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1. Introduction 
All the organs of the body were having a meeting, trying to decide who should be the one in 

charge. "I should be in charge," said the brain, "Because I run all the body's systems, so 

without me nothing would happen." "I should be in charge," said the blood, "Because I 

circulate oxygen all over so without me you'd all waste away." "I should be in charge," said the 

stomach," Because I process food and give all of you energy." "We should be in charge," said 

the legs, "because we carry the body wherever it needs to go." "We should be in charge," said 

the eyes, "Because we allow the body to see where it goes." "We should be in charge," said the 

colon and rectum, "Because we’re responsible for waste removal." All the other body parts 

laughed at the colon and rectum and insulted them, so in a huff, they shut down tight. Within a 

few days, the brain had a terrible headache, the stomach was bloated, the legs got wobbly, the 

eyes got watery, and the blood became toxic. They all decided that the colon and rectum should 
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be the boss. The moral of the story? The importance of the colon and rectum to patient 

well-being has been affirmed and colonoscopy has come of age! 

As editor of this book it is my intent in this brief introductory book chapter to provide 
a sampling of some of the varied topics related to the discipline of colonoscopy. By 
whetting the reader’s appetite for this subject one will better enjoy the many superb 
multi-authored chapters written with an international perspective that follow. 

2. The historical development of colonoscopy 

In the last half century the field of gastroenterology has recruited ever increasing 
numbers of well-motivated and capable physician trainees. During the period 1950–70, 
investigations of the colon were largely restricted to barium radiographic studies, stool 
examinations, and the performance of rigid sigmoidoscopy. [Old habits such as 
performing diagnostic contrast enema studies of the colon die hard, however 
(Matsukawa et al., 2007).] In contrast, the modern-day gastroenterologist undergoes 
advanced training in gastroenterology and hepatology, unlike his predecessors has a 
wide armamentarium of services to offer and medications to use in clinical care, and is 
expected to develop a high level of skill in performing endoscopic procedures 
including colonoscopy and interpreting diagnostic studies such as CT enterography, 
magnetic resonance cholangiopancreatography, and capsule endoscopy. Because of 
patient demand and the financial considerations inherent in maintaining a clinical 
practice, the average practicing gastroenterologist however, may find that he has his 
plate full of endoscopic procedures, particularly screening colonoscopy to the possible 
detriment of teaching, research and perhaps other aspects of clinical care (Ganz, 2004). 

The development that irreversibly altered the field of gastroenterology forever, by 
allowing the widespread use of endoscopes to peer into gastrointestinal orifices (and 
later, body cavities), occurred in the 1950s and 1960s when Drs. Basil Hirschowitz. 
William Wolff, Hiromi Shinya, Bergein Overholt and others used the principles of 
fiberoptics to develop and apply to gastroenterology the ‘fiberscope’ (Modlin, 2000, 
Wolf, 1989). Fiberoptic colonoscopes arrived on the scene in the 1970’s (Achord, 2005). 
At first, the procedure was thought to be technically difficult in a way similar to the 
simultaneously developed biliary and pancreatic procedure endoscopic retrograde 
cholangiopancreatography (ERCP). Due to a lack of complete understanding of the 
intraluminal colonic anatomy, early attempts at using colonoscopy often required the 
aid of fluoroscopy. Because of this, the widespread acceptance of colonoscopy as a 
diagnostic and later therapeutic procedure was delayed despite the introduction of 
colonoscopic polypectomy (Dr. Hiromi Shinya in New York City using a home-made 
wire threaded through a thin plastic catheter with an assistant hand-holding the 
connection between the active cord of an electrosurgical unit and a hemostat clamped 
on the wire after the polyp was ensnared) and the demonstration of superior 
diagnostic results for colonoscopy when compared to barium enema studies and rigid 
sigmoidoscopy (Wolff & Shinya, 1971). Developments in colonoscopy have continued 
at a rapid pace with one major one occurring in 1983 when Welch Allyn® Inc. inserted 
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an image sensor or charge-coupled device into the distal tip of an endoscope (Sivak & 
Fleischer, 1984). Light was still transmitted down the endoscope through a fiberoptic 
bundle but the light falling on the charge-coupled device is converted into an array of 
electrical charges that are reconstructed on a video monitor. As electronic solid-state 
sensors had only previously been able to produce black and white images, modifications 
were required to reproduce the image in color. This was achieved by two techniques: 
either the rapid sequential use of the primary colors, red, green and blue, at the light 
source or by the use of color-chip imaging where the solid-state sensor has colored 
microfilters fixed to its surface. By the 1990’s, videocolonoscopy, through developments 
at Olympus®, Pentax® and Fujinon®, had largely replaced fiberoptic colonoscopy with 
the video image projected onto monitors and thus facilitating teaching and allowing the 
findings to be shared “live” with endoscopy staff and other physicians. It was not long 
before the findings of the procedure were able to be “captured” by video recording 
devices and entered into the electronic health record. From an international perspective 
the development of gastrointestinal endoscopy over the last four decades in Malaysia 
has recently been chronicled (Goh, 2011). 

