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  Pref ace   

 The 1960s was the decade of development of fi beroptic technology to visualize the 
lumen of the colon. The fl exible colonoscope revolutionized the evaluation and 
treatment of many diseases of the colon and rectum. Over the past two decades, the 
synergy between technology and gastrointestinal procedures has continued to 
deepen. Laparoscopy has become the standard of care in the treatment of many 
gastrointestinal disorders. Advances in endoscopy have allowed conditions that 
were in previous years designated for invasive surgery to be treated in a much less 
invasive way, within the lumen of the bowel. The eyes of the endoscopist have been 
enhanced by high-defi nition (HD) endoscopes, and the more recent evolution of 
magnifi ed endoscopy has improved diagnostic accuracy. The hands of the endosco-
pist have been enhanced by improvements in snare design, various knives and for-
ceps, intestinal stents, and luminal closure and suturing devices. These improvements 
in technology will certainly continue into the future, leading to the proliferation of 
truly complex endoluminal procedures. 

 For the practicing endoscopist, it is often diffi cult to stay current with the rapid 
advancement of technology. Formal training programs have thus been developed to 
teach the specialized skills of interventional gastroenterology. In Japan, therapeutic 
endoscopy has progressed more rapidly than in Western countries in regard to endo-
scopic removal of dysplastic and early malignant colonic lesions, mainly by the 
development of endoscopic mucosal resection (EMR) and endoscopic submucosal 
dissection (ESD). ESD in particular requires a specialized skill set and has quite the 
steep learning curve. As a result, many endoscopists, both Eastern and Western, 
hesitate to tackle the challenges of ESD while still possessing at least the desire to 
learn these invasive endoscopic procedures. 

 This book is intended to be a technical guide for practicing endoscopists to gain 
up-to-date knowledge and understanding of important advanced colonoscopic 
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 procedures. Each chapter is elegantly written by true experts in the fi eld, with 
authors giving technical advice based on their own extensive experience. Chapters 
are accompanied by video clips of procedures performed by the authors. The topics 
of EMR and ESD are specifi cally written by Japanese endoscopists with tremen-
dous experience in the subjects. Advanced colonoscopy is no doubt diffi cult and 
risky, and the adoption of these skills requires dexterity, patience, and a willingness 
to take risks. However, one must proceed with humility and common sense, always 
with the best interest of the patient in mind.   
  New York, NY, USA     Toyooki     Sonoda, M.D., F.A.C.S., F.A.S.C.R.S.     
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    Chapter 1   
 Endoscopic Instruments 

             I.     Emre     Gorgun     

    Abstract     Advanced colonoscopy by defi nition is not routine. It requires highly 
technical skills as well as advanced technology. When an endoscopist is equipped 
with the correct tools for the job, the chance of success improves. In this chapter, 
I will discuss the tools available and necessary to accomplish advanced endoscopy. 
First, we will touch on recent advances in colonoscopic design, different types of 
available snares, instruments necessary for endoscopic mucosal resection (EMR) 
and endoscopic submucosal dissection (ESD), i.e., needle knives and forceps, and 
how to improve visualization with special emphasis on chromoendoscopy.  

  Keywords     Colonoscope   •   Snare types   •   Endoknife   •   Dual knife   •   Hook knife   •   CO 2  

insuffl ation   •   Chromoendoscopy   •   Narrow-band imaging (NBI)  

        Introduction 

 Colonoscopy is the gold standard for imaging in the colon and rectum [ 1 ]. It is 
widely used for screening, cancer and polyp surveillance, as well as for evaluation 
of symptomatic patients [ 2 ,  3 ]. The development of colon cancer screening 
programs in many countries has led to increasing numbers of patients undergoing 
optical colonoscopy. However, the procedure is invasive and can be associated with 
a wide spectrum of complications including perforation, splenic injury, post- 
polypectomy syndrome, mesenteric hemorrhage, diverticulitis, appendicitis, and 
even pancreatitis. Furthermore, colonoscopy may provide relatively poor protection 
against cancer in the right side of the colon [ 4 ]. Thus, improving visualization and 
the rate of adenoma detection are critical challenges for the future. 

