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Abstract

This study assessed the effectiveness of spetgiicants of an innovative
colonoscopy clinical protocol, namely use of a l&od 2-person technique (vs. solo
performance) and use of propofol sedation in eningrtbe performance quality of
screening colonoscopies by trained primary carsigtans (PCP) and specialists. The
study used data from a state-licensed ambulatagesyicenter for endoscopy in South
Carolina from September 4, 2001 to February 4, 20his center has trained 54 PCPs in
colonoscopy performance since 2001. Post traif@'s are credentialed to perform
colonoscopy only with the 2-person technique widpacialist available onsite to provide
rescue assistance. A total of 59 physicians peddroolonoscopies, and 57 physicians
(54 PCPs and 3 specialists) consistently compligd tlve 2-person technique, while 2
non PCPs (one colorectal surgeon and one genega®y used the conventional solo
performance technique. Propofol sedation in liethefconventionally used midazolam-

meperidine (MM) sedation was implemented since |Apr2006.

The dependent variables of interest representiaggoiure quality were as
follows: procedure time, the likelihood of findimgan polyp/adenoma/advanced
neoplasm, finding an additional polyp/adenoma,ifigdat least one right-sided polyp,
and finding increasingly smaller polyps. These fuahdicators were found to be
positively associated with the 2-person techniquéogeol. There was a marginal gain on
some of the measures with the use of propofol sgdakhe findings suggest that the 2-

person technique as implemented by this centerawgsrthe global quality of
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colonoscopy performance on measures that are datach® predict colorectal cancer

prevention effectiveness.
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Chapter1 RESEARCH BACKGROUND AND SIGNIFICANCE

This chapter describes the background and thefisigmce of the study topic.

1.1 Study Background

Colorectal cancer (CRC) is the third most prevatamicer and second leading
cause of cancer death in the U.S. (U.S. CanceistitatWorking Group), with
almost140, 000 new cases and 55,000 deaths anntiaiéylarge number affected can be
mostly prevented by screening tests both by rengppre-cancerous lesions and by early
detection. In the past decade, age-adjusted CR@eimee decreased from 51.8 per
100,000 in 1999 to 44.7 per 100,000 in 2009; a$ agehge-adjusted CRC mortality,
which decreased from 20.5 per 100,000 to 16.9 pey0D0 (SEER 1990-2010).

Despite some degree of annual reductions in CRidence and mortality, CRC
remains a major threat to public health when coegbéw the motor vehicle accident
fatality rate of about 11 per 100,000 annually (N\8AT2012). Evidence indicates that
screening tests, such as fecal occult blood t&3B{H and fecal immunochemical test
(FIT), sigmoidoscopy, and colonoscopy etc, avadedppropriate intervals, can reduce
the risk of CRC to some extent by enabling theyedetection and removal of advanced
polyps. The American Cancer Society in 1992 and & Preventive Services Task
Force (USPSTF) in 1996 initiated the earliest glings recommending CRC screening

of average risk individuals, who are aged 50 yaardsolder to undergo routine
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screenings until the age of 75. Currently, the UBP&commended screening

tests and intervals are:

. Annual screening with high-sensitivity fecal ocdolibod testing

. Sigmoidoscopy every 5 years, with high-sensititétyal occult blood testing
every 3 years

o Colonoscopy every 10 years

Colonoscopies have been recommended as the pregameening method,
including the American College of Obstetricians &yhecologists, the American
College of Gastroenterology (Rex 2000, Rex 200€)tae American Society for
Gastrointestinal Endoscopy (ASGE) (David 2006)haligh colonoscopy every 10 years
is considered to be the preferred screening methmimperfect because of variable
quality of screening colonoscopy under communitgdabpractice conditions.

As the use of colonoscopy screening increasesdbed for measurement of
colonoscopy quality is inevitable to ensure qualityhe performance of colonoscopies.
Generally, the cecal intubation rate is most comynstudied. However, this is a very
limited measure of quality, and widespread poolityuaf colonoscopy performance
continues to limit the CRC prevention potential.

Adenoma detection and removal is the mechanisnomfiecring CRC prevention
and is the main goal of colonoscopy, and should key indicator for assessing
colonoscopy quality. Among endoscopists a wide easfghe adenoma detection rate
(ADR) has been documented (Millan 2008, Barclay&@®ilkins 2009, Rex 2001). This
implies that the quality of colonoscopies variedaly, which could reduce its efficacy in

CRC protection. A meta-analysis of 12 studies foaysn colonoscopies performed by
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primary care physicians (PCPs) with a total of 2&,patients found an adenoma
detection rate of 28.9%. The authors concludedablanoscopy performance by PCPs
can meet the professional, societies’ recommentdeuiards (Wilkins 2009). The
association between colonoscope withdrawal timdsagienoma detection rates was also
studied. Barclay (2006) reported that physicians Wwad a mean withdrawal time less
than 6 minutes (when no polyp was found) have @maitha detection rate of 11.8%,
while it was 28.3% for those with a mean withdratimle of more than 6 minutes. This
statistically significant difference persists irethext level of quality, the mean number of
adenomas per subject, which were 0.17 vs. 0.6ftectisely. Rex et al (2001)
videotaped 10 procedures performed by 2 colonostopnd got them reviewed/scored
by 4 experts based on four quality criteria reldtedolonoscopic withdrawal technique.
They reported that technique does matter to theada miss rate, which could be
further associated with the potential cancer ptaieefficacy of colonoscopy screening.
There is concern about colonoscopy quality becatiiee variable results and outcomes
in terms of CRC prevention in the literature. Alsolonoscopy is a physician-dependent
procedure. To make sure that physicians are dogapd job is more important than how
many they have carried out.

In this study, our setting is a community-baseditgcwhich has followed a
uniform protocol for almost all but not all physaais for 12 years. To evaluate the
protocol elements, we explore the association betwiee quality of colonoscopy
outcomes and two protocol elements, the 2-persdmigque pioneered by this center,

and sedation type.
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1.2 Objectives

The aim of this study was to evaluate the qualitgabonoscopies. Of the risk
factors which impact colonoscopy performance, @urables of interest were the clinical
procedure protocol type and the sedation type. &8t the impact of the protocol type
and the sedation type on the polyp/adenoma detedte, the mean number of
polyps/adenomas detected, polyp size, polyp looatiod the procedure time.

We hypothesized that colonoscopy quality may beeoéd by applying the 2-
person technique protocol relative to solo perforcea and with deep sedation by
propofol relative to the conventional Midazolam-raggdine combination.

The hypotheses tested are:

1. The screening colonoscopy quality of physicianagisine 2-person technique yields
more adenomas than with solo performers.

2. The screening colonoscopy quality of procedureh d#tep sedation by propofol
yields more adenomas than with the conventionallziitbm-meperidine

combination.

1.3 Significance of the research and methodology

Although colonoscopy is considered to be the refezegold standard against
which the sensitivity of other colorectal cancaregning tests is compared, it is not
perfect. Most of the evidence about the sensitioftg colonoscopy comes from
experienced examiners conducting study colonossapieesearch settings without
detailed documentation on the protocol followed.

The innovative protocol at the community-based endpy center (hereafter

referred to as “Study Center” or “Center”) has fiblowing unique features: a) a hands-
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on 2-person technique, in which the endoscopy ie@madvances the colonoscope
while the physician manipulates the scope tip fdyp search and removal, b) propofol
sedation to substitute the conventional midazolagpendine (MM) combination
sedation starting in April 2006, and c) graduakiisn and withdrawal with polyp search
and removal during both phases to maximize covevagfee colonic mucosal surface.
The hands-on 2-person technique method avoidsmgigsilyps due to physician's motor
fatigue, confers the dexterity of two “right” hanfids polyp search and removal, and
ensures more persons (at least 3 persons, thebting the note taker ) watching the
video screen for polyps (avoiding visual error).tlése elements, item (a) was not
followed by experts and some specialists, whiclbksastudy of the contribution of the
hands on 2-person technique. Item (b), propofched was implemented from April
2006 onwards, enabling pre- and post-comparis@ssess the role of propofol sedation.
This research aims to contribute to the literabyre

1. Using clinical data for the analysis

2. Studying a state-of-the-art colonoscopy protocdlicly has been applied for over 10

years
3. Identifying the effect of protocol elements on seri@g colonoscopy quality
4. Analyzing differences in adenoma detection ratesdmation type and number of

persons engaged in procedure performance.

1.4 Limitations
1. This clinical dataset is from a single endoscopyteein South Carolina, as such the

observed findings may not generalize to the otbdmgs.
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2. Due to the strict implementation of a uniform piaibat this center, the vast
majority of the procedures were under state-ofatigerotocol. Only 2% of the
procedures were performed using the conventiomiistty practice of a one-person
technique, compared to 98% of procedures perfonmtdthe 2-person technique
distributed across 57 physicians. Therefore themles! results may not generalize

to all physicians using the 1-person technique.

1.5 Conclusions

This study finds that an innovation of a hands-greBson technique is highly
associated with superior colonoscopy performanddesion detection outcomes. By
every sensitive measure, the results with the 8quetechnique are superior and
consistent across measures. Regarding sedationvigdend that while there is a
suggestion of a positive association of propofdiesen with improved lesion detection
and clearance as measured by sensitive indicaih@rsesults did not attain statistical
significance except in respect of one indicatog,ddvanced adenoma detection rate.
Another important indicator for logistic reasonghe procedure time. Because propofol
induces rapid and deep sedation, as anticipatestuig showed a mean reduction in
procedure time adjusted for all other variables thay impact procedure time. Our
findings suggest that propofol sedation may contgbmarginally to improved
colonoscopy quality. Our study also finds that guamprovement efforts may be more
productive if focused on measures to improve ptidrowel preparation status through
efforts directed at patients, for example, thropgtient navigation. Regarding propofol
sedation itself, our findings indicate that end@ssts decisions to adopt propofol

sedation should be guided by considerations oépatomfort and satisfaction, and of
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the efficiency of endoscopist time utilization ratithan an expectation of improved
lesion detection rates. Our study does not prosiggort for adoption of propofol

sedation for the purpose of improving the colorecaacer prevention effectiveness of

colonoscopy screening.
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Chapter 2  LITERATURE REVIEW

This chapter reviews the related colorectal cascerening literature and makes

the case for the significance of this study basegast research.

2.1 Overview of colorectal cancer in the United States

2.1.1 Incidence and mortality

Approximately 7.6 million people die of cancer egelar. These deaths account
for 13% of all deaths, and 64% occur in the devielpgountries. The burden of cancer is
increasing both in the developed and developingntt@s due to the growth of
population, aging, and changes in lifestyle, esplgcior the cancer-associated behaviors,
such as obesity, smoking, and adoption of Westgtta-diets. (Globocan (IARC) 2008,
WHO 2008, Jemal 2011). Colorectal cancer (CRChies af the most common cancers
and the leading cause of death in the U.S. sireéatk 1990s. The incidence of
colorectal cancer was 51.8 per 100,000 of the pbBulation in 1999 and the age-
adjusted 2009 rate decreased to 44.7 per 100,0200@. The death rate was 20.5 per
100,000 in 1999 and age-adjsuited rate in 2009M&% per 100,000 (SEER 1990-2010).
About 140,000 new cases and 55,000 deaths occhryeac in the US (Wingo et al
1995). Although the incidence rate and death neelacreasing, CRC has remained a
leading cancer on both incidence and deaths ipdketwo decades (USCS, CDC). The

incidence rate of CRC rose between 1975 and 198 then the incidence rate had
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steadily reduced except for a non-significant @atduring 1995-1998. In 2008,
the incidence rate of CRC for men was 50.98 perQ@people and 39.64 per 100,000
people for women. The goal of Healthy People 2620 reduce CRC incidence to 38.6
per 100,000 people by 2020 (NCI 2012).

The significance of CRC is reflected both in thegation affected and the
rankings. Globally, in 2008, about 1.2 million neases and 608,700 deaths occurred
due to colorectal cancer (Globocan (IARC) 200&)wds found to be most prevalent in
Oceania, Europe, and North America (Globocan (IAR@)8). In 2010, an estimated
142,570 new CRC cases, 9.32% of all cancer nevs @asrirred in the United States. An
estimated 51,370 people (9% of all cancer deatlesl)fdom colorectal cancer (Jemal
2010, ACS 2010). The incidence and mortality rafeSRC rank as the 3rd most
frequent for both sexes (Jemal 2010, ACS 2010).0Meeall cost of cancer as estimated
by the National Institutes of Health was $263.8dmil, 9% for CRC amounts to about
$23.74 billion. Among these costs, $9.25 billiorfids health expenditure, $1.88 billion is
for lost productivity due to illness, $12.61 bilids for lost productivity due to premature
death (ACS 2010).

The lifetime risk of an individual being diagnosedh CRC has been estimated
to be 5.42% for invasive CRC, and 5.73% if in §§RC is included (SEER 1975-2004).
The lifetime risk of dying from CRC is 2.20% in theS. The overall 5-year survival rate
IS 64%. It is 89-90% in persons with localized dse, 68-69% in persons with regional
spread, and only 10-11% in those with distant mia$as (Ries et al 2007; SEER Cancer
Statistics Review 1975-2004). Even though the ofs€ RC diagnosis or death exists, the

survival rate of CRC is relatively high when diagad early. AImost 90% of those with
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early CRC diagnosis survive for 5 years. But priedicated upon early detection.
Furthermore CRC can be prevented. Reducing theexhd cancer death rate is one of
the objectives of Healthy People 2020, the target being 14.5 deaths per 100,000. In
2008, the worldwide age-standardized mortality &@86, accounted for approximately
0.6 million individuals, and the age-standardizatldence was17.2%, accounted for 1.24

million persons (Globocan (IARC) 2008).

2.2 Colorectal cancer prevention and the role of polyp

While the role of hyperplastic polyps in colon cants debated, benign
adenomatous polyps have been documented to beebarpor for most cases of colon
cancer, and polyps increase with age (Correa ¥2@l, Rickert et al 1979). Detecting
and removing adenomatous polyps is effective imicad the incidence and mortality of
CRC. Within polyps the proportion of villous arature (showing rapid growth) is
positively associated with the size of adenomapmlgps and, furthermore, the potential
of having malignant characteristics (Rickert e1@r9). Evidence shows that
adenomatous polyps smaller than 10mm in diamegeraaely found to be cancer. The
villous architecture component is more likely tofbend in adenomatous polyps larger
than 10mm (Enterline et al 1962, Morson 1974, Maital 1975, Spjut et al 1977).

According to Surveillance Epidemiology and End RissLl7 (SEER-17), which
captures cancer data in 17 metropolitan/rural reg{®an Francisco, Connecticut, Detroit,
Hawaii, lowa, New Mexico, Seattle, Utah, AtlantanSlose-Monterey, Los Angeles,
Alaska Native Registry, Rural Georgia, Californiecleiding SF/SIJM/LA, Kentucky,
Louisiana and New Jersey) 2002-2004, the lifetirsle of being diagnosed with CRC is

lowest in American Indians/Alaskan Natives (4.2 8wifvasive CRC and 4.45% for

10
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invasive and in-situ CRC), followed by Hispanics8@Pxo for invasive CRC and 5.08%
for invasive and in-situ CRC), and highest in Asi&acific Islanders (5.58% for invasive
CRC and 5.83% for invasive and in-situ CRC). Thetilne risk of dying from CRC is
lowest in American Indians/Alaskan Natives at 1.8688owed by Hispanics at 1.92%,
and is highest in Blacks at 2.42% (Ries et al 200§ pattern of lifetime risks between
ethnics of being diagnosed with CRC mirrors theguatof lifetime risk of dying from
CRC.

Polyps in the colon are associated with differastatogy types. Some types of
polyps are more likely to be found in the left aolohile others were not. Hyperplastic
polyps are most commonly found in the rectum —&6df total polyps. Neoplastic
adenomas are the second most common, and botlasecngth age and are more
prevalent in men (Williams et al 1982). Althouglet® is no consistent relationship
between the size of adenomas and age, as agesesya@aenomas larger than 1 cm in
diameter are more prevalent. Sessile adenomasaeeprevalent in the cecum, while
pedunculated adenomas had an increasing prevalettoe distal colon and were most
prevalent in the sigmoid colon (Williams et al 1982hile the role of hyperplastic
polyps in colon cancer is debated, benign adenamaiolyps have been documented to
be the precursor for most cases of colon cancedrpalyps increase with age (Correa et
al 1977, Rickert et al 1979). Detecting and remgadenomatous polyps is effective in
reducing the incidence and mortality of CRC. Witholyps the proportion of villous
architecture (showing rapid growth) is positivebsaciated with the size of adenomatous
polyps and, furthermore, the potential of havindigmant characteristics (Rickert et al

1979). Evidence shows that adenomatous polyps entafin 10mm in diameter are

11
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rarely found to be cancer. The villous architectomponent is more likely to be found
in adenomatous polyps larger than 10mm (Enterlira¢ #3962, Morson 1974, Muto et al
1975, Spjut et al 1977).

According to Surveillance Epidemiology and End RissLl7 (SEER-17), which
captures cancer data in 17 metropolitan/rural reg{&an Francisco, Connecticut, Detroit,
Hawaii, lowa, New Mexico, Seattle, Utah, AtlantanSJose-Monterey, Los Angeles,
Alaska Native Registry, Rural Georgia, Californicleding SF/SIM/LA, Kentucky,
Louisiana and New Jersey) 2002-2004, the lifetirsle of being diagnosed with CRC is
lowest in American Indians/Alaskan Natives (4.2 8wihvasive CRC and 4.45% for
invasive and in-situ CRC), followed by Hispanics8@Pxo for invasive CRC and 5.08%
for invasive and in-situ CRC), and highest in Asi&acific Islanders (5.58% for invasive
CRC and 5.83% for invasive and in-situ CRC). Thetilne risk of dying from CRC is
lowest in American Indians/Alaskan Natives at 1.8688owed by Hispanics at 1.92%,
and is highest in Blacks at 2.42% (Ries et al 200§ pattern of lifetime risks between
ethnics of being diagnosed with CRC mirrors theguatof lifetime risk of dying from
CRC.

Polyps in the colon are associated with differastatogy types. Some types of
polyps are more likely to be found in the left aolohile others were not. Hyperplastic
polyps are most commonly found in the rectum —&6df total polyps. Neoplastic
adenomas are the second most common, and botlasecndth age and are more
prevalent in men (Williams et al 1982). Althouglert® is no consistent relationship
between the size of adenomas and age, as agesesyeaenomas larger than 1 cm in

diameter are more prevalent. Sessile adenomasaeeprevalent in the cecum, while

12
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pedunculated adenomas had an increasing prevalettoe distal colon and were most
prevalent in the sigmoid colon (Williams et al 198%hile the role of hyperplastic
polyps in colon cancer is debated, benign adenamaiolyps have been documented to
be the precursor for most cases of colon cancédrpalyps increase with age (Correa et
al 1977, Rickert et al 1979). Detecting and remgadenomatous polyps is effective in
reducing the incidence and mortality of CRC. Witholyps the proportion of villous
architecture (showing rapid growth) is positivebsaciated with the size of adenomatous
polyps and, furthermore, the potential of havindigmant characteristics (Rickert et al
1979). Evidence shows that adenomatous polyps entafin 10mm in diameter are
rarely found to be cancer. The villous architectomponent is more likely to be found
in adenomatous polyps larger than 10mm (Enterlira¢ #3962, Morson 1974, Muto et al
1975, Spjut et al 1977).

According to Surveillance Epidemiology and End RissLl7 (SEER-17), which
captures cancer data in 17 metropolitan/rural reg{&an Francisco, Connecticut, Detroit,
Hawaii, lowa, New Mexico, Seattle, Utah, AtlantanSJose-Monterey, Los Angeles,
Alaska Native Registry, Rural Georgia, Californicleding SF/SIM/LA, Kentucky,
Louisiana and New Jersey) 2002-2004, the lifetirsle of being diagnosed with CRC is
lowest in American Indians/Alaskan Natives (4.2 8nihvasive CRC and 4.45% for
invasive and in-situ CRC), followed by Hispanics8@Po for invasive CRC and 5.08%
for invasive and in-situ CRC), and highest in Asi&acific Islanders (5.58% for invasive
CRC and 5.83% for invasive and in-situ CRC). Thetilne risk of dying from CRC is
lowest in American Indians/Alaskan Natives at 1.8688%owed by Hispanics at 1.92%,

and is highest in Blacks at 2.42% (Ries et al 200§ pattern of lifetime risks between
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ethnics of being diagnosed with CRC mirrors theguatof lifetime risk of dying from
CRC.

Polyps in the colon are associated with differastatogy types. Some types of
polyps are more likely to be found in the left aolohile others were not. Hyperplastic
polyps are most commonly found in the rectum —&6df total polyps. Neoplastic
adenomas are the second most common, and botlasecndth age and are more
prevalent in men (Williams et al 1982). Althouglet® is no consistent relationship
between the size of adenomas and age, as agesesye@aenomas larger than 1 cm in
diameter are more prevalent. Sessile adenomasaeeprevalent in the cecum, while
pedunculated adenomas had an increasing prevaletitoe distal colon and were most
prevalent in the sigmoid colon (Williams et al 198%hile the role of hyperplastic
polyps in colon cancer is debated, benign adenamaiolyps have been documented to
be the precursor for most cases of colon cancedrpalyps increase with age (Correa et
al 1977, Rickert et al 1979). Detecting and remgadenomatous polyps is effective in
reducing the incidence and mortality of CRC. Witholyps the proportion of villous
architecture (showing rapid growth) is positivebsaciated with the size of adenomatous
polyps and, furthermore, the potential of havindigmant characteristics (Rickert et al
1979). Evidence shows that adenomatous polyps entafin 10mm in diameter are
rarely found to be cancer. The villous architecwomponent is more likely to be found
in adenomatous polyps larger than 10mm (Enterlirs¢ #3962, Morson 1974, Muto et al
1975, Spjut et al 1977).

According to Surveillance Epidemiology and End RissLl7 (SEER-17), which

captures cancer data in 17 metropolitan/rural reg{®an Francisco, Connecticut, Detroit,
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Hawaii, lowa, New Mexico, Seattle, Utah, AtlantanSJose-Monterey, Los Angeles,
Alaska Native Registry, Rural Georgia, Californicleding SF/SIM/LA, Kentucky,
Louisiana and New Jersey) 2002-2004, the lifetirsle of being diagnosed with CRC is
lowest in American Indians/Alaskan Natives (4.2 8nihvasive CRC and 4.45% for
invasive and in-situ CRC), followed by Hispanics8Pxo for invasive CRC and 5.08%
for invasive and in-situ CRC), and highest in Asi&acific Islanders (5.58% for invasive
CRC and 5.83% for invasive and in-situ CRC). Thetilne risk of dying from CRC is
lowest in American Indians/Alaskan Natives at 1.8688owed by Hispanics at 1.92%,
and is highest in Blacks at 2.42% (Ries et al 200§ pattern of lifetime risks between
ethnics of being diagnosed with CRC mirrors theguatof lifetime risk of dying from
CRC.

Polyps in the colon are associated with differastatogy types. Some types of
polyps are more likely to be found in the left aolohile others were not. Hyperplastic
polyps are most commonly found in the rectum —&6df total polyps. Neoplastic
adenomas are the second most common, and botlasecnath age and are more
prevalent in men (Williams et al 1982). Althouglert® is no consistent relationship
between the size of adenomas and age, as agesesy@aenomas larger than 1 cm in
diameter are more prevalent. Sessile adenomasaeeprevalent in the cecum, while
pedunculated adenomas had an increasing prevalettoe distal colon and were most

prevalent in the sigmoid colon (Williams et al 1982

2.3 ldentifying at-risk population

2.3.1 Average-risk persons
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Incidence and death rates of CRC increase withlaghe US population, the
incidence rate exceeds 100 per 100,000 from thédefige group, and the death rate
accelerates from the 75-79 age group (SEER Canatist®s Review, 1975-2008). In
South Carolina, the incidence rate of more thadA®O00 is observed starting in the 55-
59 age group, and death rate exceeds 10/100,G86 irb-79 age group for the mortality
rate (SC SCAN). Figure 2.1 — Figure 2.4 show tluedience rate and the mortality rate of

CRC for South Carolina population and the trené-from 1996 to 2009 (SC SCAN):
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County: All Counties in South Carolina

Primary Cancer Sites: Colorectal (colon, rectum, and rectosigmoid)

Age

35:89

40-44

45-49

50-54

55-59

60-64

65-69

70-74

75-79

80-84

85+

Year ||Rates

Rates

Rates

Rates

Rates

Rates

Rates

Rates

Rates

Rates

Rates

1996| 10.5

19.1

36.1

69.6

100.7

156.7

190.8

275.5

316.5

366.71

429.6

1997 10.7

17.6

39.2

62.4

109.3

161.5

187.3

280.2

334.4

320.5

437.9

1998| 13.8

18.2

38.7

64.4

110.6

161.9

214.0

302.2

344.C

418.1]

402.5

1999 9.2

18.5

35.8

72.9

108.2

154.2

233.G

279.]

342.2

336.2

407.0

2000f 8.6

21.8

45.6

65.2

108.7)

161.7

210.6

274.9

321.3

414.1

402.8

2001 10.4

241

44.5

63.4

101.7

157.6

199.4

285.2

318.§

387.5

383.2

2002 11.3

23.5

45.1

70.9

105.4

161.7

233.1]

283.]]