As we will see, the future of (particularly therapeutic) colonoscopy seems assured, 
with new developments on the horizon. 

3. Credentialing of colonoscopists 

The provision of high-quality colonoscopy by well trained colonoscopists should be 
the goal of any institution whether it be an academic university medical center, 
hospital, ambulatory endoscopy center, physician’s office, subspecialty society, 
government regulatory agency, or health insurance provider (ASGE, 1998, Parry & 
Williams, 1991, Marshall, 1995, Chak et al., 1996, ASGE, 1999, Wexner et al., 2001). 
Issues include uniformity of standards, training and determination of competence, the 
learning of new procedures, monitoring of colonoscopic performance and the need for 
continuing education (Cohen, 2011). This area has come under increased scrutiny in 
both training programs (Sedlack, 2010) and for application and re-application for 
hospital colonoscopy privileges (Wexner et al., 2002, Obstein et al., 2011). Polypectomy 
rate has been proposed as a useful quality measure with a high degree of correlation 
with the rate of detection of colorectal adenomas (Williams et al., 2011). 
Gastrointestinal procedure oriented meetings and sponsored courses (American 
Society of Gastrointestinal Endoscopy meeting held during the annual Digestive 
Disease Week and the annual course held in New York City sponsored by the New 
York Society for Gastrointestinal Endoscopy to name two of many available in the 
United States) are well attended and produce enduring materials that are circulated 
well beyond the population of the course attendees. Advanced DVD and Internet 
courses are becoming increasingly popular among those performing colonoscopies. 

4. Indications for colonoscopy 

Colonoscopy has made gains in popularity as a medical diagnostic procedure. It has 
been popularized by the publication of a patient-oriented paperback guide book, 

www.intechopen.com



XII Preface 
 

Colonoscopy for Dummies, (Dobie & Burke, 2011) and in a television media public 
service announcement campaign to make people aware of the importance of screening 
for colorectal cancer in the United States, launched by the Columbia Broadcasting 
System’s CBS Cares® Program (http://www.cbs.com/cbs cares/topics/?sec=colorectal 
cancer, http://www.cbs.com/cbs cares/video/?cid=822059380)). A colonoscopy has even 
become the prize of a popular sweepstakes (http://promotions.mardenkane.com 
/cbs/cbscares/rules.cfm). Nevertheless, it is prudent to keep in mind the proven utility 
of the procedure. 

Colonoscopy is most useful in diagnosing and treating patients with neoplasms, 
strictures or colonic mucosal disease previously diagnosed on radiological imaging. 
Other uses include the evaluation of patients with gastrointestinal hemorrhage 
(hematochezia and occult bleeding) (Davila et al., 2005, Miskovitz & Steinberg, 1982, 
Miskovitz et al., 1987, Khalid et al., 2011, Kistler et al., 2011), unexplained iron 
deficiency anemia (Goddard et al., 2011), screening and surveillance for colonic 
neoplasms (Davila et al., 2006, Denberg et al., 2005, Wilschut et al., 2011, Lasser et 
al., 2011)), diagnosis and surveillance of inflammatory bowel disease (Leighton et 
al., 2006, Basseri et al., 2011), evaluation of chronic diarrhea (with or without stool 
microbiology sampling, intubation of the terminal ileum for Crohn’s disease and 
multiple mucosal biopsies to diagnose microscopic colitis) (Eisen et al., 2001, 
Miskovitz & Rochwarger, 1993, Jaskiewicz et al., 2006, Misra et al., 2010), 
constipation (Qureshi et al., 2005), foreign body removal (Safioleas et al., 2009), 
decompression of megacolon and sigmoid volvulus (Eisen et al., 2002), and the 
treatment of anorectal disorders (Eisen et al., 2001). “Open access colonoscopy”, a 
program designed to make colorectal cancer screening more convenient and 
available has been the subject of some debate (Rex, 2010-2011, Feld, 2010-2011). In 
this situation, patients without significant gastrointestinal symptoms have a 
screening colonoscopy without the inconvenience or cost of a preliminary office 
visit. Its purpose is to provide colonoscopy for screening purposes to a wider 
audience with less waiting time.  