 Another challenge is the removal of a diffi cult or large polyp. Currently, with 
few exceptions, benign but large sessile colonic polyps are referred to surgeons 
for segmental colorectal resection. These large colonic lesions could potentially 

        I.  E.   Gorgun ,  M.D., F.A.C.S., F.A.S.C.R.S.      (*) 
  Department of Colorectal Surgery, Digestive Disease Institute ,  Cleveland Clinic , 
  Cleveland ,  OH ,  USA   
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be removed endoluminally but require advanced endoscopic techniques. These 
advanced techniques include endoscopic mucosal resection (EMR) and endoscopic 
submucosal dissection (ESD). One advantage to ESD is that polyps and large intra-
luminal lesions are removed in an “en bloc” fashion which allows for more precise 
histologic evaluation. Though technically diffi cult, the use of these approaches will 
in all likelihood expand, and endoluminal procedures will be more commonly 
 performed for large intraluminal lesions in the future. 

 Improvements in endoscopic technique go hand in hand with improvements 
in endoscopic technology. Thus, to be successful in gastrointestinal endoscopy, 
knowledge of the currently available tools and endoscopes is essential. The current 
chapter will review different types of endoscopic equipment necessary for advanced 
colonoscopy, with suggestions about the best application of these tools. We will 
discuss different types of colonoscopes, snares, needle knives and forceps, CO 2  
insuffl ation devices, and fi nally methods of chromoendoscopy.  

    Colonoscopic Design and Modern Improvements 

 The traditional fl exible endoscope (Fig.  1.1 ) is equipped with one “instrument” or 
“biopsy/suction” channel extending from the entry site of the biopsy port (Fig.  1.2 ) 
to the tip of the instrument. The channel is usually about 3 mm in diameter but 
 varies from 1 to 5 mm depending upon the purpose for which the endoscope 
was designed (neonatal/ileoscopy to adult/large intestine). Separate air and water 
insuffl ation channels permit distension of the bowel and cleaning of the lens. 
During colonoscopy, the biopsy/suction channel is generally operated at the 
6 o’clock orientation (Fig.  1.3 ). This practice allows fl uid that is pooled by gravity 
to be suctioned easily and also allows easier manipulation of the forceps and snares. 
The length of most fl exible endoscopes is between 100 and 160 cm.

  Fig. 1.1    Endoscope system (colonoscope)       
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     The need for further improvement in endoscopic techniques led to the development 
of a two-channel video colonoscope in 1993 [ 5 ]. Since this design has two instrument 
channels, both a grasping forceps and a snare can be inserted into the bowel lumen at 
the same time (Fig.  1.4 ). This enables lesions to be pulled into the center of the lumen 
and creates traction for electrocoagulation by the snare. The two-channel confi gura-
tion maximizes versatility by permitting two instruments to be used simultaneously. 
Suction function can also be used from one or both channels concurrently. In dual-
channel scopes, the two-channel construction incorporates one larger (3.2–3.8 mm) 
and one smaller (2.8 mm) diameter channels. One early study in 1996 demonstrated 
the use of a two-channel video colonoscope in the treatment of small carcinoid tumors 
of the rectum [ 6 ]. They reported that the complete resection rate for rectal carcinoids 
was signifi cantly higher with a two-channel video colonoscope (90 %) than with a 
conventional one-channel scope (29 %), with neither bleeding nor perforation during 

  Fig. 1.2    Biopsy port       

  Fig. 1.3    Manipulation of the 
“biopsy port” to the 6 o’clock 
position (Reprinted with 
permission, Cleveland Clinic, 
Center for Medical Art & 
Photography © 2011–2014. 
All Rights Reserved)       
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or after treatment. However, many endoscopists believe that the operation of two 
instruments through the fl exible endoscope is extremely challenging, especially when 
the instruments are intended to move in opposing directions. Therefore, endoscope 
manufacturers are currently working to develop articulating arms at the end of the 
fl exible colonoscope which would function independently from each other and from 
the motions of the scope itself.