326.6

362.5

364.C

2003| 13.2

23.5

38.8

73.6

117.8

156.8

245.7

291.8

302.C

335.6

359.6

2004 16.2

27.3

34.5

79.2

110.7

138.0

216.7

259.4

323.1

346.1]

370.4

2005| 10.C

154

32.5

75.1

107.7

143.6

200.8

243.3

281.1

346.6

328.5

2006| 14.3

21.2

41.9

66.C

91.C

131.7

195.5

221.6

259.8

280.2

256.C

2007 10.7

17.6

39.4

77.4

92.4

124.0

179.6

201.2

256.4

244.71

291.7

2008 8.9

20.1

394

68.5

84.4

115.1

159.G

186.4

228.8

260.2

277 .4

2009 84

16.9

40.7

59.1

77.1

108.1]

139.5

166.¢

206.C

216.8

244.(

*Rate: Crude Rate calculated per 100,000 population
Figure 2-1 Colorectal cancer incidences in the gastade

17

www.manaraa.com



Cancer Incidence: Full {Research) File
ForSouth Carcolina Residents
County: All Counties in South Carolina
Primary Cancer Sites: Colorectal {colon, rectum, and rectosigmoid)
440
435 i
420
405 B —
390 S - =
375 o o -
358 : = —_—
220 = L ] = e - =
315
Z00 ——— == =
2e5 b ———== . e T T B = w —
270 ~a - = 7
it = — =
. e - = —
%%g -— e I — o - ]
-— ~— .
195 =
1&a - -
85— ——w-———w-" _ o - W--- g ---%---3 =, ===
150 = == ——
135 - W=
120 = = == ——
165 le— ) 5 — — - Sy
s - == i
1S e e e e S r——
45 - . — s — — —— ra v —
30 - e R Tl —— S -
15 = ?i———'——#—?l = = = =
o t 1 t 1 ! } 1 } t
19295 1997 1993 1999 2000 2001 2002 2003 2004 20035 2008 2007 2002 Zoo9
Yedr
Age
—®— 3z5-39 - - 40-44
—®— 45-49 - ®- S50-54
—— 55759 - ®- E0-64
—=— £5-69 --®- T0-74
TS-79 - @- 20-24
25+

Figure 2-2 Therend line of colorectal cancer incidence in thstpkecad
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) Cancer Mortality . _S1
e T _ For South Carolina Residents B = = 4
County: All Counties in South Carolina
Primary Cancer Sites: Colorectal (colon, rectum, and rectosigmoid)
Age

35-39|40-44| 45-49| 50-54| 55-59| 60-64| 65-69| 70-74| 75-79| 80-84| 85+

Year ||[Rates| Rates| Rates| Rates| Rates| Rates| Rates| Rates| Rates|| Rates| Rates
1996 # 6.6/ 10.9 14.5 34.2 42.9 66.4 106.§ 108.§ 182.4 270.¢
1997 # 5.1 12.0 18.9 33.2| 40.7 63.8 91.2 123.0 157.6 246.7
1998 # 5.3 8.0 19.2 30.6 37.8 58.1 87.0 124.9 178.0 230.3
1999 # 6.8/ 10.3 21.4 30.1 49.6 67. 80.4 123.1 166.5 252.8
2000 # #| 10.4 15.8 37.0 41.9) 61.7 101.§ 121.5 185.2] 268.6
2001 # 8.6/ 11.5 16.9 23.8 39.5 75.7 79.3 129.9 153.5 229.7
2002 # 7.9 12.9 18.5 22.8 54.7 57.6 79.5 112.7 149.3 228.¢
2003 # 7.3 13.4 147 26.7 46.8 57.5 84.4 102.6 161.6 222.7
2004 # 6.3 6.8 18.20 27.8§ 32.6 51.8 67.0 106.1 136.4 194.C
2005 # 5.7 127 15.1) 26.1 37.5 59.2 60.6 106.5 145.3 231.C
2006 # 47 100 17.1 30.8 451 65.9 74.4 102.1 134.0 158.¢
2007 # # 8.7 13.7 25.3 44.3 50.7 67.8 113.4 84.4 172.4
2008 # 5.5 11.7 18.20 24.6 27.9 49.6 78.1 82.4 110.2 195.C
2009 # # 10.9 17.90 26.2 354 40.4 58.8 81.0/118.3 167.C

*Rate: Crude Rate calculated per 100,000 population

Figure 2-3 Colorectal cancer mortalities in thetpkesade
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Cancer Mortality
ForSouth Carcolina Residents
County: All Counties in South Carolina
Primary Cancer Sites: Colorectal {colon, rectum, and rectosignoid)
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Figure 2-4The trend line of colorectal cancer mortality il fhast decac

The U.S. Preventive Services Task Force (USPShE)American Cance
Society (ACS), the National Comprehensive Cancdéwhllik (NCCN), and the U.$
Multi-Society Task Force (MSTF) recommend periodic screenifdlse averac-risk
population to prevent CRC, which includes men andyen aged over 50 years with
history of adenomas, colorectal cancer, inflammabawel disease, and family histc
(USPSTF 2008l.evin 2008, NCCN 2012). The USPSTF recommendsmeu@RC
screenings with fecal occult blood test (FOBT)sagdoscopy, or colonoscopy f
adults aged 505 years. Between 76 and 85 years old, routinesorg is no
recommended, but it can be provides required based on specific clinical
considerations. For patients older than 85 yedRs; Gcreening is not recommenc
(USPSTF, 2008).

2.3.2 High-risk persons
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Asymptomatic individuals with a family history acategorized as high-risk for
colorectal cancers. This group of persons is recentiad to have screening at an earlier
age than the average-risk group. The American gGeltd Gastroenterology (ACG), the
ACS and the NCCN have updated standards of therfggtpopulation and the
recommended screening guidelines (Levin 2008, R&@92NCCN 2012):

Persons with single first-degree relative with C®Gdvanced adenoma

diagnosed at age < 60 years or two first-degreatiees with colorectal cancer

or advanced adenomas will be considered as hidghpagulation, and are
recommended to have colonoscopy screening evesgrs peginning at the age
of 40 years, or 10 years younger than the ageagmbsis of the youngest
affected relative. Or, with personal history of adena/sessile serrated polyps,
colon cancer, or inflammatory bowel disease (ukerative colitis, Crohn’s
disease) additional screenings are recommended.
Other persons defined as high-risk have one offtereditary syndromes (Byers 1997):
e Familial Adenomatous Polyposis syndromes (FAP)
People with this condition develop hundreds of ital polyps and will almost
certainly develop colorectal cancer unless the natoremoved.
e Hereditary Non-Polyposis Colorectal Cancer synd(HNPCC)
HNPCC has been classically defined as colorectateain three or more family
members, two of whom are first-degree relativadethird, involving people in at
least two generations, and with at least one pediagnosed with colorectal cancer

before age 50 years.
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HNPCC, also known as the Lynch syndrome, accoantagproximately 5% of
new cases of CRC each year (Winawar 1997).

Persons with a family history of hereditary syndesywith relatives who
received diagnoses of colorectal cancers at ag agd, with two or more affected
relatives, or with persistent ulcerative colitissba high risk of colon cancers. The risk is
especially high among younger persons (40-59 yadjsbut not associated with
individuals after 60 (Fuchs et al 1994). Other @pal risk factors include a history of
colorectal cancers or adenomas in a first-degieéve, a personal history of large
adenomatous polyps or colorectal cancers, andagiagnosis of endometrial, ovarian,
or breast cancers (Rustogi 1994, USPSTF (Baltima&96). Based on an ACS report in
1981, the high-risk population was described asl{E#981):

“Persons with familial polyposis, Gardner’s syndrenulcerative colitis, a

history of polyps or prior colon cancer, and a fantistory of cancer of the

colon or rectum”.

2.4 Early CRC detection and management

CRC is highly curable if detected in an early sthgeugh routine screenings of
the colon/rectum. When polyps/adenomas are detecidemoved in the early
developmental course, the 5-year relative surviatd is 90% (CDC 2011).

Among the screening methods, the effectivenesseo$treening tool for
detecting neoplasia lesions is critical. Theordigcaensitivity is defined as the ability of
the tool to identify true positives among all pogs. In case of CRC, sensitivity is the
percentage of people who have neoplastic lesiomsamd correctly identified by the

screening tool as having the condition. Sensitiigtilighest for colonoscopy, followed
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by flexible sigmoidoscopy, followed by fecal tegtiemoccult SENSA being the best
followed by fecal immunochemical test, and lowestflemoccult Il (USPSTF 2008).
Specificity of the screening tool is defined as dbdity to identify true negatives among
all negatives. In case of CRC, specificity is tleegentage of people with no neoplastic
lesions who are correctly identified as clear. $pty is highest for colonoscopy as
well, followed by flexible sigmoidoscopy, then Heaoalt 1, which is also
approximately equal to fecal immunochemical test] lmwest for Hemoccult SENSA
(USPSTF 2008).

One randomized clinical trial study in 1993 exphorthe effect of FOBT
screenings on CRC mortality for up to 13 yearsodbfv-up reported that the annual
FOBT group had the highest 13-year survival raith & 33% reduced mortality from
colon cancers compared to the control group, amestl double the reduction observed
in the biennial FOBT group (Mandel et al 1993).miigh observational studies have
reported incidence/mortality reductions associatgld screening colonoscopy and
polypectomy (Winawar et al 1993, Zauber et al 20lE&s than half of the US screening-
eligible population is covered by screening (Megsset al 2006, Seeff et al 2004).
Research has shown the effect of early detectidrttamremoval of precancerous lesions
through screening on CRC incidence and mortaldippcgon in the United States
(Edwards et al 2010, Center et al 2009, Chu €984 L

Less than 40% of colorectal cancers are detectad aarly stage (CDC 2011).
According to the National Health Interview Surv&HIS) in 2005, only 50% of U.S.

people aged 50 to 75 years had received a colbezstaer screening. Colorectal cancer
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screening take up rate remains low and therelisdiig gap to fill given that the target
rate in the Healthy People 2020 is 70.5%.

Except for patients with bowel symptoms, the phgsicecommendation/referral
is a required precondition for CRC screenings. édijh Medicare coverage of
colonoscopies since 2001 reduced the racial digparcolonoscopy screenings between
older Whites and Blacks (Shih et al 2006), studigggest that physician
recommendations are less frequent for Blacks tbawWhites both in the general
population, and among Medicare beneficiaries (Kielmuet al 2006), which translates to
a lower screening rate among Blacks. The low tgkeate and the disparity in the access
of screening could be a potential reason for Bldzksng a relatively high CRC
incidence (Rex 2004, Daguise et al 2006).

2.5 History of CRC screening in the US

Before 1980, the American Cancer Society (ACS) maoended that people aged
over 40 years should be screened with the anngrmlcsdoscopy. The digital proctoscope
and occult blood examinations were urged to beuagd in the regular health checkups
for adults over age 40 by the ACS (Eddy 1980). Basean ACS report in 1981, those at
high risk were recommended to have mdreduent and “intensive” examinations
starting at an earlier age (Eddy, 1981). In a 882 meeting, revisions were made by
the National Board of Directors of the American €GanSociety to the guidelines for
asymptomatic individuals (Levin et al 1992):

1. Sigmoidoscopy, preferably flexible, for personsd§6 and older, males and

females, every three to five years.
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2. “Fecal Occult Blood Test (FOBT)” substituted fotdsl guaiac slide test” every
year for individuals age 50 and over.
The ACS also made a revision to recommendationthéhigh-risk population at
this meeting in June 1992 (Table 2-1) (Levin & Muyd992):

1. If first-degree relatives have a CRC diagnosisaa@e less than 55 years, a
colonoscopy or a double-contrast barium enema (DGBES recommended every 5
years starting at age 35 — 40 years.

2. If family members have a history of familial aderedous polyposis, early flexible
sigmoidoscopy is required.

3. If family members have a history of hereditary nolyposis CRC, early initiation

and more intense colonoscopy screening is required.
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Table 2-1 American Cancer Society Recommendationthé Early Detection of Colon
Cancer in Asymptomatic Persons (1992)

Test or Procedure Population
Sex Age Frequency
Sigmoidoscopy, Perferably FlexibjeMale & Femalel 50 and over Every 3 to 5 years
Fecal Occult Blood Test Male & Femal®0 and over Every year
Digital Rectal Examination Male & FemalelO and over Every year

Source: Levin B, Murphy GP. Revision in AmericamCar Society Recommendations for the
Early Detection of Colorectal Cancer. CA Cancetid.@992; 42(5): 296-9.

Although FOBT alone is shown to have a significaffiéct on CRC mortality
reduction (Mandel 1993), the 1997 ACS Clinical glides (Table 2-2) had an additional
recommendation of “sigmoidoscopy screening eveygdrs to complement the annual
FOBT” (Byers 1997), due to later findings from R&fTlidies that about one third to one
half of mortality reduction observed from FOBT miagy attributed to colonoscopies
(Lang 1994), and to substantial risk reduction eomfd by sigmoidoscopies (Selby 1992,
Newcomb 1992). The ACS recommends sigmoidoscopesangs every 5 years in

addition to the annual FOBT to intensively monitoe descending colon.
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Table 2-2 The 1997 ACS colorectal screening gumsliByers 1997)

Average risk people Screening by either one of methods:

(Single first-degree relative 1. Annual FOBT with sigmoidoscopy every 5
diagnosed with CRC, or years.

adenomas after age 50, or no first- 2. Annual FOBT with colonoscopy every 10
degree relative, or those without years.

any personal or family history of 3. Annual FOBT with DCBE every 5 to 10

CRC or adenomas) years.

Moderate risk people 1. Remove adenomatous polyp at the procedure,
(People who are diagnosed as followed by surveillance in 3 years.

having adenomatous polyps) 2. If the original polyp was smaller than

1cm/non-villous pathology and the 3-year
surveillance is negative, then back to average
risk pool.

3. If the original polyp was larger than 1cm of]
villous pathology, the surveillance should he
repeated every 5 years.

High risk people 1.1f FAP confirmed, consider colectomy.
2. If HNPCC confirmed, colonoscopy every 2
years until age 40, every year thereafter.

In 1996, the USPSTF first published the guidelifoesolorectal cancer
screenings with these screenings were fecal obtadid tests or sigmoidoscopies
(USPSTF (AHRQ), 1996). Two years later, these sungs were covered by Medicare
(http://healthservices.cancer.gov/seermedicareidersions/testing.html); in 2000, most
health plans covered at least one of four recomebiedlorectal cancer screening tests
(Klabunde et al 2004). Medicare covered colonosoptarting from 2001 (Shih 2006).
In 2002, the USPSTF found strong evidence on tfeetfeness of several screening
methods in reducing mortality, such as 5-year sigosropy alone or in combination
with the FOBT. However, the evidence that colonpse®reduce mortality was still
insufficient. The USPSTF also concluded that evtganas insufficient to assess the
benefits and harms of computed tomographic colaggy and fecal DNA testing as
screening modalities for colorectal cancer (USP30®2). In 2008, the USPSTF updated

the recommendations for CRC screenings, recommegraginual FOBT, 5-year
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sigmoidoscopy, or colonoscopy, beginning at aggegds and continuing until age 75
years (USPSTF 2008). In contrast to the 2002 USR8ddmmendation statements, the
USPSTF updated the recommended screening eligibiim “individuals age 50 years
and older” to “50 years and continuing to 75 yéakéso, high-sensitivity FOBTS,
sigmoidoscopies with interval FOBTS, or colonosespiere recommended replacing the
un-prioritized recommendations in 2002. For CT ogl@aphy and fecal DNA, the
USPSTF concluded to maintain that there is insmfficevidence for recommendation
(USPSTF 2008).

2.6 CRC screening methods

Screening tests for CRC prevention basically ategmaized into 2 types, the
fecal tests (such as the Fecal Occult Blood Te&SB(F), and the full or partial structure
tests, such as Digital Rectal Examination (DRE)p&idoscopy, barium enema,
Computed Tomographic (CT) colonography, and coloopsy.

There is insufficient evidence to determine whitlthese screening methods is
preferable, or whether the combination of FOBT sigehoidoscopy produces greater
benefits than either test alone. Furthermore, tiseiresufficient evidence to recommend
for or against routine screenings with digital eexaminations, barium enemas, or
colonoscopies, although recommendations againsé thereenings in average-risk
persons may be made on other grounds (USPSTFr(Raét) 1996). The USPSTF
recommended 3 screening methods: 1) annual higtitisétly fecal occult blood testing,
2) sigmoidoscopy every 5 years combined with a-sigisitivity fecal occult blood test

every 3 years, and 3) screening colonoscopy atvaiteof 10 years. Adherence to any of
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the 3 methods is considered effective in deteahganced adenomatous polyps and
cancers at an early stage (USPSTF 2008).

The three CRC screening methods commonly used f@&eal-occult blood test
(FOBT), flexible sigmoidoscopy, and colonoscopyl. t&kts lead to colonoscopies if they
are positive, which permits the visual detectiorafly stage cancers and removal of
adenomatous polyps simultaneously during the praee(Denis et al 2011).

2.6.1 Fecal occult blood test (FOBT) / Stool blood test

Stool blood tests are broadly known as guaiac fecallt blood test (QFOBT)
because the tests are designed to detect the dboodt in stool through guaiac method.
CRC can be detected by finding occult blood indte®l, which is not readily visible.
Also, the bleeding caused by cancers or advancebadatous polyps depends on the
lesion size, friability, and location, and bloodymaight not be detected by the naked
eye. But the problem with the stool blood testssaccuracy, because blood is unevenly
distributed in the stool and the bleeding is intétent. Further there are substances other
than hemoglobin that can produce false positiveltgssuch as iron in the diet (Eddy
1981). CRC screening cannot rely solely on FOBTiltesbut can use FOBT results as a
preliminary test.

Besides false negatives caused by intermittentblgefaulty FOBT tests caused
by diet should be avoided. Therefore, individuats advised certain dietary limitations
for two days before the stool blood test to aveidd positive results (most commonly
caused by iron supplements and red meat) andriatyative results (Vitamin C and

citrus fruits) (Eddy 1981, Jaffe et al 1975, Gt al 1977).
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Positive reactions on guaiac-impregnated cardanibst common form of testing,
signal the presence of bleeding from premaligndenamas and early-stage colorectal
cancers (USPSTF (Baltimore) 1996).The stool bla=d is far less likely to help prevent
cancers compared to invasive tests such as flesipheoidoscopy or colonoscopy. To be
effective, FOBT must be repeated at a regularwateotherwise the protection is nil.
When the test is positive, an invasive test, sigch eolonoscopy, is needed (Levin et al
2008). If patients are not willing to repeat theBe0or take the invasive test when the
FOBT is abnormal, FOBT is ineffective and should Im® recommended (Levin et al
2008). FOBT has very low test sensitivity (espdgialsingle test) for detecting
adenomas, and has a reasonable sensitivity foctdejecolorectal cancers. However,
regarding the program sensitivity (serial testsrawvee in a program), it is relatively
high. Therefore, repeating testing each year isrg important key for ensuring the
guality of FOBT (Levin et al 2008). In a randomizdahical trial of FOBT screening
with a 13-year follow-up period, the results shov@8&o reduction in colorectal cancer
mortality, and better 5-year survival for thosehnainnual FOBT screening (Mandel et al
1993).

Hemoccult, is the trademark for a guaiac reageipt &st for occult blood.

Before the development of the Hemoccult, severaitbal tests were used for blood
stool test. These procedures require patientsue saveral samples of stool in cups or
jars, which stand in the refrigerator for a couiég's, which then have to be physically
transported to the physician’s office or the haapit is unpleasant for patients and for
medical professionals who open the sample by the &f examination. Another problem

for the guaiac fecal occult blood test is that gaas very sensitive to heat and light.
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Due to the issue of intermittent bleeding of polgpsl cancers, Hemoccult I
Slides are designed so that patients can colleet specimens at home from bowel
movements over three days. This increases the pitipa@f detecting hidden blood from
polyps and cancer. After the patient prepares thimdtcult I SENSA elite test, it may
be returned in person or by mail to the laboratbogpital or medical office for testing
and interpretation. The test consists of two maimgonents: 1) the test cards containing
guaiac paper, 2) The Developer, a developing smiutontaining a stabilized mixture of
less than 4.2% hydrogen peroxide and 80% denaaihgtialcohol and enhancer in an
agueous solution. Research has shown that thenabgdHemocuult Il slides show a
high sensitivity in detecting CRC (92.2%) but disamtingly low specificity (90.4%),
which causes too many colonoscopy referrals andymes high corresponding costs
(Byers 1997, Mandel 1993).

A relatively new method for the fecal test is thedl immunochemical test (FIT).
FITs are highly specific in detecting human blood & eliminating the dietary
restrictions. Research on the sensitivity and $ioéygiof detecting the advanced
adenomas, however, is disappointing. Allison’s (20§tudy of three Northern Kaiser
Permanente Medical Centers between April 1997 astdld@r 1999 revealed that the
sensitivity and specificity for advanced neoplasmihe left colon were only followed by
colonoscopies within 2 years after the FOBT scrag(29.5% for sensitivity and 97.3%
for specificity).

2.6.2 Digital rectal examination (DRE)
The digital rectal examination is of limited valag a screening test for colorectal

cancer. The examining finger, which is only 7-8 lomg, has limited access even to the
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rectal mucosa, which is 11cm in length, where alboetsixth of the colon cancers occur
(Eddy 1981, USPSTF (Baltimore) 1996).

A digital (finger) rectal examination is used tceeck for problems with organs or
other structures in the pelvis and the lower bdlyring the examination, the doctor
gently puts a lubricated, gloved finger of one hamd the rectum. The doctor may use
the other hand to press on the lower belly or pedvea (Healthwise 2010). The results
for DRE can be normal, where there are no problamhk as organ enlargements or
growths are felt, and vice versa. Growths sucheasdnrhoids, polyps, tumors, or
abscesses may be found in the lower rectum. Brieake skin around the anus (anal
fissures) may be found; problems of the bladder alay be felt (Healthwise 2010). The
DRE alone is not effective to check for colorechcers. If problems are found during a
DRE, more advanced tests are needed, such as aidagmopy or a colonoscopy
(Healthwise 2010).

There are no formal studies/reports for the effectess of DRE since the costs
are small and its high safety feature, any beneéitsbe considered as worthwhile, the
only potential harm is it might produce a falseipws results leading to other structure
tests, such as sigmoidoscopies (Eddy 1980). AteoDRRE is not as effective as
sigmoidoscopy because neoplasms can be hidden tysnou any residual substances
even within the area reached by exploring fingEiddfy 1981).

2.6.3 Sigmoidoscopy

The sensitivity and the diagnostic yield of sigmusdopy screening varies with

the type of instrument: the rigid (25cm) sigmoidmse, the short (35cm) flexible

sigmoidoscope, and the long (60cm) flexible fibéiopigmoidoscope (USPSTF
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(Baltimore) 1996). The effectiveness of risk redutfor sigmoidoscopy has been
widely documented (Lang 1994, Selby 1992, Mewco®@2).
i.  Rigid sigmoidoscopy

The 25-cm rigid sigmoidoscopy was introduced inXBé century but no longer
used since 1982 (Eddy 1980, Mandel et al 1993)oi#tieally, it can cover up to 25 cm
of the colon, where about one-half to two-thirdsahcers and adenomatous polyps grow
(Eddy 1981). There are pros and cons of rigid sigosropes. It allows direct
visualization of the colon, biopsy, and removathed suspicious lesions. Patient
discomfort and the risk of perforation of the cobme problems to be considered,
however (Eddy 1981). Due to patient discomfort treldevelopment of new technology,
the rigid sigmoidoscopy is no longer used. A raiexdive study in 1992 on the
effectiveness of rigid sigmoidoscopy showed thatigipants who had undergone one or
more rigid sigmoidoscopy examinations within thetde0 years had only 30% of the risk
of dying from distal colon or rectum cancers refatio those who did not (Selby 1992).
ii.  Flexible sigmoidoscopy

The 35-cm flexible sigmoidoscope can visualize alb®475% of the sigmoid
colon and can detect about 50-55% of polyps (USPBaKkimore) 1996). The 65-cm
flexible fiberoptic sigmoidoscope enables a longege visualization of the colon,
however, the high cost and limited screening-osigge impedes its coverage in the
United States (Eddy 1981). Men had a higher uptateeof sigmoidoscopy than women
(Meissner et al 2006). The detection rate of adedmeoplasia with sigmoidoscopy was
three times higher than FOBT in an Italian rand@dizontrolled trial (RCT) study

(Segnan et al 2005). A randomized trial in the &bhiKingdom shows that a one-time
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flexible sigmoidoscopy of adults aged 55-64 yeadkiced the incidence of colorectal
cancer by 33%, and mortality by 43% (Atkin et al@p

Sigmoidoscopies can also produce false-positivdtegprimarily from polyps
detected that are unlikely to become malignantrdytine patients’ lifetime (USPSTF
(Baltimore) 1996). It turns out that the majorifyasymptomatic persons with colonic
polyps discovered by routine sigmoidoscopic exatrona will not develop into
clinically significant malignancies during theifdtime. For these patients, interventions
typically followed (i.e., biopsies, polypectomiesid frequent colonoscopies). Costly
procedures, anxiety provoking, and potential haainesunlikely to make up for the
clinical benefits of sigmoidoscopies (USPSTF(Batirg), 1996). Flexible
sigmoidoscopy was considered too expensive andasized only for early detection
usage (Eddy 1980).

Another disadvantage of sigmoidoscopy is the distion of cancers in the colon.
Studies indicated that the proximal colon cancepants for a significant portion of the
colorectal cancers. The contribution of inciderlbaacancer in the proximal colon
beyond the examination zone of sigmoidscopy is 6Bé% to 45% (Dinning 1994,
Castiglione 1995, Lemmel 1996). The ratio of proximancer to total CRC is 0.338
among men and 0.421 among women (SEER CanQues2D@23-

A study explored the sites of primary CRC diagnésim nine cancer registries
between 1978 and 1988. It concluded that older ladipn (70 years and older) has the
greatest risk of CRC, and most commonly in thetragghion (Rabeneck 2003). Although

the incidence of CRC has steadily declined sinéY8ICI 2012) due to increasing
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aging population (65 years and older), the propaortf the population at risk of CRC is
expanding with aging of the US population (Raberiz@®3).
2.6.4 Barium enema

Barium enema is one variant of X-ray examinatior & of two types, single
contrast barium enema (SCBE) and double contragtrba@nema (DCBE).