World-wide, colorectal cancer is the third most commonly diagnosed cancer in 
males and the second in females, with more than 1.2 million new cases and more 
than 600,000 deaths estimated to have occurred from colorectal cancer in 2008 (Jemal 
et al., 2011). Despite more than three decades of experience with using colonoscopy 
for colorectal cancer screening controversies about the procedure do exist (Smith, 
2011a, Helwick, 2011a, Helwick, 2011b, Smith, 2011b). The field of colorectal cancer 
screening and prevention in women has recently been reviewed (Krishnan & Wolf, 
2011) as has the overuse of screening colonoscopy in the Medicare (federal 
government subsidized health insurance for older people) population in the United 
States (Goodwin et al., 2011). The upper age limit for colorectal cancer screening by 
colonoscopy has recently drawn attention (Habbema et al., 2011, Naravadi et al., 
2011). Recently proposed cascade colorectal screening guidelines from the World 
Gastroenterology Organization (Winawer et al., 2011) advocate that each country, 
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region or healthcare setting needs to determine whether colorectal cancer screening 
is a legitimate consideration based upon other healthcare priorities. This group 
endorses enhanced colorectal screening worldwide, especially in developing 
countries where the colorectal cancer incidence and mortality is rising. 

As chapters in this book will illustrate, the indications for colonoscopy are expanding 
with advancements in technology. 

5. Contraindications to and risks of colonoscopy 

Contraindications to performing colonoscopy must take into account that this 
procedure represents a somewhat stressful physiological experience for the patient. 
Hypotension, cardiac dysrhythmias (including bradyarrhythmias from increased 
vagal stimulation), abdominal distention with compromise of diaphragmatic function, 
and oxygen desaturation, are a few among the many complications that may occur 
during the procedure. For this reason, patient selection for the procedure should take 
into account any bleeding diathesis the patient may have, the cardiovascular (recent 
myocardial infarction or recent evaluation of the patient’s cardiac status) and 
pulmonary status of the patient along with concomitant conditions such as infection 
(contraindicated in acute diverticulitis), severe ulcerative, ischemic, infective or 
Crohn’s colitis (contraindicated). It has become customary to use the American Society 
of Anesthesiologists 1963 derived and subsequently amended preoperative physical 
status classification system (ASA IASA VI) (American Society of Anesthesiologists 
http://www.asahq.org/clinical/physicalstatus.htm) in classifying patients undergoing 
the procedure. The clinician must also exercise judgment in deciding to convert a 
planned colonoscopy into a flexible fiberoptic sigmoidoscopy if findings in the 
rectosigmoid suggest that the planned procedure be terminated. 

Colonoscopy is not without its risks (Miskovitz & Gibofsky, 1995). Perforation is 
perhaps the most dreaded, occurring more frequently in therapeutic colonoscopy 
than in diagnostic colonoscopy. Statistics from the last two decades of the last 
century reveal a perforation rate of approximately 1 in 2,500 procedures (Sieg et al., 
2001) and a mortality rate of 1 in 15,000 procedures (Waye et al., 1996), deaths often 
being related to the management of perforations. Immediate laparoscopic surgery is 
the best treatment although there may be a role for conservative therapy with 
surgical observation, intravenous fluids and the use of antibiotics in select cases 
(Kavin et al., 1992). Hemorrhage, related to biopsy, polypectomy or balloon 
dilatation is another risk of the procedure occurring on up to 1.5% of cases (often 
with a delay up to four weeks). The risk of hemorrhage can be lessened by the sole 
use of coagulation current (as opposed to “cutting” current), slow transection of the 
polyp stalk, the submucosal injection of saline and or epinephrine at the polyp site, 
the use of endoscopically placed clips and loops, and the treatment of bleeding sites 
with biopolar electrocautery. A recent outpatient colonoscopy study proposes that 
the use of a 14-day time period for reporting would capture all perforations and the 
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majority (96%) of post-procedure hemorrhages that required hospital admission 
(Rabeneck et al., 2011). 

