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Colonoscopy is a medical procedure involving the endoscopic examination of the large 
bowel (colon) and the distal portion of the small bowel. This examination is performed 

using either a CCD camera or a fiber optic camera, which is mounted on a flexible tube and 
passed through the anus. The purpose of a colonoscopy is to provide a visual diagnosis via 

inspection of the internal lining of the colon wall, which may include identifying issues 
such as ulceration or precancerous polyps, and to enable the opportunity to remove and 
biopsy polyps and small colorectal cancer lesions. Routine use of colonoscopy screening 

varies globally. It is a commonly recommended and widely utilized screening method for 
colorectal cancer, often beginning at age 45 or 50 years, depending on risk factors and 

national guidelines. Conditions that call for colonoscopies include unexplained changes 
in bowel habits and suspicion of malignancy. Colonoscopies are often used to diagnose 
colonic polyps and colon cancer but are also frequently used to diagnose inflammatory 
bowel disease. A positive fecal occult blood test is almost always an indication to do a 

colonoscopy. In most cases, the positive result is just due to hemorrhoids. A positive result 
can also be due to diverticulosis, inflammatory bowel disease (Crohn’s disease, ulcerative 

colitis), colon cancer, or polyps. Colonic polypectomy has become a routine part of 
colonoscopy, allowing quick and simple removal of polyps during the procedure without 
invasive surgery. It is important to note that occasional rectal bleeding may have multiple 
non-serious potential causes. In the last decades a great variety of technical improvements 

has arrived, such as the use of different dyes for better identification of small lesions and 
the introduction of artificial intelligence. This book provides a comprehensive overview of 

colonoscopy and highlights recent advances in the field.
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Preface

Colonoscopy is the usual endoscopic procedure recommended to examine the large 
intestine and part of the distal small intestine. It is achieved by introducing a colono-
scope, a long, flexible tube-shaped tool with a micro-camera placed at the tip of the 
endoscope, through the rectum. The colonoscope has several channels inside through 
which various instruments can be used to facilitate the execution of diagnostic tests 
and allow the removal of tumors or intestinal polyps.

To perform a colonoscopy, the whole intestine must be completely free of fecal 
remains. To correctly prepare the colon, a series of laxatives are usually administered, 
both orally and through enemas, along with the intake of copious amounts of water. 
Laxatives cause powerful diarrhea that generally cleans the entire colon well and 
prepares it for the endoscopy.

Colonoscopy is the best test for exploration of the colon, being necessary to examine 
in detail the walls of both the large and small intestine, the full colon and terminal 
ileum, and the interior of the lumen. The execution of biopsies and the removal of 
polyps or tumors is carried out throughout the procedure, both during introduction 
and withdrawal.

Colonoscopy is indicated for colorectal cancer prophylaxis, diagnosis of the cause of 
changes in defecation habits, monitoring of patients with ulcerative colitis or Crohn’s 
disease, and diagnosis of unexplained abdominal symptoms.

The usual type of anesthesia used during colonoscopy is sedation. This includes the 
use of a series of medications that help the patient relax and ensure that the patient 
does not experience pain or abdominal discomfort. Sedation is usually performed 
intravenously or by intramuscular injection. Sedation can be superficial or deep. 
The choice of one type of sedative or another depends on the patient’s tolerance to 
pain and the discomfort inherent to the colonoscopy. It is advisable to administer the 
lowest degree of sedation possible to be able to perform the exam with the greatest 
possible reliability while ensuring minimal discomfort for the patient.

A colonoscopy is performed with the patient lying on their side. A specialist is respon-
sible for administering sedation and monitoring vital signs. The exam usually does 
not begin until the patient is ready and the sedation has taken effect. After thoroughly 
lubricating the colonoscope, the doctor will insert it through the anus. Progression 
will be slow and smooth. To facilitate the transit of the colonoscope, carbon dioxide 
will be blown. The doctor may ask the patient to perform some type of movement as 
another method to facilitate the movement of the colonoscope. During the examina-
tion, the doctor may identify suspicious lesions or polyps. Colonoscopy allows both 
removal of the polyp and biopsy of the lesion for diagnosis. The colonoscopy itself 
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can last between 20 and 60 minutes. During the test, it may be determined that the 
colon cleansing before the procedure is not sufficient, and thus, the doctor will stop 
the colonoscopy and schedule a new appointment.

It takes some time for the effects of sedation to wear off completely. The patient must 
remain in the clinic for about one to two hours after the colonoscopy. Even so, full 
recovery usually occurs the next day. This is why it is always recommended that an 
adult accompany the patient to their colonoscopy. Patients are advised not to drive any 
type of vehicle or operate heavy machinery on the same day the test is performed.

At the end of the colonoscopy, the doctor may recommend a specific diet for the patient 
for the next few days. The patient may find blood in their stool after the procedure, but 
this is common. If the blood in the stool is excessive or lasts too long, the patient will 
need to contact their doctor.

The process of performing a colonoscopy is safe, but like any other treatment, it may 
cause some risks or inconveniences. Anal bleeding and colon perforation are the most 
likely problems, although these complications are rare. Bleeding can occur during the 
colonoscopy or even two weeks after it is performed. If any of these problems occur, 
the specialist is in charge of stopping the bleeding. Among the less common drawbacks 
of colonoscopy are the presence of diverticulitis, anal pain, infections, or abdominal 
discomfort. Cardiovascular complications may also arise, such as low blood pressure 
or irregular transitory heartbeats.

This book discusses all these aspects of colonoscopy and more, including the latest 
innovations and advances achieved in recent years, with a focus on those achieved 
with the emergence of artificial intelligence (AI).

I want to thank all the chapter authors for their excellent contributions. Special thanks 
go to Ms. Elvira Baumgartner at IntechOpen for her continuous help and support 
throughout the editorial process.

Luis Rodrigo MD
University of Oviedo,

Oveido, Spain
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Chapter 1

Introductory Chapter: The Actual 
State of Colonoscopy
Luis Rodrigo

1. Introduction

Before dealing with the characteristics and indications of colonoscopy, let us 
briefly refer to its younger sister, flexible sigmoidoscopy, which, as its name indicates, 
is used only for the distal exploration of the colon, including the rectum and sigmoid, 
which is also interesting to know in its applications that are complementary in some 
cases, with the complete exploration of the entire colon.