Barium enema examinations have been shown to be¢etify most of the
advanced, most likely incurable, carcinomas ofablen instead of the early, potentially
curable carcinomas of the colon. Therefore, théimewse of barium enema
examinations is not reliable and is recommended i&rontinuation in the diagnostic
evaluation of carcinomas of the colon (Gilbertseald979).

i.  Double Contrast Barium Enema (DCBE)

During this procedure, the physician inserts a tab@the rectum, fills in barium
sulfate, and drains its out, leaving a thin layiebarium on the wall of colon, and then air
is filled in to define the outline of the colon. din X-ray images from various angles are
taken to better view the whole colon and detecbabal growths (Byers 1997). A
positive result in DCBE should be followed by aaadscopy or a sigmoidoscopy (Byers
1997).

ii.  Single Contrast Barium Enema (SCBE)

The difference between SCBE and DCBE is that thado fills the barium in the
colon to outline the colon for detecting abnornravghs. The procedure time for SCBE
is shorter than DCBE. SCBE is mostly performedsfoecific medical reasons or for
older people who may not be able to tolerate theertime-consuming and

uncomfortable DCBE procedure (Byers 1997).
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The performance of barium enema varies by secfi@olon, and highest in the
straight portions — descending colon (93%), trarsareolon (89%), and ascending colon
(88%); followed by the askew portions — the spldlagure (86%), the hepatic flexure
and the sigmoid flexure (83%). It is lowest in tilebular portions — the rectum (77%)
and the cecum (75%). The average sensitivity faceais 83%. In addition, the DCBE
has better sensitivity than SCBE, with 0.78 beiddratio of missed cancers (Rex,
Rahmani, Haseman 1997).

Overall, barium enemas are less expensive thamostopies. But colonoscopies
enable direct visualization of the colon and renh@¥ahe suspicious lesions directly for
biopsy with a one-time procedure if the bowel pregdgroperly. Colonoscopies have a
higher sensitivity and are least likely to missa@ans, with an odds ratio of 0.25 relative
to barium enema (Byers 1997, Rex, Rahmani, Haseh®®7,).

2.6.5 CT colonography

CT colonography also known as “virtual colonoscopy™X-ray colonoscopy”,
which is noninvasive and based on radio-imagingb@adioxide gas is introduced into
the rectum to inflate the colon, and computer toraplgy pictures of the colon are taken
by a moving scanner. The pictures taken are intednasing computer programs to
create a two- or three-dimensional virtual viewaighe colon (Wilkins 2008; NDDIC
2008). Nationally, according to a report using lifetional Health Interview Survey
(NHIS) 2010, the use of CR colonography is extrgnal (1.3%) (Shapiro 2010). CT
colonography shows high sensitivity and specifiéitydetecting large polyps (>10 mm)
but low sensitivity for smaller polyps. Pickharddacolleagues (2003) studied 1,233

asymptomatic individuals undergoing same-day Comofraphy and colonoscopy using
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the segment unblinded method, which declares tiignigs of each section of the colon
after it is examined by colonoscopy. They repoges@nsitivity of 93.8% and 96%
specificity on polyps of 10 or more millimeters,viver, when polyps more than 6
millimeters were included the sensitivity reduced8.7%, and specificity to 79.6%.
Macari and colleagues (2005) using 2-dimensioralsialso reported the sensitivity of
CT colongraphy reduced significantly with polypesiz10 mm: 100%, 6-9 mm: 52.9%,
1-5 mm: 11.5%).

Besides the effectiveness of CT colonography intifigeng a polyp, a study in
2008 of 2,531 asymptomatic individuals from 15 liies using per-patient analysis
showed that the sensitivity for polyps of 10 mikitars was 90% and 86% for specificity,
which is consistent with the previous literaturewéver, the positive predictive value of
CT colonography is 23% (with a high negative predecvalue of 99%), which means
the accuracy of diagnosis is extremely low, andeathiéty of radiologists identifying
even the large polyps (>10mm) is an issue (JOhR808).

Interpreting CT colongraphy in non-academic envinents has little evidence
and poor outcomes. Burlings et al. (2006) investiddhe interpretation accuracy of 13
radiologists from seven non-academic facilitiesamparison with that of trained
radiographic technicians and experienced acadeadiologists. They showed that the
individual accuracy highly varies among 13 non-&eait radiologists (range from 53%
to 93%). In addition, there are significant diffieces between these groups: the mean
accuracy is highest in experienced academic ragigtk (88%), followed by non-
academic radiologists (75%), and lowest in traire@tiographic technicians (56%).

Because of the low sensitivity in small and/or diative polyps, it is not a valuable
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method for the prevention of CRC. Also, the us€®fcolonography has not been
recommended by USPSTF due to the insufficient emiden its benefits and harms
(USPSTF 2008).

2.6.6 Colonoscopy

Evidence has shown that the rate of colonoscomesang is increasing
concurrent with a decline in the uptake of otheeening tests. In the 2005 National
Health Interview Survey (NHIS) study, the colongsgtake up rate exceeded FOBT and
sigmoidoscopy (Meissner et al 2006). This studg atsncluded that a large proportion of
the take-up rate increment since 2000 was duestintitease in colonoscopy. The
American College of Gastroenterology (2000) recomaia¢ion that colonoscopy was the
preferred colorectal cancer screening test forageerisk individuals could have been the
reason for the large increase in colonoscopy Réx 2000).

Colonoscopy, which requires sedation and oftenluesthe use of a hospital or
surgery center suite, is more expensive than aitrerening tests and has a higher risk of
sedation and procedural complications (USPSTF ifBate 1996)). Retrospective
studies have reported the effectiveness of colammesis superior to sigmoidoscopy
because approximately 60% to 70% of proximal canaez not accompanied by
neoplasms in the distal colon, which is the exationazone of sigmiodoscopy (Dinning
1994, Castiglione 1995, Lemmel 1996). Thereforargd proportion of test-negatives
with sigmoidoscopy are not CRC-free. Proximal cas@ecount for 40% of the colon
cancers. These cancers remain undetected despienfive screening using

sigmoidoscopy.
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Research has shown that individuals with any desfahomatous polyps were
more likely to have advanced proximal neoplasie,ribk of advanced proximal
neoplasia is significantly enhanced by increasawgsty of distal adenomatous polyps
(compared to patients without distal polyps). Télative risk of harboring distal
hyperplastic polyps, distal tubular adenomas, atvduaced distal polyps were 2.6, 4.0,
and 6.7, respectively. Colonoscopy is irreplaceabteng individuals without any distal
adenomas, because 2.7% had advanced proximal sesplhieberman 2000; Imperial
2000).

The effectiveness of colonoscopy in reducing CR&dience and mortality
depends on how thoroughly visualization of therentblon is achieved, the diligence in
examining the mucosa, and patient acceptance girtdeedure (Denis et al 2011).
Colonoscopy has an advantage over barium enemasd®eit can be both diagnostic and
therapeutic. Its advantage over flexible sigmoidpgds that it can access the entire
colon while flexible sigmoidoscopy can only acctssdistal colon (Robertson et al
2006). The use of colonoscopy in colorectal cascezening has increased concurrent
with the decline in barium enema and flexible siginecopy (Robertson 2006; Klbunde
2005).

In conclusion, FOBT serves as the most cost-effecti screening methods.
Barium enema, although cheaper than colonoscomgtiaseful for therapeutic purpose.
Sigmoidoscopy has similar features and is chedqaar ¢colonoscopy. However, there is
ample documentation of missed suspicious lesiopsrimethe examination range of

sigmoidoscopy. Colonoscopy represents the mostteféechoice of screening method
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because it enables both detection and removalspicous lesions in on step. Even with
the price issue, screening with every 10 years sidlan attractive screening tool.
2.7 Quality of colonoscopy / effectiveness

Colonoscopy is currently regarded as the gold stahdf colorectal cancer
screening by removing polyps/adenomas (colonosqagigpectomy) because there is
strong evidence that polyps/adenomas are the @m@caf colorectal cancer (Enterline et
al 1967, Grinnell et al 1958, Kalus et al 1972, Mat al, 1975). The effectiveness of
colonoscopy screening in preventing the developratoblorectal cancer depends on the
guality of examination. A successful colonoscopy ba identified by the rate of
polyps/adenomas detected and the cecum intubatdelperformer’s series of
procedures. Achieving 95% cecal intubation raie iescommended benchmark
(USPSTF). Missed polyp/adenoma rates are documen&d to 27% depending on the
size of polyps/adenomas (Hixson et al 1990, Rext #9097, Leaper et al 2004). Evidence
regarding the effectiveness of colonoscopy hasezhather screening methods to
decline, and resulted in it being considered aptbéerred method of CRC screening
(Rex 2000, Rex 2009, Davila 2006, NCCN Clinicalgtige guidelines in oncology
2011).

With increasing use of colonoscopy, measuring aadoopy quality is becoming
inevitable to ensure its competent performance eGaly, the cecal intubation rate is the
most commonly studied quality indicator, but isemyinadequate indicator. Poor quality
colonoscopies limit its CRC protection potential.

Adenoma detection, which has a documented assmtaith CRC prevention

and is the main goal of colonoscopy, should beyardicator for studying colonoscopy
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quality. A wide range of ADR among endoscopists teen documented (Millan 2008,
Barclay 2006, Wilkins 2009, Rex 2001). This implibat the quality of colonoscopies
varies widely, which could severely undermine ftecacy in CRC protection. Another
major issue is the specialist capacity to meetifraand for colonoscopy screening if it
becomes the primary screening method. Some sthdiesexplored the effectiveness of
colonoscopies performed by trained PCPs.

A meta-analysis of 12 eligible studies of colongses performed by PCPs with a
total of 18,292 patients reported an adenoma deterdte of 28.9%. The authors
concluded that the performance of PCPs can megirtiiessional Societies’
recommended standards (Wilkins 2009). The assonisgtween colonoscope
withdrawal time and adenoma detection rate wassilsdied, Barclay (2006) indicated
that physicians who had a mean withdrawal timees$ than 6 minutes (among patients
with no polyp removed) had an overall adenoma detecate of 11.8%, while it was
28.3% for physicians whose mean withdrawal time mase than 6 minutes (without a
polyp found). This statistically significant difiemce persists in the mean number of
adenomas detected per subject, which were 0.10.6/%, respectively.

Rex et al (2001) videotaped 10 procedures perfoimyezi colonoscopists and got
them reviewed/scored by 4 experts based on fodityeateria related to colonoscopic
withdrawal technique. They reported that technidoes matter to the adenoma miss rate,
which could be further associated with the potéctacer protection efficacy of
colonoscopy screening. Winawer et al (1993) coretliaetprospective clinical trial of
colonoscopy effectiveness (the National Polyp Stwidher a mean follow-up of 5.92

years, documented a CRC prevention rate of 76%\iatlg colonoscopic adenectomy. A
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retrospective cohort study under an academic meckeder setting reported a 100% of
CRC protection over a mean follow-up of 5.34 ydargperiale et al 2008). Zauber et al
(2012) reported a 53% reduction in CRC mortalitgrox mean follow-up of 15.8 years
per subject.

Owing to its potential of a high level of CRC pratien, high-quality
colonoscopy is recommended to be performed evegeafs for average risk population
beginning at the age of 50 years, and 45 yearBlamks (Rex 2009). Colonoscopy every
5 years at the age of 40 years, or 10 years b#ferearliest age of CRC diagnosis in a
first-degree relative (high risk population) is@eamended.

2.7.1 Procedure quality indicators

The National Comprehensive Cancer Network (NCCNdgJines for CRC
screening indicate that to evaluate the qualityaddnoscopy, the following indicators
should be considered (NCCN 2011):

e Cecal intubation rate

e  Withdrawal time

e Adenoma detection rate

e Appropriate intervals between endoscopic examinatlmased on family and
personal history, and the number and histologiqae bf polyps at last
colonoscopy

e  Minor and major complication rates

e Pre-procedure medical evaluations

e Appropriate bowel preparation instructions
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The cecal intubation rate and withdrawal time carsignal indicators for the
guality of colonoscopy screening. Cecum intubaisoset as the standard for a completed
colonoscopy since the cecum is considered as thiarbeg of the large bowel. Reaching
the cecum implies that the colonoscope was inseaiftede way through the colon and
rectum starting from the anus. In addition, withdahtime (an average of 6 minutes or
more when no polyps are removed) can be the suadgathe percentage of colonic
mucosa inspected (Barclay et al 2006, Rex 2006).

i.  Cecal intubation rate

Three types of cecal intubation rates are defitteelynadjusted rate, the MSTF-
adjusted rate, and the circumstance-adjustedTateunadjusted rate measures the cecal
intubation status for all study-eligible screeningse MSTF-adjusted rate, according to
the MSTF recommendations is calculated by excludingmplete colonoscopies due to
severe colitis or poor preparation (Rex 2002). Giheumstance-adjusted rate further
excludes procedures in which the endoscopist matiaieal decision not to attempt to
reach the cecum because of severe diverticulasas,sign instability during the
procedure, obstruction or stricture, or becauseg a therapeutic procedure without the
goal of cecal intubation, such as colon decompoessieatment of active lower
gastrointestinal bleeding, removal of a previouBcovered lesion, stent placement,
etcetera (Aslinia 2006). The cecal intubation ratine most commonly measured
indicator and relatively easy to report as a priglary quality indicator of colonoscopy
(Aslinia 2006, Rex 2006, Rex 2002, Lieberman 2007).

ii. Procedure time
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Colonoscope insertion time and withdrawal timeamesidered as appropriate
quality indicators (Lieberman 2007, Rex 2009), esglyy when the ADR is low (Rex
2006). Longer withdrawal time is shown to be assted with a better polyp detection
rate (Rex 2000, Sanchez et al 2004). In contrhettex withdrawal time periods were
associated with higher polyp miss rates (Rex 28@dchez et al 2004). Also, the
insertion time, which is the examination time pdrfoom insertion to the anus to the
visualization of cecum, is documented to be assetiaith the adenoma detection rate
(Benson et al 2005). In a series of 550 averagdeengasecutive colonoscopy screenings
performed by academic gastroenterologists, the adtinsertion time to withdrawal time

was found to be positively related to the adenoetadion rate (Benson et al 2005).

2.7.2 Outcome indicators
i. Polyps

A polyp is an overgrow tissue with part of its baayached to the site of origin.
Studies suggest that about 1 in 4 colon cancemslale¥rom polyps (Morson 1974, Muto
et al 1975,Jass 1989), it takes averagely 10-1&yeam a polyp to become a cancer by
progression through the Stages of an adenoma (Mdr@64). Identifying and removing
polyps during the screening exam has been considleeekey to reduce the risk of
developing colon cancers (Pabby 2005, Rex 2002,2R88). When there are multiple
polyps detected, they are most likely to be founthe ascending and transverse colon
(Correa et al 1977).
ii. Adenomas

The adenoma detection rate has lately attractedtaih as a key quality indicator

because the main goal of colonoscopy is to searcand remove all adenomas to
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prevent the CRC (Rex 2006, Lieberman 2007, Rex R@0Positive correlation is
documented between withdrawal time and adenomatdmtaate (Barclay 2006,
Barclay 2008, Millan 2008). Barclay et al (2006)dst reported wide variation in the
mean number of adenomas per subject, in the adedeteetion rate, and in the mean
withdrawal time. With a mean withdrawal time madnan 6 minutes, the physician’s
detection rates of adenoma in their patient paar@digher than physicians with less
than 6 minutes by around two and half folds (11\8%28.3%). The mean number of
adenomas detected per subject for physicians witkan withdrawal time more than 6
minutes are nearly 4-fold larger than physicianth\wass than 6 minutes (0.17 vs. 0.61).
In another study Barclay et al (2008) studied t@oaiation of a minimum of 8 minutes
withdrawal time (mean for the endoscopist), andhtbthat compared with endoscopists
with a mean withdrawal time less than 8 minutess¢hwith at least 8 minutes have
significantly higher rates of any neoplasia (37.8823.3%) and advanced neoplasms
(6.6% vs 4.5%). More importantly, among the advdnueoplasms found by those with
at least 8 minutes withdrawal time, 25% were 9 niess while for those with less than
8 minutes, only 10% were 9 mm or less. This in@isdhat the more gradual inspection
is, a higher number of smaller, potentially deatdpplasms are found, some of which
are missed otherwise.

The adenoma detection rate shows a negative aseaaiath the risk of interval
cancer. With a higher adenoma detection rate ahoskcopy, the hazard ratio of interval
cancer for those physicians’ patients was redukad(nski 2010). Compared with

physicians having an ADR of more than 20%, the ttheatio of interval cancer for
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physicians with ADR less than 11% is 12.50, anduafid for ADRs 11%-14.9% and
15.0-19.9% (Kaminski 2010).
2.8 Factors associated with CRC screening rates and adoma rates
2.8.1 Patient factors

The factors associated with the uptake of CRC sangdests are widely
documented, and are similar to other preventioeesgngs, including race/ethnicity, age,
education, income, having health insurance covei@ue having a usual source of care.
One study evaluated the 1987, 1992, 1998, 20002608 National Health Interview
Survey (NHIS) findings (Meissner 2006). Use of C&eenings was higher among
individuals with private health insurance, a us@lirce of care, and who were older,
White, married, having higher annual household mmepand higher education (Meissner
2006). The prevalence of adenomatous polyps wasvsbg associated with age, but
increasing age was not associated with an inciegsayp size (Rickert et al 1979,
Hughes 1968). The incidence of colorectal canchigker in males than in females
(Globocan (IARC) 2008, Jemal 2011, Meissner eD8I6). Nationally, the CRC
incidence for Blacks is 12.3% higher than WhitesxXRt al 2004). In South Carolina, the
disparity is worse; Blacks have approximately 30gtar incidence rates than Whites
(Daguise et al 2006). Overall, men have a highexestng take up rate than women
(Green et al 1999, Brawarsky et al 2003, Etzioml &004). In 2000, women had a
greater use of FOBT than men, but men had a hgdwscopy rate than women (Seeff
et al 2004). Men had a higher uptake rate of sigmexopy than women (Meissner et al

2006).
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The CRC death rate remains highest among Blackgi@la et al 2002). This
may due to lower screening rates in this group (fitom et al 2007; Zimmerman et all
2006; James et al 2006; Vlahor et al 2005; Shokal 2007; Shokar et al 2008; Zhao et
al 2006). At a population-level, reduction in CRt€idence rates are about 50% less
among Blacks than among Whites (Gargiullo et a2X0CGRC incidence rates among
Whites have been decreasing since 1985, and Btatés have remained relatively
unchanged (Gargiulo et al 2002; Jemal et al 20@%5 Bt al 2000). Further, Blacks are at
higher risk of being diagnosed at an advanced dastegic stage, where Whites are more
likely to be diagnosed at a non-advanced or loedlstage (Weir et al 2003; Daguise et
al 2006).

Studies have demonstrated that Blacks sufferegt@hproportion of adenomas
in the proximal colon than Whites, which in othesrds, more proximal adenomas in
Blacks that are missed by sigmoidoscopies (Thor@@f}¥, Johnson 1986, Ozick 1995,
Mayberry 1995, Nelson 1997, Thomas 1992, Rex 2000t makes worse is Blacks are
documented to be less frequently screened by cetmpy but sigmoidoscopy (Peterson
2008).
2.8.2 Physician factors in screening coverage

Although the effectiveness of colonoscopy screemmueventing CRC is
documented, screening colonoscopy coverage in $pdpulation remains low. This is
partly due to the low endoscopy capacity due thatage of providers. Currently,
gastroenterologists are the main type of physisiha performs screening colonoscopies.
The capacity for screening colonoscopies by gasteoelogists shows a big gap between

the supply of colonoscopies and the eligible papaethat needs to be screened.
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According to the American Board of Internal Medeithere are only 13,968 certified
gastroenterologists in the US, annually increabydt0 gastroenterologists (ABIM
2013). The colonoscopy capacity is only 63% (14illans) of the estimated annual

22.4 million colonoscopies (Seeff 2004), and therease of the aging population,
including baby boomers, widens the gap. To covee4.0f all age-eligible
colonoscopies, an estimated additional 7,340 gasteoologists are needed (Vijan 2004).
In South Carolina, an estimated 484,000 colonossogie needed annually to screen the
average-risk population older than 50 years; howeke current colonoscopy capacity
that could be provided if needed is 157,000, wisicbws an unmet need of two-thirds of
screening colonoscopies, which stands in the wagalizing the CRC prevention
benefits of colonoscopies (Seeff 2006). Similanyfennessee, the current estimated
colonoscopy capacity based on gastroenterologistsbers alone is for 84,000 non-
Medicare insured patients per year to be providegesnings, whereas an estimated
950,000 to 1.1 million additional screening colocayses are needed (Cattau 2010). An
important point to consider is that when the sumflgastroenterologists is limited,
especially in rural areas, colonoscopies providettdined PCPs could be a solution to
fill the gap. However, the widespread belief istth@cause gastroenterologists are
specialists, they will have superior performan@nthon-gastroenterologists. One study
showed that non-gastroenterologists detected atibdreancer in 87% of patients with a
true cancer compared to 97.3% of true cancer aztdnt gastroenterologists (Rex 1997).
However, the distribution of incomplete colonos@spamong these groups was not
reported, which may influence the interpretatiomofcomes. Another factor noted by

the author affecting the difference in cancer detacsensitivity of gastroenterologists
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compared with non-gastroenterologists was the ddakformation in the latters’ training
in colonoscopy. Some of them were self-trained @thdrs had variable (not
documented) levels of colonoscopy training.

Two Canadian studies reported that persons withnosicopies performed by
non-gastroenterologists had a higher risk of subsetgfCRC compared to those
performed by gastroenterologists. One retrospectw®rt study of colonoscopies
conducted in Canada during 1992-1997 with up t&-gelar follow-up of 110,000
patients reported higher risks of interval candtra negative colonoscopy when
patients were provided the service in a hospitdingeby non-gastroenterologists
compared to gastroenterologists (40% higher foeg@rsurgeons and 30% higher for
internists and family physicians), but no differerveas found in physician office settings
(Rabeneck 2010). Another study matched colonossamee in 1997-2002 with the
Ontario Cancer Registry and also showed higher otl@RC for non-gastroenterologists
compared with gastroenterologists among both mé&=0077) and women (OR=1.85)
(Bressler 2007).

In contrast, other research has shown that trddt&fés’ performance is
comparable or better than the current benchmarfsiality set by the US MultiSociety
Task Force (USMSTF) for gastroenterologists, frasthlithe patient safety and adenoma
detection perspectives (Wilkins 2009, Xirasagar®0Bierzchajlo (1997) reported a
91.5% cecal intubation rate and 17.8% ADR amongctdnoscopies performed by
family physicians, which meets the USMSTF recomnagind that>90% of

colonoscopies should achieve cecal intubation stersily. This study’s ADR
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approaches the ADR standards-@65% for women and25% for men (Rex, Bond,
Winawer 2002).

Another series of 200 colonoscopies performed hyilfaphysicians documented
highly competent performance by trained family pbigss with 96.5% cecal intubation
rate and 22.5% neoplastic polyp detection rate @ds/2004). A retrospective case
review of 731 colonoscopies performed by two famitysicians credentialed for
sigmoidoscopy and initially supervised by theireredl gastroenterologist reported that
they had a ADR of 27.2% in men and 21.4% in wontieoigh the cecal intubation rate
was close but lower than the USMSTF standard (8Ri6%heir starting phase (1996-
1998) and improved to meet the USMSTF standar®}at a later phase (1999-2001)
(Newman 2005).

Another potential reason to consider PCPs for sangecolonoscopies is that
racially concordant PCPs may be more acceptalid&atk patients due to historic race
relations and trust issues. Black patients haviglzehincidence of CRC (about 16%) and
47% higher CRC mortality than white patients. Tge af CRC onset is earlier among
black patients, and CRC is more aggressive amounggey age groups. Therefore it is
important to increase screening colonoscopy ratesg black patients. A previous
study on the black PCPs trained in colonoscopyesing showed that they have a
significantly positive impact on their black patighcolonoscopy screening rates, 66%
higher than those untrained in colonoscopy screef@% before starting training vs.
48.3% after the PCP started doing procedures)blask patients of trained PCPs, they
are 5 times more likely to get a colonoscopy thaitevpatients in the post training

period; during the same period, their white paseablonoscopy screening rates remain
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unchanged. In comparison, black patients of blatkained PCPs showed a change over
the same period from 10.4% to 38.7%, and the wdateents from13.3% to 13.2%
(Xirasagar 2011).

Comparing estimates of the number of gastroentgisttoneeded with the newly
gualifying gastroenterologists each year, it vake approximately fifteen years to fill the
colonoscopy capacity gap (Vijan 2004, ABIM 2013avthg primary care physicians
perform screening colonoscopies may be a solut@over the unscreened population,
which is 60% of currently eligible population (Se2004). However, the training of
primary care physicians in colonoscopy remains \@ny Only 4% of graduating family
medicine residents applied for colonoscopy credéng in 2002 even though about half
of the residency programs offered colonoscopy imgito family medicine residents, and
only 18% of these programs had anyone registendggetting trained (Wilkins 2004).
While research has documented that “trained” pynecare physicians can provide
competent and safe colonoscopy (Edwards 2004, Nev29@5, Wilkins 2009), there is
no documentation of the training process or offe¢ocols used by high-performing
PCPs. This study presents the protocol that wasistemtly used to train primary care
physicians, which requires a 2-person technique jeiudes other elements to
maximize colon surface inspection and to minimieeltkelihood of missing polyps.
2.8.3 Procedure protocol features in colonoscopy quality 2-person technique

Physician fatigue is reported to be a likely factoadenoma detection rates,
particularly as the day progresses. Physicians’ ARR afternoon procedures were

significantly lower than those of their own mornipgpcedures (25.3% vs. 29.3%,
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p=.008), with a 20% higher chance of detecting@mama in morning procedures
relative to afternoon procedures (Sanaka 2009).

