies and
percentages. Differences between the groups of patients
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(RIT group vs conventional group) were detected using an
independent ¢ test or Mann—Whitney U test for continuous
data and the Chi-square test or the Fisher’s exact test for
categorical data, as appropriate. Univariate and multivari-
ate linear regression models were used to identify factors
affecting VAS pain scores during endoscope insertion.
Multivariate linear regression with stepwise selection was
applied; variables that did not improve the model fit at
p < 0.05 were discarded. A p-value <0.05 was considered
to indicate a statistically significant difference between
groups. All statistical evaluations were performed using
Statistica version 12 (StatSoft, Tulsa, OK, USA).

Results

Both groups of patients were compared in terms of age,
sex, and BMI. No differences in the distribution of sex,
age, and BMI were observed between the groups of
patients assigned to the novel RIT or conventional endo-
scope groups (Table 1).

No complications were observed in any of the proce-
dures included in the study. All patients recovered and
were discharged from the endoscopy unit. The complete
cecal intubation rate was 100 % in both groups. The cecal
intubation time was significantly reduced in the RIT
endoscope group (group I: mean 209 s, SD 93.75 s) com-
pared with the conventional endoscope group (group II:
mean 224 s, SD 103.07 s) (p < 0.05) (Table 2).

We evaluated the number of loops encountered during
colonoscopy. The number of undesired loops in the shaft of
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Table 1 Patients characteristics

Group Sex n Mean age  Age SD= BMImin BMImax Mean BMI BMI SD+
I F 220 58.86 4.21 17 44 26.44 4.58
M 109  58.18 4.15 21 42 28 3.81
I F 224 58.25 4.20 18 40 26.26 4.16
M 94 57.94 4.30 15 42 27.43 4.29
p=0329  p=0.146 p = 0.306
a flexible scope was significantly reduced when the RIT  Discussion

endoscope was used (group I: 1.30, SD 1.00 vs. group II:
1.70, SD 1.10) (p < 0.05) (Tables 3).

Significant differences were also noted in the need for
the application of manual pressure to the abdomen and the
need to change the patient’s position. The total frequency
of abdominal compressions applied by nurses during
endoscopic insertion was reduced in group I (1.67, SD 1.05
vs. 2.17, SD 1.11) (Table 3).

Similar findings were noted concerning the need to
change a patient’s position (0.27, SD 0.53 vs. 0.46, SD
0.73) (Table 3).

Abdominal pain was assessed using a 10-point VAS. We
observed a significant trend of reduced pain in patients in
whom colonoscopy was performed with the RIT system
(Table 4).

In group I, patients reported less intraprocedural pain
during colonoscopic examination (2.33, SD 1.12 vs 2.55,
SD 1.12) and less postprocedural pain registered 15 min
after completion of colonoscopic examination compared
with group II (2.06, SD 1.21 vs 2.14, SD 1.20). However,
no significant difference was noted between groups I and 11
regarding postprocedural pain recorded 1 h after the
examination (1.38, SD 0.66 vs 1.37, SD 0.57). Further-
more, we analyzed BMI in relation to loop formation and
found that the number of loops was reduced in obese
patients (Table 5).

The colonoscopic insertion technique remains one of the
most difficult endoscopic procedures to master, and the
development of a new colonoscope that is easier to insert is
anxiously awaited, especially a colonoscope that can be
inserted into the cecum without patient discomfort. Non-
sedated colonoscopy may be an uncomfortable or painful
examination. It is very important for the colonoscopist to
understand the structure of the endoscope during its
insertion to successfully accomplish cecal intubation with
minimal pain. It has been previously suggested that vari-
able stiffness colonoscopes offer an advantage compared
with standard adult colonoscopes given its smaller diame-
ter and increased flexibility [9—11]. Therefore, the purpose
of our study was to evaluate whether the RIT colono-
scopies could further facilitate the practice of colonoscopic
examination performed without analgesia.

We did not find publications evaluating the learning
curve to achieve competency at colonoscopy with the use
of RIT. Theoretically the learning curve could affect the
obtained results; however, the participation of experienced
endoscopists with comparable experience and knowledge
of the different types of endoscopic instruments eliminates
the mistake that could change the results of the study.

In our study, we observed no differences between the two
types of colonoscope (RIT vs VSC) regarding cecal intuba-
tion rate. This result was expected for the following two

Table 2 Cecal intubation time

Group Sex Min. cecal intubation time (s) Max. cecal intubation time (s)
| M 70 50 480 520
F 50 520
1T M 60 50 610 620
F 50 620
Group Sex Mean cecal intubation time (s) SD+
1 M 221.72 209.29 111.09 93.75
F 224.62 99.76
11 M 198.79 223.76 100.37 103.07
F 214.49 90.07
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Table 3 Comparison of loop formations, number of manual compressions to the abdomen, and changes in patient position during endoscope
insertion between two analyzed groups

Group Sex Loop formations Number of manual compressions
Min Max Mean SD+ Min Max Mean SD+
I M 0 0 4 4 1.4 1.3 1.1 1.0 0 0 6 6 1.77 1.67 1.07 1.05
F 0 4 1.2 1.0 0 5 1.49 0.98
I M 0 0 5 5 1.7 1.7 1.1 1.1 0 0 4 5 2.19 2.17 1.14 1.11
F 0 5 1.6 1.1 0 5 2.14 1.05
p <0.05 p <0.05
Group Sex Changes in patient position
Min Max Mean SD+
I M 0 0 2 2 0.19 0.27 0.46 0.53
F 0 2 0.31 0.55
I M 0 0 4 4 0.44 0.46 0.78 0.73
F 0 4 0.46 0.71
p <0.05

Table 4 VAS pain score (at 1, 15 and 60 min after colonoscopy)

Group Sex Mean VAS (1 min) VAS (1 min) SD+ Mean VAS (15 min) VAS (15 min) SD+ Mean VAS (1 h) VAS (1 h) SD+

I M 192 2.33 0.88 1.12 1.88 2.06 1.19 1.21 1.38 1.39 0.73 0.66
F 2.53 1.17 2.15 1.21 1.39 0.62

II M 226 2.55 1.15 1.12 1.88 2.14 1.19 1.20 1.34 1.37 0.58 0.57
F 2.67 1.22 225 1.20 1.37 0.56

Table 5 Comparison of loop

formation with BMI in both BMI Group Loops [mean] Loops SD+
groups of patients <17 Severely underweight I 0 0
I 3 0
17-18.49 Underweight I 2 1.10
I 3 1.13
18.5-24.99 Normal (healthy weight) I 1.37 1.41
I 1.86 0
25-29.99 Overweight I 1.40 1.05
I 1.71 1.18
30-34.99 Obese class I 1 1.24 0.97
1T 1.52 0.93
35-39.99 Obese class 11 1 1.18 0.87
I 1.09 0.70
>40 Obese class III I 0.75 1.50
I 0.67 0.58
@ Springer
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reasons. First, the total cecal intubation rate is very high in
our endoscopic clinic because most colonoscopies without
sedation are performed by experienced endoscopists [12].
Moreover, in the control group, colonoscopies equipped with
variable stiffness were used because these endoscopes were
previously demonstrated to improve the percentage of cecal
intubation [13]. This result is consistent with the previous
reports of skilled technical colonoscopists [14—16].

An important finding of this study was that the time
needed to reach the cecum was reduced in the RIT endo-
scope group compared with the VSC group. This finding
has also been reported in previously published studies
[13, 17]. The time differences obtained in our study were
small and therefore of doubtful clinical relevance. Never-
theless, the differences were statistically significant.

One of the major causes of pain during colonoscopy
involves the looping of the instrument during insertion
through the sigmoid colon, which causes discomfort by
stretching the mesentery [18-20]. The number of undesired
loops in the shaft of a flexible scope in our study was sig-
nificantly reduced when the RIT endoscope was used, and
less manual pressure to the abdomen was required. This
result is likely because the secondary bending section of the
endoscope bends only passively and is extremely flexible.
This feature is useful in the presence of sharply angulated
sigmoid looping. In conventional colonoscopes, when the
scope passes through a sharp flexure in the colon, the force
applied by the physician when inserting the scope can
sometimes directly push up the wall of the colon because the
distal end of the scope bends with a small radius—com-
monly known as the stick phenomenon. The bending func-
tion is useful for preventing the stick phenomenon, which
causes severe pain for patients during colonoscopic insertion
in splenic or hepatic flexures [21]. Reduced loop formation
and auxiliary maneuvers when using RIT contribute to a
reduction in patient discomfort. We demonstrated that the
mean pain score, as rated by the patients, was significantly
reduced in patients undergoing unsedated colonoscopy with
RIT compared with VSC. This reduction in pain could be
attributed to less stretching of the sigmoid colon loops by the
flexible intubation tube acquired from the most flexible
mode, thereby reducing both the number of auxiliary
maneuvers applied (PB and HFT combined) and the recur-
rent loop formation by the stiffened colonoscope using the
stiffest mode (VS) (Figs. 2 and 3).

Abdominal pain during colonoscopy can be affected by
multiple factors. Loops caused by the colonoscope may
lead to mesenteric stretching that is often associated with
discomfort or pain. In addition, endoscope passage through
angled colonic flexures, duration of the study, aggressive
movements of the endoscope, and gas used for bowel
insufflation have also significant impact. Intestinal wall
tension is sensible during examination, and for a short time
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Fig. 2 MEI: mild endoscope passage through the splenic flexure with
use of RIT

Fig. 3 MEIL acute angle of endoscope passage through the splenic
flexure using conventional technology (flexure under tension)

afterward, while the procedure time and gas pressure left in
the intestine appear to have a greater effect on the persis-
tence of the postprocedural pain. Thus the application of
carbon dioxide insufflation instead of air reduces pain and
bloating not only during but also after colonoscopy [22].
This is reflected in our results, where it has been shown that
facilitation of the endoscope passage to the cecum due to
RIT usage significantly reduces pain during examination
and within a short period afterward. The association
between body weight and the technical difficulty in
achieving CI during colonoscopy has been a topic of
debate. Conflicting evidence suggests that both lean and
obese subjects present a challenge to the endoscopist dur-
ing colonoscopy [23-26]. Obesity has been independently
associated with poor bowel preparation, which can subse-
quently lead to a difficult and prolonged colonoscopy. In
our study, a lower BMI was an independent factor asso-
ciated with significant discomfort during colonoscopy. It is
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possible that the low muscle content of a low-BMI patient
may predispose to loop formation and patient intolerance.
Our study revealed that the number of loops formed during
the insertion of the endoscope was greater in slender low-
BMI patients; however, RIT did not alter patient tolerance.

In addition, we must emphasize the safety of the RIT
endoscope because no complications associated with its
use were noted in the study.

The limitations of this study are the necessity to pur-
chase RIT-equipped endoscopes which are more expensive
than the earlier generations. Another limitation is that all
endoscopists must be familiar with the skillful use of
variable stiffness technology. A criticism of the study is
also that, due to the nature of the test, it could not be
double-blinded. The endoscopists knew with which
colonoscope they were performing the test as it was simply
impossible to hide the type of endoscope from them. It
should be emphasized that only experienced endoscopists
participated in this study and their skillfulness is proved by
the efficient cecal intubation time in the control group,
which is significantly shorter as compared to the literature
[27]. This was certainly influenced by the routine use of
magnetic positioning system and the exclusion from the
study patients after prior abdominal surgery.