   Success in colonoscopy depends on the ability to meticulously examine the 
mucosa behind folds and corners. Technologies have been developed to improve 
the ability to expose the mucosa on the proximal side of a colonic fold and beyond the 
corners. Among these advances are the wide-angle colonoscopy and the Third Eye ®  
Retroscope ®  (Avantis Medical, Sunnyvale, California, USA). A wide-angle colono-
scope produces a much wider fi eld of visualization (170°) and has produced 
operator- dependent improvements in effi ciency with faster withdrawal time. 
However, one randomized prospective trial did not report an overall improvement in 
rate of adenoma detection [ 7 ]. With the Third Eye ®  Retroscope ®  , a camera is passed 
down the instrument channel and provides a continuous retrofl exed view on a sec-
ond monitor. The endoscopist watches both the forward view from the colonoscope 
and the retrograde view simultaneously on side-by-side monitors. In a recent multi-
center randomized controlled study investigating this technology, the polyp miss 
rate was lower when colonoscopy was fi rst performed with the Third Eye ®  
Retroscope ®  (18.4 %) compared with standard colonoscopy (31.4 %) [ 8 ,  9 ]. 
However, withdrawal time was signifi cantly longer with the Third Eye ®  Retroscope ®  
. This is likely in part because of the time required to remove and reintroduce sup-
plementary instruments when a polyp is discovered, and also from the challenge of 
watching two screens simultaneously. Currently, single-port high-defi nition video-
scopes are the most commonly utilized colonoscopes around the world (Fig.  1.1 ).  

  Fig. 1.4    Dual channel scope, with two side-to-side instrument channels       
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    Types of Snares 

 A polypectomy snare consists of a thin wire loop attached by a long connector that 
is enclosed within a 7-French plastic sheath. The plastic sheath holding the snare is 
passed through the “biopsy/suction” channel of the scope. The wire loop is opened 
and closed using the control handle (Fig.  1.5 ). This is controlled either by the endos-
copy assistant or by the endoscopist. Some endoscopists prefer to hold the snare 
handle at the time of the polypectomy to feel tissue resistance and to control the 
speed of tissue transection. The snare handle connects to a generator via an electro-
surgical cautery cord. Most snares are monopolar and require a grounding pad to 
complete the electrical circuit.

   There are different types of polypectomy snares in regard to loop diameter, shape, 
design, and fi lament diameter. The wire loop is typically produced from braided 
stainless steel wire, which combines strength, memory of shape, and electrical con-
ductance. More rigid monofi lament snares allow faster transection over coagulation. 
The shape of the wire loop is usually  oval ,  elliptical ,  and hexagonal  (Fig.  1.6 ). 
Single-use snares are designed for easy insertion into the scope channel and provide 
more tactile feel and may reduce the risk of cutting too quickly. The soft snares fea-
ture a softer, more pliable wire so less force may be needed to open and close the 
loop. Rigid spiral snares are uniquely designed to minimize mucosal slippage when 
removing a fl at lesion. The oval snares feature a thicker diameter wire designed to 
deliver a slower and more controlled cut. There are three commonly used oval snare 
sizes: small (1.5 × 3 cm), standard (2.5 × 5 cm), and “jumbo” (3 × 6 cm).

   A needle tip snare provides secure anchoring of the snare tip to the mucosa, 
which prevents slippage of the snare at the initiation of snare closure. The Exacto ®  
cold snare (US Endoscopy, Mentor, Ohio, USA) is a small (9 mm) snare that is used 
without electrocautery in circumstances of precise polyp excision (Fig.  1.6 ). The 
smaller diameter and shape of the snare allow for increased control of snare place-
ment and resection. The Lariat ®  Lasso snare is a new polypectomy tool where three 
different sizes and shapes are available within the same instrument (Fig.  1.6 ). The 
confi guration memory is a feature of the wire that allows the snare to be changed 
from oval (30 mm) to hexagonal (15 mm) to rhomboid (5 mm). The author’s own 
experience with this new multi-shaped snare has been extremely satisfactory. 