The phenomenon of potentially lower quality outdue to fatigue is not limited
to physicians. A study of the judicial system oae #ssociation between the likelihood of
favorable parole ruling in the morning comparedtite afternoon showed that judges
were more likely to issue a favorable parole ruimghe morning than in the afternoon
and immediately after the lunch break than in #terlafternoons. The authors suggested
that mental fatigue level may be less at the beggaof the work day and after a short
break to eat a meal or rest (Danziger 2011). IrcHse of colonoscopies, studies on the
presence of second observers in colonoscopy proegdue shown to increase the
colonoscopy quality in terms of adenomatous poltection. A retrospective study of
the involvement of an attending gastroenterologyist a gastroenterology (Gl) fellow
reported that those procedures have significargtieb ADR (37% vs. 23%, p<.01).
Similarly the mean number of adenomas detecteduyggect (MNA) was higher (0.56
vs. 0.3, p<.05), and the total number of adenonesscted among patients with
adenomas was higher (procedures with 2 adenomasd feas 13.1% vs. 5.6%, P<.05; 3
and more adenomas found: 6% vs. 1.6%, p<.05) (R@GAB). These procedures had the
trained Gl fellow performing the procedure while thttending gastroenterologist was
present in the room throughout watching the vidgeen and physically took over the
scope for the difficult or complicated situatiomceuntered, letting the fellow complete
the remaining procedure after assistance was mgetameeded. The procedure itself was
performed by one person (either the fellow or theraling gastroenterologist) at any

given point. Another retrospective study that waslimited to screening colonoscopies
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reported that the rate of small (<5mm) adenomactietewas significantly higher when

a fellow performed the procedure and the attendagiroenterologist observed the
screen, compared to the attending gastroenterologiforming the procedure without a
Gl fellow present (25%vs. 17%, p=.001) (BuchnerD0The authors specified that more
experienced fellows (e.g., the second-year and-grear fellows) can perform the entire
procedure with attending physicians’ oversight.

A reduced likelihood of missing lesions due to aisfatigue is one advantage of
having a 2-person technique where an additionalgmewatches the video screen. In a
recent prospective study, having a dedicated enggsturse observe the screen while
the attending physician performed the colonoscagyificantly increased the number of
polyps detected per patient (adjusted OR=1.26) emetpto the attending physician
performing without a nurse observer. This effecs wastained for non-pedunculated
polyps, showing that the nurse observer contribtddtie detection of flat/sessile polyps
(Aslanian 2013).

Improvement in adenoma detection with a secondggaaiht in the procedure is
further influenced by the experience level of teef@rmer. Peters et al (2010) studied a
similar protocol where fellows performed screentotpnoscopies under the supervision
of the attending physician. They compared theseqalares with the Gl attending
physician performing alone. Similar to other stgdidey reported that with a second
practitioner involved in the procedure, tadenomzcteon improved (odds ratio (OR)
=1.32). Further, this improvement was correlatetth whe fellowship year of the Gl
fellow, the rate of adenoma detection for third+yledlows being almost double that of

first year fellows (OR =1.7). In a prospective stund Korea, six hospitals followed a
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protocol of having an endoscopy nurse administethiegsedation under the
endoscopist’s supervision and also serving as@seabserver of the video screen for
the colon inspection. As an observer, the endosoopse assisted in identifying
suspicious lesions through the screen, with no $rmmdassistance involved. With an
endoscopy nurse as a second observer, the likelibbfinding a polyp/adenoma
increased (OR =1.58 for polyp, and 1.47 for adenparaeffect that was confined to
fellows performing their 150th-500th procedures (€8R07) and this effect was not
observed for senior attending gastroenterologistse 011).

However, another non-randomized prospective stodgected at a single-center
reported no significant difference in polyp detentrates with additional observers
(single-person: 32%, dual-observers: 33%) and @nacha detection (19.3% vs 14.9%)
(Eckardt 2009). This study shared similar desigmelnts as other studies: the trainee
performs the procedure while the attending physisigpervises and provides rescue
assistance. The dual-person procedures showedlardiBR as the single person
procedures, but showed a lower ADR because a hgbeortion of diminutive (<5 mm)
hyperplastic polyps were removed in the dual-pergonps.

To our knowledge, research on the “2-pearson teeteriithus far has studied
similar protocols, namely, having a second persofolserver”. In our study setting, the
protocol uses a hands-on 2-person technique to eosage for the lack of specialist
training of the PCPs. In this protocol, a trained@scopy technician advances the
colonoscope, and the PCP works the tip of the stmpeolyp search and removal. This
method has the additional advantage of avoidingimgspolyps due to physician's motor

fatigue particularly of the left or non-dominantigia It confers the dexterity of two
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“right” hands (of the two participants) for polypach and removal, and further, ensures
more persons watching the video screen for polkdditionally prior research on the 2-
person technique protocols involved a second obsevith the polyp search limited to
the phase of withdrawing the scope. Our study certpiires gradual insertion and
withdrawal of the colonoscope with polyp search eexdoval both during insertion and
withdrawal to maximize coverage of all mucosal aoes and to minimize chances of
“losing” a polyp that may be encountered duringentisn but not traced during the
withdrawal phase, which is the phase when gasteoelogists typically perform
polypectomy. Because of these differences, ther@epetechnique protocol in our study
setting is unique and when applied to PCPs, thetmurearises, does this technique
enable the quality of PCP-performed colonoscomdsetcomparable to specialist-
performed colonoscopies. This study addressesdbearch question.
2.8.4 Sedation during colonoscopy

Colonoscopy can be painful and stressful to patieftie fear of discomfort may
prevent some persons from accepting CRC scree@migcerns regarding unsedated
colonoscopy may provide a negative perception framscopy to the public, and hence,
diminish the acceptability of colonoscopy, impedihg early detection of adenomatous
lesions and thereby, limiting CRC protection (ReXB&alfan 2005, Sipe, Rex ,
Latinovich 2002). Pain control is a priority fortgants. Deep sedation puts patients into
an unconscious state during the procedure and/esligatients of the anxiety of the
impending discomfort. Deep sedation is therefocememended, based on evidence that

patients experienced little/no pain and that th@oenope is more readily advanced
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through the colon when the patient is deeply sed@ex & Khalfan 2005, Sipe, Rex,
Latinovich 2002, Heuss 2004).

Sedation for routine colonoscopy is either modeoatgdeep. Moderate sedation
induces a state of drowsiness or sleep during ofdse procedure, and is commonly
performed with a benzodiazepine alone or with nagstpioids. Patients with moderate
sedation can be readily awakened when spokenttiiohed (American Society of
Anesthesiologists (ASA). Deep sedation is a stdtera patients are asleep throughout
the procedure with little or no memory, commonlgluced with propofol. Patients with
deep sedation breathe slowly, requiring oxygeimatd, and sleep deeply until the
medication wears off (ASA).

Physical status is evaluated before sedating pgatierassess fitness for the
procedures as per the ASA Physical Status Claasdit System (Source: The Cleveland
Clinic Foundation). This was developed in 1963 sncbnventionally used:

® ASA PS1: the normal healthy patient (no organigspdlogic, or psychiatric
disturbance; excludes the very young and verylwajthy with good exercise
tolerance)

® ASA PS2: patients with mild systemic disease (nmfwnal limitations; has
well-controlled disease of one body system; coladohypertension or
diabetes without systemic effects, cigarette sngpliithout chronic
obstructive pulmonary disease (COPD); mild obegitggnancy)

® ASA PS3: patients with severe systemic diseaseddanctional limitations;
has a controlled disease of more than one bodgrsyst one major system; no

immediate danger of death; controlled congestiatHailure (CHF), stable
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angina, old heart attack, poorly controlled hypesten, morbid obesity,
chronic renal failure; bronchospastic disease witkrmittent symptoms)

® ASA PS4: patients with severe systemic diseasdagtetonstant threat to life
(has at least one severe disease that is poortyotled or at the end-stage;
possible risk of death; unstable angina, symptan@®PD, symptomatic
CHF, hepatorenal failure)

® ASA PS5: moribund patients who are not expectesiitgive without the
operation (not expected to survive > 24 hours witlsurgery; imminent risk
of death; multiorgan failure, sepsis syndrome Wwgmodynamic instability,
hypothermia, poorly controlled coagulopathy)

® ASA PS6: a declared brain-dead patient whose orgam$e removed for
donation purposes

The efficacy of sedation is often assessed by lisemwer’'s assessment of the

patient on the alertness/sedation scale (Table(2{83rnick 1990):
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Table 2-3 the observer’s assessment of the patrettie alertness/sedation scale

Composite | Responsiveness Speech Facial Eyes

score Expression

5 Responds readily to | Normal Normal Clear, no
name spoken in ptosis
normal tone

4 Lethargic response to Mild slowing Mild relaxation | Glazed or milg
name spoken in or thickening ptosis (<1/2
normal tone eye)

3 Responds only after | Slurring or Marked Glazed and
name is called loudly| prominent relaxation marked ptosis
or repeatedly slowing (slack jaw) (>1/2 eye)

2 Responds only after | Few recognized / /

mild words
prodding/shaking

1 Does not respond to | / / /
mild
prodding/shaking

Source: Chernick DA, Gillings D, Laine H et al. \éily and reliability of the observer’s
assessment of alertness/sedation scale: studyntrilvenous midazolam. J Clin
Psychopharmacol 1990; 10: 244-51.

2.8.5 Sedation type and colonoscopy quality

There is little documentation of associations betwsedation type and
colonoscopy procedure quality and outcomes. Thaadla evidence is mixed. Two
major quality indicators, the procedure completiate (cecal intubation), and adenoma
detection rate show positive associations with despdation in some studies (Chelazzi
2009, Radaelli 2008, Wang 2010), and show no saamt associations in other studies
(Paspatis 2011, Rex 2012, Metwally 2011, Bannet220

Chelazzi et al (2009) reported that proceduresezhout under propofol sedation
have a 100% completion rate, while non-sedatedepiaes had only 91.1% completion
rate (p<.05). The median insertion time was 9 nagadior the propofol group and 10.5
minutes for the non-sedated group (p=.0086). Irstree study, the total procedure time
mirrored the insertion time pattern (15 min. vs.518in., p=.09). Because bowel

preparation status significantly influences cecatabation, Radaelli et al (2008) studied
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the association between contribution of bowel pragoan status, and sedation type.
When compared to excellent bowel preparation, dumdel preparation is around 40%
less likely to intubate the cecal (OR =0.586; p@246, inadequate: 0.013). Regarding
sedation type, propofol-sedated procedures hadi¢iest odds of cecal intubation (OR
=2.355), followed by the benzodiazepines and opigenen (OR =2.128), followed by
the benzodiazepines alone (OR =1.46), compardtetad sedation group (OR =1). This
study also explored the associations with polygdein, and reported similar direction
of associations to cecal intubation. The likelih@ddietecting any polyp was highest in
the propofol group (OR =1.317) compared to the sedated group, followed by
benzodiazepines alone (OR =1.121), and there wagyndicant difference between no
sedation and the benzodiazepines and opiate g@Rp1.105, p>.05).

A study from Greece using midazolam and pethidedason for all procedures,
distinguished between moderate sedation (MS) aad dedation (DS) based on dosage.
They reported no significant difference in polypge#ion rates (MS: 61.5%, DS: 63.6%),
adenoma detection rates (MS: 59.5%, DS: 60.4%)yighticolon polyp detection rates
(MS: 34.4%, DS: 36.8%) (Paspatis 2011). Anothedywghowed no difference between
procedures sedated by propofol and by midazolatafghin adenoma detection rates
(OR=1.07 (95%CI: 0.91, 1.26 for propofol)) (MetwaR011). A retrospective cohort
study across 72 facilities reported that with matkesedation, the polyp detection rate
was higher than deep sedation (37.7% vs. 34.1%0p&). However, the advanced
adenoma rate was higher for deep sedation (7.2%4sp=.01), the effect being greater
in facilities where deep sedation procedures exa®d0% of its total procedures (7.5%

vSs. 5.7%, p=.003) (Wang 2010).
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While evidence for procedure completion and dedectf adenomatous polyps is
mixed, sedation use has shown higher patient aatish on pain control. Propofol
sedated patients were the most consistent in iagord pain (102 out of 102 patients),
while the midazolam group (17 out of 23 patients) ao sedation group (11 out of 22
patients) had very low percentages indicating no (@asparovic 2003).

The duration over which the patient achieves adegsedation (onset time) and
the duration in which the patient remains drowsgrathe procedures (recovery time)
remain important. When compared with moderate smuahe deeply sedated group
showed a shorter sedation onset time (time to sedadimer et al (2003) reported a mean
sedation time of 2.1 minutes for propofol and 6ifhutes for midazolam/fentanyl
(p<.0001). For recovery time, studies have reporténl 16.5 minutes for propofol, 27.5
minutes for midazolam/ fentanyl, 20 minutes for aadlam alone, and 33 minutes for
midazolam/meperidine (Sipe 2002, Gasparovic 2003e2003). Deep sedation by
propofol is significantly time saving as both prdaee time and recovery time are
shortened, compared to moderate sedation by ary séllative or combination of
sedatives. However, the mixed results for the offoatity indicators suggest the need for
studies in settings where other protocol-relateti@ocedure-related elements that
influence these quality indicators are fixed, emaplnambiguous determinations of the
sedative effect on these indications. A major latdn in comparing the various studies
in sedation type vs. adenoma rate is the wide (cunadented) variation in all the other
elements of the colonoscopy protocol and procetiomes that would impact the ADR.
Our study setting compared patients sedated withgfol (all procedures starting from

April 2006) with midazolam-meperidine procedures-pipril 2006.
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2.9 Significance of the research

This research is based in a setting where alleh®ming colonoscopy protocol
elements other than the two study items were ftkegughout the study period. This
allows the specific protocol elements (2-persohnéque or sedation type) to be
accurately evaluated for their impact on ADR arfteometrics of colonoscopy quality.

An earlier study of 10,958 colonoscopies perforig®l PCPs between October
2002 and November 2007 in this setting documerttedhigh quality of screening
colonoscopies performed by PCPs, all of whom weaggiired to use the 2-person
technique along with polyp-maximizing protocol. Tdngality indicators in that study
cohort exceeded the ASGE-recommended standardsabfyq The cecal intubation rate
was 98.1%, which is higher than the ASGE stand&8b%. The adenoma detection rate
was 30%, 34.6% in men and 25.4% in women, whictbatie above the ASGE standard
(men>25%, womer15%). The minimum withdrawal time recommended &y ASGE
when no polyps are found is 6 minutes comparetdartean withdrawal time of 8
minutes for no polyp procedures in a subset ottireent study cohort (Xirasagar 2010).
Other research has also documented that trained’ERormance quality can meet the
current benchmarks of quality established by theMiBiSociety Task Force on
colonoscopies for gastroenterologists on both pasiafety indicators and adenoma
detection rates (Pierzchajlo 1997, Edwards 2004kikdé 2009, Newman 2005).

It is possible that racially concordant PCPs maynoee acceptable to black
patients due to historic race relations and miswtiblack providers. A study of the

patient panels of these PCPs showed high colongsmmppletion rates of 48.3% among
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black patients of black PCPs trained in colonosaapgening, showing a five-fold
increase compared to before training rates (Xirasag11).

Literature regarding the relationship between pfolpgedation and colonoscopy
guality has focused largely on shorter onsets @&tsen and shorter recovery times (Sipe
2002, Gaspsarovic 2003, Ulmer 2003) and on betier gontrol (Gasparovic 2003) and
procedure completion (Chelazzi 2009, Radaelli 200Bg evidence regarding propofol
contribution to the detection of adenomatous pohgpsains mixed, with no resolution in
sight due to a lack of standardized procedure podscacross procedures with potential
confounding.

In short, the associations of the study centerigwative hands-on 2-person
technique with adenoma detection rates, and tlee@s®ns of propofol sedation with
clinical quality indicators need rigorous study.ditbnal indicators such as likelihood of
finding smaller adenomas, and anatomic locatione mat been studied so far. This
study will test hypotheses regarding the associatad 2 protocol elements, 1) 2-person
technique, and 2) propofol sedation, with adenogtadlion rates, numbers of adenomas
detected, procedure times, polyp sizes and polggtiens. The purpose is to further
clarify whether these two protocol elements impreffectiveness in adenoma detection

and therefore, effectiveness in preventing furttworectal cancer.
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Chapter3 METHODS

This chapter discusses the methodology used irstady). Sample selection and
statistical analysis methods used to achieve tigysibjectives will be displayed in this
chapter.

3.1 Research questions and Hypothesis

An earlier study documented the high quality oksaing colonoscopies
performed by PCPs in this study setting withoueas#g the role of the 2-person
technique in the results (Xirasagar et al 2010jh&t study a subset of the current series
showed a cecal intubation rate of 98.1% , an adardetection rate of 30% (34.6% in
men and 25.4% in women), and a mean colonoscopelraival time (when no polyps
were found) of 8 minutes. The quality indicatorshis study cohort exceed the ASGE-
recommended standard (Xirasagar 2010). Studiesdiegahe 2-person technique have
been limited to having a second observer in thegaore room (Rogart 2008, Buchner
2011, Lee 2011). The 2-person technique elemetitegprotocol in this study refers to
having an endoscopy technician provide “hands-@sistance to the endoscopist
throughout the procedure in advancing and withdngwihe endoscope. In this study
setting, all 54 PCPs who performed colonoscopie®g wexjuired to use the 2-person
technique. Among specialists/experts, 2 of thensehwt to use the two-person

technique. We studied the quality indicators irsththree groups of procedures.
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The documented literature regarding propofol seddtias focused on sedation
onset and recovery time (Sipe 2002, Gasparovic ,2008er 2003), or better pain
control (Gasparovic 2003) and procedure compldi@helazzi 2009, Radaelli 2008),
while the effect on detection of adenomatous potgpsains controversial.

This study will address the following research ques:

1) Is the quality of colonoscopy performance by PC$isgia hands-on 2-person
technique similar to that of specialists using @ire protocol (one person
technique)?

2) Within specialists, does the 2-person techniqueawvgthe adenoma yield and other
indicators of better adenoma clearance?

3) Does propofol sedation improve the quality of calstopy performance outcomes?

For all questions, we will study the indicatorsagenoma detection rates, numbers
of adenomas detected, procedure times, polyp pemtigularly small adenoma
detections, and polyp anatomic locations.

3.1.1 Research questions

The literature and explanation documented in tle®ipus chapters map out the
research questions:

1) Does the protocol element, 2-person technique,ongscreening colonoscopy
quality in terms of the adenoma detection ratentimaber of adenomas, the size of
polyp, and the location of polyp?

2) Is sedation type associated with performance quialiterms of the adenoma
detection rate, the number of adenomas, the sipelgp, and the location of polyp?

3) Is there an association between procedure timegetson technique?
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4) Is there an association between procedure timeatation type?

3.1.2 Study hypotheses

1)

2)

3)

Hypotheses related to the hands-on 2-person testniq

a) The likelihood of detecting a/an polyp/adenoma BB using 2-person
technique and specialists using 2-person techngjbgher than specialists using
1-person technique. (In this center, no PCP wamipted to perform with the
solo technique)

b) More polyps/adenomas are detected by 2-personitpen®PCPs and specialists
than solo-performing specialists.

c) More number of small polyps will be detected bye2gon technique PCPs and
specialists than that of solo performing specislist

d) The likelihood of detecting a right colon polyp Woke higher for 2-person
techniqgue PCPs and specialists than solo-perforspegialists.

Hypotheses related to sedation type:

a) Propofol sedation procedures are more likely tagsociated with a/an
polyp/adenoma detected than Midazolam-meperididatgm procedures, and the
increased likelihood will be observed for large anahll polyps.

b) Propofol sedation procedures are more likely tassociated with detection of
right colon polyps than Midazolam-meperidine semtaprocedures.

Hypotheses related to procedure duration:

a) Procedure time is longer with the 2-person techaidpan with 1-person

technique after controlling for number of polypsifial.
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b) Procedure time is longer with the 2-person techagpecialists than with 1-

person technique specialists after controllingifember of polyps found.
4) Hypothesis related to the fourth research question:
a) Propofol is associated with longer procedure tihmntMidazolam-meperidine as
patient will be well sedated and the endoscopisttake time to complete the
procedure carefully.
3.2 Methodology
3.2.1 Data source

The setting of this study is a state-licensed aatbwy surgery center for
endoscopy, South Carolina Medical Endoscopy CE€B€MEC), in Columbia, South
Carolina. To begin with, the Center trains PCP#$witlactic instruction followed by a
colonoscopy simulation model, and then initiatésichl procedure training with
patients. The Center requires hands-on supervaidmarticipation by the specialist for
the first 140 procedures (the ASGE-prescribed léregastroenterology residents to be
credentialed for independent colonoscopy performahRaigel 2007). The
specialist/expert (gastroenterologist/colorectagjisan) initially provides the PCP with
hands-on assistance to push the scope and ag$istpamanipulation and polypectomy
up to 140 procedures. The frequency of manualtassis by the expert/specialist is
gradually reduced, and transitioned to the verbsistance to navigate difficult colonic
segments and/or diverticula. Finally, post-training PCP performs without specialist
oversight, and the specialist intervention is ledito therapeutic assistance when called

upon to remove advanced adenomas, polyps at diffaations, control bleeding,
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and/or manage spasms. The Study Center’s trairiiRg€Bs was started in 2001, and 54
PCPs were trained as of February 4, 2011.

The SCMEC protocol requires a 2-person techniquealfd®CPs regardless of
training status, i.e., even after training. All PORave to bring their patients to the
SCMEC and cannot perform the procedure at their offices. The SCMEC innovative
protocol has the following unique features: a) éAfiraining procedures are completed)
An endoscopy technician advances the colonoscoge thie physician manipulates the
scope tip for polyp search and removal. This methadmizes the missing of polyps
due to physician's motor fatigue, confers the déytef two “right” hands for polyp
search and removal, and ensures more persons ngttie video screen for polyps. b)
Since April 2006, propofol sedation occurs insteathe conventional midazolam-
meperidine combination sedation, ¢) Gradual ingeréind withdrawal for polyp search
and removal maximizes the coverage of the colonicasal surface, d) A minimum of 3
persons watch the video-screen to identify abnormatosa and polyps to assist the
performing physician.

This is a retrospective study of all screening nokxopies performed between
September 4, 2001, through February 4, 2011, &S@MEC. Over the study period, 59
physicians performed the procedures included. Tév@e2’s innovative protocol of 2-
person technique was consistently complied by %Biptans (54 PCPs and 3 specialists),
PCPs are defined as those with family medicinerial medicine, pediatrics or
obstetrics/gynecology specializations. Two spesiigifone colorectal surgeon and one
general surgeon during one year) did not follow2kgerson technique.

3.2.2 Approaches to test the study hypotheses
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We first tested the effect of sedation type on Bgsprians performance in terms
of procedure time, cecum intubation, polyp and adndetection before (Midazolam-
meperidine sedation) and after the execution gh@ia sedation at a procedure cut point
of April, 2006. Our hypothesis regarding the effetthe two-person technique features
of the new protocol is that specialists should grenf better than PCPs within the two-
person technique procedures in terms of our quialiicators. To validate the
hypothesis, quality indicators were compared of $pecialists who did not follow the
innovative protocol with three specialists who @égidd PCPs (all 2-person technique).
The effect of the 2-person technique within spé&stimlwas also evaluated. Two
specialists not following the new protocol were @amed with the remaining specialist
endoscopists who followed the protocol.

The hypothesis regarding sedation type is thaepttisedated by propofol should
have better outcomes than those sedated by Midazwol@peridine in terms of our
selected quality indicators. To validate the hypseth, the quality indicators of patients
sedated by Midazolam-meperidine were compared patients sedated by propofol.

The quality indicators of interest were procedumreet cecum intubation rate,
likelihood of polyp detection and adenoma detectiba number of polyps/adenomas
detected per screened person (MNP/MNA), polyp sind,detection of right-sided
polyps. MNP and MNA were to show the total polypgiaomas each physician found

among their procedures calculated into a meangoeesed person. The size of the polyp

is the diameter, categorized=Smm, 6- 9 mm, or 10+ mm. Polyp location refers to

anatomic location in the colon, left colon or rigiaion.

3.2.3 Regression Models
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In selecting the multivariate analysis method, \&d to ensure that the statistical
analyses address non-independence of data duesterohg of patients within physician.
Random-effect regression models address such ghgstey incorporating a random
effect for physicians and fixed effects for othevariates in the model. Alternatively,
fixed-effects regression models incorporate a figiect for each physician, though this
approach is more difficult to translate to datarfrother physicians. Finally, generalized
estimating equations (GEE) modeling, assumes afgpearrelation structure for the
repeated measures data per physician. We modetethta using GEE Models for
which we assumed an exchangeable correlation stricil his structure assumes that
any two observations from different physiciansameorrelated, and any two
observations from the same physician are the satne yno matter which physician).
Our inference was based on statistics constructed the modified sandwich variance
estimator so that inference is robust to any witigsician correlation structure no
matter how different from exchangeable. GEE wasl igezause it accommodates within-
physician correlation without focusing attentiontbat aspect of the data analysis. The
within physician correlation is treated as an dagilproblem to be accounted for but not
of profound interest. When using the exchangeatueelation structure for a linear
model, the regression parameters of the GEE aebgally equivalent to the
correlation among patients within a physician paridle same is not quite true for
inference of regression parameters from the lagS&E and logistic random effect
models. GEE was determined to be the optimum muglédiol for these analyses.

a. Testing the association of a protocol feature witprocedure time

69

www.manaraa.com



GEE is used to model covariates in a generalizezhtimodel with either
unknown or expected correlation between outconés described as follows:

“It is a method of analyzing correlated data thaherwise could be modeled as a
generalized linear model. GEEs have become an itapostrategy in the analysis of
correlated data. These data sets can arise frorgitadinal studies, in which subjects
are measured at different points in time, or frdostering, in which measurements
are taken on subjects who share a common charatitesuch as belonging to the
same litter.” (SAS online support)

Linear GEE regression was used to study the asswctiaetween the procedure
time and our variables of interest. The hypothéssted using this regression method
were as follows:

1) Patients subjected to the 2-person techniguehawie longer procedure times
than under the 1-person technique after controflinghe number of polyps found. (This
is because having an extra person hands-on servemtorce the Center’s requirement
of gradual insertion and withdrawal of the coloragse to carefully work with the folds
and search for polyps covering all possible mucssghces.)