2. Flexible sigmoidoscopy: indications and contraindications

It has been at least two decades since flexible sigmoidoscopy has replaced con-
ventional rectoscopy, and the reasons must be sought independently of the limited 
associated discomfort and in a better general acceptance of the use of a flexible 
instrument instead of the introduction of a rigid tube, as well as obtaining greater 
diagnostic performance in the detection of polyps and/or rectal tumors.

However, with the introduction and progressive development of colonoscopy 
worldwide, which allows the entire colon and terminal ileum to be adequately 
explored, sigmoidoscopy has been losing prominence in most clinical centers. 
However, it still has some indications, which are summarized: 1. Study of the distal 
pathology of the colon (ano-rectal). 2. Evaluation of cases of acute diarrhea. 3. 
Monitoring and control of ulcerative colitis. 4. Periodic control of ileo-anal reservoirs. 
5. In patients with low tumor risk in asymptomatic patients. 6. In those over 50 years 
of age, without a family history. 7. In relatives of patients with familial adenomatous 
polyposis from the age of 10 and annually. 8. In surveillance of the excluded rectal 
stump in cases of inflammatory bowel disease.

Two absolute contraindications are included: 1. Severe acute diverticulitis. 2. 
Suspected intestinal perforation.

In United States and some other countries, sigmoidoscopy is usually performed 
by specialized nurses under the direct supervision and occasional help of expert 
endoscopists [1].

3. Colonoscopy: indications and contraindications

The development of colonoscopy in recent decades worldwide has followed a 
course parallel to advances in knowledge of the sequence of changes from polyp to 
carcinoma in the colon. Malignant colon and rectal tumors are often associated with 

XIV



1

Chapter 1

Introductory Chapter: The Actual 
State of Colonoscopy
Luis Rodrigo

1. Introduction

Before dealing with the characteristics and indications of colonoscopy, let us 
briefly refer to its younger sister, flexible sigmoidoscopy, which, as its name indicates, 
is used only for the distal exploration of the colon, including the rectum and sigmoid, 
which is also interesting to know in its applications that are complementary in some 
cases, with the complete exploration of the entire colon.

2. Flexible sigmoidoscopy: indications and contraindications

It has been at least two decades since flexible sigmoidoscopy has replaced con-
ventional rectoscopy, and the reasons must be sought independently of the limited 
associated discomfort and in a better general acceptance of the use of a flexible 
instrument instead of the introduction of a rigid tube, as well as obtaining greater 
diagnostic performance in the detection of polyps and/or rectal tumors.

However, with the introduction and progressive development of colonoscopy 
worldwide, which allows the entire colon and terminal ileum to be adequately 
explored, sigmoidoscopy has been losing prominence in most clinical centers. 
However, it still has some indications, which are summarized: 1. Study of the distal 
pathology of the colon (ano-rectal). 2. Evaluation of cases of acute diarrhea. 3. 
Monitoring and control of ulcerative colitis. 4. Periodic control of ileo-anal reservoirs. 
5. In patients with low tumor risk in asymptomatic patients. 6. In those over 50 years 
of age, without a family history. 7. In relatives of patients with familial adenomatous 
polyposis from the age of 10 and annually. 8. In surveillance of the excluded rectal 
stump in cases of inflammatory bowel disease.

Two absolute contraindications are included: 1. Severe acute diverticulitis. 2. 
Suspected intestinal perforation.

In United States and some other countries, sigmoidoscopy is usually performed 
by specialized nurses under the direct supervision and occasional help of expert 
endoscopists [1].

3. Colonoscopy: indications and contraindications

The development of colonoscopy in recent decades worldwide has followed a 
course parallel to advances in knowledge of the sequence of changes from polyp to 
carcinoma in the colon. Malignant colon and rectal tumors are often associated with 



Colonoscopy – Diagnostic and Therapeutic Advances

2

certain conditions that are considered premalignant. In colorectal carcinoma, the 
most common premalignant lesion consists of the presence of adenomatous polyps. 
Therefore, the development of an early diagnosis plan is based on the periodic and 
careful surveillance of patients with premalignant lesions in order to detect the pres-
ence of cancers at an early (pre-symptomatic) stage, when endoscopic or surgical cure 
is still possible. It is possible…

Although there is any conclusive evidence in controlled studies to support that 
endoscopic surveillance reduces the mortality rate, some data suggest improved 
survival of patients included in surveillance programs.

Consequently, colonoscopy has acquired maximum notoriety, as has the close con-
trol of the evolution of adenomatous polyps. The advance in colonoscopy knowledge 
regarding the possibility of detecting the presence of premalignant lesions and at the 
same time, being able to remove them, replacing the opaque enema due to its greater 
capacity for the diagnosis and treatment of these lesions.

The indications for colonoscopy can be divided into two categories: diagnostic 
and therapeutic (Tables 1 and 2). The contraindications and complications of this 
technique are also described (Tables 3–5) [2–5].

• Treatment of all types of bleeding lesions of the colon (post-polypectomy, angiomas, neoplasms, diver-
ticula, vascular anomalies)

• Removal of foreign bodies from the colon and rectum

• Decompression of acute non-toxic megacolon, or sigmoid volvulus

• Balloon dilation of stenotic lesions

• Removal of colon polyps

• Palliative treatment of tumorous, stenotic, or bleeding lesions

• Bridging treatment prior to surgery of colonic obstructions secondary to malignant lesions

Table 2. 
Indications for therapeutic colonoscopy.