As with many decisions in clinical medicine, the decision to perform colonoscopy on a 
patient is a balance between the risks and benefits of the procedure, made easier by a 
careful medical history, physical examination and a review of available laboratory 
data. These same factors are utilized in obtaining informed consent for the procedure 
from the patient and/or the patient’s family. 

6. Informed consent for colonoscopy 

The concept of informed consent (and its corollary, informed refusal) for colonoscopy 
involves an assessment of the competence of the patient, disclosure of, in an 
understandable way, the information necessary to allow the patient to make an 
informed decision regarding the role of colonoscopy in his care, and the 
documentation of these proceedings in the medical record (Stunkel et al., 2010). It is an 
intrinsic part of the doctor-patient relationship and an ethical obligation on the part of 
the physician in the practice of medicine. In the United States, the doctrine of medical 
informed consent is often traced to a 1914 New York court decision centered about the 
observation that since most surgical operations involve some use of force, there must 
be consent. Because the nature of surgery is outside the experience of most patients, 
the consent must be granted only after the patient is properly informed. The most 
famous description of informed consent is a quote from Justice Benjamin Cardozo 
who, in 1914, stated that: "Every human being of adult years and sound mind has a right to 

determine what shall be done with his own body; and a surgeon who performs an operation 

without his patient's consent commits an assault for which he is liable in damages" 
(Schloendorff v Society of New York Hospital, 1914).  

Without going into detail regarding the subsequent legal history of the development of 
the doctrine of informed consent and its applications, nor the legal consequences of not 
obtaining proper informed consent for colonoscopy, recent international reviews have 
concluded there is room for improvement in this area (Banic et al., 2008, Bai et al., 2007). 
Novel approaches to facilitating the obtaining of informed consent have even included 
the use of video presentations (Agre, 1994) and more recently by referring patients to 
peer-reviewed Internet educational websites for information about colonoscopy, 
preparation and procedure-associated risk prior to the patient’s arrival in the unit. As 
colonoscopy is often performed under intravenous (“conscious”) sedation, the issue of 
withdrawal of informed consent by a patient experiencing pain has recently drawn 
attention (Ward et al., 1999). Of interest is that patient recall post-procedure of having 
given informed consent for colonoscopy appears to be similar whether the consent is 
obtained immediately or several days before the procedure. (Elfant et al., 1995). 

7. Bowel preparation for colonoscopy 

Proper and safe patient bowel preparation for colonoscopy is essential (Beck, 2010). It 
is generally accepted that inadequate bowel preparation for colonoscopy can result in 
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missed lesions, cancelled procedures, increased procedural time, and a potential 
increase in complication rates. Bowel preparation itself may also be associated with 
complications (Korkis et al., 1992). An evidence based medicine summary of bowel 
preparations for colonoscopy has recently been published by the United States 
Department of Health and Human Services, Agency for Healthcare and Quality, 
National Guideline Clearinghouse and is accessible through the Internet (Wexner et 
al., 2006, http://asge.org/ PublicationsProductsIndex.aspx?id=352). Consideration is 
given to the elderly, those with documented or suspected underlying inflammatory 
bowel disease, those with diabetes mellitus, the pediatric population and the 
admittedly rare pregnant patient who requires colonoscopy. A new trend is to look at 
the timing of the bowel preparation with regard to its efficacy (Gurudu et al., 2010, 
Eun et al., 2011). Others have recommended a split-dose bowel preparation as effective 
and better accepted by patients in terms of tolerance (Huffman et al., 2010). Suffice to 
say that “one size does not fit all” in this matter. 