2) Within the 2-person technique group, PCPs valldnlonger procedure times
than specialists after controlling for the numbiepalyps found. (This is expected
because PCPs may have less skill than specialisivigating the colonoscope)

3) Propofol-sedated patients will have longer pdoce times than midazolam-
meperidine-sedated patients after controlling iermumber of polyps found. (This is

likely because of better pain control under propofaus the need to rapidly wind down
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the procedure due to patient discomfort shoulcebe tommon with propofol than with

Midazolam-meperidine.)

b. Testing the likelihood of finding any polyps/adenoras/advanced neoplasms

Logistic GEE regression, a regression model fonaicmous dependent variables,
was used to test the hypotheses regarding PDRssA®R advanced neoplasms
detection rates. Hypotheses tested by GEE were:

1) 2-person technique procedures will be moreyikelhave at least one
polyp/adenoma/advanced neoplasm detected tharsb+ptrchnique procedures,

2) Within the 2-person technique group, PCPs vélbB likely as specialists to detect at
least one polyp/adenoma/advanced neoplasm,

3) Propofol sedated patients will be more likehhtave at least one
polyp/adenoma/advanced neoplasm detected thanitteztam-meperidine sedated
group.

c. Testing the likelihood of finding additional polypsand adenomas, and the
likelihood of finding progressively smaller polypsas well as the likelihood of
right colon polyps

Ordered logistic GEE regression, a regression nmuglehethod for ordinal
dependent variables was used to test whetherkdighibod of finding each additional
polyp/adenoma in a patient, the likelihood of fimglprogressively smaller polyps, and
the likelihood of finding a right colon polyp, ireaised with the use of the 2-person
technique.

Our study hypothesized that compared with the sgretechnique, 2-person

technique procedures are more likely to be assatiaith at least one polyp found
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relative to zero polyps. This relationship remahes same when moving to the next
comparison level, i.e. finding 2 polys vs. only gayp. Likewise, for the size of the

polyp, we hypothesize that compared to the 1-petsdmique, 2-person technique

procedures are more likely to be associated wimall €5 mm) polyp found relative to

a medium (6-9 mm) polyp. The relationship is hygsiked to be similar for the next
level of polyp size, that compared to the 1-petsahnique,2-person technique
procedures are more likely to be associated wittedium (6-9 mm) polyp found relative
to a large (10+mm) polyp. Finally, for polyp anatorocation, we hypothesize that
relative to the 1-person technique procedures r@gpetechnique procedures are more
likely to be associated with at least one righbogbolyp found relative to only left colon
polyps found.

Regarding sedation type, the assumptions is thrapaced to midazolam-
meperidine sedation, propofol-sedated procedueemare likely to be associated with at
least one polyp found relative to zero polyps. $ame association carries to the next
level as explained above. As for polyp size, wedtlgpsize that compared to the

midazolam-meperidine sedation, propofol-sedatedqutores are more likely to be

associated with detecting sma#s(mm) polyp(s) relative to medium (6-9 mm) polyps.

The relationship remains the same on the next,les@th means compared to the
midazolam-meperidine sedated group of procedunespiopofol sedated procedures are
more likely to be associated with finding a medi(@® mm) polyp found relative to

finding only a large (10+ mm) polyp. Lastly, comgdito midazolam-meperidine
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sedation, propofol-sedated procedures are morky likde associated with finding at
least one right colon polyp relative to only lefi@n polyps found.

3.3 Preparing and cleaning the data

3.3.1 Data extraction and sample data

A total of four datasets without personal identifyiinformation on all
colonoscopies conducted during September 4, 200 Fabruary 4, 2011were extracted
into Microsoft EXCEL from the SCMEC computers indaiversity of South Carolina
(USC) computers. The four datasets were physicaaset, procedure dataset, polyp
dataset, patient dataset (appointment and racesgarfdrmation stored in Mysys and
FoxPro at SCMEC).

The physician dataset includes the informationteel&o the physician, such as
the physician name, the gender, the race, age230af, the year of graduation, the area
of specialty, and board certification. The proceddataset includes the clinical
procedure notes: time of scope insert and timebahus, the time of staring the
withdrawal (when cecal was viewed), was the segalemimber of this procedure under
the training process, and the section of the cafoto which the colonoscope was
advanced to for the patient in this procedure ptieeedure date, and was this procedure
performed by a specialist or a PCP etc.

The polyp dataset contains the histology of themalvas this polyp an adenoma,
the size of the polyp, the hyperplasia percentagefity of the polyp, dysplasia level,
was the polyp removed, how was the polyp removed |acation of the polyp. The
patient dataset contains data on patient age th® @frocedure date, gender, race, and

date of hirth.
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3.3.2 Linking, clearing and acquiring missing data

All datasets were linked by the procedure identifiB). In addition to the procedure
ID, there is a patient ID linking multiple procedsrfor the same patient. In this study,
we used data on only the first screening colonassogf each patient (initial
colonoscopy).Over 10,000 patient charts were resikt@ fill in missing data and to
resolve typographical errors/discrepant informabetween the datasets. Updates were
carried out in the summer and fall 2011, and therear and fall of 2012. Variables
corss-checked were patient date of birth, procedate, bowel preparation status,
procedure time points (time of insertion, viewiregom, and withdrawal), and all
variables of the polyp data to verify a polyp cluseastics.

After merging the above datasets and missing datagpant data entered, duplicates
were removed, cancelled patient appointments vameved, procedures that were
performed by the SCMEC director at a neighboringpital were removed, and variables
were renamed and labeled. Some variables wereedt®dracted from text fields, some
of the data categories were recoded, such as dyspael recode, which accommodated
information from two variable fields, pathologytexid path_results. In October 2012,
two rounds of manual review of text fields and iding of polyp_results were done to
retrieve missing data for 4,746 polyps due to tieeategorized information by SCMEC
staff in a different variable field in the polyptdaet. After cleaning the procedure and
polyp datasets, we summarized the polyp data bgepitre and linked the summarized
polyp information to procedure dataset by procedDréor studying indicators of
procedure performance.

3.4 Inclusion and exclusion criteria

74

www.manaraa.com



We selected only screening colonoscopies of avaiak@opulation consistent
with the objective of this study. Therefore, westfiexcluded the second and later
procedures for each patient. After extracting ahifirocedures, patients aged less than 30
years or older than 90 years were excluded bedhase age groups are not the target of
routine screening as per USPSTF screening guidelineddition to age exclusion, we
excluded patients with prior history of colon/raotuesection because they are no longer
in the average risk pool once they were diagnosembn/rectum related diseases.

3.5 Sample selection

Retrospective data on all 26,523 colonoscopy pnaesdperformed from
September 4, 2001 to February 4, 2011 were evadateselection of screening
colonoscopies (the first colonoscopy of the pajieatotal of 5,611 second and later
procedures were excluded. Of the 20,912 patierttsami initial colonoscopy, we
excluded patients less than 30 years of age or thde 90 years (342 patients) and those
with prior history of colon/rectum resection (3Qipats). Figure 3-1 shows the sample
selection flow chart with exclusions by the aboviteda leading up to the study sample
of 20,540 consecutive colonoscopies conducted Hy®Rs and 5 specialists during the

study period of September 4, 2001 through Febrdap11.
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4,773patients with 2-
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Figure 3-1 Sample Selection Flowchart

3.6 Defining the key variables of interest

in polyp dataset. Below are list of our study vilés:

Patient age
Patient race
Patient gender
Sedation type
Protocol type
Polyp
Adenoma
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e Number of polyp found per subject

e Number of adenoma found per subject
e Procedure time

e Bowel preparation

Quality indicators

The procedure time, namdameprocis calculated from the original downloaded
fields from SCMEC -starttimeandendtime Time during the day was extracted as
starttimeandendtimeusng the raw variabl€dcopelrandScopeoutThe interval in
seconds betweeBcopelrandScopeOutvas taken and divided by 60 to calculate
TimeProcin minutes.

For polypsize, variablpolypsizemnis used to categorize polyps into three
groups, ¥5mm”, “6-9mm”, and “10+mm”. For polyp locatioRplypLocationwas the
original variable used to create the intermediatgables. Polyp location was defined as
proximal if located in the cecum, ascending colmpatic flexure, and transverse colon,
and as distal if located in the splenic flexuresadanding colon, sigmoid colon, or rectum.
For those located in the proximal, we coded ashtraplon”, for the remaining, “left
colon” .

Adenoma and polyp detection rate

Adenoma detection is our key dependent variabtiefme the quality. To detect
adenomas (which are identified by pathologic exatmm of polyps), endoscopists must
first find the polyps during the colonoscopy, clgsthe polyp by gross appearance, and

take part of the lesion to lab for biopsy to camfithe histology of the polyp. Therefore,
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we first study the polyp detection and then prodeeatlenoma detection as our key
variables of interest.

Polyp detection rate is defined as the percentagate@nts with at least one
polyp found. Each polyp haspalypid and gprocedureidto link to the patient it belongs
to. To identify the likelihood of a patient haviagrolyp, we summarized the polyps in
each patient into a polyp dataset. If a patieneXidts in the polyp summary dataset, the
patient was coded as “Yes” for thelypsvariable in the procedure dataset, and if not, it
was coded“No”. To calculate the polyp detectior rgiatients witlpolypsequal to
“Yes” are divided by total patients. Adenoma deatectate is calculated by the same
process.

For the number of polyps found per subject, polypse summarized within each
patient using patient ID in the polyp dataset dr@variable with count of polyps was
merged into procedure dataseSasnPolypsising thepatientid A similar process was
used for the number of adenomas found per subjjaciedSumAdenomas
Protocol type

The protocol type was classified at the level avler using theroviderlD
from SCMEC. Per SCMEQroviderID equal to 56 and 64 were classified as 1-person
technique specialists, wherga®viderID equal to 1, 22 and 59 were classified as 2-
person technique specialists, and the remainingiplays were PCPs all using 2-person
technique. Procedures by these respective physiarare thus assigned to the protocol

category stated above.

Sedation type
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The sedation type is categorized by procedure &atry procedure conducted
before April 1, 2006 was categorized as Midazolaapernidine sedated procedure, while
April 1, 2006 and after were propofol-sedated pdoce.

Control variables classified

Patient age was calculated from patient date ¢if biownloaded from the
SCMEC'’s administrative billing system. The contingosariable of age was recoded into
four age groups: <50 years, 50-59 years, 60-6%yaad 70-89 years. Patient gender
was downloaded from the SCMEC’s administrative@aystoded as male and female.
Patient race is coded as Whites, Blacks, Othemuakdown (missing information).

The bowel preparation statumwelprep is based on a field directly downloaded
from SCMEC data system call€blPrep If ColPrepwas equal to missing, it remains
missing inbowelprep If ColPrepequal to “excellent”, it remains the saméowelprep
If ColPrepindicated “fair” or “good”, it was re-coded “faiith bowelprep If ColPrep
equal to “poor”, it remains the samekawelprep

The variable to classify training procedure or maimedraining is based on a
field directly downloaded from SCMEC administratsgstem calledColPCPSegAll
primary care physicians had their cumulative procesl assigned for each procedure
because their very first training procedures stiatethe study center. Specialists do not
qualify for procedure volume variable and have asinig value in this field because all
of the specialists completed their first 140 traghprocedures before getting credentialed
in colonoscopy during their training. ThereforeCdlPCPSecquals to “missing” or
more than 14Qraining of this physician will be coded as “No (0)”.TfolPCPSedess

than or equal to 14®aining value is “Yes (1)".
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Interaction terms to be tested

We further studied the interaction between boweppration status (excellent,
fair and poor) and sedation type. To test the effémteraction six categories were

created based dowelprepandsedationvariables, which are Midazolam-

meperidine/Poor, Midazolam-meperidine/Fair, Midanoimeperidine /Excellent,
Propofol/Poor, Propofol/Fair, Propofol/Excellent.

The cecal intubation rate, nameegkcalintub is coded based on original fields
downloaded from SCMEC termileumintubate@ndadvnaceduptolf
termileumintubate@qual to “Yes” omadvanceduptequal to “the cecum”, then
cecalintubequal to “Yes.” To calculate the cecal intubatiate, patients witleecalintub
equal to “Yes” are divided by total patients.

3.7 Data analysis
3.7.1 Unit of analysis

To address the research questions, the unit oysinas the patient. Because there
is only one procedure per patient in our samplentimber of colonoscopies” implies the
same number of patients.

3.7.2 Study period

Retrospective data on 20,540 screening colonossdmm a licensed ambulatory

surgery center for endoscopy in South Carolinaopered during September 4, 2001 and

February 4, 2011 were analyzed.

3.7.3 Table of variables
The variables used are listed in Table 3-1. A tofdalvelve variables were used

from the procedure dataset and two variables wdraated from the polyp dataset. The
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variables are three categorical variables (patiget patient race, and protocol type), six
dichotomous variables (patient gender, polyp fo(orchot), adenoma found, sedation
type, good bowel preparation (yes/no), and traipiragedure (yes/no), and three
continuous variables (number of polyps found iraagmt, number of adenomas found in

a patient, and procedure time).

Two variables were extracted from polyp dataseicwivere polyp size in
millimeter and polyp location. Each was summarizgd procedure data set based on
procedurelD, and hierarchically categorized into prolyp”, “at least one small polyp
(£5mm)”, “only medium polyps (6-9mm)”, and “only lagolyps (10+mm) found” in a
patient; and “no polyp”, “at least one right-sidealyp found” or “only left-sided polyps

found” in a patient.
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Table 3-1 variables of interest

Variable name | Variable Level of | Variable categories Type of
description variable variable
Procedure dataset
PatAgeGrp Patient age 4 <50 years, 50-59 | Categorical
years, 60-69 years,
70-89 years
PatGender Patient gender 2 Male, Female Dichotomous
PatRace Patient race 3 White, Black, Oth Categlori
protocol Protocol type 3 1-person technique Categorical
specialist, 2-person
technique specialist,
2-person technique
PCP
polyps Does this patient | 2 Yes, No Dichotomous
have any polyps?
adenoma Does this patient| 2 Yes, No Dichotomous
have any
adenomas?
SumPolyps The number of | NA NA Continuous
polyps detected for
this patient
SumAdenoma The number of | NA NA Continuous
adenomas detected
for this patient
TimeProc Total procedure | NA NA Continuous
time
Sedation Sedation type 2 Midazolam- Dichotomous
meperdine, Propofol
bowelprepgood | Bowel preparation2 Yes: If it was Dichotomous
status Excellent, Good, Fair
bowel preparation
status
No: If it was Poor
bowel preparation
status
Training Is procedure a PCP2 Yes: If it was 1-139 | Dichotomous
procedure status training procedure for the
procedure? (<140 PCP
procedure for the No: >140" procedure
PCP) for PCP or any
specialist procedure.
Polyp dataset
Polypsizemm Polyp size inmm| 4 No polyp,=5 mm, 6-| Ordinal

9 mm, 10+ mm

Polyploc

Whether the polyp 3

No polyp, left colonOrdinal
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site is in the left right colon
colon or the right
colon?

3.8 Statistical analysis

To answer the research questions, statistical madede run to examine
associations between the independent variabledareist and screening colonoscopy
quality indicators (dependent variables). Indicatstudied are defined earlier. For the
protocol type, we compared the 1-person technigeeialists group and the 2-person
technique specialists group with 2-person techn@®€s group. As for the sedation
type, we compared the propofol sedation proceduitsmidazolam-meperidine
sedation procedures. In each model, we controtietddwel preparation status because
bowel preparation is a patient-dependent varididedgreatly influences the quality
indicators. GEE modeling was used to account ftiepts clustered within physician.

SAS version 9.3 is used.

3.8.1 Model 1: Procedure time (continuous variable)
A linear GEE regression model was used to invegigeotocol type/sedation type using
“proc genmod” syntax in SAS.
Y procedure ime=fPo + B, 2-person technique/physician specialty $, patient age +
Bs patient gender +B4 patient race +Bs number of polyps found +ps sedation type
+ B; bowel preparation +pg*sedation type*bowel preparation +Bg training
procedure status +€eror
This linear GEE regression model tested the associbetween protocol type (1-
person technique vs. 2-person technique) and theisa type and the procedure

durations controlling for the remaining variables.
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For all models we tested the interaction term dfsien type with bowel
preparation and because it was statistically sicant, we compared procedure times for
Midazolam-meperidine/Fair (bowel prep), Midazolareparidine/Excellent,
Propofol/Poor, Propofol/Fair, and Propofol/ExcellemMidazolam-meperidine/Poor.
However on comparing the models with the abovegoates with the two variables
modeled separately, the results were not subsligrdiferent, but readily interpretable.

Hence the latter results were used for interptati

3.8.2 Model 2: Polyp detection likelihood (dichotomous variable)
A logistic GEE regression model was used to ingas# protocol type/sedation type
using “proc genmod” syntax in SAS.
Y polyp detected=Po + B: 2-person technique/physician specialty $, patient age +
B3 patient gender +B4 patient race +ps sedation type s bowel preparation +
B-*sedation type*bowel preparation +pg training procedure status +geror

This logistic GEE regression model tested the agson between protocol type
(1-person technigque vs. 2-person technique) andetiation type and the polyp detection

controlling for the remaining variables.

3.8.3 Model 3: adenoma detection likelihood (dichotomous variald)

A logistic GEE regression model was used to ingas# protocol type/sedation type
using “proc genmod” syntax in SAS.

Y adenoma detecte®Po + B 2-person technique/physician specialty $, patient age +

B3 patient gender +B, patient race +ps sedation type +s bowel preparation +

B+ sedation type*bowel preparation +Bg training procedure status+eeor
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This logistic GEE regression model tested the agson between protocol type
(1-person technique vs. 2-person technique) andddation type and the adenoma

detection controlling for the remaining variables.

3.8.4 Model 4. Advanced neoplasms detection likelihood (dichotoous variable)
A logistic GEE regression model was used to ingas# protocol type/sedation type
using “proc genmod” syntax in SAS.
Y advanced neoplasms detectslo + B 2-person technique/physician specialty $, patient
age +Bs patient gender +f, patient race +ps sedation type +ps bowel preparation
+ B7 sedation type*bowel preparation +Bg training procedure status+geor

This logistic GEE regression model tested the agson between protocol type
(1-person technique vs. 2-person technique)/setdgtae and advanced neoplasm

detection likelihood controlling for the remainimgriables.

3.8.5 Model 5: likelihood of finding additional polyps (ordinal variable)
An ordered logistic GEE regression model to ingzd8 protocol type/sedation type
using “proc genmod” syntax with “dist=multinomiadption in SAS.
Y humber of polyps found=Po + B: 2-person technique/physician specialty $, patient age +
B3 patient gender +B4 patient race +ps sedation type s bowel preparation +p;
sedation type*bowel preparation+ps training procedure status+geror

This ordered logistic GEE regression model tedtedassociation between
protocol type (1-person technique vs. 2-personnieeie) and the sedation type and
likelihood of finding an additional polyp in a paiit controlling for the remaining

variables.
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3.8.6 Model 6: likelihood of finding additional adenomas (ordind variable)
An ordered logistic GEE regression model to ingzd8 protocol type/sedation type
using “proc genmod” syntax with “dist=multinomiadption in SAS.
Y number of adenomas founi=Po + 1 2-person technique/physician specialty $, patient age
+ B3 patient gender +p4 patient race +ps sedation type s bowel preparation +
B, sedation type*bowel preparation+ps training procedure status+egeor

This ordered logistic GEE regression model wilt tbe association between
protocol type (1-person technique vs. 2-personnieeie) and the sedation type and the
ability of finding an additional adenoma in a patievhich controls for the remaining

variables.

3.8.7 Model 7: right colon polyps (ordinal variable) likelihood
An ordered logistic GEE regression model was usenvestigate protocol type/sedation
type using “proc genmod” syntax with “dist=multin@fi option in SAS.
Y atfeast one right colon polyp detectedBo + B1 2-person technique/physician specialty +
B, patient age +B3 patient gender +p, patient race +ps sedation type +§s bowel
preparation + p; sedation type*bowel preparation +jg training procedure status +
Eerror

This ordered logistic GEE regression model tedtedassociation between
protocol type (1-person technique vs. 2-personrtiggle PCPs and 2-person technique
specialists) and sedation type vs. the likelihobd nght colon polyp detection, which

controls for the remaining variables.

3.8.8 Model 8: likelihood of finding increasingly smaller polyps(ordinal variable)
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An ordinal logistic GEE regression model to invgate protocol type/sedation type using
“proc genmod” syntax with “dist=multinomial” optian SAS.

Y polyp size=Po + B. 2-person technique/physician specialty $, patient age +

B3 patient gender +B4 patient race +ps sedation type s bowel preparation +p;
sedation type*bowel preparation+ps training procedure status+geror

This ordered logistic GEE regression model tedtedassociation between
protocol type (1-person technique vs. 2-personnieeie) and the sedation type and the
likelihood of finding a small adenoma vs. mediuner@ama and large adenoma in a
patient controlling for the remaining variables.

3.9 Preliminary review of sample distribution by key dependent variables

Sample distributions for the number of polyps addreomas found in each
subject were cross tabulated by protocol type aaddtson type in order to assess the
suitability of the variable categories for the plad analyses considering statistical power
and model convergence potential. The distributenms the subsequent changes in
variable categorization for the final analysesmesented below.

Table 3-2 shows that the number of polyps was mgs&r 117 patients (similarly
for the number of adenomas found in Table 3-5).dviyj of the patients had no polyps
(38.5%), one polyp (31.5%), two polyps (16.5%), &mee polyps (8%). Beyond three
polyps, the sample percentage (6%) is low. Theeefwe categorized patients into four
levels: 0, 1, 2, and 3+. Table 3-3 shows the breakdof these four categories by
protocol type (1-person technique vs. 2-personntieeie with physician specialty). Based
on the distribution, the percentages in each pglear reasonable except for 39 patients

with three or more polyps under the 1-person tepimspecialist group which could
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breakdown into zero cells in multiple regressioalgsis. Table 3-4 shows the
distribution of sedation type (Midazolam-meperiduse propofol) by number of polyps
found in four categories. The range was 29% to 89¢atients in each sedation type
with zero polyps or one polyp. The percentagesatiepts with zero or one polyp in
Midazolam-meperidine sedation were higher than giasedation, however, the pattern
was reversed for patients with two polyps and tlareeg more polyps which are higher in
those with propofol sedation.

Table 3-5 shows the distribution of the numberd#raomas found in a patient,
117 patients with missing polyp information. TaBl¢ and 3-7 showed the breakdown
by protocol type (1-person technique vs. 2-pergchrique with physician specialty) and
sedation type (Midazolam-meperidine vs. propofblje patterns mostly mirrored the
number of polyps found.

Table 3-8 shows the distribution of the study sanigyl protocol type and
sedation type: 604 patients (3%) were served bgrégm technique specialist (two
specialists), 4,733 patients (23%) were served-pgraon technique specialist (three
specialists), and the majority of patients (15,208) were served by 2-person
technique PCP (54 PCPs). About 55% of the patiwate provided Midazolam-
meperidine sedation and 45% of the patients provptepofol sedation. Most patients
were aged 50 to 59 years (45%), followed by 60%g€ars (25%), <50 years (18%) and
70 to 89 years (12%). Slightly more females (54%@) Blacks (52%) were represented in
our study sample.

Table 3-9 and 3-10 shows the distribution of dependariables by the major

independent variables of interest. These tablew she distribution of the sample in each
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cell relevant for multiple regression analysis. Egample patients under 1-person
technique specialist with three or more polyps bro#own by sedation type yielded only
five patients under Midazolam-meperidine sedatia@ug. The sample distribution by
number of adenomas found is more extreme with thme patient in this category and
11 patients under the propofol sedation group.