In conclusion, RIT combines three unique technologies:
high-force transmission (HFT), passive bending (PB), and
variable stiffness. These technologies improve endoscope
insertability and ergonomics. Through the use of RIT, the
endoscope offers improved operator control when maneu-
vering and moves more easily through the colon. New RIT
instruments allow a favorable colonoscopy with regard to
completeness and time required for cecum intubation and
significantly reduces discomfort in unsedated patients.
These features suggest that RIT is the preferred improve-
ment for unsedated patients undergoing total colonoscopy
regardless of the skills of the examiner who can appro-
priately manipulate this novel device. The use of this
technology should also facilitate to conduct colonoscopy
under sedation, making it easier to pass the endoscope
through the intestine and reduce cecal intubation time.
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ABSTRACT:

INTRODUCTION: Colonoscopy is considered to be a gold standard for colorectal
cancer (CRC) screening. Endoscopy training is an essential component of general
surgery training program. Patients should receive care at the highest level possible,
nevertheless residents need to gain experience. The aim of our study was to
evaluate the effectiveness of colonoscopy performed by general surgery residents by

comparing quality indicators between surgical trainees and consultants

MATERIALS AND METHODS: The analysis included 6384 patients aged 40-65 who
underwent screening colonoscopy between October 2014 and February 2018. The
patients were divided into two groups: group | - patients examined by residents,
group Il - patients examined by board certified general surgeons. Quality indicators
such as cecal intubation rate, adenoma detection rate and patient tolerance scale

were compared between the two groups.

RESULTS: Group | comprised 2268 (35.53%) and group Il 4116 (64.47%) patients.
The overall cecal intubation rate (CIR) was 95.99%, equal for the both groups
(p=0.994). There was no statistically significant difference in adenoma detection rate:
29.30% in residents group and 27.66% among consultants (p=0.203). Patient
tolerance for exam was very good (4-point scale) in consultants group in 78.98% of
cases and in 75.18% cases among residents (p<0.001).

CONCLUSION: Within a proper learning environment general surgery residents are
able to perform high quality and effective screening colonoscopy. However, residents
need to continue the progress in their technique to improve patient tolerance in order

to reach the proficiency of the consultant.

Introduction

Colorectal cancer (CRC) is one of the leading causes of mortality and morbidity
worldwide. It is the second most common cancer in Europe and the second most

common cause of cancer-related deaths. CRC develops from precancerous polyps in
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the colon or rectum and is both preventable and treatable when it is diagnosed early
and with the removal of premalignant polyps. Colonoscopy plays a critical role in
early detection and removal of precancerous lesions and it has been considered to

be the gold standard tool of screening with a high sensitivity and specificity [1,2,3].

Measurable quality indicators/parameters for endoscopy have been selected and
formulated. Complete colonoscopy, which is defined by passage of the colonoscope
along the whole length of the colon to the cecum or terminal ileum is a one of the
crucial measures of the procedure quality. It is addressed by cecal intubation rate
(CIR) [4]. CIR is not only a quality indicator but it also delivers the information about
the skills of physician performing examinations. Minimum standard of cecal intubation
rates greater than 90% has been endorsed by the American Society for
Gastrointestinal Endoscopy (ASGE) and the American College of Gastroenterology
(ACG) [5].

Another priority quality indicator is adenoma detection rate (ADR). It is the
percentage of patients aged =50 years undergoing first-time screening colonoscopy
who have one or more conventional adenomas detected and removed. European
Society of Gastrointestinal Endoscopy (ESGE) recommendations state that an
experienced colonoscopist should have the ADR at the minimum level of 25% [6,7].

High ADR is associated with decreased interval colorectal cancer.

Endoscopy training is an essential component of general surgery training program.
According to current recommendations screening programs agree a minimum lifetime
experience for their screening colonoscopists and set a minimum benchmark for their
annual number of screening examinations. It is recommended that minimum lifetime
experience of 1000 colonoscopies and a minimum annual number of 150 screening

colonoscopies would be sufficient for a physician to take part in CRC screening [8,9] .

In an attempt to further standardize surgical training, the Polish Board of Surgery now
requires that residents provide evidence that they are certified in flexible endoscopy.
This prospective study was aimed to determine whether, through a structured
curriculum, junior level residents could conduct competent and safe screening

colonoscopy
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The aim of our study was to evaluate the quality and the effectiveness of
colonoscopy performed by general surgery residents by comparing quality indicators
between surgical trainees and consultants performing CRC screening.

Materials and methods

We conducted a dual-center study in the 2nd Department of Surgery, Jagiellonian
University Medical College and the Specialist Diagnostic and Therapeutic Center
“Medicina” in Cracow, Poland. The study was approved by the local ethics committee
and conducted in accordance with the principles of the Declaration of Helsinki (KBN
no 122.6120.36.2016).

Patients

We selected 6384 patients aged 40-65 who underwent colonoscopy screening
between October 2014 and February 2018 (as a part of a national colorectal cancer-
screening program, which was financed by the Polish Ministry of Health). Patients
with a prior history of inflammatory bowel disease, active malignancy, and a high
anesthetic risk (ASA 1IV) were excluded from the study. All patients were pre-
evaluated before the examination and the written informed consent for the procedure
was obtained. Patients were informed to take liquid propulsive agent (i.e., 420 g of
polyethylene glycol (PEG) in 4 L of water) in the evening prior to the procedure for

morning patients and a split-dose regimen for those in the afternoon schedule.
Setting

We used Olympus series colonoscopes (Olympus Optical Co. Ltd, Tokyo, Japan).
Patients were sorted into two groups according to the experience of the physician

performing the colonoscopy.

Group | included 2268 patients examined by surgical trainees i.e. general surgery
residents, that have already obtained Endoscopic Skills Certificate from the Society
of Polish Surgeons.
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Group Il included 4116 patients examined by board certified general surgeons (each

of whom has performed more than 5000 colonoscopies).

Patients’ preoperative characteristics including demographics, body mass index

(BMI), family history of malignancy and significant comorbidities were determined.

Outcome

ADR was determined as a number of colonoscopies at which one or more
histologically confirmed adenomas is found divided by the total number of
colonoscopies performed. We compared ADR between the two groups of patients.

Cecal intubation was defined as deep intubation into the cecum with the tip of the
endoscope being able to touch the appendiceal orifice. Cecal intubation rate was

another quality indicator that we assessed between the two groups.

Another endpoints of the study that potentially differ between two groups were

analyzed: patient tolerance for exam (4-point scale), localization of lesions
Statistical Analysis

All data were analyzed with Statsoft STATISTICA v.12.5 (Statsoft Inc, Tulsa,
Oklahoma, USA). The results are presented as mean = standard deviation (SD),
median and interquartile range (IQR), when appropriate. The study of categorical
variables used the Pearson's chi-square test, chi-square with Yates correction when
appropriate. The Shapiro-Wilk test was used to check for normal distribution of data.
Quantitative data were analyzed with t-student test (for normally distributed) and
Mann-Whitney’s (for non-normally distributed data). Univariate and multivariate
logistic regression models were built including continuous and categorical variables.
Results were considered statistically significant when the p-value was found to be
less than 0.05.
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Results

We observed no difference between the groups regarding sex and BMI (p=0.089 and

0.607, respectively). There was a slight difference in median age between the two

groups: 62 vs 63 respectively (p<0.001). Family history of malignancy was not

different (8.73% vs. 8.60%, p=0,860).

Basic characteristics and comparison between group | and group Il including past

medical history are presented in Table I.

Table I. Basic groups characteristics

All Residents Consultants | p-value

N (%) 6384 2268 4116 -
(100%) (35.53%) (64.47%)

Males/Females (%) 3154/3230 1153/1115 | 2001/2115 0.089"
(49%/51%) | (51%/49%) | (49%/51%)

Median age (IQR) 62 (60-64) 62 (59-64) 63 (60-65) <0.001°

Median BMI (IQR) 27.55 27.68 27.47 0.067°
(24.91- (25.07- (24.85-
30.49) 30.80) 30.48)

Malignancy history 552 (8.65%) | 198 (8.73%) | 354 (8.60%) | 0.860"

Previous colonoscopy 1013 415 598 <0.001"
(15.87%) (18.30%) (14.53%)

Lower gastrointestinal tract bleeding/Anemia 91 (1.43%) | 65(2.87%) | 26 (0.63%) <0.001"

Nonintentional weight loss 19 (0.30%) | 16 (0.71%) | 3 (0.07%) <0.001"

Changes in bowel movements routine 47 (0.74%) | 32 (1.41%) | 15 (0.36%) <0.001"

Medications 1112 438 674 0.003"
(17.42%) (19.31%) (16.38%)

Aspirin 983 389 594 0.004"
(15.40%) (17.15%) (14.43%)

Sintrom/Acenokumarol/Warfin 72 (1.13%) | 29 (1.28%) | 43 (1.04%) 0.469°

Plavix/Clopidogrel/Areplex/Trombex/Plavocorin | 43 (0.67%) | 30 (0.73%) | 13 (0.57%) 0.570°

Smoking 1181 396 785 0.112"
(18.50%) (17.46%) (19.07%)

Operations 2691 949 1742 0.710"
(42.15%) (41.84%) (42.32%)

Cardiovascular comorbidity 660 246 414 0.322"
(10.34%) (10.85%) (10.06%)

Pulmonary comorbidity 241 (3.78%) | 88 (3.88%) | 153 (3.72%) | 0.743"

DM2 700 224 (9.88%) | 476 0.039"
(10.96%) (11.56%)

Chronic kidney disease 33 (0.52%) | 15(0.66%) | 18 (0.44%) 0.311°

' chi-square Pearson’s test
>Mann-Whitney’s test
3 chi-square with Yates correction
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The overall cecal intubation rate (CIR) was 95.99%, equal for the both groups
(p=0.994). There was no statistically significant difference in another quality indicator
adenoma detection rate. Complete ADR was 28.23%, 29.30% in residents group and

27.66% among consultants (p=0.203). The results are presented in Table II.

Table Il.
All Residents Consultants p-value

Cecal intubation rate | 6128 (95.99%) | 2177 (95.99%) 3951 (95.99%) 0.994"
ADR 1516 (28.23%) | 543 (29.30%) 973 (27.66%) 0.203"
General anesthesia | 616 (9.65%) 201 (8.86%) 415 (10.08%) 0.114"
Tolerance for exam <0.001"
(local anesthesia)
poor 180 (2.82%) 87 (3.84%) 93 (2.26%)
medium 336 (5.26%) 148 (6.53%) 188 (4.57%)
good 912 (14.29%) 328 (14.46%) 584 (14.19%)
very good 4956 (77.63%) | 1705 (75.18%) 3251 (78.98%)
' chi-square Pearson’s test
Localization of changes is presented in Table III.
Table Ill. Localization of changes

All Residents Consultants p-value
Caecum 120 (1.88%) 57 (2.51%) 63 (1.53%) <0.001"
Ascending colon | 247 (3.87%) 106 (4.67%) 141 (3.43%)
and hepatic
flexure
Transverse colon | 149 (2.33%) 54 (2.38%) 95 (2.31%)
Splenic  flexure | 142 (2.22%) 59 (2.60%) 95 (2.31%)
and descending
colon
Sigmoideum 1046 (16.38%) 715 (31.53%) 331 (8.04%)
Rectum 672 (10.53%) 513 (22.62%) 159 (3.86%)

' chi-square Pearson

's test
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Table IV presents univariate and multivariate logistic regression analysis of influence
of selected factors on cecal intubation rate. Significant factors were patients’ sex,

tolerance for examination and bowel preparation.