  Fig. 1.5    The control handle 
used to open and close a 
snare       
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Braided rigid snares deliver minimal slippage on the mucosa and are very benefi cial 
for fl at lesions (Fig.  1.6 ). Lastly, the iSnare ®  (US Endoscopy, Mentor Ohio, USA) is 
a snare that comes with a 25 G injection needle within the same sheath (Fig.  1.6 ). 
This adds effi ciency during polypectomy procedures by eliminating device 
exchanges between needle injections and snare excision. 

 It is important to stock small, standard, and large-loop snares and maintain an 
appropriate inventory of “nonslip” snares, so that the correct snare is always  available 
when needed. Additionally, one must not underestimate the importance of educating 
endoscopic assistants about the different types and specifi cations of snares; this will 
increase the chance of success during advanced endoscopic procedures.  

  Fig. 1.6    Different shapes and sizes of snares       
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    Tools Used in Endoscopic Mucosal Resection 
and Endoscopic Submucosal Dissection 

 One technique of endoscopic mucosal resection (EMR) involves the use of a vari-
ceal banding technology where a lesion is suctioned into a distal banding cap, and a 
fl at lesion is turned into a pedunculated lesion. The narrow neck is then snared, and 
the lesion is removed easily. However, endoscopic submucosal dissection (ESD) 
involves a more advanced technique where submucosal injection and elevation of 
tissue planes are fi rst achieved, followed by submucosal dissection using various 
types of needle knives. The advantage of ESD is that it allows an en bloc resection 
of an intestinal lesion, regardless of the size. This technique was fi rst popularized in 
Japan for the treatment of early esophageal and gastric cancers [ 10 ]. The ESD 
method is widely used in the fi eld of the upper gastrointestinal tract, especially in the 
stomach, because an en bloc resection not only offers postoperative organ preserva-
tion but exact histopathological diagnoses as well. In Japan, ESD is even performed 
for the treatment of early gastric carcinoma and superfi cial esophageal carcinoma. 

 The use of ESD for colorectal lesions has not yet been established as a standard 
therapeutic method; however, the use of ESD for colorectal lesions has been suc-
cessful and studies are ongoing. Many types of endoscopic knives have been intro-
duced and are available for use in colorectal ESD. Currently in the USA, there is no 
extensive experience with ESD. Our institution recently presented our early experi-
ence with ESD at the Society of American Gastrointestinal and Endoscopic Surgeons 
(SAGES) annual meeting in 2013 [ 11 ]. Since this presentation, we have increased 
our experience in colonic ESD. A total of 25 patients were referred to us for onco-
logic colorectal resection for large colorectal lesions. All studied patients were 
offered initial ESD in the operating room with possible bowel resection if ESD 
could not be successfully completed. A pediatric colonoscope (Olympus America 
Inc, Center Valley, PA) was used, and a transparent distal disposable cap was attached 
to the tip of the endoscope (Fig.  1.7 ). The lesion was fi rst critically visualized either 
by dye injection, narrow-band imaging, or direct view. After this step, circumferen-
tial marking of the lesion with electrocoagulation was performed (Fig.  1.8 ). This 
was followed by submucosal injection using a mixture of saline, 2.5 % Hypromellose 
(HUB Pharmaceuticals, LLC, Rancho Cucamonga, CA) (Fig.  1.9 ) and indigo car-
mine solution (Fig.  1.10 ). This raises the submucosal plane and allows the procedure 
to be performed safely. The next step was mucosal incision with the dual knife, fol-
lowed by submucosal dissection. The submucosal  dissection was carried out by the 
alternating use of the DualKnife TM , HookKnife TM , and Coagrasper  TM  (Olympus 
America Inc., Center Valley, PA) (Figs.  1.11 ,  1.12 , and  1.13 ). The disposable distal 
cap facilitated the dissection in the correct submucosal plane. Once the entire lesion 
was dissected free, en bloc tissue retrieval was achieved and fi nally hemostasis was 
completed. In our series, the median age of the patients was 63 (range 50–88), 
median ASA score was 4 (2–5), and median body mass index (BMI) was 31 kg/m 2  
(18–46). Lesions were located in the cecum (40 %), splenic fl exure (20 %), sigmoid 
colon (20 %), transverse colon (10 %), and rectum (10 %). ESD was possible in 20 
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of 25 lesions (80 %). Median operating time was 114 min (62–196). In fi ve patients, 
ESD could not be technically performed due to non- lifting of the lesion, and either 
laparoscopic resection or endoscopic full thickness excision with laparoscopic 
repair of the defect was performed. There was no perforation or bleeding after 
ESD. The median length of hospital stay was 1 day (0–5). Follow-up colonoscopy 
was performed at 3 months, and no recurrence was encountered.