8. Antibiotic prophylaxis for selected patients undergoing colonoscopy 

The value of antibiotic prophylaxis for patients undergoing colonoscopy has been the 
subject of much debate. In the past, the rationale for antibiotic prophylaxis was to 
prevent patients with high-risk cardiac conditions from developing infective 
endocarditis and from those with prosthetic devices in place (vascular grafts, ventriculo-
peritoneal shunts, prosthetic joints, etc.) from developing infected hardware. Recently, 
the practice of antibiotic prophylaxis for colonoscopy has substantially changed due in 
part to the low incidence of infective endocarditis following this procedure and the lack 
of evidence based medicine data supporting the benefit of antibiotic prophylaxis. It is 
also recognized that the widespread use of antibiotics can be associated with the 
development of resistant organisms, Clostridium difficile colitis, added expense, and the 
risk of drug toxicity. Recent guidelines for the use of antibiotic 

Heart Association and the American Society for Gastrointestinal Endoscopy, 
respectively (Wilson et al., 2007, ASGE Standards of Practice Committee, 2008). 
Although the recommendation in these published guidelines are largely consistent 
with one another, they substantially differ from prior guidelines, the largest change 
being that both sets of guidelines no longer consider and gastrointestinal procedure 
high risk for bacterial endocarditis, thus lifting the recommended routine use of 
antibiotics for bacterial endocarditis including for those patients with high risk cardiac 
conditions such as prosthetic heart values and prior history of bacterial endocarditis). 
Although antibiotics are not recommended for patients receiving peritoneal dialysis 
who are undergoing colonoscopy with or without polypectomy, it may be reasonable 
to drain the peritoneum before performing the colonoscopy to minimize the risk of 
developing bacterial peritonitis. 

9. Antithrombotic agents in patients undergoing colonoscopy 

P4atients requiring colonoscopy with or without biopsy and/or polypectomy are often 
taking antithrombotic agents including anticoagulants such as warfarin, heparin, and 

www.intechopen.com



XVI Preface 
 

low molecular weight heparin, and antiplatelet agents such as aspirin, non-steroidal 
anti-inflammatory drugs, thienopyridines such as clopidrogel and ticlopidine, and 
glycoprotein IIb/IIIa receptor inhibitors. Indications for the use of these medications 
include atrial fibrillation, acute coronary syndrome, deep venous thrombosis 
hypercoagulable states and endoprotheses such as coronary artery stents. When 
bleeding does occur in patients taking these agents it is most commonly from the 
gastrointestinal tract (Choudari et al., 1994). Risk stratification for these patients can be 
relegated to two categories. Low risk procedures include diagnostic colonoscopy 
including mucosal biopsy (Sieg et al., 2001, Parra-Blanco et al., 2000)) and high-risk 
procedures include colonoscopy with polypectomy and the dilatation of colonic 
benign or malignant strictures (guidelines extrapolated in part from experience 
reported in the upper gastrointestinal endoscopy literature) (Singh et al., 2005, Solt et 
al., 2003, DiSario et al., 1994). A comprehensive review of the types of antithrombotic 
therapies, their implications for patients undergoing colonoscopy, and 
recommendations and a management algorithm for such patients using these agents 
has recently been published (ASGE Standards of Practice Committee, 2009). Newer 
anticoagulants, for which current guidelines regarding their being held for endoscopic 
procedures are lacking, are reaching the market at an increasing rate. These include 
danaparoid, a low molecular weight heparinoid consisting of a mixture of heparan 
sulfate, dermatan sulfate, and chondroitin sulfate (Danhof et al., 1992, Nurmohamed, 
et al., 1991) which was recently removed from the US market due to shortages; the 
direct thrombin inhibitors recombinant hirudin (lepirudin), argatroban, desirudin and 
bivalirudin (Greinacher & Warkentin, 2008, Clarke, et al., 1991, Warkentin, et al., 2008); 
the recently available orally active direct thrombin inhibitor dabigatran etexlate 
(Schulman, et al., 2009); and the factor XA inhibitors idraparinux, rivaroxaban, and 
apixaban (Turpie, 2008). 