The preliminary reviews of the sample distributigusded our scheme of

variable recoding and the models used to addrasesearch questions.
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Table 3-2 Distribution of the number of polyps faymer subject

Polyps found per subject Frequency Percentage(%)
Missing 117 0.57

0 7,772 37.84

1 6,383 31.08

2 3,346 16.29

3 1,634 7.96

4 716 3.49

5 323 1.57

6 134 0.65

7 64 0.31

8 25 0.12

9 15 0.07

10 3 0.01

11 6 0.03

13 1 0.00

14 1 0.00

Table 3-3 Distribution of the number of polyps fduper subject by protocol type
Polyps found per | 1-person technique | 2-person technique | 2-person technique
subject specialist specialist PCP

Missing 2 (0.33%) 42 (0.89%) 73 (0.48%)

0 322 (53.31%) 1713 (36.19%) 5737 (37.74%)
1 174 (28.81%) 1480 (31.27%) 4729 (31.11%)
2 67 (11.09%) 765 (16.16%) 2514 (16.54%)
3+ 39 (6.46%) 733 (15.49%) 2150 (14.14%)

Table 3-4 Distribution of the number of polyps faymer subject by sedation type

Polyps found per subje

ctMidazolam-meperidine Propofol

Missing 83 (0.74%) 34 (0.37%)
0 4,386 (38.93%) 3,386 (36.51%)
1 3,726 (33.07%) 2,657 (28.65%)
2 1,791 (15.90%) 1,555 (16.77%)
3+ 1,280 (11.36%) 1,642 (17.71%)
Table 3-5 Distribution of the number of adenomasfbper subject
Adenomas found per Frequency Percentage(%)
subject
Missing 117 0.57
0 14,003 68.17
1 4,054 19.74
2 1,456 7.09
3 557 2.71
4 225 1.10
5 73 0.36
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6 29 0.14
7 13 0.06
8 7 0.03
9 5 0.02
11 1 0.00

Table 3-6 distribution of the number of adenomamtbper subject by protocol type

Adenomas found pe

1-person technique | 2-person technique

2-person

subject specialist specialist technique PCP
Missing 2 (0.33%) 42 (0.89%) 73 (0.48%)

0 459 (75.99%) 3,245 (68.56%) 10,299 (67.74%)
1 101 (16.72%) 911 (19.25%) 3,042 (20.01%

2 28 (4.64%) 353 (7.46%) 1,075 (7.07%)
3+ 14 (2.32%) 182 (3.85%) 714 (4.70%)

Table 3-7 Distribution of the number of adenomamftbper subject by sedation type

Adenomas found per subjecMidazolam-meperidine Propofol

Missing 83 (0.74%) 34 (0.37%)

0 7,706 (68.40%) 6,297 (67.90%)
1 2,224 (19.74%) 1,830 (19.73%)
2 814 (7.23%) 642 (6.92%)

3+ 439 (3.90%) 471 (5.08%)

Table 3-8 Distribution of study sample by key indegent variables

No. patients
n (%)
Protocol type No. performing physicians
1-person technique specialist 604(2.94) 2
2-person technique specialist4,733(23.04) 3
2-person technique PCP 15,203(74.02) 54

Sedation type

Midazolam-meperidine

11,266(54.85)

Propofol 9,274(45.15)
Patient age

<50 years 3,792(18.46

50-59 years 9,138(44.49

60-69 years 5,066(24.66

70-89 years 2,544(12.39

Patient gender*

Male

9,390(45.72)

Female

11,054(53.87)
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Patient Race*

Whites 9,139(44.49)
Blacks 10,623(51.72
Other 682(3.32)

Number of polyps found**

0 7,772(37.84)
1 6,383(31.08)
2 3,346(16.29)
3+ 2,922(14.23)

Table 3-9 Breakdown of study sample by key indepahsariables with the number of

polyps found

No. No. NO'
, ; patient
patients patients
Protocol polyp S
type n (%) sedation type n (%) number n
Midazolam- missing 0
meperidine 0 164
1 78
1-person 2 15
techniqu
e 604(2.94) 262(4338)] S+ >
specialis missing 2
t 0 158
1 96
2 52
Propofol 342 (56.62 3+ 34
Midazolam- missing 32
meperidine 0 1073
1 910
tochniat 2692 2| 58
e | 4733(23.04) (56.88) | 3+| 288
specialis missing 10
t 0 640
1 570
2041 2 376
Propofol (43.12) 3+ 445
2-person Midazolam- missing 51
techniqu 15’20;3(74'02 meperidine 8312 0| 3149
e PCP (54.67) 1| 2738
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2 1387

3+ 987

missing 22

0| 2588

1 1991

6891(45.33 2 1127

Propofol ) 3+ 1163

Table 3-10 Breakdown of study sample by key inddpahvariables with the number of
adenomas found

No. No. l\_lo.
: : patient
patients patients
Protocol adenoma | S
type n (%) sedation type n (%) number n
Midazolam- missing 0
meperidine 0 255
1 30
1-person 2 4
techniqu
e 604(2.94) 262 (43.38) 3 E
specialis missing 2
t 0 234
1 71
2 24
Propofol 342 (56.62 3+ 11
Midazolam- missing 32
meperidine ol 1889
1 498
tz'pﬁr?on 2692 2| 197
ec e”'q“ 4,733(23.04 (56.88) 3+ 76
specialis ) missing 10
t 0| 1356
1 413
2041 2 156
Propofol (43.12) 3+ 106
Midazolam- missing 51
, meperidine 0l 5592
“PETSON 45 503(74.0 1| 1696
techniqu >
e PCP ) 8312 2 613
(54.67) 3+ 360
Propofol 6891(45.33 missing y.
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) 0| 4707
1| 1346

2 462

3+ 354
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Chapter4 CONCLUSIONS AND DISCUSSION

In lieu of chapter 4 and 5, the following manustsigre included:

Manuscript #1: Does a hands-on 2-person colonoscopy technique affscreening
colonoscopy quality and outcomes of primary care pfsicians and specialists?
Abstract

Background:Colorectal cancer (CRC) is the third most previatemcer and" leading
cause of cancer death in the U.S. Colonoscopy éas iecommended as the preferred
screening method to prevent cancer by removingpsdbefore they transform into
cancer. Although the effectiveness of colonoscopyreventing CRC is documented,
screening colonoscopy coverage in the US populaéorains low. This is partly due to
low colonoscopy capacity due to a shortage of gasterologists (Gl). When the supply
of Gls is limited, training primary care physiciaff®CP) effectively in screening
colonoscopy with quality assurance safeguards doelld solution to address the gap.
Objectives: To assess if the “hands-on” 2-persohrigue innovative clinical protocol
enables the quality of PCP-performed colnoscomidegetcomparable to specialist-
performed colonoscopies.

Methods:The study center, a state-licensed ambulatory syggnter, the South
Carolina Medical Endoscopy Center (SCMEC) requaregnnovative 2-person technique

protocol for all PCPs all the time regardless airted status. 59 physicians performed
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colonoscopies, the 2-person technique was consistaimplied with by 57 physicians
(54 PCPs and 3 specialists), and 1-person techmigsaised by 2 non PCPs (one
colorectal surgeon and one general surgeon). Zpeeshnique will be examined for its
effect on the quality of screening colonoscopid®e $tudy hypotheses is that screening
colonoscopy quality among the 2-person protocoligris better than among solo
technique protocol group. Only the screening casoopy procedures of all patients
served during this period. Subsequent (surveillpposcedures are not included as lesion
rates may be different at these procedures.

Results:About 3% of the patients were served by 1-persohrtique specialists, 23% by
2-person technique specialists, and the remaindfg @y 2-person technique PCPs. The
likelihood of polyp detection was highest for th@&son technique specialists (adjusted
OR=1.39) compared to 2-person technique PCPs, qaisbn technique specialists were
79% less likely to detect a polyp(s) relative tpérson technique PCPs (adjusted
OR=0.56). The effect is sustained for adenoma tleteand for the likelihood of finding
each additional polyp/adenoma. Similarly, 2-persmhnique specialists were
significantly more likely to detect a right colonlgp than solo specialists (estimated OR:
2.42). The likelihood of finding small polyp(s) mors the pattern of quality indicators
described above.

The adjusted procedure time is longest for 2-petsonnique PCPs. Compared to 2-
person technique PCPs, 2-person technique spésiaie an average of 1.01 minutes
(p=.184) shorter, while 1-person technique spestalise 3.77 minutes (p<.0001) shorter

time to finish the procedure controlling for ottactors.
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ConclusionsThis study finds that an innovation of a hand2guerson technique is
associated with superior colonoscopy performanddesion detection outcomes, and
that by every discriminating measure, the resuitk the 2-person technique are
superior, and consistent across measures. A siadgtion is the small numbers of 2

person technique specialists and 1-person techsjggEalists.
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Introduction

Colorectal cancer (CRC) is th& gost prevalent cancer an®f fading cause of
cancer death in the U.S. (SEER 2013). Colonoscapybeen recommended as the
preferred screening method to prevent cancer bpvarg polyps before they transform
into cancer (Rex 2000, Rex 2009, David 2006). Iigasons have focused on adenoma
clearance for reducing the risk of developing CR@njinski 2010, Rex 2006,
Lieberman 2007, Rex 2009). Although the effectissnef colonoscopy in preventing
CRC is documented, screening colonoscopy coveratieiUS population remains low.
This is partly due to low colonoscopy capacity tlua shortage of gastroenterologists
(Gls), the major physician type performing scregrinlonoscopies. There is a big gap
between Gl supply and screening-eligible populaf®eeff 2004). The annual new
addition of the aging baby boomer population kebpsgap growing. Currently, there are
about 13,968 board-certified Gls in the US, increg@annually by a count of 460 (less
retirements) (ABIM 2013). To cover 100% of all semeng-eligible US population, an
estimated additional 7,340 Gls are needed (Vije20

When the supply of Gls is limited, trained primagre physicians (PCPs) could
be a solution to address the gap, especially fdergerved populations and regions
(including rural areas). However, there is a widead conviction that Gls being
specialized perform better in their specialty fumts than non-Gls. Some studies support
this view. Non-Gls detected colorectal cancer i#&3f patients with a true cancer
compared to 97.3% for Gls, although this studyrahtireport the results adjusted for
incomplete colonoscopy (Rex 1997). The authors iaddged the lack of specific

information on a major factor, namely non-Gl praass! training in colonoscopy, noting
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that some of the study providers were self-traiaued others had variable (no
documented) training. Examining colonoscopy qudlipthe ultimate outcome, CRC
incidence following colonoscopy, two Canadian sésdieported that following
colonoscopies by non-Gls, the incidence of CRC sigisificantly higher compared to
colonoscopies by Gls (Rabeneck 2010, Bressler 2007)

In contrast, other research has shown that trdt&és’ colonoscopy performance
is comparable with Gls (Wilkins 2009, Xirasagar 2D@ecum intubation rates for PCPs
are documented at 96.5% (Edwards 2004), 89.2% (NgilR009), and 98.1% (Xirasagar
2010), and adenoma detection rates (ADR) at 22E8@érds 2004), 28.9% (Wilkins
2009), and 29.9% (Xirasagar 2010) provided by @#aiRCPs. Another series reported
that PCPs had an ADR of 27.2% in men and 21.4%oim&n (Newman 2005).

Training PCPs effectively in screening colonoscofith quality assurance
safeguards may be a solution to cover the unscigeogulation. However, the uptake of
colonoscopy by PCPs remains very low. Only 4% afigating family medicine
residents applied for colonoscopy credentialingd02 although half of the residency
programs offered it, and only 18% of these prograatsany candidate registered for the
training (Wilkins 2004). While research has docutedrthat “trained” PCPs can provide
competent and safe colonoscopy (Edwards 2004, Nevi2®@5, Wilkins 2009,

Xirasagar 2010), there is no documentation of thi@ihg process or the clinical
protocols used by high-performing PCPs. This sfu@gents the effectiveness of two
protocol elements that were consistently used acdmented at the endoscopy center to

train PCPs. This protocol requires a hands-on 2guetechnique, and includes other
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elements to maximize colon surface inspection andihimize the likelihood of missing
polyps.

The 2-person technique used by the study centgmanportant because
fatigue is a likely factor in adenoma detectioresaparticularly as day progresses.
Physicians’ ADR for afternoon procedures were sigaintly lower than for their own
morning procedures (25.3% vs. 29.3%, p=.008) (Sa28K9). The phenomenon of
potentially lower quality performance due to faggs not limited to physicians. A study
of the judicial system on the association betwetavarable parole ruling and timing of
the review (morning vs. afternoon) showed that @siggere more likely to issue a
favorable parole ruling in the mornings than in #fternoon, and immediately after the
lunch break than in the later afternoons. The asteoggested that mental fatigue may
be less at the beginning of the work day and aft&nort break for a meal or rest
(Danziger 2011). In the case of colonoscopies,issushow that having a second
observer in the procedure room is associated wviggheln ADR/polyp detection rates
(PDR), while one person performs the procedurééeithe fellow or the attending GlI),
having the other as observer significantly incrdabe ADR, 37% vs. 23% (p<.01)
among screening colonoscopies (Rogart 2008). Anogtespective study that was not
limited to screening colonoscopies reported thatditection rate for small adenoma
(<5mm) was significantly higher when there is aosetobserver (25%vs. 17%, p=.001)
noting that the rate and independent performanaehigder for non-experienced fellows
(second and third-year fellows) (Buchner 2011).

One advantage of having a second observer watthengdeo screen is reduced

likelihood of missed lesions due to visual fatigBepporting this explanation is one
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study of a dedicated endoscopy nurse observingitle® screen while the attending
physician performed the screening colonoscopy. $tudy showed significantly more
polyps detected per patient (adjusted OR=1.26) Wigen the attending physician
performed solo with no observer (Aslanian 2013).

Experience level of the performer is an additidaator in performance quality.
Peters et al (2010) reported that senior (third)yledlows supervised by the attending
physician had almost double the ADRs of juniordet (OR =1.7). A study from Korea
noted that an endoscopy nurse observer of the wde®n increased the likelihood of
finding a lesion (OR =1.58 for polyp, and 1.47 &mlenoma), when a fellow performed
the procedure even though it was their 150th-5p@blcedures (OR =2.07), but no
increase was observed for senior attending Gls 2044).

In contrast to the above studies, a non-randonpzespective study conducted at
a single-center reported no significant differemcpolyp detection rates with an
additional observer (single, attending Gl alone 38@&tond observer with fellow
performing and attending GI supervising, 33%) anddenoma detection rates (19.3% vs
14.9%) (Eckardt 2009). When the Gl performed sb&ytremoved fewer diminutive (<5
mm) hyperplastic polyps but relatively more adensitian fellows.

To our knowledge, the documented “2-person tealaiigtudies have had similar
protocols, namely, having a second observer. Irstudy setting, the protocol requires a
“hands-on” 2-person technique to compensate folatieof specialist training of the
PCPs which may confer additional advantages tHatmarforming Gls do not have.
Additionally prior studies on the 2-person techmiguotocols were also associated with

the conventional polyp search limited to the phafssithdrawing the colonoscope. Our
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study setting, in addition of the hands-on 2-petsahnique requires for PCPs, also
requires gradual insertion and withdrawal of thimeoscope with polyp search and
removal during both insertion and withdrawal to imaixe coverage of all mucosal
surface. This latter requirement also minimizescka of “losing” a polyp that may be
encountered during insertion but not traceablendutihe withdrawal phase, which is the
phase when gastroenterologists typically perforhgpgexrtomy. However, large polyps
are removed only during withdrawal as hemorrhagg lead to aborting the procedure if
removal is attempted during insertion. Becaus@eimajor differences, the 2-person
technique protocol in our study setting is uniqond being applied to PCPs, the question
arises, does this technique enable the qualityoéf-Berformed colonoscopies to be
comparable to specialist-performed colonoscopiesdi&lly, within specialists/experts,
does the hands-on 2-person technique improve ADRs?
Methods

The study center, a state-licensed ambulatoryesyicenter, the South Carolina
Medical Endoscopy Center (SCMEC) has trained 549%#te 2001 in colonoscopy
with 140 training procedures supervised by spesteEkxperts credentialed in screening
colonoscopy, subsequent colonoscopies by PCPs attiter require adherence to the
prescribed protocol, with the specialist alwaysilabée on site for rescue assistance
(therapeutic assistance to remove advanced adenpolggs at difficult locations,
control bleeding, and/or manage spasms). The Cpra&wcol requires a 2-person
technique for all PCPs all the time regardlessaihed status. Over the study period,
September 4, 2001 through February 4, 2011, 59ghys performed colonoscopies,

the 2-person technique was consistently compligd by 57 physicians (54 PCPs and 3
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specialists), and 1-person technique was usedrion 2P CPs (one colorectal surgeon and
one general surgeon), PCPs are defined as thaséamiily medicine, internal medicine,

pediatrics or obstetrics/gynecology specializafiigure 4-1).
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20,912patients between September 4, 2001 and Febru2gi4,

\ 4

342<30 years &90

v
20,570patients with
initial colonoscopy 30-

> 30 excludes dues to prior
v history of colon/rectum
20,540study

\4 A 4 \ 4
604 patients with 1- 15,203patients with 4,773patients with 2-
person technique 2-person technique person technique

Figure 4-1: Study sample selection flowchart

The innovative 2-person technique protocol requareendoscopy technician to
advance the colonoscope while the performing physimanipulates the scope tip for
polyp search and removal. This method has theiaddltadvantage of avoiding missing
polyps due to physician's motor fatigue particylarfl the left or non-dominant hand. It
confers the dexterity of two “right” hands (of ttveo participants) for polyp search and
removal, and further, ensures more persons watt¢hagideo screen for polyps. The
study center has used propofol sedation since Ap&D06 instead of the conventional
midazolam-meperidine (MM) combination sedation.e2spn technique will be
examined for its effect on the quality of screentotpnoscopies. Additional protocol
features followed in all 2-person technique procedare: a) gradual insertion and
withdrawal for polyp search and removal to maxingpgerage of the colonic mucosal

surface, b) at least 3 persons watching the videzes.
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The study hypotheses is that screening colonosgoglity among the 2-person
protocol group is better than among solo technyo¢ocol group. Our dependent
variables of interest representing procedure guatfi¢ following: likelihood of polyp
detection (Yes vs. No), likelihood of adenoma digbdec(Yes vs. No), the likelihood of
advanced neoplasms detection (Yes vs. No), liketihaf additional polyps detected in
subjects (0, 1, 2+), likelihood of additional aderas detected in subjects (0, 1, 2+),
likelihood of detecting small polyps (No polyp, Sh{g&5mm), Medium (6-9mm), Large
(10+mm)), likelihood of detecting right-sided polggolyp location in the cecum,
ascending colon, hepatic flexure, or transversercploximal to the splenic flexure; No
polyp, Left only, At least one right polyp) , arttetprocedure time.

Our statistical analyses must address non-indegrexedof data due to clustering
of patients within physician. We expect physiciffie@s to be similar within their patient
group (for example, each physician’s dexterity afithmovements) but no systematic
distribution of physician effects across physicianserefore, we use generalized
estimating equations (GEE) modeling. This methaliaes a specific correlation
structure of the repeated measures data withinighys in this case, an exchangeable
correlation structure. This structure assumesahgttwo observations from different
physicians are uncorrelated, and any two obsemafimm the same physician are
correlated at the same value (no matter within tipicysician the observations arise).
GEE was used because it accommodates within-paypsodrrelation without focusing
attention on that aspect of the data analysis.witien physician correlation is treated as
an ancillary problem for which to be accountedibutot of profound interest. When

using the exchangeable correlation structure toresmr model, the regression parameters
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of the GEE are algebraically equivalent to the aeisgion among patients within a
physician panel. The same is not quite true farence of regression parameters from
the logistic GEE and logistic random effect mod&EE was determined to be the
preferred modeling tool for these analyses.

Only the screening colonoscopy procedures of diépts served during this
period. Subsequent (surveillance) procedures drndoded as lesion rates may be
different at these procedures. Linear GEE regrassas used to study the association
between the procedure time and our variables efest. Logistic GEE regression was
applied to test the hypotheses regarding likelihofoainy lesion detected. The ordered
logistic GEE regression was used to test whetheelikklihood of finding additional
polyp(s)/adenoma(s) in a subject, right colon p{dypand smaller polyp(s) in a patient
increased with the use of the 2-person technighe.store test was used to verify the
assumption of ordered logistic regression.

Results

The demographic distribution of the study sam@lib20 patients and by provider
type is shown in Table 4-1. About 3% of the pasemere under 1-person technique
specialist, 23% of the patients were under 2-petsomnique specialist, and the
remaining 74% of the patients were using 2-perscohrtique PCP. Female (53%) and
Blacks (51%) were slightly preponderant in the gtoohort, and 7,772 (37.84%) patients

had no polyps.
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Table 4-1: Demographic and procedure charactesisfithe study sample

No. patients
n (%)

Cecum intubation rate (% of casgs) 96.48%
Protocol type
1-person technique specialist 604 (2.94
2-person technique specialist 4,733 (23.04)
2-person technique PCP 15,203 (74.02)
Patient age

<50 years 3,792(18.46

50-59 years 9,138(44.49

60-69 years 5,066(24.66

70-89 years 2,544(12.39
Patient gender*

Male 9,390(45.72)

Female 11,054(53.82
Patient Race*

Whites 9,139(44.49)

Blacks 10,623(51.72

Other 682(3.32)

Number of polyp found**

0

7,772 (37.84)

1 6,383 (31.08)
2+ 6,268 (30.52)
Polyp sizet
No polyps 7,772 (37.84
Small €5mm) 11,727 (57.09)
Medium (6-9mm) 591 (2.88)
Large (10+mm) 377 (1.84)
Polyp anatomic locationt
No polyps 7,772 (37.84
Left colon 6,387 (31.10)
Right colon 6,273 (30.54

* Total of 96 patients missing information on gendnd race.

**Total of 117 patients with missing information aumber of polyps.

T 73 patients had missing polyp size informatid8 patients were missing information on polyp

anatomic location.
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Table 4-2 shows the sample distribution by quatticators. The PDR and the
mean number of polyps detected per subject (MNP3dt performing specialists is
lower with PDR: 46.7% and MNP: 0.74 compared taespn technique specialists
63.8% and 1.23, and 2-person technique PCPs 68%.48, respectively. Adenoma
detection for the 3 groups mostly mirrors the palgpection pattern, being 23.7%,
30.6%, and 31.8% rates for the respective groupbMNA 0.34, 0.49, and 0.52
respectively. Mean procedure time is shortesteénl#person technique group (19.68
minutes) higher for 2-person technique specia{4s78 minutes), and highest for 2-
person technique PCP (26.21 minutes). Breaking dovanocedures with polyps and
without polyps found, the pattern of procedure toiféerences are sustained. Compared
to solo performers (38.74%), the 2-person techngroeps found smalk5mm polyps in
larger proportions of patients (PCP: 57.23%, spisti®8.99%). Similarly, solo
performance specialists have lower proportion rgghon polyp detected (19.04%)

compared to the 2-person technique groups (PCP43§).specialist: 31.35%).
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Table 4-2: Indicators of colonoscopy quality by gedure protocol

1-person 2-person 2-person | p-value
technique technique technique
specialists specialists PCPs
mean / n(%) mean / n(%) mean / n(%)

No. of performing physicians 2 3 54
Cecum intubation rate (% of 87.91% 93.24% 97.83% P<.0001
cases)
Lesion detection rates

Polyp detection rate (% of 46.69 63.81 62.26 P<.0001
cases)*

Number of polyps detected 0.74+1.02 1.23+£1.39 1.18+1.36 P<.0001
per subject (mean, SD)*

Adenoma detection rate (% 23.68 30.55 31.78 P<.0001
of cases)*

Number of adenomas 0.34+0.74 0.49+0.90 0.52+0.9% P<.0001
detected per subject (mean
SD)*

Advanced neoplasms (% 6.79 6.44 6.85 P=.017
cases)*
Procedure duration
All colonoscopies

Total procedure time 19.68+8.74 24.78+22.56 26.21+12.1B<.0001
(min)*
Colonoscopies with no polyp
founc

Total procedure time 17.58+6.57 21.66x12.74 22.02+10.2R<.0001
(min)*
Colonoscopies with polyp(s)
founc

Total procedure time 21.97+10.14| 26.23+25.75 28.67+12.4P<.0001
(min)*
Polyp size’t P<.0001
No polyps 53.31 36.19 37.74
Small & 5 mm) 38.74 58.99 57.23
Medium (6 — 9 mm) 3.64 2.45 2.98
Large (10+ mm) 2.98 2.09 1.71
Polyp anatomic location’t P<.0001
No polyps 53.31 36.19 37.74
Left colon 27.65 32.45 30.81
Right colon 19.04 31.35 30.74

T 73 patients had missing polyp size informatid@8 patients were missing information on polyp

anatomic location.
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Table 4-3 and Table 4-4 present multiple regresaimlyses of the associations
between technique and the variables of interest.ajusted procedure time is longest
for 2-person technique PCPs. Compared to 2-peestiimique PCPs, 2-person technique
specialists take an average of 1.01 minutes (p¥.&84, while 1-person technique
specialists took 3.77 minutes (p<.0001) less tiordle procedure, controlling for other
factors. The adjusted procedure time was longeolfter patients (60 — 69 years: 2.06
mins, p<.0001; 70 — 89 years: 2.93 minus, p<.0@0i)pared to <50 years. Females had
longer procedure time (1.11 mins, p<.0001), aridefprocedure was a PCP training
procedure<£140procedures), it was longer (3.93 mins, p<.0084 glso for each
additional polyp found (3.16 mins, p<.0001).

The likelihood of polyp detection was highest 2operson technique specialist
procedures (adjusted OR=1.39) compared to 2-paeatmique PCPs. The 1-person
technique specialists had 79% less likelihood eécteng a polyp(s) than 2-person
technigue PCPs (adjusted OR=0.56). The effectaaswed for the adenoma vyield.
Compared to 2-person technique PCPs, solo techsjmpmalists were 37% less likely to
chance in detecting adenoma(s) (adjusted OR: p=.805). Specialists using the 2-
person technique have a significantly higher ltketid of detecting adenoma(s) (adjusted
OR: 1.23, p<.0001). For advanced neoplasm(s), thaseno difference between solo
performing specialists and 2-person technique R&#asted OR: 1.05, p=.811). But 2-
person technique specialists were slightly morelyiko find an advanced neoplasm(s)
(adjusted OR: 1.14, p=.008).

The likelihood of finding a polyp or an additior@dlyp (given the first polyp) for

2-person technique PCP is 85% higher relative person technique specialist (adjusted
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OR 0.54, 95%CI: 0.36, 0.80). Within specialistgezson technique specialists were
much more likely to find an additional polyp thaipérson technique specialists
(adjusted OR: 2.48). The adjusted OR for 2-perschrtique specialists vs. 2-person
technique PCPs was 1.34 (95%CI: 1.16, 1.54). Taieep was sustained for the
likelihood of finding each additional adenoma, avithin specialists, 2-person technique
was significantly more likely to be associated witiding each additional adenoma than
relative to solo specialist performance (adjustéd ©.73).