• For the evaluation of repletion defects and/or stenosis, visualized in the Opaque Enema

• First of all, Iron Deficiency Anemia of unexplained origin

• In the evaluation of Gastrointestinal Bleeding of unclear origin

• Melenas with previous normal Esophago-Gastro-Duodenoscopy study

• Confirmed presence of Occult Blood in Feces

• Hematochezia that does not clearly come from the rectum or perianal region

• To rule out synchronous lesions (Cancer and/or Polyps) in patients with these suspicious findings

• Post-resection follow-up of CRC or neoplastic polyps at periodic intervals

• In family screening for hereditary CRC and subsequent follow-up

Table 1. 
Indications for diagnostic colonoscopy.
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• Chronic Abdominal Pain and Irritable Bowel Syndrome that does not present diagnostic doubts

• Acute self-limited diarrhea

• Routine monitoring of inflammatory bowel disease

• Digestive bleeding of known cause in the upper digestive tract

• Acute fulminant colitis

• Acute diverticulitis

• Acute pancreatitis

• Recent postoperative colonic surgery

• Second and third trimester of pregnancy

• When the risks to the patient’s health and/or life are greater than the benefits of the examination

• Suspected perforation of a hollow viscus

• In patients with recent pulmonary embolism

• When there is no collaboration on the part of the patient

Table 3. 
Contraindications of colonoscopy.

• Bacteremia

• Drilling

• Pneumatic drilling

• Hemorrhage

• Volvulus

• Cardiac and/or ECG alterations

• Aortic aneurysm dissection

• Post-colonoscopy distention syndrome

• Vaso-vagal reflex

• Incarceration of an inguinal hernia

• Impaction of the endoscope into the hernial sac

Table 4. 
Complications of diagnostic colonoscopy.

• Hemorrhage

• Drilling

• Incomplete polypectomy

• Post-polypectomy syndrome (suffering of the colon wall due to excess coagulation)

• Exitus

Table 5. 
Complications of therapeutic colonoscopy.
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4. Preparation and cleaning of the colon for performing the colonoscopy

It is carried out through the ingestion of an electrolyte solution of polyethylene 
glycol (PEG) with electrolyte solution at a rate of 250 cc orally every 15 minutes, up 
to a total of 2-3 liters. It can be used safely in patients with heart, kidney, and liver 
diseases, as it prevents dehydration and significant loss of electrolytes, its main dis-
advantage being the large amount of liquid that the patient has to drink and its salty 
taste, which can induce vomiting, in up to 10% of cases. It is possible to administer a 
prokinetic such as cisapride at a dose of 20 mg. Thirty minutes before starting to take 
the preparation, reduce the chances of nausea and/or vomiting.

The Fleet preparation is also recommended, which obtains similar results to the 
PEG/electrolyte solution preparation, probably with greater acceptance by patients, 
since the volume of the solution to be ingested is smaller, only 90 ml., followed by 
abundant amount of liquid to choose for each patient. Its main drawback is the risk 
of dehydration and the appearance of hydroelectrolyte alterations, being contra-
indicated in patients with associated diseases. Another possible side effect of this 
preparation is the appearance of thrush-type mucosal lesions in the colon, which can 
be misleading and appear in up to 15% of cases [6–8].

5. Preparation in special situations

5.1 Persistent constipation

If there is evidence of chronic constipation, it is suggested to always indicate 
intense bowel preparation. It is advisable to administer an effective oral purgative the 
day before, along with the intake of large quantities of liquids.

5.2 Colostomy wearers

It is as difficult to prepare as normal colon, so the usual preparation should not be 
modified.

5.3 Ileal reservoirs

These patients should be prepared with saline enemas and repeated until they 
come out completely clean.

5.4 Conventional ileostomy

They do not require preparation.

5.5 Ileorectal anastomosis

Administration of a saline enema is usually sufficient.

5.6 “Shotgun barrel” colostomy

The distal loop of a shotgun colostomy usually contains a considerable amount 
of viscous mucus and some thick debris that can block the colonoscope. For all these 
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reasons, it is recommended to introduce a water/saline enema or lavage through the 
colostomy, before examining an intestine devoid of function.

5.7 Inflammatory bowel disease

Patients with severe colitis rarely need a colonoscopy, since a simple abdominal 
X-ray usually provides sufficient information, making its performance largely 
contraindicated.

In cases of moderate or mild colitis, the preparation should be the usual one with 
PEG solutions, balanced with electrolytes.

5.8 Treatment with oral iron preparations

Its administration must be suspended at least 7 days before performing the 
examination.

5.9 Antiplatelet or anticoagulated patients

There is no evidence that continued low-dose aspirin may increase the risk of bleed-
ing after polypectomy, and therefore, this medication does not need to be discontinued.

In anticoagulated with warfarin due to risk of embolism, the medication can be 
safely suspended 3-4 days before the test, while if the risk is high, due to the presence 
of metallic heart valves, prior admission of the patient and conversion to heparin, at 
least 3 hours before the examination.

5.10 Technical aspects related to colonoscopy

The insertion of the colonoscope is a technique that is difficult to teach because, in 
essence, it consists of introducing a flexible tube, which is the endoscope, through a 
long and flexible duct, which is the colon.

The latter is characterized by having a variable length, mobility, and fixation, its 
movements being unpredictable after the introduction of the endoscope inside.

Since the colon is an elastic tube, it becomes arduous and tortuous with air 
insufflation, with the frequent formation of loops and angulations after its dila-
tion. However, when deflated, it is much shorter. The following principles must be 
observed when performing a colonoscopy:

1. Insufflate the minimum amount of air throughout the entire examination and 
aspirate it whenever possible.

2. Avoid the formation of loops (for which you have to push as little as possible).

3. Move the endoscope back, with the aim of shortening the colon whenever pos-
sible, inserting it according to the anatomical position in which the viewer is lo-
cated, 40 cm in the descending colon and inserted, in the splenic angle of 50 cm, 
transverse colon of about 60 cm, being at the level of the cecum, 70-80 cm.

4. Monitor at all times the presence of discomfort that the patient presents, which 
indicates excessive insufflation, or the formation of loops, trying to rectify the 
position of the endoscope if this occurs.
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5. If the tip of the endoscope does not advance, try different combinations of 
changes, including patient posture, instrument pressure, and tube rotation.

Unassisted colonoscopy is recommended as the ideal method and is performed 
by most experienced endoscopists. This method requires discipline of the hands, 
and it is recommended that each hand have a certain task. Thus, while the left hand 
is in charge of holding the colonoscope and manages the air, water and aspiration 
controls and the up-down control and only on some occasions in the lateral control. 
The right hand is used to twist the instrument and becomes an essential part of the 
exploration [9, 10].