         The following items are useful in ESD. Our personal experience has been to use 
each of the following tools for different particular steps and maneuvers. 

  Fig. 1.7    Endoscopic submucosal dissection (ESD) in the colon with a transparent tip cap 
(Reprinted with permission, Cleveland Clinic, Center for Medical Art & Photography © 2011–2014. 
All Rights Reserved)       

  Fig. 1.8    Sequential steps of endoscopic submucosal dissection (ESD) (Courtesy of Olympus)       
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  Fig. 1.9    Hypromellose 
solution. A hyperosmolar 
injection solution keeps the 
polyp lifted much longer than 
saline       

  Fig. 1.10    Mixing indigo 
carmine blue dye to the 
injection solution improves 
visualization of the polyp 
edge and the submucosal 
plane       

  Fig. 1.11    Dual knife. 
Useful for marking and 
dissection in ESD 
(Courtesy of Olympus)       
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  Fig. 1.12    Hook knife. 
Controls depth of penetration 
as tissues are pulled away 
while energy is applied 
(Courtesy of Olympus)       

  Fig. 1.13    Coagrasper. 
Helpful for larger 
submucosal vessels 
(Courtesy of Olympus)       

    Dual Knife 

 The single-use Olympus DualKnife™ (Olympus America Inc., Center Valley, PA) 
electrosurgical knife features an adjustable two-step knife length and a dome-shaped 
cutting section designed to simplify marking and enable incision and dissection in 
all directions (Fig.  1.11 ). Distinct blue markers are visible on the sheath to provide 
endoscopic verifi cation of cutting depth. The channel diameter is 2.8 mm, and 
working length is 165 cm for the upper gastrointestinal and 230 cm for the lower 
gastrointestinal system. Cutting knife length is 2.0 mm for upper gastrointestinal 
purposes and 1.5 mm for colonic applications. The purpose of the difference in cut-
ting lengths is to prevent accidental bowel perforation due to wall thickness vari-
ance between the stomach and colon. When the handle is closed and the tip is pulled 
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into the sheath, this facilitates the functions of marking and hemostasis. When the 
handle is open and the knife is deployed, this facilitates incision and dissection 
(Fig.  1.14 ).

       Hook Knife 

 The HookKnife™ (Olympus America Inc, Center Valley, PA) is a distal L-shaped 
hook with rotational function that allows for precise incision and dissection in lon-
gitudinal and lateral directions (Fig.  1.12 ). This type of tool is used to hook the tis-
sue and draw it away from the mucosa while diathermy is applied, thus minimizing 
the risk of perforation. The turn and lock feature is simple to deploy and ensures the 
cutting wire is locked at the desired position during the procedure. A choice of 
lengths allows the endoscopist to choose a working length based on procedural 
technique or lesion location.  