Because right-sided colon polyps are more likelipge missed (Bressler 2004,
Hewett 2011), polyp anatomic location was modeldw likelihood of finding right
colon polyp(s) by solo performing specialists wa%8ower than 2-person technique
PCPs (OR: 0.55 for 1-person technique specialiSis)ilar to the findings on other
indicators, 2-person technique specialists weneifss@ntly more likely to detect a right
colon polyp than solo performing specialists (eatied OR: 2.42).

The likelihood of finding small polyp(s) mirrorselpattern of quality indicators
described above. Solo technique specialists wgrgfisiantly less likely to find a small
(<5mm) polyps than 2-person PCPs (adjusted OR: 082CI: 0.36, 0.77) and 2-person
technique specialists were the most likely to fimcteasingly smaller polyp(s) (adjusted
OR: 1.36, 95%CI: 1.18, 1.56). We did not model cedntubation rate as a quality
indicator because the rate was 96.48% for the sgrapt 93.24%, 97.83% and 87.91%
for the 2-person technique specialists, 2-persamigue PCPs, and solo performing

specialists.
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Table 4-3: Adjusted estimates of colonoscopy peréorce and outcome quality
indicators by protocol type***

Dependent variables (colonoscopy quality indicgtors

o

Procedure | Likelihood of Likelihood of Likelihood of
time (mins) | finding polyp(s) finding an finding an advance
(logistic GEE) 1| adenoma(s) neoplasm(s)
(logistic GEE) 1| (logistic GEE) T
B | p-value| OR| 95%CI | OR| 95%CI | OR|  95%ClI
Protocol type
1-person  |-3.77P<.00010.56| 0.37,0.83| 0.73 0.38,1.38| 1.0 0.69,1.59
technique
specialist
2-person  |-1.01 P=.184|1.39| 1.19,1.62| 1.23 1.12,1.34| 1.14 1.04,1.26
technique
specialist
2-person 0 0 1.00 1.00 1.00 1.00 1.00 1.00
technique
PCP
Patient age
<50 years 0 0 1.00 1.00 1.00 1.00 1.00 1.00
50-59 years | 0.52P=.166|1.33| 1.21,1.47| 1.51 1.35,1.68| 1.31 1.08,1.60
60-69 years | 2.08°<.00011.61| 1.48,1.75| 2.17 1.97,2.38| 1.81 1.54,2.13
70-89 years | 2.93°<.00011.83| 1.60,2.09| 3.02 2.69,3.38| 2.17 1.75,2.70
Patient gender**
Male 0 0 1.00 1.00 1.00 1.00 1.00 1.00
Female 1.11P<.00010.75| 0.70,0.80| 0.64 0.60,0.68| 0.65 0.57,0.74
Patient race**
Whites 0 0 1.00 1.00 1.00 1.00 1.00 1.00
Blacks -0.86P=.082|0.90| 0.80,1.01| 0.88 0.81,0.97| 1.03 0.90,1.17
Other 0.65 P=.202|0.89| 0.73,1.10, 0.84 0.69,1.01| 0.79 0.55,1.15
Was this a PCP training procedure? €£140" procedure for the PCP)
Yes 0 0 1.00 1.00 1.00 1.00 1.00 1.00
No -3.93P<.00010.92| 0.80,1.05| 0.90 0.81,0.99| 0.8 0.75,1.02
Number of |3.16|P<.0001- - - - - -
polyps found

** Total of 96 patients was missing information ondgsrand race and excluded from analysis.
*** Models controlled for sedation type and boweéparation status.
t Categories modeled are “No” and “Yes”.
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Table 4-4: Adjusted estimates of colonoscopy peréorce and outcome quality

indicators by

protocol type*

Dependent variables (colonoscopy quality indicgtors

Likelihood of | Likelihood of Likelihood of Likelihood of
finding an finding an  |[finding at least on finding
additional polypt additional right colon increasingly
adenomat polyp(s) smaller polyp(s)
(ordered logistic| (ordered logistic
GEE) t1 GEE) t17
OR| 95%Cl | OR| 95%Cl | OR| 95%Cl | OR  95%ClI
Protocol type
1-person |0.54| 0.36,0.80 0.71 0.37,1.38| 0.55 0.34,0.90 | 0.52 0.36,0.77
technique
specialist
2-person [1.34| 1.16,1.54| 1.23 1.12.1.35| 1.33 1.12,1.58| 1.36 1.18,1.56
technique
specialist
2-person [1.00 1.00 1.0 1.00 1.00 1.00 1.00 1.00
technique
PCP
Patient age
<50 years | 1.00 1.00 1.0 1.00 1.00 1.00 1.00 1.00
50-59 years1.33| 1.22,1.45| 1.52 1.37,1.69| 1.38 1.26,1.51| 1.31 1.20,1.44
60-69 years1.68| 1.55,1.81| 2.26 2.06,2.48| 1.79 1.67,1.92| 1.5% 1.43,1.68
70-89 years1.87| 1.66,2.10| 3.1%5 2.82,3.51| 2.20 1.97,2.46| 1.72 1.51,1.95
Patient gender**
Male 1.00 1.00 1.0 1.00 1.00 1.00 1.00 1.00
Female 0.73 0.68,0.78| 0.62 0.59,0.66| 0.72 0.68,0.77 | 0.78 0.72,0.83
Patient race**
Whites 1.00 1.00 1.0 1.00 1.00 1.00 1.00 1.00
Blacks 0.87 0.78,0.97| 0.89 0.81,0.97| 0.92 0.83,1.02| 0.89 0.79,1.00
Other 0.85 0.70,1.02| 0.84 0.69,1.02| 0.8% 0.71,1.02 | 0.93 0.76,1.13
Was this a PCP training procedure? €£140" procedure for the PCP)
Yes 1.0 1.00 1.0 1.00 1.00 1.00 1.00 1.00
No 0.92 0.80,1.06| 0.89 0.81,0.99| 0.93 0.81,1.05| 0.93 0.81,1.07

* The model controlling for sedation type and boywedparation.
** Total of 96 patients missing information on geménd race.
T Categories modeled are 0, 1, 2+.
t1 Categories modeled are “No polyp”, “Left onl$&t least one Right polyp”.
t11 Categories modeled are “No polyp”, “Small”, “them”, “Large”.
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Discussion

This study finds that an innovation of a hands-gre&on technique is highly
associated with superior colonoscopy performanddesion detection outcomes, and
that by every discriminating measure, the resuits the 2-person technique are
superior, and consistent across measures. The pgbis much higher with 2-person
technigue PCPs than with 1-person technique sp&sialvhich is by far the most
widespread protocol in routine screening colonomConsistent with the literature of
high competent performance by trained family phgsis (Edwards 2004). The effect
remains significant even when considering adenoelds/and advanced neoplasms
yields, which indicates that PCPs are able tordisish adenomas from normal tissue
polyps on a similar scale as specialists.

With the help of another element of this study e€astinnovative protocol, which
requires the polyp search and removal in both vagsid out and the gradual spiral
withdrawal, chance of missing the polyps is propasebe lower. Because the routine
protocol performs polypectomy when withdrawing tedonoscope even if polyps were
detected in insertion period, this might highly s&d the polyps because most of the
time, physicians cannot find the polyps after cayrivack due to the distortion of the
colon or mistakenly locate the polyps in memorylyp@nd adenoma detections are
consistently higher in 2-person technique groupt$) regard to the number of
polyps/adenomas detected in a patient, the 2-peéestimique groups still have higher
chance of detecting more polyps/adenomas. Thsuelthat 2-person technique protocol
is not only superior in detecting a/an polyp/adeapbut also trying to catch any

polyps/adenomas to make screening colonoscopy beoreficial in colorectal cancer
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prevention to the patients. Regarding to the palygtomic location, a constant relation
was observed, 2-person technique groups (PCPs:sh8gialists: 2.42, respectively) are
about 2 times more likely to detect right colonypsl than 1-person technique specialist.
Therefore, we are confident to state that 2-peteohnique protocol offers physicians to
perform a thorough colon inspection and this isgvenproved both in the left and right
colon. No specific segment of colon was favored.

When comparing among specialists, those under &spdechnique protocol are
consistently showing about 2-fold yields than thosder 1-person technique protocol
with regard to the quality indicators we studietle2-person technique protocol plays an
important role in improving the colon clearancereaenong specialists by providing an
additional person with hands-on assistance in ngetijpg the colonoscope to convey
two dominant hands for errors caused by motor dgatigRogart 2008, Sanaka 2009,
Buchner 2011) and more persons watching on theo\ddeeens for polyp search to
reduce vision errors (Aslanian 2013). These elemeh2-person technique protocol
render the warranty of a thorough colon inspectsanthat the missed chance reduces
with potential colorectal cancer protection ince=as

This study suggests that the 2-person techniquedis with onsite specialist
support may be a solution to the insufficient coleeopy capacity which stands in the
way of realizing the CRC prevention benefits oformscopy (Seeff 2006). PCPs
performing colonoscopy has been debated due tlatheof specialty training. The study
center provides PCPs a training program since 20@1the unique element of 2-person

technique protocol improves the colonoscopy quatityeneral, the 2-person technique
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for PCPs rebuts the controversy of the inferiootyCP colonoscopy quality in the

literature (Rex 1997Rabneck 2010, Bressler 2007).
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Manuscript #2: Does sedation type (midazolam-mepaeatine vs. Propofol) affect
screening colonoscopy performance quality and polygetection outcomes?
Abstract
Background:Over the past decade the age-adjusted colorentabec (CRC) incidence
has significantly decreased. Most CRC cases arntislean potentially be prevented by
colonoscopy screening which enables both primagyemtion through removal of pre-
cancerous polyps and secondary prevention throadi @etection of cancer cases.
However the at-risk population’s uptake of scregraalonoscopy has been less than
optimal. One reason could be public perceptionsotdnoscopy as an invasive and
potentially painful procedure, particularly conceabout partially or unsedated
colonoscopy. Offering deep sedation which is docuetbto provide a well anesthetized
procedure experience and to alleviate patientdeaomfort may increase the
acceptability of colonoscopy. There is little sys&gic documentation of how sedation
type affects colonoscopy performance quality astledetection outcomes. It is
important to systematically study whether deep sedadependently improves
colonoscopy performance quality in ways that sigaiitly impacts its CRC prevention
potential.
Objectives:This study examines the effect of propofol sedataative to midazolam-
meperidine (MM) sedation in a setting where a Ipgihformance, polyp detection-
maximizing colonoscopy protocol has been in placelDd years.
Methods:Retrospective cohort study of all screening cotmopies done at a state-
licensed ambulatory surgery endoscopy center ittS8arolina from September 4, 2001

and February 4, 2011. Propofol sedation in lieMbf sedation was implemented since
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April 1, 2006. Because all other clinical protoenld patient navigation elements were
consistently implemented, these series enablettigly sf the independent associations of
propofol sedation with procedure quality and legietection outcomes. Patient is the
unit of analysis. The dependent variables represgptrocedure quality and outcomes
are procedure time and lesion detection capturedadral levels of difficulty. The key
independent variable of interest is sedation typegdofol or MM).

Our study hypothesizes that propofol sedation isenikely to be associated with
finding a polyp/adenoma relative to no polyp/adeapand the same odds applies to
finding each additional polyp/adenoma Bowel prepanastatus significantly affects
procedure completion and therefore lesion detectites. Therefore in assessing the
effectiveness of sedation type it is essentiabjost for bowel preparation status.
Results:Of total 20,540 study-eligible patients providesicaeening colonoscopy from
September 4, 2001 through February 4, 2011, 1lpaéénts were sedated with MM
(54.85%, all pre-April 1, 2006), and 9,274 patientth propofol (45.15%, from April 1,
2006). The polyp detection rate was higher in pfolsedated patients (63.49%)
compared to MM (61.07%, p<.05), as was the meanbeuwf polyps found per patient
(1.33 vs. 1.06, p<.0001), with similar differen¢esnost lesion detection indicators.
Mean procedure time was shorter with propofol 9edg®5.08 vs. 26.25 min for MM).
Propofol sedation was associated with slightly bBrgbdds of finding an advanced
neoplasm (adjusted OR: 1.14, 95%CI: 1.01, 1.29)vatidfinding an additional polyp

(adjusted OR: 1.25, 95%CI: 1.07, 1.46) comparedtbsedation.
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ConclusionsPropofol sedation may contribute marginally to royed colonoscopy
guality, although quality improvement efforts magy lietter rewarded if focused on
measures to improve patient bowel preparation diolypatient navigation.
Introduction

Over the past decade the age-adjusted coloreartabc (CRC) incidence
decreased from 51.8/100,000 in 1999 to 44.7/100/9@009, and the age-adjusted
decreased from 20.5/100,000 to 16.9/100,000 (SHHER)2 Despite these reductions,
CRC remains a significant public health problenfe@ing over 5% of Americans over
their lifetime (U.S. Cancer Statistics Working Gpaz013) and killing 50% more
Americans than motor vehicle accidents (NHTSA 20Clonoscopy is recommended
as the preferred screening method because it enpgbiheary prevention through removal
of pre-cancerous polyps (Rex 2000, Davila 2006, R¥9). However the uptake of
colonoscopy by at-risk population (aged 50 yearslaer, 40 years for those with a
family history of CRC) has been less than optirbalng 13.4% in 2005 and 36.4% in
2010 (calculated from the National Health Intervidurvey 2005 and 2010 data).

One reason for low uptake of colonoscopy coulgdreeptions of colonoscopy as
an invasive and potentially painful procedure, ipatarly concerns about partially
sedated or unsedated colonoscopy, limiting CRCeariean efforts (Rex & Khalfan
2005, Sipe, Rex, Latinovich 2002). Offering deegatimn which is documented to
provide a well anesthetized procedure experiendd@alleviate patient fear of
discomfort (Sipe, Rex, Latinovich 2002, Heuss 2004Yy increase the acceptability of
colonoscopy. However deep sedation entails additioosts, notably personnel cost

(nurse anesthetists). Payers are more likely ¥ercoosts that facilitate better quality and
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colonic clearance of polyps enhancing the CRC prigme impact of colonoscopies,
which in turn would reduce future treatment costsfthe CRC cases prevented.
There is little systematic documentation of howadih type affects colonoscopy
performance quality and polyp detection outcomé® dvailable evidence is mixed,
based on retrospective studies of procedure siiasvere not standardized for other
protocol elements that greatly impact the repooigitomes. Three studies of important
quality indicators, procedure completion rate (t@dabation), and adenoma detection
rate showed positive associations with deeper mededlative to mild sedation (Chelazzi
2009, Radaelli 2008, Wang 2010), while three otkamved no significant associations
(Paspatis 2011, Rex 2012, Metwally 2011, Bannet220Chelazzi et al (2009) reported
100% procedure completion rate under propofol seal@abmpared to 91.1% for non-
sedated procedures (p<.05), with 1.5 minutes shimgertion time the propofol group (9
minutes) than the non-sedated group (p=.0086). &lagaal reported the highest odds
of cecal intubation with propofol sedation (OR =2r8lative to the non-sedated group),
followed by benzodiazepine-opiate (OR =2.13), aedzodiazepine alone (OR =1.46).
They also reported a similar pattern of increagiolyp detection with increasing
sedation (highest likelihood of detection with poég sedation (OR=1.32) followed by
benzodiazepines (OR =1.12). A study of midazolaoh@athidine used in specified doses
to produce moderate (MS) and deep sedation (D®)dfoo significant difference in the
polyp detection rate (MS: 61.5%, DS: 63.6%), ademaoletection rate (MS: 59.5%, DS:
60.4%), and right colon polyp detection rate (M&.430, DS: 36.8%) (Paspatis 2011).
Another study found no difference in adenoma detectites of procedures sedated by

propofol vs. midazolam/fentanyl (Metwally 2011).ré&trospective cohort study across 72
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facilities reported a somewhat higher polyp detectate with moderate sedation than
with deep sedation (37.7% vs. 34.1%, p<.0001) bwel advanced adenoma detection
(6% vs. 7.2%, p=.01), the latter effect being great facilities where deep sedation
procedures exceeded 10% of their respective tovalepures (7.5% vs. 5.7%, p=.003)
(Wang 2010). None of the studies reported on prmsEdation compared to the most
commonly used sedation type, midazolam-meperidine.

The evidence on procedure completion and aden@tegttbn rates by sedation
type/level remains mixed. However, the evidenagaar regarding patient satisfaction
with pain control. All propofol-sedated patientpoeted no pain (102 out of 102
patients), compared to 17 out of 23 persons imtliazolam group, and 11 out of 22 in
the no sedation group (Gasparovic 2003).

The above evidence suggests that deep sedatipropgfol may be time saving
and it achieves full pain control compared to osedtatives. The mixed results for other
colonoscopy quality indicators are reasonablylaiteble to the documented widely
variable colonoscopy protocols and performancegpeeices of endoscopists (Barclay
2006, Rex 2001). It is important to systematicatlydy whether deep sedation
independently improves colonoscopy performanceityualways that significantly
impacts its CRC prevention potential. This is g lssue of interest to medical
professionals and payers. This study addressendbi by examining the effect of
propofol sedation relative to midazolam-meperidii®l) sedation in a setting where a
high-performance, polyp detection-maximizing colscmpy protocol has been in place
for 10 years. (The details of these clinical protadements are described in a previous

paper.) All providers either adhered to the colaopy protocol (57 of 59) or were
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identified as non-adherent, and uniform patientgption to reinforce bowel preparation
instructions was provided to all patients. The eehas maintained rigorous
documentation of procedures and outcomes since @08dling a systematic study of the
independent associations of propofol sedationifutet for all center procedures since
April 1 2006) with procedure quality and lesional#ton outcomes, by comparing
propofol sedated procedures with MM procedures-Apel 1, 2006).
Methods

This is a retrospective cohort study of all snreg colonoscopies done at a state-
licensed ambulatory surgery endoscopy center ittS8arolina from September 4, 2001
and February 4, 2011. Propofol sedation in lieMbf sedation was implemented since
April 1, 2006. Because all other clinical protoenld patient navigation elements were
consistently implemented, these series enablettigly sf the independent associations of
propofol sedation with procedure quality and lesletection outcomes. Patient is the
unit of analysis of. Of total 20,912 patients, 2 Patients were study-eligible after
excluding 342 patients aged less than 30 year®@amd89 years, and 30 patients with a
prior history of colon/rectum resection. The sangaiection flow chart is shown in

Figure 4-2.
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26,523procedures as
of February 4, 2011

» 5,6112" and later procedures

A 4
‘ 20,91 2initial procedures

\ 4

342 <30 years &90 years

v
20,570patients with initial
colonoscopy 30-89 years

. 30 excludes dues to prior history
of colon/rectum resection

20,540study eligible

v \ 4

11,266patients with Midazolam- 9,274patients with
meperdine sedation Propofol sedation

Figure 4-2: Sample selection flowchart

The dependent variables representing proceduré&yjaatl outcomes are as
follows: likelihood of finding a polyp (Yes vs. Ndjkelihood of finding an adenoma
(Yes vs. No), likelihood of finding an advanced pkesm (Yes vs. No), likelihood of
finding each additional polyp (0, 1, 2+), likelindbof finding each additional adenoma (O,
1, 2+), likelihood of finding a right-sided polypd polyp, left only, at least one right-
sided polyp found), and likelihood of finding a dleapolyp (no polyp, at least one
small&5mm) polyp found, at least one medium (6-9mm) fouatdeast one
large(10+mm) polyp found). The key independentalad of interest is sedation type
(propofol or MM) and the control variables are bbopeeparation status, patient age, race,

gender, was this a PCP training procedure, anduh#er of polyps found.
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Because patients are nested within physician amtkaly to experience a unique
physician level effect, we conducted multilevel ralnag. Patients within a physician
panel are considered to have an exchangeableatorreland any two patients served by
different physicians are considered uncorrelatezhe®alized estimating equation (GEE)
is used to test the associations of interest. Tdahdichotomous dependent variables,
such as the likelihood of detecting a polyp/adenachaanced adenoma in subjects,
logistic GEE regression model was used. For ordiaghbles, such as the likelihood of
finding each additional polyp/adenoma, the likeidl®f finding at least one right colon
polyp, likelihood of finding increasingly smalleolyps, and the likelihood of having a
shorter procedure duration an ordered logistic @&ffession model was used. The score
test in SAS applied to verify the validity of trassumption. Our study hypothesizes that
propofol sedation is more likely to be associatétth Winding a polyp/adenoma relative to
no polyp/adenoma, and the same odds applies tmjrash additional polyp/adenoma
Bowel preparation status significantly affects @aare completion and therefore lesion
detection rates. Radaelli showed 40% lower odgs@fedure completion with good
bowel preparation vs. excellent (Radaelli 2008er€fore in assessing the effectiveness
of sedation type it is essential to adjust for blggveparation status.

Results

Of total 20,540 study eligible patients (providamleening colonoscopies from
September 4, 2001 through February 4, 2011), atApril 1 2006 patients were sedated
with MM, 11,266 (54.85%), and from April 1, 2006tipropofol, 9,274 patients
(45.15%). Table 4-5 shows the sample distributipaldmographic and procedure

characteristics. The majority were aged 50 — 59sygtt.5%), female (53.82%), and
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Black (51.72%). Polyps were detected in 61.6% ¢epés, and majority of patients had
only small polyps (91.8%5mm). Among those with polyps, half of the patigmas at

least one right colon polyp (49%).
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Table 4-5: Demographic and procedure charactesisfithe study sample

No. of patients|

n (%)

Sedation type

M-M

11,266 (54.85)

Propofol

9,274 (45.15)

Good bowel preparatiort

Yes 18,613 (90.62
No 1,561 (7.60)
Patient age
<50 years 3,792(18.46
50-59 years 9,138(44.49
60-69 years 5,066(24.66
70-89 years 2,544(12.39

Patient gender*

Male

9,390(45.72)

Female 11,054(53.82
Patient Race*

Whites 9,139(44.49)

Blacks 10,623(51.72

Other 682(3.32)

Number of polyp found**

0 7,772 (37.84)
1 6,383 (31.08)
2+ 6,268 (30.52)
Polyp sizet
No polyps 7,772 (37.84
Small E5mm) 11,727 (57.09)
Medium (6-9mm) 591 (2.88)
Large (10+mm) 377 (1.84)

Polyp anatomiclocationtt

No polyps 7,772 (37.84
Left colon 6,387 (31.10)
Right colon 6,273 (30.54

* Total of 96 patients missing information on gendnd race.
**Total of 117 patients with missing information aumber of polyps.

t 366 patients missed sedation type in combinatitimbowel preparation information.
T1 73 patients had missing polyp size informati@8 patients were missing information on
polyp anatomic location.
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Table 4-6 presents the colonoscopy performancetgaad lesion outcomes
distributed by sedation type. The polyp detectiate was higher in propofol-sedated
patients (63.49%) compared to MM (61.07%) (p<.@S)was the mean number of polyps
found per patient (1.33 vs. 1.06) (p<.0001). Thiégpas of differences in adenoma
detection and advanced neoplasm detection alsmrfdatie above pattern (propofol:
31.73%, MM: 30.86% for adenomas and 7.12% vs. 6.#8%dvanced neoplasms, all
p<.05), as also the mean number of adenomas foemplgpient screened (0.53 vs. 0.48),
the detection rate for small polyps (58.01% vs38%), and for any right colon polyp
(31.3% vs.29.9%). The mean procedure time is shaite propofol sedation (25.08 vs.
26.25 min for MM), both when polyps were detect2d.$1 vs. 28.33 min.) and no

polyps detected (20.69 vs. 22.66 min.).
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Table 4-6: Indicators of colonoscopy quality by atoh type

Midazolam- Propofol | p-value
meperdine
mean / n(%) mean / n(%)

No. of patients 11,266(54.85) 9,274(45.15)
Cecum intubation rate (% of cases) 10,719 (95.14)098(98.10)P<.0001
Good bowel preparation P<.0001
Yes 10,112 (89.76) | 8,501 (91.66)

No 847 (7.52) 714 (7.70)

Lesion detection rates

Polyp detection rate (% of cases)* 61.07 63.49P=.0004

Number of polyps detected per 1.06+1.19 1.33t1.52| P<.0001
subject(mean, SD)**

Adenoma detection rate (% of cases)** 30.86 731. | P=.001

Number of adenomas detected per 0.48+0.88 0.53+£1.00| P<.0001
subject(mean, SD)**

Advanced neoplasms (% of cases)** 6.46 7.12| .0634

Procedure duration
All colonoscopies

Total procedure time (min)** 26.25+17.52 25.08+#8 |P<.0001

Colonoscopies with no polyp found

Total procedure time (min)** 22.661+11.62 20.6933 |P<.0001
Colonoscopies with polyp(s) found
Total procedure time (min)** 28.331£19.86 27.31484 P<.0001

Polyp size**t P=.003
No polyps 4,386 (38.93)| 3,386 (36.51)
Small polyp with or without medium or large 6,347 (56.34) | 5,380 (58.011)
polyp(E5mm)

Medium with/without large polyp (8mm), n¢ 306 (2.72) 285 (3.07)
small polyp
Large polyp only*¥ 10mm) 189 (1.68) 188 (2.03
Polyp anatomic location**t P<.0001
No polyps 4,386 (38.93)| 3,386 (36.51)

Left colon only 3,402 (30.20)| 2,985 (32.19)

Right colon (with or without left colon polyp)  3,8729.91) | 2,903 (31.30)

t 73 patients had missing polyp size informatidi§ fatients were missing information on polyp

anatomic location.

Table 4-7 and 4-8 show the associations betweeatieadype and colonoscopy

quality indicators adjusting for patient demogragghand other procedure-related factors.

The adjusted procedure time is showed somewhaetahgation with MM sedation than
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propofol sedation although it did not attain statéd significance (0.97 min longer,
p=.093). Propofol sedation was associated witth#lichigher odds of finding advanced
neoplasm(s) (adjusted OR: 1.14, 95%CI: 1.01, 1la24@)slightly higher odds of finding
an additional polyp (adjusted OR: 1.25, 95%CI: 11046) compared to MM sedation.
The associations were not statistically signifidantthe likelihood of finding at least one
polyp and finding an adenoma (adjusted ORs: 1.811a08, respectively). Similarly the
likelihood of finding at least one right-sided pp(g) was not significant (adjusted OR:
1.10), as was the likelihood of finding increasinginaller polyp(s) (adjusted OR: 1.08)
because all confidence intervals spanned 1.0.