Table IV. Univariate and multivariate logistic regression model of factor potentially influencing cecal
intubation rate

OR 95% Cl p-value
UNIVARIATE
Residents vs. | 1.00 0.99-1.01 0.823
specialists
Males/Females 1.84 1.42-2.40 <0.001
Age 1.00 0.98-1.02 0.855
Obesity 1.23 0.93-1.64 0.152
Previous colonoscopy | 0.86 0.62-1.18 0.347
LGI Bleeding/Anemia 1.87 0.46-7.64 0.383
Nonintentional weight | 1.91 0.001-11.53 0.734
loss
Changes in bowel | 1.34 0.001-173.57 0.910
movements routine
Medications 1.05 0.74-1.48 0.796
Aspirin 1.05 0.75-1.46 0.791
Anesthesia 244 1.33-4.49 0.004
Tolerance for exam 4.97 4.37-5.66 <0.001
Bowel preparation R 1.08 1.07-1.08 <0.001
Bowel preparation M 1.07 1.06-1.08 <0.001
Bowel preparation L 1.07 1.04-1.09 <0.001
MULTIVARIATE
Males/Females 1.20 0.74-1.93 0.463
Anesthesia 1.79 0.65-4.98 0.262
Tolerance for exam 2.12 1.65-2.72 <0.001
Bowel preparation R 1.07 1.05-1.08 <0.001
Bowel preparation M 1.00 0.99-1.02 0.602
Bowel preparation L 1.08 1.03-1.13 <0.001
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Table V presents univariate and multivariate logistic regression analysis of influence
of selected factors on adenoma detection rate. Significant factors were: cecal

intubation rate, patients’ sex, tolerance for examination and bowel preparation.

Table V. Univariate and mulitivariate logistic regression model of factor potentially influencing ADR

OR 95% Cl p-value
UNIVARIATE
Residents vs. | 0.92 0.82-1.04 0.199
specialists
Males/Females 0.50 0.45-0.57 <0.001
Age 1.03 1.01-1.05 0.003
Obesity 1.28 1.12-1.45 <0.001
LGI Bleeding/Anemia 1.14 0.68-1.91 0.625
Nonintentional weight | 1.13 0.35-3.69 0.839
loss
Changes in bowel | 1.17 0.57-2.38 0.672
movements routine
Medications 1.04 0.90-1.21 0.561
Aspirin 1.02 0.74-1.39 0.920
Anesthesia 1.20 0.98-1.47 0.083
Tolerance for exam 1.38 1.25-1.52 <0.001
Cecal intubation rate 3.48 2.23-5.44 <0.001
Bowel preparation R 1.02 1.01-1.02 <0.001
Bowel preparation M 1.01 1.01-1.02 <0.001
Bowel preparation L 0.99 0.98-1.01 0.444
MULTIVARIATE
Males/Females 0.53 0.47-0.60 <0.001
Age 1.03 1.01-1.43 <0.001
Obesity 1.23 1.08-1.40 0.002
Tolerance for exam 1.17 1.05-1.30 0.006
Cecal intubation rate 1.67 0.87-3.23 0.122
Bowel preparation R 1.01 1.00-1.03 0.018
Bowel preparation M 1.01 1.00-1.02 0.131
Discussion

Endoscopy training has been one of the essential components of general surgery
residency program in Poland. It is also required by the Association of Polish
Surgeons (AJS). The importance of endoscopic training during residency has been

well documented by graduates and program directors [10,11].

Recently, in 2014 the Polish Ministry of Health accepted new general surgery
residency program, with increased up to 100 gastrointestinal endoscopies required
for graduating residents to perform. However, the AJS has more strict requirements
for board certification. In order to get the AJS accreditation candidates have to
perform at least 100 colonoscopies and 50 polypectomies. To perform colorectal

cancer screening colonoscopy a physician needs to have either the above mentioned
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certification or graduation from general surgery or gastroenterology, alternatively.
Currently, the international endoscopic societies tend to resign from arbitrary
numbers and state that competency level should be based on more objective criteria
[12].

It has been already demonstrated that surgeons can perform high-quality endoscopy
with low rates of complications. Reports, including prospective studies confirm that
colonoscopies performed by surgeons are at the highest quality, with the results
comparable to those done by gastroenterologists [13,14]. According to our
knowledge there is only a few studies comparing outcomes in endoscopy between
residents and consultants. We have not found any reports concerning particularly
CRC screening colonoscopy and differences in performance between those two

groups of physicians.

At both institutions, where our study took place residents with adequate experience,
after the acceptance of the head of the department, performed examinations without
a direct supervision. A board certified surgeon, who is a supervisor, was present in
the endoscopy department and was always willing to assist when needed. This sort
of solution gives a resident a chance to make autonomic decisions, but at the same
time a possibility to use the knowledge of a more experienced colleague. We have
not noticed any inconvenience concerning our work system so far. When there is an
indication to stop the examination before reaching the cecum (i.e. severe pain or
potential risk of perforation) trainees do not force the colonoscopy. The patients are
referred to CT scan, CT colonoscopy or barium enema, when required. To keep the
highest possible quality level we follow the rule of a minimum 6 minutes withdrawal
time that has been recently reported and is considered as a standard because of its
correlation with ADR [15,16].

Our study has shown that there are statistically significant differences concerning
patients tolerance between the two groups. Colonoscopies performed under local
anesthesia by residents were not tolerated as well as the ones performed by the
consultants. 75.18% examinations were rated as very good in a matter of tolerance
vs 78.98% performed by consultants. There are reports stating that patients
undergoing colonoscopy performed by surgeons are more likely to report pain than

patients examined by gastroenterologists [17]. But we have not met any paper
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distinguishing pain reports between the residents and consultants. Higher discomfort
may have influence on completion rates. Evaluating patient tolerance is also
guestionable. The physician and the patient opinions may vary in terms of the
comfort during the procedure. In our paper we have analyzed results reported by the

physicians.

Our study showed that results of CRC screening colonoscopy and its quality is
comparable between residents and consultant specialists. Slightly lower patient
tolerance of the examinations performed by trainees did not affect completion rates.
There were no statistically significant difference between cecal intubation rate in the
groups: 95.99 % among residents and 95.99 % among consultants. CIR outcomes in
both of the groups meet the recommendations of European Commission and
National Health Service Bowel Cancer Screening Programme in England
(NHSBCSP), where 90% CIR is a minimum [18]. Residents and board-certified
surgeons at our institution also meet stricter requirements of the US Multi-Society
Task Force on Colorectal Cancer, where a benchmark for screening population is set
to 95% [19].

The ADR between the two study groups showed no statistically significant difference.
It exceeds the minimum standards described in the literature, such as the American
Society for Gastrointestinal Endoscopy (ASGE) recommendations, which state that
adenomas should be detected in more than 25% of the asymptomatic male patients
and in more than 15% of the females [20]. ADR calculated as described in methods
section was overall 28.23%, and did not differ groups significantly neither in chi-
square nor in univariate logistic regression. ADR of residents was 29.30% and of
consultants 27.66% (p-values respectively 0.203 and 0.199). There is a possibility
that this 1.64% difference between ADRs came from that the consultants have more
experience with narrow band imaging (NBI) that enhances micro-vessel architecture
and determines the decision not to remove hyperplastic polyps [21]. However, not
every report contained Kudo classification describing detected lesion, so it is hard to

determine what was the real influence of NBl on ADR.

To sum up, in our study residents did not diverge from the consultant surgeons in

terms of quality in screening colonoscopy. The factors describing CRC screening
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have been maintained at the highest level. Of course it is unquestionable that
residents require proper training methods before having a possibility to become
independent from their supervisors. Our training methods as described above are
accepted internationally and similar studies have confirmed their successfulness
[22,23]. At the same time patients undergoing screening colonoscopy are provided
with the best possible medical care. Residents before performing independent
examinations need a proper education provided by our consultant, but as soon as
physicians enter CRC screening program their results are monitored. Polish Ministry
of Health keeps auditing the quality of CRC screening, so it is impossible to lower the
desired standards in the accredited institutions. There are several limitations to our
study. It has been limited to two departments, where physicians performing
examinations work in university centers having accreditations to issue certificates of
competency in endoscopy. To have a larger perspective more data from non-
academic centers is required. However, our study describes a large number of
screening endoscopic examinations. Our results may become a foundation to

improve the quality and training of general surgery residents.

Conclusion

Within a proper learning environment general surgery residents are able to perform
high quality and effective screening colonoscopy. Examinations carried out by
residents have the same value as the ones performed by board certified surgeons.
However, there is a room for improvement in patient tolerance in order to reach the

proficiency of the consultant.
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STRESZCZENIE W JEZYKU POLSKIM

Wstep:

Rak jelita grubego jest jednym z najczesciej wystepujgcych nowotworow
ztosliwych — w Polsce zajmuje pod tym wzgledem 2. miejsce u obu ptci,

a zachorowalnos¢ na ten nowotwor systematycznie wzrasta. Wiekszosc¢ rakow jelita
grubego rozwija sie na podtozu gruczolaka uszyputowanego, znacznie rzadziej
nieuszyputowanego. Sekwencja gruczolak-rak jest gtbwng drogg prowadzacg

do raka, obserwowang w 85% przypadkéw raka jelita grubego u ludzi. W zwigzku

z tym istotne znaczenie dla profilaktyki ma wdrozenie badan przesiewowych, ktére
pozwalajg na obnizenie czestosci wystepowania raka jelita grubego i spadek
Smiertelnosci z nim zwigzanej. W Polsce podstawowg metodg wykorzystywang

w badaniach przesiewowych jest kolonoskopia. Jej gtdwne zalety to duza czutosc

i swoistos¢ oraz mozliwo$¢ usuwania zmian prekursorowych, co powoduje, ze jest
ona narzedziem nie tylko wczesnego wykrywania raka jelita grubego, ale réwniez
zapobiegania jego rozwojowi.