    Coagrasper 

 Coagrasper™ (Olympus America Inc., Center Valley, PA) provides precise and 
effective hemostasis by grasping a bleeding point or a visible vessel and coagulating 
it (Fig.  1.13 ). Excellent rotation function increases the accuracy of the grasper. Two 
types of cup shape and opening width are available for use in both the upper and 
lower gastrointestinal tracts. The single-use Coagrasper™ hemostatic forceps deliv-
ers targeted monopolar coagulation that creates hemostasis at the precise site of 
bleeding. A combination of mechanical and energy-based hemostasis device, the 
Coagrasper will isolate the vessel from the healthy surrounding mucosa so that ther-
mal coagulation occurs only where needed.  

  Fig. 1.14    The length of the knife in the Dual knife is controlled by the handle function (Courtesy 
of Olympus)       
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    Distal Disposable Cap 

 Distal disposable cap is a transparent tip hood (Fig.  1.7 ) that is critical for tissue 
manipulation in colorectal ESD. A disposable distal attachment (Olympus America 
Inc, Center Valley, PA) is placed onto the tip of the colonoscope and aids in entry 
into the submucosa and lifts up the mucosa as to provide traction and countertrac-
tion during dissection. Additionally, the distal disposable cap adds stability during 
incision and improves the visual fi eld by holding down the mucosa when needed.  

    Submucosal Injection Solution 

 Hypromellose injection solution and indigo carmine blue dye play a central role in 
ESD (Figs.  1.9  and  1.10 ). The hyperosmolar injection solutions facilitate adequate 
submucosal elevation and safe dissection. The hyperosmolar feature allows the 
solution to remain in the submucosal plane for a long time compared to saline with-
out dissipating too quickly. This is essential during a lengthy polypectomy. Although 
variable in practice, my preference is to dilute Hypromellose six- to eightfold using 
saline and mix small amounts of indigo carmine blue dye. The blue coloration of the 
submucosal plane provides better visualization of the structures and vasculature.   

    CO 2  Insuffl ation 

 Gas insuffl ation is necessary to obtain optimal visualization of the intestinal surface 
during colonoscopy. However, insuffl ated air during colonoscopy remains in the 
bowel for a long time and results in prolonged bowel distension, abdominal pain, 
and discomfort. During and toward the end of a colonoscopy, the insuffl ated air can-
not be completely suctioned, and the remaining air is not easily absorbed by the 
intestinal mucosa. On the other hand, the transluminal absorption of carbon dioxide 
(CO 2 ) is much faster (40–100 times) compared to air, improving patient comfort. 
This advantage is further magnifi ed in the operating room, where intraluminal CO 2  
insuffl ation has been noted to be advantageous when simultaneously combined with 
CO 2  laparoscopy by limiting bowel distension [ 12 ]. The feasibility of CO 2  insuffl a-
tion during colonoscopy was fi rst evaluated by Rogers [ 13 ]. The CO 2  Regulation 
Unit (Fig.  1.15 ) is simple to operate and can be run with no additional technical 
support. Most CO 2  units feature a single button on the front panel to start and stop 
the fl ow of CO 2 . It is easily set up by connecting to a gas cylinder with a dedicated 
cylinder hose or by connecting directly to the hospital’s medical gas supply. 
The units are usually small and compact and can fi t easily into a standard endoscopy 
workstation. My recommendation is to use CO 2  insuffl ation for any lengthy 
 polypectomy procedure.
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   When intraoperative colonoscopy is needed as an adjunct to colorectal surgery, a 
downside of using air insuffl ation is prolonged bowel distension and obstructed 
surgical exposure. To test the safety of simultaneous CO 2  colonoscopy and laparos-
copy, we conducted a case-matched study where the outcomes of patients undergo-
ing laparoscopic intestinal resection with and without intraoperative colonoscopy 
were compared. The postoperative recovery and rate of complications were similar, 
and there were no complications related to CO 2  colonoscopy. 