10. Sedation for colonoscopy 

The use of sedation for colonoscopy is undergoing changes both in the United States 
and worldwide (Heuss et al., 2005, Aisenberg et al., 2005, Aisenberg & Cohen, 2006, 
Cohen et al., 2006). Driven in part by insurance reimbursement, the desire to improve 
efficiency in the procedure facility, the availability of anesthesiologists to sedate and 
properly monitor patients for endoscopic procedures and the development of new, 
short acting anesthetics, the days of either unsedated colonoscopy and/or endoscopist 
administered benzodiazepine and opioid cocktail may well be numbered (Luginbühl 
et al., 2009). This topic has been nicely reviewed in a recent Internet-based 
international study of endoscopic sedation practices (Benson et al., 2008). The authors 
conclude that although benzodiazepine with an opioid is used 56% of the time for 
colonoscopy sedation by the 84 endoscopists from 46 countries who participated in the 
study, propofol was use 18% of the time (as opposed to an unsedated colonoscopy rate 
of 10%). A comparison of sedation practices worldwide showed that sedation is used 
for most colonoscopies and sedation practices did not differ significantly between 
developing and developed countries. Computer-assisted personalized sedation holds 
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the promise of delivering safe and effective minimal to moderate propofol sedation to 
ASA class I and II patients undergoing colonoscopy with the medication provided by 
health care professionals who are not anesthesiologists (ASGE Technology Committee, 
2011, Pambianco, et al., 2011). The effect that the untimely death of superstar Michael 
Jackson due to an off-label use of propofol by a non-anesthesiologist has had and will 
continue to have on the acceptance of the use of propofol outside of the operating 
room (and by those other than credentialed anesthesiologists) by insurance companies 
and regulatory agencies has been recently addressed 
(http://blogs.wsj.com/health/2009/08/06/ the-other-propofol-issue-when-insurance-
should-pay-for-it/, http://thehappyhospitalist.blogspot.com/2009_08_01_archive.html, 
Coté, 2011)). As a counterpoint, the need for conscious sedation in routine adult cases 
has recently been challenged (Khalid et al., 2011).  

The means for sedation of pediatric patients undergoing colonoscopy has also received 
attention (Fredette & Lightdale, 2008). Two general types of sedation are available for 
children undergoing colonoscopy: general anesthesia which entails increased costs 
and the need for hospital resources and intravenous sedation runs the risk of agitation 
(Thakkar et al., 2007). Increasingly, propofol, which can be given alone or in 
combination with other sedatives, administered by a dedicated anesthesiologist, is 
being used (Elisur et al., 2000). Wider concerns exist about the long-term effects of the 
use of anesthetics in infants and children (Rappaport et al., 2011, Blum, 2011)) 

11. Patient monitoring during colonoscopy 

It is difficult to talk about sedation for colonoscopy without considering issues regarding 
patient monitoring during colonoscopy. Since the first colonoscopies were performed in 
the hospital setting, it has long been recognized that patients (“consciously”) sedated for 
colonoscopy required proper peri-procedure monitoring (Bell et al., 1991). The 
availability of resuscitation equipment, airway suctioning equipment, EKG cardiac 
monitoring, and parenterally administered medications (including sedative reversal 
agents) in the procedure and recovery areas, having staff who were properly 
credentialed in state-of-the-art resuscitation methods, the presence of a qualified 
registered nurse to monitor the patient during the procedure, the obtaining and 
documenting of a preoperative history and performance and documenting of a 
preoperative physical examination, adequately maintained intravenous access, the use of 
oxygen enriched air by nasal cannula or face mask monitored by pulse oximetry, and 
more recently capnography monitoring of respiratory depression (Cacho et al., 2010), 
and the recording of vital signs from the procedure and in the recovery room became 
commonplace and the norm. As colonoscopy moved to the outpatient setting including 
ambulatory endoscopy facilities and doctors’ offices, and the duration of the procedure 
lengthened due to therapeutic maneuvers, these standards became more formalized, 
often involving input from the anesthesiology community (particularly in situations 
where moderate or deep sedation were employed) with debate and at times even 
controversy as to the best method of sedation patients (from minimal sedation or 
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anxiolysis through general anesthesia). Much of the impetus for this came from the 
simultaneously evolving practice of using anesthesiology services outside of the 
operating room such as in the emergency department, the intensive care unit, the 
bronchoscopy suite, doctors’ and dentists’ offices and the radiology suite. 

Today, many feel that propofol is the agent of choice for sedation for colonoscopy 
(Luginbühl et al., 2009). The increasing demand for sedating and properly monitoring 
patients may not be met by anesthesiology departments because of staffing reductions, 
reimbursement issues which drive up health care costs, and challenges by health 
insurance companies (Aisenberg & Cohen, 2006). Currently, the use of propofol in this 
setting by non-anesthesiologists (gastroenterologist-directed propofol use) is 
controversial (Faigel et al., 2002), monitoring-intensive because of the level of sedation, 
and may violate the package insert for the use this drug in some locales. The answer to 
this dilemma in the future may be computer-assisted sedation systems that are 
currently under development and investigation (Hickle, 2001, Pambianco, 2008, 
Caruso et al., 2009, ASGE Technology Committee, 2011). 