W Polsce od 2000 roku realizowany jest Program Badan Przesiewowych dla
wczesnego wykrywania raka jelita grubego. Od tego czasu obserwowany jest staty
szybki postep technologiczny owocujgcy wprowadzaniem nowych generacji sprzetu
endoskopowego, dodatkowego oprzyrzgdowania, co w potgczeniu z doswiadczeniem
i inwencjg endoskopisty umozliwia przeprowadzanie coraz bardziej doktadnej
diagnostyki. OdeszliSmy od endoskopdw optycznych, ktére byly wykorzystywane
na poczatku programu badan przesiewowych. Do nowoczesnych technologii
wykorzystywanych obecnie w endoskopii nalezg m.in: wideoendoskopia wysokiej
rozdzielczosci (HDTV 1080p), obrazowanie w waskim pasmie swiatta (Narrow Band
Imaging), dwustopniowy system optyczny (Near Focus), zmienna sztywno$¢ sondy
poprawiajgca kontrole wprowadzania endoskopu oraz system magnetycznej
trojwymiarowej nawigacji endoskopu.

Kazda procedura medyczna, aby byta skuteczna i efektywna oraz bezpieczna
dla pacjentow musi by¢ dobrze wykonywana. Wskazniki jakosci w kolonoskopii
sg scisle okreslone i stanowig je miedzy innymi: czestos¢ wykrywania gruczolakow
(adenoma detection rate — ADR), osiggalnos¢ katnicy (cecal intubation rate — CIR).
Wedtug wytycznych odsetek kolonoskopii przesiewowych z osiggnieciem katnicy
powinien wynosi¢ co najmniej 95%. Natomiast odsetek badan, w ktérych wykryto

55



co najmniej jednego gruczolaka powinien wynosi¢ co najmniej 25% u mezczyzn

i co najmniej 15% u kobiet. Innym proponowanym parametrem jakos$ci jest czas
wycofywania aparatu, ktory nie powinien by¢ krotszy niz 6 minut.

W ostatnich latach obserwujemy systematyczny wzrost liczby badan
kolonoskopowych wykonywanych w ramach skriningu. W zwigzku z tym analiza
jakosci, parametrow na nig wptywajgcych, w tym szkolenia, czy tez indywidualnych
mozliwosci endoskopisty jest niezwykle istotna. Nadal poszukiwane sg optymalne
rozwigzania zarowno dla pacjentow, jak i lekarzy wykonujgcych badania
przesiewowe. W zwigzku z tym, iz jako Il Katedra Chirurgii Ogdlnej Collegium
Medicum Uniwersytetu Jagiellonskiego bierzemy czynny udziat w badaniach
przesiewowych wykonywanych w kierunku wczesnego wykrywania raka jelita
grubego powinnismy mie¢ realny wptyw na poprawe jakosci badan. Dlatego tez
wyniki badan prowadzonych w Il Katedrze Chirurgii Ogdélnej stanowity podstawe

do napisania niniejszej rozprawy doktorskiej zatytutowanej: ,Retrospektywna analiza
wynikéw badan kolonoskopowych w ramach programu badan przesiewowych dla
wczesnego wykrywania raka jelita grubego”. Praca doktorska stanowi cykl czterech
prac oryginalnych: I. How to improve the adenoma detection rate in colorectal cancer
screening? Clinical factors and technological advancements, Il. Cecal intubation
rates in different eras of endoscopic technological development,

lll. Impact of responsive insertion technology (RIT) on reducing discomfort during
colonoscopy — randomized clinical trial, 1V. Colonoscopy for colorectal cancer

screening — is it effective in the hands of a general surgery resident?.

Cele:

l. Ocena jakosci kolonoskopii oraz czynnikéw na nig wptywajgcych
na podstawie ADR w dwdch réznych erach technologicznych

Il. Ocena wptywu nowych technologii w endoskopii na podstawie parametru
osiggalnosci katnicy.

[I. Analiza wptywu technologii kontrolowanego wprowadzania endoskopu
(RIT) na wyniki kolonoskopii wykonywanych w znieczuleniu miejscowym.

V. Ocena wynikoéw kolonoskopii wykonywanych w ramach program badan

przesiewowych przez lekarzy w trakcie specjalizacji z chirurgii ogolne;j.
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Materiat i metody:

Przeanalizowano 24055 badan wykonywanych w latach 2004 do 2008.
Pacjentow podzielono na dwie grupy w zaleznosci od stosowanego
endoskopu. Grupe | (10405) stanowili chorzy, ktérzy byli badani
standardowymi elektronicznymi endoskopami. W grupie |l znalezli sie
chorzy (13650), ktorym wykonywano badanie przy pomocy
najnowoczesniejszych endoskopow. Porownano czestos¢ wystepowania
gruczolakéw pomiedzy dwoma grupami, a takze inne czynniki wptywajgce
na jakos¢ badania, w tym osiggalnos¢ katnicy, przygotowanie do jelita,
tolerancje pacjentdow na badanie wykonywane w znieczuleniu miejscowym.
Poddane analizie zostaty wyniki badan 27463 chorych, ktorzy przechodzili
kolonoskopie w ramach programu przesiewowego wczesnego wykrywania
raka jelita grubego. Chorzy zostali podzieleni na trzy grupy w zaleznosci

od czasu, w ktorym byto wykonywane badanie, a co za tym idzie roznymi
endoskopami wykorzystywanymi do badania. Grupa | sktadata sie z 3408
chorych badanych w latach 2000- 2003 2z uzyciem endoskopéw
optycznych. Grupe |l stanowito 10405 chorych badanych w latach

2004- 2008 przy pomocy standardowych endoskopow elektronicznych,
grupa lll to chorzy badani w latach 2009- 2014, gdzie do badania
stosowano najnowoczesniejsze technologicznie endoskopy. Poréwnano
osiggalnos¢ katnicy (cecal intubation rate — CIR), a takze czas osiggniecia
katnicy pomiedzy grupami.

Analizg zostato objetych 647 pacjentow. Pacjenci zostali podzieleni

na dwie grupy w zaleznosci od rodzaju uzytego endoskopu. Grupe | (329
pacjentow) stanowili chorzy, u ktérych zastosowano kolonoskopy
wyposazone w RIT, grupe Il (318 pacjentéw) stanowili chorzy, badani
standardowymi aparatami o regulowanej sztywnosci. Poréwnano czas,

w ktorym osiggano katnice, ilos¢ petli powstajgcych w czasie badania,
czestos¢ stosowania ucisku brzucha przez asystenta w czasie badania
oraz dolegliwosci bélowe wyrazone w skali VAS.

Analizg objeto 6384 pacjentéw, ktorzy mieli wykonang kolonoskopie

w latach 2014-2018. Pacjentéw podzielono na dwie grupy. Grupe | (2268
pacjentéw) stanowili chorzy badani przez lekarzy rezydentéw, grupe Il
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Wyniki:

(4116 pacjentow) stanowili pacjenci badani przez lekarzy specjalistow
chirurgii ogolnej. Porownano czestoS¢ wykrywania gruczolakow,

osiggalnos¢ katnicy oraz tolerancje pacjentow na wykonywane badanie.

ADR byt istotnie wyzszy w grupie Il 31.73% w poréwnaniu z 29.14%

w grupie | (p<0.001). CIR rowniez byt wiekszy w grupie Il - 96.68%
poréwnaniu z grupg | 93.73% ( p<0.001). Takze tolerancja badania byta
istotnie statystycznie wyzsza w przypadku grupy pacjentéw badanych
zaawansowanymi technologicznie endoskopami.

CIR zwiekszat sie wraz z postepem technologii endoskopow uzywanych

do badania przesiewowego. W grupie | CIR wynosit 69.75%,w grupie Il i lll
odpowiednio 92.32% i 95.17% (p< 0.001). Réwniez $redni czas, w ktorym
wykonywano petne badanie byt najkrétszy w grupie lll.

Czas intubacji katnicy byt krotszy w przypadku uzycia endoskopow
wyposazonych w RIT, wynosit 209 s i 224 s odpowiednio dla I i Il grupy
(p < 0.05). Wieksza liczba powstajgcych petli byta obserwowana w grupie
lI- 1.7 vs 1.35 (p<0.05). Pacjenci w grupie Il czesciej wymagali uciskanie
manualnego brzucha w trakcie badania — 2.2 vs 1.7 (p=0.001). Chorzy

w grupie | zgtaszali mniejsze dolegliwosci bélowe w poréwnaniu z chorymi
z grupy I, wg skali VAS — 2.3 vs. 2.6.

CIR wynosit 95.99% (p=0,994) dla obu grup. Nie stwierdzono istotnej
réznicy w czestosci wykrywania gruczolakéw wynosita ona 29.30%

w grupie | oraz 27.66% w grupie Il (p-0.203). Tolerancja

w czterostopniowej skali byta bardzo dobra w 78.98% w grupie lekarzy

specjalistow oraz w 75.18% w grupie lekarzy rezydentéw (p<0.001).
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Whioski:

Czynniki zalezne od pacjenta majg niezwykle istotny wptyw na koncowy
wynik badania. Nowe technologie stosowane w najnowszych aparatach
zwiekszajg jakos¢ badania przesiewowego poprzez wptyw na zwiekszenie
czestosci wykrywania gruczolakow oraz zwiekszenie osiggalnosci katnicy.
Nowe technologie zastosowane w endoskopach majg istotny wptyw

na jakosc i efektywnos¢ badan przesiewowych wykorzystywanych

do wczesnego wykrywania raka jelita grubego.

RIT poprawia manewrowos¢ kolonoskopow, zapewnia lepszg kontrole nad
endoskopem podczas obracania i wprowadzania, utatwia wyprostowanie
endoskopu. Skraca to czas intubacji katnicy, ograniczajgc rowniez
dyskomfort pacjenta.

Lekarze w trakcie specjalizacji sg w stanie wykonywac¢ kolonoskopie

efektywnie i z jakoscig nie odbiegajgcg od miedzynarodowych wytycznych.
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STRESZCZENIE W JEZYKU ANGIELSKIM

Introduction:

Colorectal cancer (CRC) is the second most common cancer in Poland
including men and women. Over 85% of CRCs follow an adenoma-to-cancer
sequence. Colonoscopy is widely used for the diagnosis and treatment of disorders
of the colon. It also plays a critical role in colorectal cancer screening in many
countries and has been widely regarded as the gold standard, decreasing the
incidence of CRC by allowing early detection and removal of precancerous lesions.
Since 2000 in Poland colorectal cancer screening program has been introduced by
the Polish Ministry of Health. CRC screening has been successful in reducing the
incidence and mortality.

Since the beginning of the national screening program different endoscopic
imaging techniques were introduced. We have witnessed a technological evolution
started by the transition from fiberscopes to videoscope. Nowadays, high definition
(HD) resolution endoscopes are used in everyday practice Following the introduction
of videoscopes, the structure of the endoscopes has been changed nowadays.
Responsive insertion technology (RIT) combines three technologies: passive bending
(PB) and variable stiffness are supposed to facilitate the feasibility of the
examination. The new endoscopes also include narrow band imaging (NBI), near
focus (NF) and magnetic endoscopic imaging (MEI).

Every procedure, especially screening hast be safe and effective. Quality in
endoscopy needs to be constantly improved. One of the key quality indicators is
associated with the adenoma detection rate (ADR). The definition of ADR is the
number of colonoscopies at which one or more histologically confirmed adenomas is
found divided by the total number of colonoscopies performed. According to the
recommendations ADR should be at the minimum level of 25% for men and 15% for
women. Complete colonoscopy is another key parameter for measuring the quality of
the procedure. Cecal intubation rate (CIR) is one of the well-defined quality indicators
used to assess colonoscopy. A poor cecum intubation rate is correlated strictly with
a low adenoma detection and increased risk of post—colonoscopy colorectal cancer
(PCCRC). Another important aspect of effective colonoscopy is a 6-minute

withdrawal time.
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Number of patients undergoing screening colonoscopy is constantly growing.
Hence, the analysis of parameters influencing quality, endoscopy training is crucial.
We are still seeking for the factors, that could improve our performance.