There are three different kinds of rotational effects:

a. Rotation with the endoscope and the straight tip is done by rotating the instru-
ment on its axis. This movement can be used to orient the biopsy forceps, adhere 
the polypectomy loop to a specific lesion, or to position the aspiration channel 
precisely over a fluid accumulator.

b. Rotation with the endoscope straight and the tip angled and directed upwards, 
clockwise twisting deviates it to the right, while with the tip directed down-
wards, the same clockwise movement produces a deviation to the left.

c. Rotation with a loop is usually formed at the sigmoid level. To try to resolve it, 
it is advisable to perform a clockwise rotation, so that the mobile sigmoid is 
shortened above the endoscope, while the end of the latter will ascend toward 
the fixed ascending colon.

6. Colonoscopy with magnification and chromography

In recent years, a very important development has been achieved in video image 
quality, since chips (> 400,000 pixels) have been incorporated into colonoscopes 
that produce high-resolution images that are digitally treated, thus achieving greater 
definition (similar to that obtained using low-power microscopes with 100× image 
magnification) [11].

This technique, together with the staining of the mucosa using dyes, allows us to 
better visualize its surface and thus differentiate between those neoplastic polyps and 
those that are not.

Furthermore, Chromography and Endoscopic Magnification are also useful when 
applied to follow-up [12].

For patients with long-standing ulcerative colitis, since staining the mucosa with 
dyes such as methylene blue allows us to detect areas of possible dysplasia and direct 
biopsy taking toward them.
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Chapter 2

Colorectal Cancer: Colonoscopy 
and Follow Up
Al Aloul Adnan and Varlas Valentin

Abstract

Pelvic recurrence is a significant concern following curative resection for rectal 
cancer, regardless of the tumor’s origin of the rectum. In this retrospective observa-
tional study, 219 patients were analyzed, with 213 undergoing surgical treatment for 
rectal cancer at three surgical centers between 2014 and 2019. Surgical procedures 
included anterior resection with Hartmann’s procedure (39 patients), anterior 
resection of rectosigmoid with colorectal anastomosis (130 cases), and abdomino-
perineal resection (44 cases). After a 2-year follow-up, pelvic recurrence occurred 
in 19 patients, constituting approximately 8.9% of cases. The recurrence rates varied 
among surgical procedures, with a 15.38% recurrence rate after the Hartmann proce-
dure, 9% after abdominoperineal resection, and 7% after anterior resection of recto-
sigmoid with colorectal anastomosis. Emphasize the high recurrence rates associated 
with advanced stages of rectal cancer. Notably, its follow-up was done clinically, by 
laboratory tests, colonoscopy (the main test for pelvic recurrence) after 6 months of 
surgery, 12 months, and 2 years, computed tomography (CT), magnetic resonance 
imaging (MRI), and pelvic ultrasound at one year and 2 years, a lower recurrence rate 
being indicative of a successful curative surgical treatment. The Hartmann procedure, 
often performed as an emergency operation for locally advanced lesions, exhibited 
the highest recurrence rate.

Keywords: pelvic recurrence, rectal cancer, colonoscopy, future direction, anastomasis

1. Introduction

A colonoscopy is a medical procedure used to examine the inside of the colon 
and rectum. It is an essential tool for diagnosing and monitoring various gastroin-
testinal conditions, including colorectal cancer, inflammatory bowel disease, and 
polyps.

Space of endoscopy rooms: reception and waiting room, room procedure, 
(Figure 1), recovery room, postprocedural and consultation room, and the last 
training room for students and residents. Equipment: endoscope tower – endoscope, 
monitor, insufflation, light source, and other instruments that are necessary for pro-
cedures, storage instruments, accessories, and consumables. The control of infection 
is carried out by cleaning and sterilization room.
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 Here’s a brief overview of the colonoscopy procedure: 

  1.1 Preparation 

 Before the colonoscopy, patients are instructed to follow a specific diet and bowel 
preparation regimen. This often involves following a clear liquid diet and taking a 
laxative or bowel-cleansing solution to empty the colon.  

  1.2 Arrival at the medical facility 

 Patients typically arrive at a hospital or an outpatient clinic for the procedure. 
They will be asked to change into a hospital gown. 

Consent form and Medical History.  You will be asked to sign a consent form, and 
a nurse or healthcare provider will review medical history, including any allergies, 
medications you’re currently taking, and any pre-existing medical conditions. 

Sedation and monitoring:  Most colonoscopies are performed with sedation or 
anesthesia to ensure the patient’s comfort and minimize discomfort. The patient is 
closely monitored throughout the procedure, including vital signs like blood pressure, 
heart rate, and oxygen levels. 

Positioning:  The patient will be positioned on your left side on an examination 
table.  of the colonoscope:  A long, flexible tube colonoscope is inserted through the anus 
and advanced slowly into the colon until cecum and ileocecal valve. The colonoscope 
has a light and a camera at the tip, allowing the doctor to view the inner lining of the 
colon on a monitor. 

Examination of the colon:  As the colonoscope is advanced, the examiner views the 
entire length of the colon, looking for abnormalities, such as polyps, inflammation, 
diverticula, or tumors.  Biopsy or polyps removal (if necessary):  During the colonoscopy, 
the endoscopist may take tissue samples (biopsies) if suspicious areas are found. 
Additionally, small polyps can often be removed during the procedure to prevent 
them from becoming cancerous [ 1 ]. 

  Figure 1.
  Colonoscopy position.          
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Documentation: After a thorough examination, the colonoscope is slowly with-
drawn, and the endoscopist carefully documents any findings. This documentation 
may include photographs or video recordings.

Recovery: After the colonoscopy, patients are taken to a recovery area where they 
can rest and recover from the sedation. It’s essential to have a friend or family mem-
ber available to drive the patient home because the sedation can temporarily impair 
judgment and coordination. Post-procedure discussion: Once the patient is fully awake 
and alert, the endoscopist and nurse will discuss the findings of the colonoscopy with 
the patient. If biopsies were taken, results may not be available immediately and could 
take a few days.

Follow-up and recommendations: Depending on the results of the colonoscopy, the 
doctor may recommend further tests or treatments. Patients may also receive guid-
ance on lifestyle changes, such as dietary adjustments or regular screenings.