12. The electronic endoscopic record and colonoscopy 

Electronic endoscopic medical record systems with report generating capabilities and 
patient flow management modules are increasingly becoming an integral part of the 
daily operation of many office, hospital and ambulatory endoscopy center endoscopy 
units (Savides et al., 2004, Petersen, 2006). Using pull-down template menus designed 
for standardization, data retrieval, and coding for billing purposes, rather than “old-
fashioned” free-text entry, the costs for such programs vary significantly between 
vendors and may range between $5,000 and $45,000 (US) per room for software 
implementation with an additional requirement for an annual maintenance contract 
and telephone support. Besides providing a standardized procedure report these 
systems provide for ease of information retrieval particularly when generating 
endoscopy unit statistics and maintaining research-related databases (Groenen et al., 
2006, Faigel et al., 2006). They are also of value in providing a means for patient recall 
to improve adherence to follow up recommendations after colonoscopic examinations 
(Leffler et al., 2011). Issues confronting the colonoscopist contemplating the 
implementation of such systems include the multitude of competing systems available 
to choose from (some of which are Internet based and others of which require a Virtual 
Private Network to access) and the necessity to integrate these systems with pre-
existing electronic health records already in place in doctors’ offices and hospitals. 
Although features of these systems may improve patient care and enhance endoscopy 
unit efficiency and productivity, further studies to document this are necessary (ASGE 
Technology Committee, 2008). 

13. The future of colonoscopy 

“Perhaps the best thing about the future is that it comes one day at a time”-U.S. 
Secretary of State Dean Acheson (1893-971) 
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“Prediction is extremely difficult, especially about the future”—Danish physicist Niels 
Bohr (1885-1962) 

“640 K should be enough for anybody”-CEO of Microsoft® Corporation Bill Gates, 
1981 

The future of colonoscopy has been the subject of much speculation (Sawhney, 2011, 
Marshall, 2011). Before reviewing the future of colonoscopy it would be prudent to 
review where we are today. Currently, colonoscopy is useful for diagnosis, 
polypectomy and biopsy, hemostasis, endoscopic mucosa resection, endoscopic 
submucosal dissection, decompression of the colon, treatment of radiation proctitis, 
stenting for malignancy, stenting for benign strictures, the occasional treatment of 
hemorrhoids and rarely cecostomy placement. Sometimes advances in colonoscopy 
technique are subtle in nature such as the increasingly accepted use of carbon dioxide 
over air for colonic insufflation (Church & Delaney, 2002, Uraoka et al., 2009, Yamano 
et al., 2010). Other advances are more profound. Future developments in colonoscopy 
will likely center about five areas: new methods of imaging, new colonoscopes, new 
colonoscopy assisting devices, new therapeutic tools, and new territories to explore. 

New imaging techniques to enhance our vision are already upon us and undergoing 
refinement. Chromoscopy providing morphological enhancement (Brown & Baraza, 
2010, Kahi et al., 2010, Pohl et al., 2011), magnifying endoscopy (Filip et al., 2011), high 
definition endoscopy (Singh et al., 2010, Buchner et al., 2010), confocal laser 
endomicroscopy (Gheona et al., 2011), endocytoscopy (Singh et al., 2010), narrow band 
imaging with enhancement of mucosal fine structure and vasculature (Cash, 2010, Van 
den Broek et al., 2011, Chiu et al., 2011, Oka et al., 2011, Wada et al., 2011), multiband 
imaging (Fedeli et al., 2011), computed virtual chromoendoscopy (Chung et al., 2010), 
optical coherence tomography (Roy et al., 2009, Adler et al., 2009, Consolo et al., 2008), 
spectroscopy and fluorescence (Ortner et al., 2010), autofluorescence imaging (ASGE 
Technology Committee, 2011a) and molecular endoscopy (Buchner et al., 2010) are but 
some of the new imaging techniques being unfurled. Using these techniques the 
colonoscopist is deepening the depths of colonic mucosal interrogation to the level of 
the submucosa with image resolution approaching that of conventional pathology in 
essence becoming an in vivo pathologist! This is not unlike our current use of 
visualization over histology for diagnosing duodenal ulceration, gastrointestinal 
stromal neoplasms, lipomas and pancreatic rests. 