In the 2" Department of General Surgery, Jagiellonian University Medical
College we perform colonoscopy for colorectal cancer screening. We are an
academic center with an accreditation to issue certificates of competency in
endoscopy. It obliges us to play a leading role in a search for better quality. It has
inspired me to write a PhD thesis entitled: ‘Retrospective analysis of colorectal
cancer screening colonoscopies’ consisting of four published papers:

I.How to improve the adenoma detection rate in colorectal cancer screening? Clinical
factors and technological advancements, Il. Cecal intubation rates in different eras of
endoscopic technological development, Ill. Impact of responsive insertion technology
(RIT) on reducing discomfort during colonoscopy — randomized clinical trial,

IV. Colonoscopy for colorectal cancer screening - is it effective in the hands of

a general surgery resident?.

Aims:

l. To evaluate the quality of colonoscopy expressed by ADR and clinical
factors in two different eras of endoscopic technology advancement.

Il. To assess the impact of new technologies on colonoscopy quality by
assessing completion rates.

II. The aim of the study is to analyze whether the new RIT system can
improve the practice of colonoscopy under no anesthesia with respect to
the widely available variable stiffness colonoscopes.

IV. To evaluate the effectiveness of colonoscopy performed by general
surgery residents by comparing quality indicators between surgical trainees

and consultants

Materials and methods:

l. The study enrolled 24055 patients aged 40-65 who underwent
colonoscopy as a part of a national CRC screening program. Patients
were sorted into two groups according to the advancement of endoscopic
equipment used for colonoscopic examination. Group |: 10405 patients

examined between 2004 and 2008 (standard electronic endoscopes).
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Group Il 13650 patients examined between 2009 and 2014 (modern
endoscopes). The ADR, completeness of examination, bowel preparation
assessment (5-point scale), patient tolerance for exam (4-point scale) in
two different eras of technological advancement and the impact of
endoscopic novelties were determined

The cecal intubation rate (CIR) and cecal intubation time (CIT) in three
different eras of technological advancement were determined. The study
enrolled 27 463 patients who underwent colonoscopy as part of a national
CRC screening program. The patients were divided into three groups:
group | - 3408 patients examined between 2000 and 2003 (optical
endoscopes); group Il - 10 405 patients examined between 2004 and 2008
(standard electronic endoscopes); and group Il - 13 650 patients examined
between 2009 and 2014 (modern endoscopes).

Analysis included 647 patients who underwent complete colonoscopy in
the screening program. All colonoscopies were performed without
sedation. Group | included patients who were examined using endoscopes
equipped with responsive insertion technology (RIT), and group Il included
patients who were examined using conventional variable stiffness
colonoscopies. The main objective was to evaluate the cecal intubation
time, the number of loops, the requirement to apply manual pressure to
different areas of the abdomen and the degree of discomfort and pain
expressed on a visual analogue scale (VAS).

The analysis included 6384 patients aged 40-65 who underwent screening
colonoscopy between October 2014 and February 2018. The patients were
divided into two groups: group | - patients examined by residents, group Il -
patients examined by board certified general surgeons. Quality indicators
such as cecal intubation rate, adenoma detection rate and patient

tolerance scale were compared between the two groups.
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Results:

The ADR in group | was 29.14%, in group Il 31.73% (p < 0.001). The
overall ADR was 30.88% — 38.80% and 25.95% (p < 0.001) for the male
and female patients, respectively. The mean adenoma number per
colonoscopy was 0.366 (95% CI: 0.357-0.375; p < 0.001),

0.337 (0.321-0.352) and 0.380 (0.369-0.392) for patients in group | and
group I, respectively.

There were statistically significant differences in the CIR between
successive eras. The CIR in group | (2000-2003) was 69.75%, in group Il
(2004-2008) was 92.32%, and in group Il (2009-2014) was 95.17%. The
mean CIT was significantly reduced in group I

Group | consisted of 329 patients, and group Il included 318 patients. The
mean age of the patients was 58.4 years (SD  4.21). Both groups were
compared in terms of age, sex, and BMI. The mean cecal intubation time
was 209 s in group | and 224 s in group Il (p <0.05). Increased loop
formation was observed upon endoscope insertion in group Il (1.7 vs. 1.35)
(p < 0.05) and required more manual pressure to the abdomen (2.2 vs. 1.7)
(p =0.001). In group I, less discomfort and pain (VAS: 2.3 vs. 2.6) were
noted.

Group | comprised 2268 (35.53%) and group Il 4116 (64.47%) patients.
The overall cecal intubation rate (CIR) was 95.99%, equal for the both
groups (p=0.994). There was no statistically significant difference in
adenoma detection rate: 29.30% in residents group and 27.66% among
consultants (p=0.203). Patient tolerance for exam was very good (4-point
scale) in consultants group in 78.98% of cases and in 75.18% cases
among residents (p<0.001).
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Conclusions:

There has been a technological revolution in endoscopy since the
beginning of our study in 2004. Technological innovations, novel
endoscopy devices and diagnostic techniques as well as patient-related
factors significantly improve the quality of colorectal cancer screening by
increasing adenoma detection rate. However, we need to determine and
standardize which of the technologies are supreme to reach the excellence
in colorectal cancer screening.

Our study shows that the technological innovation of novel endoscopy
devices has a great influence on the effectiveness of the CRC screening
program. The new era of endoscopic technological development has the
potential to reduce examination-related patient discomfort, obviate the
need for sedation and increase diagnostic yields.

The implementation of RIT reduced of the cecal intubation time. The
modified structure of the endoscope rendered the colonoscopic
examination easier by reducing loop formation upon insertion with

a subsequently reduced rate of auxiliary maneuvers

Within a proper learning environment general surgery residents are able to
perform high quality and effective screening colonoscopy. However,
residents need to continue the progress in their technique to improve

patient tolerance in order to reach the proficiency of the consultant.

64



OPINIA
nr. 122.6120.36.2016 z dnia 25 lutego 2016 roku

Na zebraniu w dniu 25 lutego 2016 r. Komisja zapoznala sie
z wnioskiem z dnia 15 lutego 2016 1.

zlozonym:
przez kierownika tematu: prof. dr hab. med. Kazimierz Rembiasz
zatrudnionego w: II Katedra Chirurgii Ogélnej UICM

31 - 501 Krakéw, ul. Kopernika 21

oraz jego merytorycznym uzasadnieniem dotyczacym przeprowadzenia
eksperymentu medycznego pt. ,Retrospektywna analiza wynikéw badan
kolonoskopowych w ramach programu badan przesiewowych do wczesnego

wykrywania raka jelita grubego”.

Do wniosku dotaczono:

Protekot badania.

Zyciorys naukowy wnioskodawcy,

Lista pismiennictwa,

Oswiadczenie o braku zalgczenia formularza informacji dla pacjenta, formularza zgody uczestnika badania,
formularza o ochronie danych osobowych.

5. Oswiadczenie o realizacji projektu w ramach prac badawczych UJUJCM.

B T

Komisja wyraza pozytywng opinic w sprawie przeprowadzenia
wnioskowanych badaf - na warunkach okreslonych we wniosku oraz

dodatkowo zastrzegajgc:

1/ obowiazek przedstawienia Komisji:

- wszystkich zmian w protokole majacych wplyw na przebieg oraz ocene badania,
- zawiadomienia o przyczynach przedwczesnego zakoriczenia badania,

- sprawozdania w toku przeprowadzanych badan - co sze$é miesiecy,

- raportu koficowego.

Badanie moze by¢ prowadzone do dnia 25 lutego 2017 roku.

Sklad i dzialanie Komisji zgodne z GCP oraz wymogami lokalnymi.
Lista czlonkéw Komisji biorgcych udzial w posiedzeniu stanowi
zalgcznik do niniejszego dokumentu.

Krakéw, dnia 25 lutego 2016 1.

Przewcldnj
Komisji B3

65

UNIWERSYTL]
JAGIETLONSKI
W O KRAKOWI

Komis)a Bioetyozna

Uniwersytetu

Jagielloiskiego

ul. Grzegdrzecks 20

PL 31-531 Krakaw

tel. +48 (12} 43

327 39

betaem-uy krakow p

www . kpet om-i

U Ki'ax0w . p



PISMIENNICTWO

PRACA |

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2014;136:E359-86.

2. Zhang K, Chen Y, Huang X, et al. Expression and clinical significance of
cytochrome c oxidase subunit IV in colorectal cancer patients. Archives of
Medical Science. 2016;12(1):68-77

3. Cetin D, Yildirim M, Yakan S, Ciyiltepe H, Aydogan S. Effects of prognostic
factors on overall and disease-free survival in patients with stage -l
colorectal cancer. Archives of Medical Science - Civilization Diseases.
2016;1(1):131-138.

4. Levin B, Lieberman DA, McFarland B, et al. Screening and surveillance for the
early detection of colorectal cancer and adenomatous polyps, 2008: a joint
guideline from the American Cancer Society, the US Multi-Society Task Force
on Colorectal Cancer, and the American College of Radiology.
Gastroenterology 2008;134:1570-95.

5. Zhang T, Cui G, Yao Y, et al. Value of CNRIP1 promoter methylation in
colorectal cancer screening and prognosis assessment and its influence on
the activity of cancer cells. Archives of Medical Science. 2017;13(6):1281-
1294,

6. Qaseem A, Denberg TD, Hopkins RH Jr, Humphrey LL, Levine J, Sweet DE,
Shekelle P: Screening for colorectal cancer: a guidance statement from the
American College of Physicians. Ann Intern Med 2012;156: 378—386.

7. Rex DK, Johnson DA, Anderson JC, Schoenfeld PS, Burke CA, Inadomi JM:
American College of Gastroenterology guidelines for colorectal cancer
screening 2009 [corrected]. Am J Gastroenterol 2009;104:739-750.

8. Kaminski MF, Regula JR, Kraszewska E et al. Quality indicators for
colonoscopy and the risk of interval cancer. N Engl J Med 2010; 362: 1795-
1803

66


https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-89
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-89

9. Belsey J, Epstein O, Heresbach D. Systematic review: oral bowel preparation
for colonoscopy. Aliment Pharmacol Ther 2007; 25: 373-384.

10.Aoun E, Baki HA, Azar C et al. A randomized single-blind trial of split-dose
PEG-electrolyte solution without dietary restriction compared with whole dose
PEG-electrolyte solution with dietary restriction for colonoscopy preparation.
Gastrointest Endosc 2005; 62: 213-218.

11.Waye JD. Completing colonoscopy. Am J Gastroenterol. 2000;95:2681-2682

12.Witte TN, Enns R. The difficult colonoscopy. Can J Gastroenterol.
2007;21:487-490

13.Ana Rita Gongalves, Carlos Ferreira, Antonio Marques et al. Assessment of
guality in screening colonoscopy for colorectal cancer. Clin Exp Gastroenterol.
2011; 4: 277-281.