 Laparoendoscopy is another emerging technique in which intraoperative colo-
noscopy plays a key role [ 14 ]. Laparoendoscopic polyp resection has been sug-
gested as an alternative to segmental bowel resection for complete removal of large 
polyps [ 15 ]. With this technique, laparoscopic instruments are used to manipulate 
and stabilize the polyp-bearing segment of bowel from the serosal aspect, improving 
exposure for the endoscopist and increasing the chance of a successful endoscopic 
polypectomy [ 16 ]. Intraoperative CO 2  colonoscopy is extremely helpful in these 
combined procedures by limiting the amount of bowel distension and rendering 
clamping of the terminal ileum unnecessary.  

    Chromoendoscopy and Narrow-Band Imaging (NBI) 

 The majority of endoscopes are videoscopes where light is transmitted to the tip of 
the instrument and refl ected onto a charge-coupled device (CCD) chip. The CCD 
contains thousands of light-sensitive points or pixels that relay the image onto a 
video monitor. Image resolution is directly related to the number of pixels. Standard 
resolution endoscopes produce an image of 480–576 scanning lines on a screen. 

  Fig. 1.15    The CO 2  insuffl ator       
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High-defi nition (HD) CCDs can generate up to 1,080 scanning lines on a screen and 
has signifi cantly improved image quality during colonoscopy. Despite this, it is still 
common that polyps are either diffi cult to visualize or missed entirely. 

 Chromoendoscopy is a technique that improves visual defi nition and character-
ization of mucosal lesions by the topical application of dyes. In simple terms, chro-
mocolonoscopy is the process of endoscopically examining the colonic mucosa 
after it has been stained with dye. The goal is to allow the endoscopist to identify 
subtle features in abnormal mucosa, such as morphologically fl at polyps or crypt 
patterns. Although absorptive stains, contrast stains, and reactive stains exist, the 
most common contrast dye used to spray mucosal lesions is indigo carmine solu-
tion, in concentrations between 0.1 and 0.8 %. 

 Recently, some advanced endoscopes have incorporated a new feature called 
narrow-band imaging (NBI). This digital technology allows for improved visualiza-
tion and interpretation of mucosal changes without dye staining. NBI is an optical 
fi lter technology that optimizes the absorbance and scattering characteristics of light 
and radically improves the visibility of capillaries. It uses two discrete bands of 
light: one blue band at 415 nm and one green band at 540 nm. Narrow-band blue 
light displays superfi cial capillary networks, while green light displays subepithelial 
vessels, and when these two are combined, they offer an extremely high-contrast 

  Fig. 1.16    Narrow-band imaging (NBI) of a subtle lesion in a patient with infl ammatory bowel 
disease removed by ESD. Both the NBI and the blue dye improve visual contrast of the lesion       
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image of the tissue surface and submucosa. One of the advantages of such a system 
lies in the prompt availability of NBI by the push of a button on the endoscope. 
Hemoglobin absorbs a greater portion of the projected light thereby appearing 
darker on the image. This technology is available on most modern endoscopes and 
provides real-time information during colonoscopy. Studies examining the effi cacy 
of chromocolonoscopy have shown that chromocolonoscopy increases polyp yield; 
however, most additional lesions are only small in size. Staining can also help in 
distinguishing neoplastic from benign polyps. One important use of this aspect of 
chromocolonoscopy is in infl ammatory bowel disease (IBD), where its use may 
improve the detection of dysplasia [ 17 ]. Since chromoendoscopy increases proce-
dure time, it may not be recommended for routine screening and surveillance, but 
its increased yield of dysplasia in IBD makes it a useful adjunct for surveillance in 
this population [ 18 ] (Fig.  1.16 ).

       Conclusion 

 To have a successful outcome in advanced colonoscopy, it is critical to be equipped 
with the appropriate tools. Thus, some of the current and most modern advance-
ments useful for resection of diffi cult polyps were reviewed in this chapter. It is 
imperative that any endoscopist attempting to improve his/her skills be versatile and 
be familiar with a variety of equipment that will make the task at hand easier. As 
endoluminal procedures become even more and more complex, new innovations in 
technology will certainly be necessary to drive any major progress.     
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