New colonoscopes are under development (Rösch et al., 2007) including the Aer-O-
ScopeTM which is a pneumatic, skill-independent, self-propelling, self-navigating 
colonoscope providing an omni-directional view through a conic lens and mirror 
system (Pfeffer et al., 2006). The Third Eye® Retroscope® (Waye, 2010, Rex, 2009, 
Leufkens et al., 2010) provides a continuous retrograde (backward) view side-by-side 
with the usual forward view of the colonoscope. This is particularly useful in locating 
polyps hidden behind folds. A novel computer-assisted colonoscope (NeoGuide 
Endoscopy System) (Eickhoff et al., 2007) delivers a real-time, three-dimensional map 
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of the tip position and insertion tube shape in addition to the video image of the colon 
lumen. Three-dimensional map images generated by the NeoGuide endoscopy system 
provide accurate information regarding tip position, insertion tube position, and 
colonic looping. The Invendoscope™ SC20 (http://www.invendo-medical.com/index 
eng.html, Rösch et al., 2008) has several features that are new to the field of 
colonoscopy. It is a single-use colonoscope with a working channel that is not pushed 
or pulled, but driven in and out of the colon. All endoscopic functions are performed 
using a handheld device and most importantly, it reduces potential forces on the colon 
wall to enable a gentle colonoscopy lessening the need for patient sedation. A recent 
study reports that for patients with a previously incomplete conventional optical 
colonoscopy, balloon colonoscopy performed by using the single-balloon enteroscope 
with an overtube was superior to a repeat attempt with a standard colonoscope in 
completing the examination (Keswani, 2011). 

It is likely that current videocolonoscopes with only minor modifications will be 
widely used for the next 5-10 years with the ideal colonoscope of the future being a 
multi-modal instrument capable of switching from white light colonoscopy to 
magnification colonoscopy, multiband imaging and even endoscopic ultrasound. It is 
also quite likely that patient preference for capsule colonoscopy over conventional 
colonoscopy will drive the development of this modality (Sacher-Huvelin et al., 2010, 
Kuramoto et al., 2011). 

One of the therapeutic tools that will undergo increased availability and usage in the 
future is stenting. This area, shared by both colonoscopists and interventional 
radiologists (Katsanos et al., 2010, Bonin & Baron, 2010), uses a minimally invasive 
procedure for palliation of inoperable malignant disease and for temporary bowel 
decompression, often as a bridge to surgery. Recent technological advances have been 
supported by an increasing number of publications detailing clinical experience with 
these devices (Farrell, 2007, Farrell & Sack, 2008). 

Another therapeutic tool that will undergo refinements and increased availability is 
endoscopic mucosal resection, the technique of injecting fluid (saline or 
hydroxypropylmethylcellulose [HPMC]) into the submucosal space to create a 
submucosal cushion followed by resection of the lesion (De Melo et al., 2011, Moss et 
al., 2011). Wider acceptance of this technique will parallel outcomes research data and 
complications rates. Colonoscopic closure of colonic perforation with band ligation 
after enoclip failure (not for the faint at heart) has recently been reported (Han et al, 
2011)! 

Despite the lack of Medicare (government subsidized insurance for the elderly in the 
United States) coverage for the procedure and questions about its sensitivity and 
specificity, the use of CT colonography for colorectal cancer screening in United States 
hospitals appears to be on the rise, particularly in medical facilities that do not offer 
optical colonoscopy and may not be prepared to provide adequate follow up for 
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patients with failed CT colonography (McHugh et al., 2011). This trend, if sustained, 
will undoubtedly impact upon the future of conventional colonoscopy. 

The use dogs for colorectal cancer screening not withstanding (Sonoda et al., 2011), 
along with avoiding performing the procedure late in the day (Lee et al., 2011), 
although others would argue that time-dependent factors such as colonoscopist 
fatigue and decreased colon cleanliness can be addressed (Freedman et al., 2011), the 
future of colonoscopy seems secure and bright. 
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