Unlike the sedation type, bowel preparation steishowing consistently high
and statistically significant associations. Goodelopreparation is significantly
associated with a shorter procedure durations (346 p<.0001). Better bowel
preparation was also associated with higher likeldhof finding polyp(s) (1.43,
p<.0001), finding adenoma(s) (1.18, p=.005), figdam additional polyp (1.38,
p<.0001), finding at least one right-sided polyB{l p<.0001) and finding increasingly
smaller polyp(s) (1.42, p<.0001). The likelihoodfiofding advanced neoplasm(s) was
not associated with bowel preparation status vighetxception of finding an additional
adenoma when the bowel preparation status was\goqabor (adjusted OR: 1.16,

95%Cl: 1.03, 1.30).
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Table 4-7: Adjusted estimates of colonoscopy peréorce and outcome quality
indicators by sedation type*

Dependent variables (colonoscopy quality indicgtors
Procedure | Likelihood of Likelihood of |Likelihood of finding
time (min) | finding polyp(s) finding advanced
(logistic GEE)t adenoma(s) neoplasm(s)
(logistic GEE )t| (logistic GEE )t
B | p-value| OR| 95%CI | OR| 95%CI | OR|  95%ClI
Sedation type
M-M 0 0 1.00, 1.00 1.00 1.00 1.00 1.00
Propofol -0.9Y P=.093|1.11| 0.97,1.26| 1.08 0.98,1.19| 1.14 1.01,1.29
Good bowel preparation
Yes -3.46P<.00011.43| 1.29,1.60| 1.18 1.05,1.33| 1.10 0.89,1.35
No 0 0 1.00 1.00 1.00 1.00 1.00 1.00
Patient age
<50 years 0 0 1.00 1.00 1.00 1.00 1.00 1.00
50-59 years 0.5pP=.166|1.33| 1.21,1.47| 1.51 1.35,1.68| 1.3 1.08,1.60
60-69 years 2.06°<.00011.61| 1.48,1.75| 2.17 1.97,2.38| 1.81 1.54,2.13
70-89 years 2.93°<.00011.83| 1.60,2.09| 3.02 2.69,3.38| 2.17 1.75,2.70
Patient gender**
Male 0 0 1.00 1.00 1.00 1.00 1.00 1.00
Female 1.11P<.0001 0.75| 0.70,0.80| 0.64 0.60,0.68| 0.65 0.57,0.74
Patient race**
Whites 0 0 1.00 1.00 1.00 1.00 1.00 1.00
Blacks -0.86 P=.082|0.90| 0.80,1.01| 0.88 0.81,0.97| 1.03 0.90,1.17
Other 0.65P=.20170.89| 0.73,1.10| 0.84 0.69,1.01| 0.79 0.55,1.15
Was this a PCP training procedure? £140" procedure for the PCP)
Yes 0 0 1.00 1.00 1.00 1.00 1.00 1.00
No -3.93P<.0001 0.92| 0.80,1.05| 0.90 0.81,0.99| 0.8§ 0.75,1.02
Number of |3.16| P<.0001 - - - - - -
polyp found

* Model controlled for protocol type and whethemisd preparation is “Good” or “No Good”.
** Total of 96 patients was missing information ondgmand race and excluded from analysis.
t Categories modeled are “No” and “Yes”.
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Table 4-8: Adjusted estimates of colonoscopy peréorce and outcome quality
indicators by sedation type

Dependent variables (colonoscopy quality indicgtors

Likelihood of Likelihood of Likelihood of Likelihood of
finding an finding an finding at least |finding increasing|
additional polypT additional  |right colon polyp(s) smaller polyp(s)
adenomat (ordered logistic| (ordered logistic
GEE)TT GEE)ttt
OR| 95%Cl | OR| 95%Cl| OR  95%Cl| OR  95%Cl
Sedation type
M-M 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Propofol| 1.25| 1.07,1.46| 1.09 0.99,1.20| 1.10 0.96,1.26 | 1.08 0.95,1.23
Good bowel preparation
Yes 1.38 1.24,1.52| 1.16 1.03,1.30| 1.31 1.19,1.45| 1.42 1.29,1.57
No 1.00f 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Patient age
<50 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
years
50-59
years 1.33 1.22,1.45| 152 1.37,1.69| 1.38 1.26,1.51 | 1.31 1.20,1.44
60-69
years 1.68 1.55,1.81| 2.26 2.06,2.48| 1.79 1.67,1.92 | 155 1.43,1.68
70-89
years 1.87 1.66,2.10| 3.1% 2.82,3.51| 2.20 1.97,246 | 1.72 1.51,1.95
Patient gender**
Male 0 0 0 0 1.0C 1.00 1.00 1.00
Female | 0.73 0.68,0.78| 0.62 0.59,0.66| 0.72 0.68,0.77 | 0.78 0.72,0.83
Patient race**
Whites 0 0 0 0 1.00 1.00 1.00 1.00
Blacks | 0.87 0.78,0.97| 0.89 0.81,0.97| 0.92 0.83,1.02 | 0.89 0.79,1.00
Other | 0.85 0.70,1.02| 0.84 0.69,1.02| 0.8 0.71,1.02 | 0.93 0.76,1.13
Was this a PCP training procedure? £140" procedure for the PCP)
Yes 0 0 0 0 1.00 1.00 1.00 1.00
No 0.92| 0.80,1.06| 0.89 0.81,0.99| 0.93 0.81,1.05| 0.93 0.81,1.07

* Model controlled for protocol type and whethemisd preparation is “Good” or “No Good”.

** Total of 96 patients was missing information gender and race and excluded from analysis.

T Categories modeled are 0, 1, 2+.
t1 Categories modeled are “No polyp”, “Left onl$&t least one Right polyp”.
t11 Categories modeled are “No polyp”, “Small”, “them”, “Large”.
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Discussion

Propofol sedation has been of interest to gasteoeloigists because it enables
very rapid induction of deep sedation and rapi@dvecy. This enables more efficient
utilization of the endoscopist’s time as well as #aditional costs of the associated staff
and infrastructure while supporting patients’ gr@decovery with MM and other
sedation types. Additional advantages of propdfat aire well-documented are far better
and reliable pain control and higher patient satisbn.

A key question however is whether it improves theliy of the procedure in
terms of achieving pan-colonic polyp clearanceahbee the additional costs incurred for
propofol administration may be justifiable to pagérthe ultimate clinical outcomes and
downstream cost reductions to be achieved caninenigrated. This is the first study to
evaluate this question using a very large seriemiaonusual setting where rigorous
guality assurance mechanisms and documentatian ptace, elements of the clinical
protocol other than sedation type were kept comstenross providers (or documented for
providers not adhering to certain colonoscopy moltelements), and a large number of
providers’ procedures are included in the sam@ep{®viders).

We find that while there is a suggestion of a pesiassociation of propofol
sedation with improved lesion detection and cleagaas measured by sensitive
indicators, the results did not attain statistgighificance except in respect of one
indicator, the advanced adenoma detection rateireadeduction in procedure time. We
used several uncommon indicators of colonoscopiitgua addition to the standard
measures reported routinely such as adenoma daeteates, mean number of adenomas

per screened patient. These include the likelirmfatketecting a small adenoma detection,
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and of detecting the relatively elusive right cofmoilyp. Although we found a consistent
pattern of slightly better detection of lesionshwiropofol sedation compared to MM
sedation, the results did not attain statistioghi§icance despite our large sample size.
Our findings are similar to those of other studiest examined the depth of sedation
rather than sedation agents used (Paspatis 20 jindings may be due to the
possibility that the study center ensures deepteedir all patients regardless of
sedation type.

An important study finding is the role of bowel pagation status in the detection
rates of all types of lesions, particularly the metusive lesions such as smaller
adenomas and right colon polyps which could bdqesito the patient if left behind. Our
study validates the findings of Radaelli et al adds to the literature by extending the
documented associations to the finer indicatorgualdity, small adenoma detection,
likelihood of detecting each additional adenomal léelihood of detecting a right colon
polyp. Missing of right colon polyps at colonoscapylocumented to be widespread and
thought to be a major driver of a large proportdicolorectal cancers arising despite
colonoscopy screening.

In summary, our findings suggest that propofol s§edamay contribute
marginally to improved colonoscopy quality, althbuguality improvement efforts may
be better rewarded if focused on measures to inggpatient bowel preparation through
efforts directed at patients for example, througtigmt navigation. Regarding propofol
sedation itself, our findings suggest that endostsdecisions to adopt propofol
sedation should be guided more by consideratiopai¢nt comfort and satisfaction, as

well as efficiency of endoscopist time utilizatither than an expectation of improved
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lesion detection rates. Our study does not prosiggort for adoption of propofol

sedation for the purpose of improving the colorecaacer prevention effectiveness of

colonoscopy screening.
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Appendix A DATA MANAGEMENT PROCESS

e Preparing and cleaning the data:

De-identified data on all colonoscopies conductadind) September 4, 2001 and
February 4, 2011 were downloaded from the SCME@isiaistrative and clinical
datasets for this study. To prepare and cleandteeréady for analysis, the data

collection and management processes are as below:

V:\ColScope\SCMEC\Data\SASfilz\old stufilmportD¥taportData.sas

Several datasets imported from SCMEC on Octobe2Q07 including physician
dataset, appointment dataset, billing datasetpahg dataset imported to USC system.

(Import Data. sas)

V:\ColScope\SCMEC\Data\SASfilz\old stuff\CombineB@011\CombineData\PCP

Data.sas

Physician demographics data was imported from @RIEC in 2007 including
ID, name, gender, race, age as of 2007, year olugteon, area of specialty, years of
experience since graduation as of 2007, is thisiptan board certified and the reason
for exclusion if this physician is not qualified éor study. Total of 64 physicians were
read in (Rawdat.pcp) and extra 3 physicians (egpppere updated later adding up to

67 physicians in our original physician datasetwBat.pcp2).
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V:\ColScope\SCMEC\Data\SASfilz\DA2012\Polyp Data1D-12.sas

oldraw.polypupdate2 (n=180)

This is an update patch done in 2008. This fileg@gpid and the polyp_results
coded as 1-9 (this was obviously from patient &)aifthis file contained polyp data
2001-2002, was originally found no pathology téxtt discovered path_results in
colonoscopy sheet of “Coldata.xIs”. “Compress” fime was used to return a character

string with specified characters removed from thgioal string for operationid and

polypid.

Old polyp data was read in from polyps sheet ofd@ta.xIs covering polyp
information from 9/1/1999 to 11/1/2007. Remove dgiks due to data download
(n=16,426) and data entry (n=1). Old polyp datai6l427) was merged with the 2008

update (N=180) after it was cleaned, named as “@igR1 (N=16,607).

New polyp dataset of 32,726 observations was thad in, this polyp dataset
covered from 2001 to 2011 (V:\ColScope\SCMEC\Dasaata\2011\polyps 2011.xIsx).
“ignoredestroyed” and “dysplasia” were reformathexn characters to numeric variables.
After cleaning up some default setting of the dettasld polyp data that were missing

data with info was updated from the new polyp data.

AllPolyps: Update old polyps (n=16,607) with newyps (n=32,726). Because
oldraw.polypupdate2 (n=180) is not contained in pelyps, the combined AllPolyps has

32,908.

Several correction and updating codings were app@ifeerwards as bellows:
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“Substr” function for taking substrings of matriblements for “Operationld” to

“Operld”,

. Data value recode — erroneous value due to limitatthen importing and

missing value format recode,
Variable rename,
Dysplasia update coding from pathologytext and patults matching both by

Operld/polypno and polypld.

Apply correction code for missing data and recddeal polyps ¢oinclude

'V:\ColScope\SCMEC\Data\SASfilzZ\DA2012\Correctiord#e Coding\MissingDataUpd

ates10-10-12.sgp’

The updates of Summer 2011 for missing value wead m from Access

worksheet, the datasets were: (Access datasets are

"V:\ColScope\SCMEC\Data\Rawdata\2011\NewMissingB&HEMEC Missing Data

updated 09292011\SCMEC Missing Data 1.accdb" and

DATABASE="V:\ColScope\SCMEC\Data\Rawdata\2011\NewMissingC&HMEC

Missing Data updated 09292011\SCMEC Missing Dada@ib?)

1.

2.

PolRes for polyp_result update,

PolSize for Polypsize update, after reading imvamually recoded various
formats couldn’t be specified due to data entry,

PolQuant for PolypQuantity update,

PolLoc for Polyplocation update,

PolCol for Color update, the “color” variable wamamed to “morphology”

variable, and a “macro” function for morphology wesed to create
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“PeduncSessile”, “Erythematous”, Flat”, * Multilolaw”, “Violaceous”, and
“ Serrated” variables. For * Serrated” variablestteearch was additional used on
pathologytext to fully capture the endoscopist pohae notes,

6. PolHow for polypectomy update.

“V:\ColScope\SCMEC\Data\SASfilz\DA2012\Correctiontlgge Coding\PolypRe
sultsUpdate10-16-12.sas”, this program used pagiytdat (hierarchical text search) and
pathresults (linked by combination of OperID andlypno) and manual review as total of

4,746 to update to polyp_result.

Now, we have pathresults, pathologytext and polggult variables all for coding
the results of the polyp, therefore, we incorpatated updated them into “polyp_result”

variable using the Correction and Update Coding.

Remove polyps from Minhas Hospital procedures

After the updating program was applied, we remdviathas-procedure polyps
by getting the operationid of the procedures froawRat.MinhasHospital dataset.

(polyps from 34 procedures were removed) (Seed#8:461)

How we produced final product of “Rawdat.finalpatg®12” of this program

It was created after categorizing Adenoma, AdvAdea&erratedAdenoma,
HyperPolyp, NormoPolyp, Carcinoid, Carcinoma, arttyMeoplasm variables using

polyp_result and dysplasia level.

V:\ColScope\SCMEC\Data\SASfilz\old

stufiCombineData\2011\CombineData\Colonoscopy Bat
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Rawdat.colonoscopy was imported from “coldata.®als’colonoscopy procedure
data from the SCMEC (Rawdat.colonoscopy has 17pr8€edures, 30 duplicated entries

by SCMEC staff were deleted. Total now is 17,760.)

The revised colonoscopy dataset is now updatedmwilly, 773 from
rawdat.colonupdate (this should be chart revievesing data capture on procedure times

etc.) The output as “colonoscopy0l1” has 17,76%kpizgions.

This was now updated with missing operation timgbation and prep status

data for 227 observations (rawdat.colonupdate2(Ax2#om

V:\ColScope\SCMEC\Data\Rawdata\Update7-21-08\ CadonpyUpdateN227.xIs. This
update output as “colnoscopytemp” has 17,761 obsiens.

Update new procedures May 2008 to Dec 2011 areupalated using
V:\ColScope\SCMEC\Data\Rawdata\2011\Colonoscopy2(44 (n=9848)
[colonoscopytemp(17,761) + colonoscopyNew3 (n=9),&h®uld be = 27,609, obviously

some duplicates in new dataset, therefore colomysicas 27,472.]

All of the updates were updated to Rawdat.colon@gco
"V:\ColScope\SCMEC\Data\SASfilz\old stufi\Correaticoding\CorrectTimes.saahd
"V:\ColScope\SCMEC\Data\SASfilz\old stuff\Correaticoding\CorrectAge.sasVere
both brought in for procedure times and age caoest Procedures prior September
2001 were output to pre9_2001 (n=808), procedurgsmissing patientlD were output
to noptid(n=10), and the remaining eligible werépom as colnoscopyltemp(n=26,654),

which is post September 2001 procedure dataset.
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In Summer of 2011 over 10,000 patient charts rev@vdata collection on
missed/discrepant patient/procedure informatiotutiog check on patient date of birth,
date of procedure, bowel preparation, incompletsar, procedure time point (time of
insertion, viewing cecum and withdrawal),and patlyglreport to verify polyp
information including polyp size, location, how &k and polyp result. Updates were
stored as Access format as “newmissingl”(n=2,08d)“aewmissing2”(n=2,023) from
“V:\ColScope\SCMEC\Data\Rawdata\2011\NewMissingCREANMEC Missing Data
updated 09292011\SCMEC Missing Data 1.accfid
“V:\ColScope\SCMEC\Data\Rawdata\2011\NewMissingDB@&MEC Missing Data
updated 09292011\SCMEC Missing Data 2.acaslbén two teams were working on-site
collecting data. After combining and the managenoétihe dataset (e.g., we could not
find the patientid for the patient chart, and m&iout there were two patientids for one
patient and we got the old one, the SCMEC helpdd figure out the corresponding
new patientid for the patient so that we can lota¢epatient chart for review, therefore
patientid update was done here and calculatedrteegure time as minute per the
documented timing of start and end of the colonpg@nd timing of viewing cecum,
patient age calculated using interval function)(bdtween procedure date and patient
date of birth), two missing update datasets wetpuias “allrecentnewupdate”(n=4,047)

and update into colonoscopyltemp (post Septemlidr @bcedure dataset).

In colonoscopy2,V:\ColScope\SCMEC\Data\SASfilz\old stuff\Correatio
coding\CorrectTimes.sas'V:\ColScope\SCMEC\Data\SASfilz\old stuff\Correatio
coding\CorrectAge.sas™Y:\ColScope\SCMEC\Data\SASfilz\old stufi\Correatio

coding\IncompleteReasons.saaid "V:\ColScope\SCMEC\Data\SASfilz\old
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stuff\Correction coding\PolypMissing.sasére brought in for procedure times, age,
incomplete reasons, and polypmipslyp data not found in records-exclude from

denominatoy corrections.

Text search on “ProcComments” was used here fduexgy cancelled
procedures (n=39) and on “comments” PLUS providenlQL9,36,37,57) for excluding

Minhas trained procedures (n=34).

After excluding, procedures in Colonoscopy2(n=28)52ancandnull(cancelled
procedures and null, appointment taken not shomup5), ColPrepNull(n=2),
howmany(patientid available chart not traceabld,)nrawdat.MinhasHospital(n=34) and

39 cancelled appointments.

Physician specialty was recoded based on
“V:\ColScope\SCMEC\Data\Rawdata\PCP\PhysicianLestigough with Dr Lloyd 5-
03-2012.xlsx”, this file was new update since 2@ we went through with Dr Lloyd
of each physician to determine the specialty aedrdining process and does the

physician should be included or excluded from dudg.

Based on the “PhysicianList go through with Dr Ldo-03-2012.xIsx”,
physician specialty was categorized here of prayilan (1,64,22,56,59) as specialist,

PCPCs for the remaining physicians.

The physician specialty now is correctly classifigttier “specialist” variable.
The “ColPCPSeq” variable was created using maarnotion and patched in

“colonoscopy?2” procedures data and output as “amdoapy3”. The provider

160

www.manaraa.com



demographics were read in from “rawdat.pcp2” andhed in “colonoscopy3”, output as

“Colonoscopy4”.

V:\ColScope\SCMEC\Data\Rawdata\2011\MissingRaceAnd@&r 8-19-2011.xIsx

During August of 2011, a round of data collectionfiling in 2645 missing
patient gender and race after exporting data flem&CMEC (MISYS) was carried (refer
to MissRaceSex sheet). After this round of collegibn patient gender and race, the data
was checked on duplicity and 2390 patients weraddo have conflicts on duplicated

entries from MISYS (DuplicateRace&Sex MYSIS sheet).

The RaceandGender updates in 10-18-2012 was folebinpdates in Spring
2012 “rawdat.racegenderregdata4 30 2012” by indiudetion of
'V:\ColScope\SCMEC\Data\SASfilzZ\DA2012\Correctiorded-orTheRegistry\PatAgeGe
nderRaceCorrectionCode SCMEC 10-17-2012.sas'(ny241P
'V:\ColScope\SCMEC\Data\SASfilzZ\DA2012\Correctiorded-orTheRegistry\PatGender
RaceCorrectionCode.sas'(n=271d)tput as “RaceAndGender”. “RaceAndGender” was
later merged in “Colonoscopy4” and output as fpedmanent product of “Colonoscopy

Data.sas” as “rawdat.FinalColonoscopy2012”.

V:\ColScope\SCMEC\Data\SASfilz\DA2012\ Combine pobhnd procedure datasets 10-

17-2012.sas

Final product of Polyp Data 10-17-12.sdsrawdat.finalpolyps2012” and

Colonoscopy Data.sad “rawdat.FinalColonoscopy2012” were read in.

1. Summarize polyps as “SumPolyps” and polyp typeSastiPolypTypes” by

procedure.
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2. ReferalReason and HistColSurgDis updates wereiriold
“rawdat.FinalColonoscopy2012” by include function o
‘V:\ColScope\SCMEC\Data\SASfilzZ\DA2012\CorrectionCoddfeRegistry\Re
feralReason_HistColSurgDisCorrectionCode072520%2.sa

3. Identify subjects with multiple procedures usingduency function in
“rawdat.finalcolonoscopy2012” to count the numbkpmcedure for each
patientid and output as “MultiCol”. Merged “MultiCdack into
“rawdat.finalcolonoscopy2012” by patientid to idénthe “FirstProcedure” and
“RepeatCol” variables using first.id function amauiat product, output as
“Procedures2”.

4. “SumPolyps” and “SumPolypTypes” were merged withcgedures2” by
operationid.

5. The “referralreasongrp” variable was in a sepadataset called “RawDat.Ref
(n=456)" and was not read in to “analytic.UpdatedR®@cFinalOct192012", so
bring them in here, then manually applied 10 cdives made from “Surgical
referrals 10262011+ History Colon.xlIsx”.

6. Output as “analytic.UpdatedRevPolypFinalOct19204:24
“analytic.UpdatedRevProcFinalOct192012” as finadurcts of polyp and

procedure datasets for analysis in this study.

E. Defining the key variables of interest
The question to be answered in this research isdteening colonoscopy quality.

Adenoma detection is our key dependent variabtiefme the quality. To define the
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adenoma, endoscopists first find the polyps duttiregcolonoscopy, classify the polyp by
its appearance, and take part of the lesion tédiabiopsy to confirm the histology of the
polyp. Therefore, we first look at polyp detectamd go to adenoma detection as our
main interest variable.

Polyp detection rate is defined as the percentagatents with at least one
polyp was found. Each polyp hapalypidand gprocedureidto link to the patient it
belongs to. To identify the patient with polyp atywe summarize the polyp by
patientidin polyp dataset. If the patientid exist in théyposummary dataset, the patient
was coded as “Yes” ipolypscolumn in procedure dataset, and vice versa. Toulede
polyp detection rate, patients wiplypsequal to “Yes” are divided by total patients.
Adenoma detection rate follows the same logic wdreating.
data SCMECProcPolypl (drop=polres rename=(pcp=Providi¢molyponly;
mergeProcedures2i(i=inprocs )

SumPolypTypesr=inPolpyps)
SumPolyps (rename=(count=SumPolyps) dropent)c
by operationid;
Procedureld=operationid;
** create polyps yn **;
if inprocs and inPolpypkienpolyps=; elsepolyps; formatpolypsyn.;
** add missing to polyp level histology **;
if polyps e then

Do;
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SumPolypsg, SumAdenomas; SumAdvAdenomag; SumSerratedAds;
SumHyperPolyp&; SumNormoPolyp&; SumCarcinoidg; SumCarcinomas;
SumAdvNeoplasmé&;

End
elseif polres eq then

Do;

SumPolypsan; SumAdenomasm; SumAdvAdenomasm; SumSerratedAdm;
SumHyperPolypam; SumNormoPolyp=m; SumCarcinoid=m; SumCarcinomas;
SumAdvNeoplasman;

End

For the number of polyps found per subject, thgpatas summarized by
patientidin polyp dataset and the exact number of countmeged into procedure
dataset aSumPolypdy patientid as well as the number of adenomas found per &bje
namedSumAdenomas
proc freq data=eSCMECpolypshoprint
tablesoperationiddut=SumPolyps;
run;
proc sort data=SCMECpolypsy operationid;
proc summary dataaSCMECpolypshoprint
var CountPolyp Adenoma AdvAdenoma SerratedAdenomakHBayp NormoPolyp
Carcinoid Carcinoma AdvNeoplasm PolypQuantity Polgsult;

outputout=SumPolypTypes (drop=_type _freq )
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sum= SumPolyps SumAdenoma SumAdvAdenoma SumSerrat&dixtHyperPolyp
SumNormoPolyp SumCarcinoid SumCarcinoma SumAdvN&EmplSumPolypQuantity
PolRes;

by operationid;

run;

The protocol type is classified basedpyoviderID from SCMEC providerID
equal to 56 and 64 were classified as 1-persomigot specialists, wherepsoviderlD
equal to 1, 22 and 59 were classified as 2-pemstmique specialists, and remaining
procedures are all 2-person technique PCPs.

if ProviderID in £6,64) thenprotocol=;*56=Kudchadkar, 64=Sweeney (n=604);
elseif ProviderID in (,22,59) thenprotocol=2;*1=Lloyd, 22=Minhas, 59=Yunis
(n=4742);
elseprotocol=3;* PCP (n=15224);
format protocolprotocol;
proc format library=library;
valueprotocol 1 ='1-person Specialist'
2 ='2-person Specialist'
3 ="2-person PCP'
run;

The sedation type is categorized by procedure datry procedure conducted
prior April 1, 2006 was categorized as Midazolanperdine sedated procedure, while
the counter part of the procedure dataset was casl@dopofol sedated procedure.

if . It procdate LT mdy{,1,2006 thenAnesthesiag;
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elseAnesthesia;

format Anesthesig\nesthesig.
proc format library=library;
valueAnesthesi@="Dermol’

1="Propofol;

run;
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