2. Types of screening tests

Stool tests: Guaiac-based fecal occult blood test (gFOBT): This test uses the chemi-
cal guaiac to detect blood in stool. At home, you could use a stick or brush to obtain a 
small amount of stool. You then return the test sample to the healthcare provider or 
a laboratory, where stool samples are checked for blood. Fecal immunochemical test 
(FIT): This test uses antibodies to detect blood in the stool. You receive a test kit from 
your healthcare provider. This test is done the same way as gFOBT. FIT-DNA test: (or 
stool DNA test) This test combines the FIT with a test to detect altered DNA in stool 
[2]. You collect a test sample to check for an entire bowel movement and send it to a 
laboratory to be tested for cancer cells.

Flexible sigmoidoscopy (Flex Sig): The healthcare provider puts a short, thin, flex-
ible, lighted tube into your rectum and checks for polyps or cancer inside the rectum 
and lower third of the colon.

Colonoscopy: Similar to flexible sigmoidoscopy, except the healthcare provider uses 
a longer, thin, flexible, lighted tube to check for polyps or cancer inside the rectum 
and the entire colon. During the test, the healthcare provider can find and remove 
most polyps and some cancers. Colonoscopy may also be used as a follow-up test if 
one of the other screening tests finds anything unusual.

CT colonography (virtual colonoscopy): Computed tomography (CT) colonography, 
also called a virtual colonoscopy, uses X-rays and computers to produce images of 
the entire colon. The images are displayed on a computer screen for the healthcare 
provider to analyze.

DNA stool tests, such as Cologuard, detect specific DNA changes associated with 
colorectal cancer.

Colorectal cancer follow-up colonoscopy: Follow-up colonoscopies are an 
essential part of monitoring individuals who have previously been diagnosed with 
colorectal cancer or who have had precancerous polyps removed during a colonos-
copy. The specific recommendations for follow-up colonoscopies can vary based on 
the individual’s medical history, the stage of cancer, and the presence of any risk 
factors [3].

However, here is a general guideline for follow-up colonoscopies after a colorectal 
cancer diagnosis:
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Posttreatment evaluation: After the initial diagnosis and treatment of colorectal 
cancer, your healthcare provider will typically recommend a follow-up evaluation 
to assess the effectiveness of the treatment and to check for any signs of cancer 
recurrence.

3. Importance of early detection

Improved survival rates: When colorectal cancer is detected at an early stage, the 
chances of successful treatment and long-term survival are significantly higher. In fact, 
for localized colorectal cancer (cancer that hasn’t spread beyond the colon or rectum), the 
5-year survival rate can exceed 90%. Early detection allows for timely intervention and 
more effective treatment options. Minimized treatment intensity: Early stage colorectal 
cancer often requires less aggressive treatment than advanced-stage cancer. Surgery alone 
may be curative in many cases, sparing patients from the need for extensive chemo-
therapy or radiation therapy. Early detection can prevent the cancer from progressing 
to a more advanced stage, which may involve more invasive treatments and potentially 
debilitating symptoms, and this helps in maintaining a better quality of life for patients 
[4]. Treating colorectal cancer at an early stage is generally less costly than treating 
advanced-stage cancer. This can lead to cost savings for patients and healthcare systems.

Prevention of metastasis: Colorectal cancer that is caught early is less likely to 
metastasize to other organs or lymph nodes. Early detection often allows for the 
preservation of more of the colon or rectum during surgery, minimizing the need for 
extensive surgical procedures, such as colostomy or ileostomy [5]. Colorectal cancer 
often starts as benign growths—polyps. During a colonoscopy, these polyps can be 
identified and removed, effectively preventing cancer from developing.

The identification of hereditary conditions, such as Lynch syndrome or familial 
adenomatous polyposis (FAP), which increase the risk of colorectal cancer is impor-
tant. Identifying these conditions in one family member can lead to early screening 
and preventive measures for other family members. Screening can detect cancer in 
its earliest stages or identify precancerous lesions, reducing the overall burden of the 
disease. Early detection allows for long-term surveillance and monitoring of individu-
als at higher risk for colorectal cancer. This ensures that any new polyps or cancerous 
growths are detected promptly.

Initial follow-up colonoscopy: The first follow-up colonoscopy is usually  scheduled 
within the first year after the completion of your initial treatment. The timing may 
vary depending on the stage and aggressiveness of the cancer (Figures 2 and 3).

Frequency of follow-up colonoscopies: The frequency of follow-up colonoscopies 
after the initial posttreatment evaluation will depend on several factors, including 
the stage of cancer, the completeness of initial treatment, and individual risk factors. 
Common recommendations are as follows: High-risk situations (e.g., advanced can-
cer, positive lymph nodes, or incomplete resection): Colonoscopy every 3–6 months 
for the first 2–3 years. Intermediate-risk situations: Colonoscopy every 6–12 months 
for the first 2–3 years. Low-risk situations: Colonoscopy every 1–3 years after the 
initial follow-up.

Long-term surveillance:
After several years of regular follow-up colonoscopies with no signs of cancer 

recurrence, the interval between colonoscopies may be extended, typically to every 
3–5 years. However, the specific schedule should be determined by your healthcare 
provider based on your individual case.



13

Colorectal Cancer: Colonoscopy and Follow Up
DOI: http://dx.doi.org/10.5772/intechopen.1003904

4. Lifelong surveillance

In some cases, individuals with a history of colorectal cancer may require lifelong 
surveillance to monitor for cancer recurrence or the development of new polyps.

Additional testing: In addition to colonoscopy, other tests may be recommended 
as part of your follow-up, such as blood tests to monitor tumor markers, CT scans, or 
other imaging studies to check for metastasis (spread of cancer), and regular physical 
examinations [6].

Adherence to recommendations: It’s crucial to adhere to your healthcare provider’s 
recommended follow-up schedule and undergo any additional testing as advised. 

Figure 2. 
Recovery room.

Figure 3. 
Room procedure.
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Regular follow-up is essential for early detection of any cancer recurrence or new 
polyps, as early intervention can lead to better outcomes. 