14.Sarah J. Diamond, Brintha K. Enestvedt, Zibing Jiang et al. Adenoma
detection rate increases with each decade of life after 50 years of age
Gastrointest Endosc. 2011 Jul;74(1):135-40

15.Hetzel JT, Huang CS, Coukos JA, Omstead K, Cerda SR, Yang S, et al.
Variation in the detection of serrated polyps in an average risk colorectal
cancer screening cohort. Am J Gastroenterol 2010;105:2656e64

16.Kahi CJ, Hewett DG, Norton DL, Eckert GJ, Rex DK. Prevalence and variable
detection of proximal colon serrated polyps during screening colonoscopy.Clin
Gastroenterol Hepatol 2011;9:42e6

17.Coe SG, Crook JE, Diehl NN, Wallace MB. An endoscopic quality
improvement program improves detection of colorectal adenomas. Am J
Gastroenterol 2013;108:219e26.

18.Wallace MB, Crook JE, Thomas CS, Staggs E, Parker L, Rex DK. Effect of an
endoscopic quality improvement program on adenoma detection rates: a
multicenter cluster-randomized controlled trial in a clinical practice setting
(EQUIP-3). Gastrointest Endosc 2017;85:538e45.

19.Lakoff J, Paszat LF, Saskin R, et al. Risk of developing proximal versus distal
col-orectal cancer after a negative colonoscopy: a population-based study.
Clinical Gastroenterology and Hepatology 2008;6:1117-21,

20.Pabby A, Schoen RE, Weissfeld JL, et al. Analysis of colorectal cancer
occurrence during surveillance colonoscopy in the dietary polyp prevention
trial. Gastrointestinal Endoscopy 2005;61:385-91.

67


https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-34
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-34
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-41
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-41
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-41
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gon%26%23x000e7%3Balves%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=22235171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferreira%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22235171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marques%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22235171
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3254205/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adenoma+detection+rate+increases+with+each+decade+of+life+after+50+years+of+age

21.Eloubeidi MA, Wallace MB, Desmond R, Farraye FA. Female gender and
other factors predictive of a limited screening flexible sigmoidoscopy
examination for colorectal cancer. Am J Gastroenterol. 2003;98(7):1634-1639.

22.Heresbach D, Barrioz T, Lapalus MG et al. Miss rate for colorectal neoplastic
polyps: a prospective multicenter study of back-to-back video colonoscopies.
Endoscopy 2008; 40: 284-290

23.Barclay RI, Vicari JJ, Doughty AS, Johanson JF, Greenlaw RL. Colonoscopic
withdrawal times and adenoma detection during screening colonoscopy. N
Engl J Med 2006;355:2533e41.

24.Shaukat A, Rector TS, Church TR, Lederle FA, Kim AS, Rank JM, et al.
Longer withdrawal time is associated with a reduced incidence of interval
cancer after screening colonoscopy. Gastroenterology 2015;149:952e7.

25.Subramanian V, Mannath J, Hawkey CJ, Ragunath K. High definition
colonoscopy vs standard video endoscopy for the detection of colonic polyps:
a meta-analysis. Endoscopy 2011;43:499e505.

26.Subramanian V, Mannath J, Hawkey CJ, et al. High definition colonoscopy
vs.standard video endoscopy for the detection of colonic polyps: a meta-
analysis. Endoscopy 2011;43:499-505.

27.lnoue T, Murano M, Murano N, et al. Comparative study of conventional
colonoscopy and pan-colonic narrow-band imaging system in the detection of
neoplastic colonic polyps: a randomized, controlled trial. Journal of
Gastroenterology 2008;43:45-50.

28.Adler A, Pohl H, Papanikolaou IS, Abou-Rebyeh H, Schachschal G, Veltzke-
Schlieker W, et al. A prospective randomised study on narrow-band imaging
versus conventional colonoscopy for adenoma detection: does narrow-band
imaging induce a learning effect? Gut 2008;57:59e64.

29.Saito Y, Kimura H. Responsive insertion technology. Dig Endosc.
2011;23(Suppl 1):164-167.

30.Pasternak, A., Szura, M., Solecki, R. et al. Impact of responsive insertion
technology (RIT) on reducing discomfort during colonoscopy: randomized
clinical trial. Surg Endosc (2017) 31: 2247

31.Leung FW. Magnetic endoscope imaging colonoscope: a new modality for
hypothesis testing in unsedated colonoscopy. Gastrointest Endosc.
2012;75:1037-1039

68


https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-82
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-82

32.Hoff G, Bretthauer M, Dahler S, Huppertz-Hauss G, Sauar J, Paulsen J, Seip
B, Moritz V. Improvement in caecal intubation rate and pain reduction by using
3-dimensional magnetic imaging for unsedated colonoscopy: a randomized
trial of patients referred for colonoscopy. Scand J Gastroenterol. 2007;42:885—
889

33.Holme O, Hoéie O, Matre J, Stallemo A, Garborg K, Hasund A, Wiig H, Hoff G,
Bretthauer M. Magnetic endoscopic imaging versus standard colonoscopy in a
routine colonoscopy setting: a randomized, controlled trial. Gastrointest
Endosc. 2011;73:1215-1222

34.Rex DK Polyp detection at colonoscopy: Endoscopist and technical factors.
Best Pract Res Clin Gastroenterol. 2017 Aug;31(4):425-433

35.Ishag S, Siau K, Harrison E, Tontini GE et al. Technological advances for
improving adenoma detection rates: The changing face of colonoscopy. Dig
Liver Dis. 2017 Jul;49(7):721-727.

PRACA I

1. Deen KlI, Silva H, Deen R, Chandrasinghe PC. Colorectal cancer in the young,
many questions, few answers. World J Gastrointest Oncol. 2016;8(6):481—
488.

2. Rackauskas R, Mikalauskas S, Petrulionis M, et al. Laparoscopically assisted
colonoscopic polypectomy — viable option for curative surgery in elderly
patients. Videosurgery and Other Miniinvasive Techniques. 2017;12(2):120-
124

3. Rex DK, Bond JH, Winawer S, et al. Quality in the technical performance of
colonoscopy and the continuous quality improvement process for
colonoscopy: recommendations of the U.S. Multi-Society Task Force on
Colorectal Cancer. Am J Gastroenterol. 2002;97(6):1296-1308.

4. Baxter NN, Sutradhar R, Forbes SS, Paszat LF, Saskin R, Rabeneck L.
Analysis of administrative data finds endoscopist quality measures associated
with postcolonoscopy colorectal cancer. Gastroenterology. 2011;140:65-72.

5. Marshall JB, Barthel JS. The frequency of total colonoscopy and terminal ileal
intubation in the 1990s. Gastrointest Endosc. 1993;39(4):518-520.

69


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ishaq%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28454854
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siau%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28454854
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harrison%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28454854
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tontini%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=28454854
https://www.ncbi.nlm.nih.gov/pubmed/?term=Technological+advances+for+improving+adenoma
https://www.ncbi.nlm.nih.gov/pubmed/?term=Technological+advances+for+improving+adenoma

6. Eloubeidi MA, Wallace MB, Desmond R, Farraye FA. Female gender and
other factors predictive of a limited screening flexible sigmoidoscopy
examination for colorectal cancer. Am J Gastroenterol. 2003;98(7):1634-1639.

7. Harris JK, Vader JP, Wietlisbach V, et al. Variations in colonoscopy practice in
Europe: a multicentre descriptive study (EPAGE). Scand J Gastroenterol.
2007;42(1):126-134.

8. Rathgaber SW, Wick TM. Colonoscopy completion and complication rates in a
community gastroenterology practice. Gastrointest Endosc. 2006;64(4):556-
562.

9. European Commission. European Guidelines for Quality Assurance in
Colorectal Cancer Screening and Diagnosis. Luxembourg: Publications Office
of the European Union; 2010.

10.Rex DK, Bond JH, Winawer S, et al. Quality in the technical performance of
colonoscopy and the continuous quality improvement process for
colonoscopy: recommendations of the U.S. Multi-Society Task Force on
Colorectal Cancer. Am J Gastroenterol. 2002;97(6):1296-1308.

11.Levin B, Lieberman DA, McFarland B, et al. Screening and surveillance for the
early detection of colorectal cancer and adenomatous polyps, 2008: a joint
guideline from the American Cancer Society, the US Multi-Society Task Force
on Colorectal Cancer, and the American College of Radiology.
Gastroenterology. 2008;134(5):1570-1595.

12.Rabeneck L, Rumble RB, Axler J, et al. Cancer Care Ontario colonoscopy
Standards: standards and evidentiary base. Can J Gastroenterol. 2007;21:5D-
24D.

13.0bstein KL, Valdastri P. Advanced endoscopic technologies for colorectal
cancer screening. World J Gastroenterol. 2013;19(4):431-439.

14.1ssa IA, Noureddine M. Colorectal cancer screening: an updated review of the
available options. World J Gastroenterol. 2017;23(28):5086-5096.

15.Harris JK, Froehlich F, Wietlisbach V, Burnand B, Gonvers JJ, Vader JP.
Factors associated with the technical performance of colonoscopy: an EPAGE
study. Dig Liver Dis. 2007;39(7):678—689.

16.Cuesta R, Sola-Vera J, Uceda F, Garcia Sepulcre MF, Morillo E, Vazquez N.
Does “responsive insertion technology” improve practice of colonoscopy?
Results of a randomized study. Scand J Gastroenterol. 2014;49(3):355-361.

70



17.Rex DK, Petrini JL, Baron TH, et al. Quality indicators for colonoscopy.
Gastrointest Endosc. 2006;63(4 Suppl):S16-S28

18.Leung FW. Methods of reducing discomfort during colonoscopy. Dig Dis Sci.
2008;53(6):1462—-1467

19.Prietode Frias C, Mufioz-Navas M, Carretero C, et al. Estudio comparativo
entre un colonoscopio con tecnologia RIT ("responsive insertion technology")
y un colonoscopio de rigidez variable convencional [Comparative study of a
responsive insertion technology (RIT) colonoscope versus a variable-stiffness
colonoscope]. Rev Esp Enferm Dig. 2013;105:208-213.

20.Rex DK, Khalfan HK. Sedation and the technical performance of colonoscopy.
Gastrointest Endosc Clin N Am. 2005;15(4):661-672.

21.Rex DK. Colonoscopy. Gastrointest Endosc Clin N Am. 2000;10(1):135-60,
viii.

22.Hoff G, Bretthauer M, Dahler S, et al. Improvement in caecal intubation rate
and pain reduction by using 3-dimensional magnetic imaging for unsedated
colonoscopy: a randomized trial of patients referred for colonoscopy. Scand J
Gastroenterol. 2007;42(7):885—-889.

23.Saito Y, Kimura H. Responsive insertion technology. Dig Endosc.
2011;23(Suppl. 1):164-167.