 Lifestyle and health maintenance: In addition to medical follow-up, maintaining a 
healthy lifestyle, including a balanced diet, regular exercise, and avoidance of tobacco 
and excessive alcohol consumption, can help reduce the risk of cancer recurrence and 
other health problems. Follow-up for rectal cancer typically involves a combination 
of medical evaluations, imaging studies, and endoscopic procedures to monitor for 
cancer recurrence and assess the effectiveness of treatment. The specific follow-up 
plan may vary depending on the stage of cancer, the type of treatment received, and 
individual patient factors [ 7 ]. 

 Here’s a general guideline for follow-up after rectal cancer treatment, including 
endoscopic procedures: 

Initial posttreatment evaluation:  After completing treatment for rectal cancer, you 
will undergo an initial evaluation to assess the response to treatment and ensure there 
is no immediate evidence of cancer recurrence. 

 This evaluation may include physical examinations, blood tests, and imaging 
studies such as CT scans. 

Endoscopic follow-up procedures:  Endoscopic procedures like sigmoidoscopy or 
colonoscopy are essential for monitoring the rectal area and the rest of the colon for 
any signs of cancer recurrence or new polyps. The frequency and timing of these pro-
cedures depend on various factors, including the stage of the initial cancer, the type 
of treatment received, and individual risk factors [ 8 ]. In some cases, the first follow-
up endoscopy may be scheduled within a few months after completing treatment. 
Subsequent endoscopies may then be performed at regular intervals. The specific 
schedule should be determined by your healthcare provider based on your individual 
case (  Figure 4  ).  

 In addition to endoscopy, imaging studies such as CT scans may be recommended 
periodically to check for any signs of cancer recurrence or metastasis to nearby lymph 

  Figure 4.
  Local recurrence at enterocolic anastomosis end-side.          
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nodes or distant organs. Tumor marker testing: Blood tests to monitor tumor markers 
(e.g., CEA—carcinoembryonic antigen) may be part of your follow-up plan. Elevated 
levels of these markers can sometimes indicate cancer recurrence. Stool testing: Periodic 
stool testing for blood or other markers may be recommended to check for any signs 
of rectal cancer recurrence or new growths. Long-term surveillance: The frequency of 
follow-up examinations and tests may decrease over time if there are no signs of cancer 
recurrence. After several years of surveillance with no issues, follow-up intervals may 
be extended [9]. Adherence to recommendations: It’s crucial to adhere to your health-
care provider’s recommended follow-up schedule and undergo any necessary tests and 
procedures. Regular follow-up is essential for early detection of any cancer recurrence 
or new growths. Lifestyle and health maintenance: Maintaining a healthy lifestyle, 
including a balanced diet, regular exercise, and avoiding tobacco and excessive alcohol 
consumption, can help reduce the risk of cancer recurrence and improve overall health.

5. Colonoscopy in colorectal cancer diagnosis

The colonoscope is inserted via anus to rectum and advanced through all of the 
colon until the cecum, and terminal ileum. The colonoscope inspects the entire 
mucosa of any lesions—tumors, polyps, ulcerations, or diverticula. Suspicion of 
any lesion observed may take the specimen for histopathology analyses, which is an 
important step to confirm the diagnosis. Assess the size, type, and location of the 
lesions from the anal orifice and this is an important information for the treatment.

The diagnosis of neoplasm after colorectal treatment as local recurrence and new 
polyps or tumors is used by colonoscopy follow-up for surveillance and monitoring. 
The screening for tumors and other lesions like inflammatory bowel disease, diver-
ticulosis and diverticulitis, and bleeding is carried out [10].

Staging of colorectal cancer by endoscopy, CT scan, and MRI: The staging of colorec-
tal cancer follows TNM conform to American Joint committee on Cancer (AJCC): (T) 
tumor size and extent of the primary tumor, (N) lymph nodes that contain malignant 
cells, and (M) metastasis to distant organs or tissues. The overview of stages of 
colorectal cancer is given as follows:

Stage 0: (Tis, N0, M0): carcinoma in situ. Cancer is confined to the innermost layer 
of the colon or rectum and has not invaded deeper layers. It has not spread to lymph 
nodes or distant sites.

Stage I (T1-T2, N0, M0): Cancer has grown through the mucosa and into the 
submucosa (T1) or muscularis propria (T2) of the colon or rectum. It has not spread 
to lymph nodes or distant sites.

Stage II Stage IIA (T3, N0, M0): Cancer has penetrated the submucosa and has 
grown into the muscularis propria (T3) of the colon or rectum. It has not spread to 
lymph nodes or distant sites. Stage IIB (T4a, N0, M0): Cancer has invaded through the 
serosa (the outermost layer) of the colon or rectum (T4a). It has not spread to lymph 
nodes or distant sites. Stage IIC (T4b, N0, M0): Cancer has invaded nearby structures 
or organs (T4b). It has not spread to lymph nodes or distant sites.

Stage III (Any T, N1/N2, M0): Cancer has invaded lymph nodes (N1/N2) but has 
not spread to distant sites. This stage is further subdivided into IIIA, IIIB, and IIIC 
based on the extent of lymph node involvement.

Stage IV (Any T, Any N, M1): Cancer has spread to distant organs or tissues, such 
as the liver, lungs, and peritoneum. This stage is considered advanced or metastatic 
colorectal cancer [11].
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6. Treatment options for colorectal cancer

Surgery:
Surgical treatment is the most important treatment for colorectal cancer for 

stage 0 to stage III by endoscopic, laparoscopic, or open approach.
Polypectomy: Removal of small, benign polyps and tumors involved just mucosa 

during a colonoscopy. Local excision: Removal of small, early stage cancers without 
affecting a significant portion of the colon or rectum.

Segmental colectomy: Removal of the portion of the colon with lymphadenectomy 
in V shape the tip of V is to mesentery. The remaining healthy sections are anastomosed.

Right or left hemicolectomy with lymphadenectomy and anastomosis with or 
without protection.

Anterior resection with primary anastomosis, anterior resection with Hartmann 
procedure, with end left-sided colostomy.

Abdominoperineal resection with end colostomy for rectal cancer low situation 
below 4 cm from the anal orifice.