24.Pasternak A, Szura M, Solecki R, Matyja M, Szczepanik A, Matyja A. Impact
of responsive insertion technology (RIT) on reducing discomfort during
colonoscopy: randomized clinical trial. Surg Endosc. 2017;31(5):2247—-2254.

25.Leung JW, Thai A, Yen A, et al. Magnetic endoscope imaging (ScopeGuide)
elucidates the mechanism of action of the pain-alleviating impact of water
exchange colonoscopy - attenuation of loop formation. J Interv Gastroenterol.
2012;2(3):142-146.

26.Classen M, Tytgat GNJ, Lightdale CJ. Gastroenterological Endoscop.
Stuttgart, Germany: George Thieme Verlag; 2002.

71



PRACA I

1. Ferlay J, Soerjomataram |, Ervik M et al (2013) GLOBOCAN 2012 v1.0,
Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 11.
International Agency for Research on Cancer: Lyon, France. 2013

2. Manser CN, Bachmann LM, Brunner J, et al. Colonoscopy screening markedly
reduces the occurrence of colon carcinomas and carcinoma-related death: a
closed cohort study. Gastrointest Endosc. 2012;76:110-117.

3. Brenner H, Chang-Claude J, Jansen L, et al. Reduced risk of colorectal cancer
up to 10 years after screening, surveillance, or diagnostic colonoscopy.
Gastroenterology. 2014;146:709-717.

4. Nishihara R, Wu K, Lochhead P, et al. Long-term colorectal-cancer incidence
and mortality after lower endoscopy. N Engl J Med. 2013;369:1095-1105

5. Kahi CJ, Imperiale TF, Juliar BE, et al. Effect of screening colonoscopy on
colorectal cancer incidence and mortality. Clin Gastroenterol Hepatol.
2009;7:770-775

6. Vogelstein B, Fearon ER, Hamilton SR, et al. Genetic alterations during
colorectal-tumor development. N Engl J Med. 1988;319:525-532.

7. Snover DC. Update on the serrated pathway to colorectal carcinoma. Hum
Pathol. 2011;42:1-10.

8. Cohen LB, Wecsler JS, Gaetano JN, et al. Endoscopic sedation in the United
States: results from a nationwide survey. Am J Gastroenterol. 2006;101:967—
974.

9. Xie Q, Chen B, Liu L, Gan H. Does the variable-stiffness colonoscope makes
colonoscopy easier? A meta-analysis of the efficacy of the variable stiffness
colonoscope compared with the standard adult colonoscope. BMC
Gastroenterol. 2012;12:151.

10.Martinez JL, Calleja JL. A new variable stiffness colonoscope makes
colonoscopy easier: a randomized controlled trial. Gastrointest Endosc.
2001;53(6):694—695.

72



11.Brooker JC, Saunders BP, Shah SG, Williams CB. A new variable stiffness
colonoscope makes colonoscopy easier: a randomised controlled trial. Gut.
2000;46(6):801-805.

12.Harris JK, Froehlich F, Wietlisbach V, Burnand B, Gonvers JJ, Vader JP.
Factors associated with the technical performance of colonoscopy: an EPAGE
study. Dig Liver Dis. 2007;39:678-689.

13.Cuesta R, Sola-Vera J, Uceda F, Garcia Sepulcre MF, Morillo E, Vazquez N.
Does “responsive insertion technology” improve practice of colonoscopy?
Results of a randomized study. Scand J Gastroenterol. 2014;49(3):355—-361.

14.Rex DK, Petrini JL, Baron TH, Chak A, Cohen J, Deal SE, et al. Quality
indicators for colonoscopy. Gastrointest Endosc. 2006;63(Suppl 4):16-28.

15.Hansen JJ, Ulmer BJ, Rex DK. Technical performance of colonoscopy in
patients sedated with nurse-administered propofol. Am J Gastroenterol.
2004;99:52-56.

16.Leung FW. Methods of reducing discomfort during colonoscopy. Dig Dis Sci.
2008;53:1462-1467.

17.Prietode Frias C, Munoz-Navas M, Carretero C, Carrascosa J, Betés MT, de
la Riva S, et al. Estudio comparativo entre un colonoscopio con tecnologia RIT
(“Responsive Insertion Technology”) y un colonoscopio de rigidez variable
convencional. Rev Esp Enferm Dig. 2013;105:208-214.

18.Rex DK, Khalfan HK. Sedation and the technical performance of colonoscopy.
Gastrointest Endosc Clin N Am. 2005;15:661-672.

19.Rex DK. Colonoscopy. Gastrointest Endosc Clin N Am. 2000;10:135-160.

20.Hoff G, Bretthauer M, Dahler S, et al. Improvement in cecal intubation rate and
pain reduction by using 3-dimensional magnetic imaging for unsedated
colonoscopy: a randomized trial of patients referred for colonoscopy. Scand J
Gastroenterol. 2007;42:885-889.

21.Saito Y, Kimura H. Responsive insertion technology. Dig Endosc.
2011;23(Suppl 1):164-167.

22.Geyer M, Guller U, Beglinger C. Carbon dioxide insufflation in routine
colonoscopy is safe and more comfortable: results of a randomized controlled
double-blinded trial. Diagn Ther Endosc. 2011;2011:378906.

23.Waye JD. Completing colonoscopy. Am J Gastroenterol. 2000;95:2681-2682

73



24.Cirocco WC, Rusin LC. Factors that predict incomplete colonoscopy. Dis
Colon Rectum. 1995;38:964—-968

25.Witte TN, Enns R. The difficult colonoscopy. Can J Gastroenterol.
2007;21:487-490.

26.Park HJ, Hong JH, Kim HS, et al. Predictive factors affecting cecal intubation
failure in colonoscopy trainees. BMC Med Educ. 2013;13:5.

27.Prieto-de-Frias C, Mufioz-Navas M, Carretero C, Carrascosa J, Betés MT, de
la Riva S, Herraiz MT, Subtil JC. Comparative study of a responsive insertion
technology (RIT) colonoscope versus a variable-stiffness colonoscope. Rev
Esp Enferm Dig. 2013;105(4):208-213.

PRACA IV

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA: A Cancer Journal
for Clinicians 2015;65:5-29.

2. Ferlay J, Soerjomataram Il, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2014;136:E359-86.

3. Dziki £, Puta A, Stawiski K, Mudza B, Witodarczyk M, Dziki A. Patients'
awareness of the prevention and treatment of colorectal cancer. Pol Przeg|
Chir. 2015 Sep;87(9):459-63

4. Rex DK, Bond JH, Winawer S, et al. Quality in the technical performance of
colonoscopy and the continuous quality improvement process for
colonoscopy: recommendations of the U.S. Multi-Society Task Force on
Colorectal Cancer. Am J Gastroenterol. 2002;97(6):1296-1308.

5. Marshall JB, Barthel JS. The frequency of total colonoscopy and terminal ileal
intubation in the 1990s. Gastrointest Endosc. 1993;39(4):518-520.

6. Regula J, Rupinski M, Kraszewska E, et al. Colonoscopy in colorectal-cancer
screening for detection of advanced neoplasia. N Engl J Med 2006; 355:
1863-1872

7. Ana Rita Gongalves, Carlos Ferreira, Antonio Marques et al. Assessment of
guality in screening colonoscopy for colorectal cancer. Clin Exp Gastroenterol.
2011; 4: 277-281.

74


https://www.ncbi.nlm.nih.gov/pubmed/?term=Dziki%20%C5%81%5BAuthor%5D&cauthor=true&cauthor_uid=26812841
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pu%C5%82a%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26812841
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stawiski%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26812841
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mudza%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26812841
https://www.ncbi.nlm.nih.gov/pubmed/?term=W%C5%82odarczyk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26812841
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dziki%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26812841
https://www.ncbi.nlm.nih.gov/pubmed/26812841
https://www.ncbi.nlm.nih.gov/pubmed/26812841
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-79
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-79
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gon%26%23x000e7%3Balves%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=22235171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferreira%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22235171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marques%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22235171
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3254205/

8. Barton R. Validity and reliability of an accreditation assessment for
colonoscopy. Gut 2008; 57: A4

9. Rabeneck L, Paszat LF, Hilsden RJ et al. Bleeding and perforation after
outpatient colonoscopy and their risk factors in usual clinical practice.
Gastroenterology 2008; 135: 1899-1906

10.Unger SW, Satava RM, Scott JS (1992) Resident education in surgical
endoscopy. Am Surg 58:643-646

11.Morales MP, Mancini GJ, Miedema BW, Rangnekar NJ, Koivunen DG,
Ramshaw BJ, Eubanks WS, Stephenson HE (2008) Integrated flexible
endoscopy training during surgical residency. Surg Endosc 22(9):2013-2017

12.Hope WW, Hooks WB 3rd, Kilbourne SN, Adams A, Kotwall CA, Clancy TV.
Assessing resident performance and training of colonoscopy in a general
surgery training program. Surg Endosc. 2013 May;27(5):1706-10

13.Wexner SD, Forde KA, Sellers G, Geron N, Lopes A, Weiss EG, Nogueras JJ
(1998) How well can surgeons perform colonoscopy? Surg Endosc 12:1410—
1414

14.Wexner SD, Garbus JE, Singh JJ, Group SCSO (2001) A prospective analysis
of 13,580 colonoscopies. Reevaluation of credentialing guidelines. Surg
Endosc 15:251-261

15.Barclay RL, Vicari JJ, Doughty AS et al. Colonoscopic withdrawal times and
adenoma detection during screening colonoscopy. N Engl J Med 2006; 355:
2533-2541

16.Simmons DT, Harewood GC, Baron TH et al. Impact of endoscopist
withdrawal speed on polyp vyield: implications for optimal colonoscopy
withdrawal time. Aliment Pharmacol Ther 2006; 24: 965-971

17.Seip B, Bretthauer M, Dahler S et al. Patient satisfaction with on-demand
sedation for outpatient colonoscopy. Endoscopy 2010; 42: 639-646

18.Rutter MD, Chilton A. Quality assurance guidelines for colonoscopy. NHS
BCSP Publication 2011, 6: 24

19.Rex DK, Imperiale TF, Portish V. Patients willing to try colonoscopy without
sedation: associated clinical factors and results of a randomized controlled
trial. Gastrointest Endosc 1999; 49: 554-559

75


https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-142
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-142
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-141
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-141
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hope%20WW%5BAuthor%5D&cauthor=true&cauthor_uid=23247738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hooks%20WB%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=23247738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kilbourne%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=23247738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23247738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kotwall%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=23247738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clancy%20TV%5BAuthor%5D&cauthor=true&cauthor_uid=23247738
https://www.ncbi.nlm.nih.gov/pubmed/23247738
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-99
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-99
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-100
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-100
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-100
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-61
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-61
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-70
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-54
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-54
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0032-1325686/id/JR639-54

20.Sarah J. Diamond, Brintha K. Enestvedt, Zibing Jiang et al. Adenoma
detection rate increases with each decade of life after 50 years of age
Gastrointest Endosc. 2011 Jul;74(1):135-40

21.lnoue T, Murano M, Murano N, et al. Comparative study of conventional
colonoscopy and pan-colonic narrow-band imaging system in the detection of
neoplastic colonic polyps: a randomized, controlled trial. Journal of
Gastroenterology 2008;43:45-50

22.Chan DKH, Wong RKM, Yeoh KG, Tan KK Accredited residents perform
colonoscopy to the same high standards as consultants. Surg Endosc. 2018
Mar;32(3):1377-1381

23.Williams MR, Crossett JR, Cleveland EM et al Equivalence in colonoscopy
results between gastroenterologists and general surgery residents following an

endoscopy simulation curriculum. J Surg Educ. 2015 Jul-Aug;72(4):654-7

76


https://www.ncbi.nlm.nih.gov/pubmed/?term=Adenoma+detection+rate+increases+with+each+decade+of+life+after+50+years+of+age
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20DKH%5BAuthor%5D&cauthor=true&cauthor_uid=28812156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wong%20RKM%5BAuthor%5D&cauthor=true&cauthor_uid=28812156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yeoh%20KG%5BAuthor%5D&cauthor=true&cauthor_uid=28812156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=28812156
https://www.ncbi.nlm.nih.gov/pubmed/28812156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=25887504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crossett%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=25887504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cleveland%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=25887504
https://www.ncbi.nlm.nih.gov/pubmed/25887504

Krakow, dnia 4 czerwca 2018

Dr hab. n. med. Mirostaw Szura
(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt.
“How to improve the adenoma detection rate in colorectal cancer screening? Clinical

factors and technological advancements™

o$wiadczam, iz mo6j whasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
gromadzenie danych, tworzenie bazy uczestnikow badania.