Total colectomy: Removal of the entire colon with enterorectal or anal anastomosis 
with ileostomy protection of synchronous multiple tumors in the rectum and colon [12].

Surgery may also be used to remove metastatic lesions in other organs, such as the 
liver (atypical lobectomy) or lungs.

Chemotherapy:
Chemotherapy involves the use of drugs to destroy malignant cells or inhibit their 

growth and division. Neoadjuvant treatment can be used before surgery, adjuvant after 
surgery, or as the primary treatment for advanced colorectal cancer (Stage III or IV).

Combination chemotherapy regimens are often used, including drugs like 5-fluo-
rouracil (5-FU), capecitabine, oxaliplatin, and irinotecan [13].

Targeted therapies, such as cetuximab and bevacizumab, may be added to chemo-
therapy for specific cases.

Radiation therapy:
Radiation therapy uses high-energy X-rays and it may be used in combination with 

chemotherapy (chemoradiation) to shrink tumors before surgery to treat rectal cancer.
Radiation therapy can also relieve symptoms in advanced cases by shrinking 

tumors that are causing obstruction or bleeding.
Targeted therapy: Targeted therapies are drugs that specifically target certain 

molecules or pathways involved in cancer growth. These therapies may be used in 
combination with chemotherapy for advanced colorectal cancer. Examples include 
cetuximab, panitumumab, and regorafenib.

Immunotherapy: Immunotherapy, given with drugs such as pembrolizumab or 
nivolumab, is used in some advanced colorectal cancers with specific biomarkers 
(e.g., microsatellite instability-high or mismatch repair deficiency). Immunotherapy 
helps the immune system recognize and attack malignant cells [14].

Palliative care: Palliative care focuses on providing relief from symptoms and 
improving the quality of life for patients with advanced or metastatic colorectal 
cancer. It includes pain management, symptom control, and emotional support [15].

6.1 Follow-up colonoscopy

The first follow-up colonoscopy is usually scheduled within the first year after the 
completion of your initial treatment. The timing may vary depending on the stage 
and aggressiveness of the cancer.
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Common recommendations are as follows: High-risk situations (e.g., advanced 
cancer, positive lymph nodes, or incomplete resection): Colonoscopy every 
3–6 months for the first 2–3 years. Intermediate risk: Colonoscopy every 6–12 months 
for the first 2–3 years. Low risk: Colonoscopy every 1–3 years after the initial 
follow-up.

7. Advances in colonoscopy technology

High-definition (HD) and high-resolution imaging: Modern colonoscopes are 
equipped with high-definition and high-resolution imaging systems. These systems 
provide clearer and more detailed images of the colon’s lining, making it easier to 
detect abnormalities, such as polyps or early stage cancers.

Narrow-band imaging (NBI): NBI is an optical enhancement technology that uses 
narrow-bandwidth light to enhance the visualization of blood vessels and mucosal 
patterns in the colon. This can help differentiate between benign and potentially 
malignant lesions.

Chromoendoscopy: Chromoendoscopy involves spraying a special dye or contrast 
agent onto the colon’s lining to highlight abnormalities. This technique can improve 
the detection of small or flat polyps and early stage cancers.

Cap-assisted colonoscopy: A soft, flexible cap can be attached to the tip of the 
colonoscope to help improve the view of the colon’s inner lining. This can be especially 
helpful in navigating through difficult or tortuous sections of the colon.

Third-eye retroscope: This additional, miniaturized camera at the tip of the colono-
scope provides a backward view, enhancing the ability to detect lesions hidden behind 
folds in the colon.

Wide-angle colonoscopes: Some colonoscopes have a wider field of view, which can 
help healthcare providers see more of the colon’s surface in a single view, reducing the 
need for excessive maneuvering.

Disposable colonoscopes: Disposable colonoscopes are emerging as an option for 
reducing the risk of cross-contamination of infection in healthcare settings.

Improved bowel preparation: Innovations in bowel preparation solutions and tech-
niques are making the cleansing process more patient-friendly and effective, ensuring 
a clearer view during the procedure.

Patient comfort enhancements: Advances in colonoscopy equipment and tech-
niques aim to improve patient comfort. Smaller-diameter scopes, more flexible 
instruments, and improved sedation options can lead to a more comfortable 
experience.

Wireless capsule colonoscopy: While not a replacement for traditional colonoscopy, 
wireless capsule endoscopy allows for the visualization of the colon using a small, 
ingestible camera capsule. This technology is still evolving and primarily used in 
specific clinical situations [16].

8. Future directions and research

Personalized medicine and precision oncology: Research is exploring ways to tailor 
colorectal cancer treatment to the individual patient’s specific genetic and molecular 
profile. Identifying specific mutations and biomarkers in tumors can help determine 
the most effective targeted therapies and immunotherapies.
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Immunotherapy advances: Immunotherapy advances have shown promise in 
treating some colorectal cancers, particularly those with specific genetic features like 
microsatellite instability-high or mismatch repair deficiency. Future research aims to 
expand the use of immunotherapy and identify additional patient subgroups that may 
benefit.

Early detection and screening: Ongoing research is focused on developing more 
accurate and less invasive methods for early detection of colorectal cancer and 
precancerous lesions. This includes blood-based biomarkers, liquid biopsies, and 
advanced imaging techniques [17, 18].

Artificial intelligence (AI) and machine learning: AI and machine learning algo-
rithms are being developed to assist in the early detection and characterization of 
colorectal cancer lesions from medical imaging, such as colonoscopy and CT scans.

Minimally invasive surgery: Advances in surgical techniques, including robotics 
and laparoscopy, are aimed at reducing the invasiveness of colorectal cancer surgery, 
shortening recovery times, and improving outcomes.

Biomarker discovery: Research continues to identify new biomarkers in blood, 
tissue, and stool samples that can aid in early diagnosis, prognosis, and treatment 
selection.

Genetic counseling and testing: Research into genetic risk factors and hereditary syn-
dromes is ongoing. Identifying at-risk individuals and providing appropriate genetic 
counseling and testing can help with early intervention and risk reduction.

Targeted therapies: Investigational targeted therapies are being developed to target 
specific signaling pathways involved in colorectal cancer growth. Research is ongoing 
to identify novel therapeutic targets.