Jednoczesnie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Maciej Matyja jako czes¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodregbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Maciej Matyja przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.
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(podpis wspdtautora)
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Dr hab. n. med. Mirostaw Szura
(tytut zawodowy, imie 1 nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt.

“Cecal intubation rates in different eras of endoscopic technological development”

o$wiadezam, iz méj wiasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
gromadzenie danych, tworzenie bazy uczestnikéw badania.

Jednoczeénie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Maciej Matyja jako czesé rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wklad lek. 'Maciej Matyja przy opracowywaniu koncepcji,

wykonywaniu czeéci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.
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Krakow, dnia 4 czerwea 2018

Dr hab. n. med. Mirostaw Szura
(tytul zawodowy, imie i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt.

,.Impact of responsive insertion technology (RIT) on reducing discomfort during
colonoscopy — randomized clinical trial”

oswiadczam, 1z moj wlasny wktad merytoryczny w przygotowanie, przeprowadzenie
1 opracowanie badan oraz przedstawienie pracy w formie publikacji to:
gromadzenie danych, tworzenie bazy uczestnikéw badania.

Jednoczesnie  wyrazam  zgode na  przediozenie w/w  pracy  przez
lek. Maciej Matyja jako czes¢ rozprawy doktorskiej w formie sp6jnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy
wykazuje indywidualny wkiad lek. Maciej Matyja przy opracowywaniu koncepcii,

wykonywaniu czesci eksperymentalnej, opracowaniu 1 interpretacji wynikow tej pracy.
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Dr hab. n. med. Mirostaw Szura
(tytut zawodowy, imie i nazwisko)

OSWIADCZENIE

Jako wspdétautor pracy pt.
“Colonoscopy for colorectal cancer screening - is it effective in the hands of a general

surgery resident?”

oéwiadczam, iz moj whasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
gromadzenie danych, tworzenie bazy uczestnikéw badania.

Jednocze$nie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Maciej Matyja jako czgs¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrebnicnia czgs¢ ww. pracy
wykazuje indywidualny wklad lek. Macie] Matyja przy opracowywaniu koncepcji,

wykonywaniu czg¢sci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.
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Prof. dr hab. n. med. Kazimierz Rembiasz
(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt.
“How to improve the adenoma detection rate in colorectal cancer screening? Clinical

factors and technological advancements”

o$wiadczam, iz moj wiasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
opiekun naukowy pracy, promotor doktoratu.

Jednoczesnie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Maciej Matyja jako cze$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

O$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wkiad lek. Maciej Matyja przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.

PO. KIERDWNIKA

1 Katedry Chirgrgii Ogolnej U] CM
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(podpis wspdtautora)
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Krakow, dnia 4 czerwca 2018

Prof. dr hab. n. med. Kazimierz Rembiasz
(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt.

“Cecal intubation rates in different eras of endoscopic technological development.”

o$wiadczam, iz m6j wrasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
opiekun naukowy pracy, promotor doktoratu.

Jednoczesnie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Maciej Matyja jako czes$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutdw opublikowanych w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Maciej Matyja przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.

PO. KIERQWNIKA
Il Katedry ChirugfgiyOgolnej U] CM
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(podpis wspotautora)
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Prof. dr hab. n. med. Kazimierz Rembiasz
(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt.

,,Colonoscopy for colorectal cancer screening - is it effective in the hands of a general
surgery resident?”

o$wiadczam, iz mdj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
opiekun naukowy pracy, promotor doktoratu.

Jednoczesnie  wyrazam  zgode na  przedlozenie w/w  pracy  przez
lek. Maciej Matyja jako czes$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czes¢ ww. pracy
wykazuje indywidualny wkiad lek. Maciej Matyja przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.

PO. KIEROWNIKA

I Katedry Chirurgjy Ogolnej UJ CM

prof. dr hab. med. Kazinjierz Rembiasz

(podpis wspodtautora)
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Dr hab. n. med. Artur Pasternak
(tytul zawodowy, imi¢ i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt.

“How to improve the adenoma detection rate in colorectal cancer screening? Clinical

factors and technological advancements™

o$wiadczam, iz moj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
pomoc w analizie statystycznej danych.

JednoczeSnie  wyrazam  zgode na  przedlozenie w/w  pracy  przez
lek. Maciej Matyja jako czg$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykuldw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy
wykazuje indywidualny wklad lek. Maciej Matyja przy opracowywaniu koncepcii,

wykonywaniu czesci eksperymentalne], opracowaniu i interpretacji wynikow tej pracy.

(podpis wspdtautora)
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Dr hab. n. med. Artur Pasternak
(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt.

“Cecal intubation rates in different eras of endoscopic technological development™

o$wiadczam, iz moj whasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:

| pomoc w analizie statystycznej danych.

Jednoczeénie  wyrazam  zgode na  przediozenie  w/w  pracy  przez
lek. Maciej Matyja jako cze$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

O$wiadczam, iz samodzielna i mozliwa do wyodrebnienia czgs¢ ww. pracy
wykazuje indywidualny wkiad lek. Maciej Matyja przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.
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(podpis wspotautora)
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Dr hab. n. med. Artur Pasternak
(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt.

,.Jmpact of responsive insertion technology (RIT) on reducing discomfort during
colonoscopy — randomized clinical trial”

o$wiadczam, iz méj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
pomoc w analizie statystycznej danych.

Jednoczesnie  wyrazam  zgod¢ na  przedlozenie  w/w  pracy  przez
lek. Maciej Matyja jako czes$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebniema czes¢ ww. pracy
wykazuje indywidualny wkiad lek. Maciej Matyja przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.

(podpis wspotautora)
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Krakow, dnia 4 czerwca 2018

Dr hab. n. med. Artur Pasternak
(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt.
“Colonoscopy for colorectal cancer screening - is it effective in the hands of a general

surgery resident?”

o$wiadczam, iz moj whasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
pomoc w analizie statystycznej danych.

Jednoczesnie  wyrazam  zgode mna  przedlozenie ~ w/w  pracy  przez
lek. Maciej Matyja jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wkiad lek. Maciej Matyja przy opracowywaniu koncepeji,

wykonywaniu czeéei eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.

.................................................

(podpis wspdtautora)
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Krakdow, dnia 4 czerwca 2018

Dr hab. n. med. Michat Pedziwiatr
(tytul zawodowy, imi¢ i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt.

“How to improve adenoma detection rate in colorectal cancer screening? - clinical
factors and technological advances”

o$wiadczam, iz m6j whasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badar oraz przedstawienie pracy w formie publikacji to:
pozyskanie funduszy na badania oraz ich publikacjg.

Jednoczeénie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Maciej Matyja jako czes$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

O$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czes¢ ww. pracy
wykazuje indywidualny wkiad lek. Maciej Matyja przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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(podpis wspdlautora)
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Krakow, dnia 4 czerwca 2018

Dr hab. n. med. Michat Pedziwiatr
(tytul zawodowy, imi¢ i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt.

“Cecal intubation rates in different eras of endoscopic technological development”

o$wiadczam, iz moj wrasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
pozyskanie funduszy na badania oraz ich publikacje.

Jednoczeénie  wyrazam  zgode na  przedloZzenie  w/w  pracy  przez
lek. Maciej Matyja jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

O$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czes¢ ww. pracy
wykazuje indywidualny wktad lek. Maciej Matyja przy opracowywaniu koncepcji,

wykonywaniu czeéci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.
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(podpis wspdtautora)
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Krakéw, dnia 4 czerwea 2018

Dr hab. n. med. Michat Pedziwiatr
(tytul zawodowy, imi¢ i nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt.

_,Colonoscopy for colorectal cancer screening - is it effective in the hands of a general
surgery resident?”

o$wiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badafi oraz przedstawienie pracy w formie publikacji to:
pozyskanie funduszy na badania oraz ich publikacje.

Jednoczesnie  wyrazam  zgode na  przedlozenie =~ w/w  pracy  przez
lek. Maciej Matyja jako czes¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykuléw opublikowanych w czasopismach naukowych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrebnienia czg$¢ ww. pracy
wykazuje indywidualny wkiad lek. Maciej Matyja przy opracowywaniu koncepcji,

wykonywaniu czesei eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.

(podpis wspdtautora)
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Krakow, dnia 4 czerwea 2018

Dr n. med. Rafat Solecki
(tytul zawodowy, imie i nazwisko)

OSWIADCZENIE

Jako wspdlautor pracy pt.

,.Impact of responsive insertion technology (RIT) on reducing discomfort during
colonoscopy — randomized clinical trial”

o$wiadczam, iz m6j wiasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
udziat w przegladzie pismiennictwa.

Jednoczesnie  wyrazam  zgode na  przedlozenie w/w  pracy  przez
lek. Maciej Matyja jako czgs¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna 1 mozliwa do wyodrebnienia czg$¢ ww. pracy
wykazuje indywidualny wklad lek. Maciej Matyja przy opracowywaniu koncepcii,

wykonywaniu czesci eksperymentalnej, opracowaniu 1 interpretacji wynikdw tej pracy.

(podpis wspotautora)
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Krakéw, dnia 4 czerwca 2018

Dr hab. n. med. Antoni Szczepanik
(tytut zawodowy, imi¢ i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt.

»lmpact of responsive insertion technology (RIT) on reducing discomfort during

colonoscopy — randomized clinical trial”

o$wiadczam, iz méj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
gromadzenie danych, przeglad piSmiennictwa.

Jednoczesnie  wyrazam  zgod¢ na  przedlozenie w/w  pracy przez
lek. Maciej Matyja jako czg¢$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czgéé ww. pracy
wykazuje indywidualny wklad lek. Maciej Matyja przy opracowywaniu koncepciji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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