Chemotherapy and radiation advances: Studies are exploring new combinations 
of chemotherapy drugs, radiation therapy techniques, and treatment schedules to 
improve the effectiveness of these treatments while minimizing side effects.

Prevention strategies: Research into lifestyle modifications, dietary interventions, 
and chemoprevention agents aims to identify strategies for reducing the risk of 
colorectal cancer.

Health disparities: Efforts are being made to address health disparities in colorectal 
cancer outcomes, including disparities related to race, ethnicity, socioeconomic 
status, and geographic location.

Survivorship and quality of life: Research is focusing on improving the long-term 
quality of life for colorectal cancer survivors through survivorship care plans, psycho-
social support, and interventions to manage treatment-related side effects.

Clinical trials: Participation in clinical trials is essential for advancing colorectal 
cancer research and testing new treatments. Ongoing efforts aim to increase aware-
ness of and access to clinical trials.

Surgical procedure No. of patients % of patients

Abdominoperineal resection 44 20.65%

Rectosigmoidian resection with ileostomy 34 15.96%

Rectosigmoidian resection without ileostomy 96 45.07%

Hartmann procedure 39 18.30%

Table 1. 
Surgical procedure and number of patient.
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Patient-centered care: Future research will continue to emphasize patient-centered 
care, including shared decision-making, supportive care, and addressing the physical 
and emotional needs of patients and their families.

My retrospective observational study for 5 years between 2014 and 2019 about 
pelvic recurrence after surgical treatment of rectal cancer is as follows: 219 patients 
from three surgical centers in Romania, among which 213 of them were treated surgi-
cally in three surgical centers in Romania and three of them underwent procedures for 
treatment of rectal cancer: 39 patients—anterior resection with Hartmann’s proce-
dure, 130 patients—anterior resection of rectosigmoid with colorectal anastomosis, 
and 44 patients—abdominoperineal resection, follow-up for 2 years and pelvic recur-
rence reported in 19 patients, of whom two patients were shown to have anastomosis 
recurrence and the highest recurrence rate was reported after Hartmann’s procedure. 
Patients underwent postoperative follow-up for at least 2 years (at 1 month, 3 months, 
6 months, 1 year, and 2 years), consisting of anamnesis,;clinical examination; 
abdominal and pelvic ultrasound; chest radiography; colonoscopy, ultrasound (U/S), 
CT scan, and MRI (Table 1).
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Chapter 3

On 5G, 6G, mmWave Usage  
in Colonoscopy
Kumud S. Altmayer

Abstract

For reliable communication, binary hypothesis testing is important to find the 
error probability. The interest has been growing in short and medium blocklengths 
also called short packets to implement in the modern day wireless communication 
system. The colonoscopy diagnosis now uses mmWave which is 5G and 6G. This 
is utilised for design models to enhance the image technology in the diagnosis of 
colonoscopy, and endoscopy to facilitate medical practitioners. There is a possibility 
to use these techniques in medical equipment for real-time support to physicians and 
operator-independent prediction. The 5G and eventually 6G would enable the expan-
sion to faster processing of data analysis and medical imaging technology.

Keywords: colonoscopy, endoscopy, computational intelligence, histology, noisy 
channels, 5G, 6G, mmWave, real-time analysis

1. Introduction

The colonoscopy and endoscopy are related to a process of checking the colon. 
The two are about the internal organs and radiographic visualisation is done by an 
endoscope. The colonoscopy itself is an endoscopy and it’s a nonsurgical procedure. 
One should note that the visualisation of internal organs is important as far as diag-
nosis is concerned. Further, it’s necessary to make sure nothing extra is developed 
there and the colon is clean. In this process, a physician will look into it and examine 
the colon to identify if anything abnormal is growing. Hence, it can be easily cured. 
As per statistical data, bowel cancer is one of the biggest cancers killers in the United 
States. The diagnosis done earlier is better to have a proper cure. In the United States, 
there are several clinics using state-of-the-art technology which is the main topic here. 
This is where 5G, 6G or mmWave are used which is the latest technology. The usage 
of equipment and facilities with the latest technology provides a doctor to analyse 
efficiently in case there are polyps, or other objects showing an abnormal growth 
in the organ. Colorectal cancer (CRC) may develop in the colon or the rectum as a 
noncancerous adenomas or polyps over several years. All these precancerous growths 
can be removed, thus reducing the risk of developing a colon cancer.

This is one of the cancers that is preventable in full if detected, and treated early. 
The current diagnoses include colonoscopy and upper endoscopy. In general, it’s an 
invasive examination that looks for small growths called polyps within the colon. 
These procedures are uncomfortable and are in demand. Polyps may not necessarily 
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lead to cancer, but current methods of colonoscopy miss around one (1) in five (5) of 
them due to old procedures.

The other way to put it is that, there could be a possibility that cancerous polyps 
are not found despite diagnostic procedures. One of the good places to read a detailed 
summary about colon cancer, its diagnosis and a procedural treatment will be the 
web-site of the American Cancer Society and the reference [1].

It has been known that our health-care system is experiencing a tremendous 
amount of pressure to complete the number of endoscopies required, and also due to 
the fact that the bowel cancer screening age has been lowered. Further, the appoint-
ments were reduced due to the pandemic, now there is a backlog. An individual who 
is sixty years old or above must take an appointment ahead of time so that he/she gets 
an opportunity to take care of the endoscopy procedure. The recommendation by the 
Department of Health and Human Services is the age of sixty and above including the 
screening for colorectal cancer would be helpful. The colorectal cancer has two parts, 
one is colon cancer and the other is rectal cancer. Both are equally important.

Research and development (R & D) are the keys to solving several issues the 
health-care system has. The health-care providers can offer a better service with a 
higher quality of care to their patients by making use of the new technology solutions. 
This may include the community services and/or at home. Nowadays, remote diag-
nosis is also in place. Table 1 shows the list of one of the topmost clinics in the United 
States. One may consider using other local clinics and also ask for a referral.

In other words, it’s possible to do home screening for this type of colorectal cancer. 
The usage of AI (artificial intelligence) assisted colonoscopy polyp detection trial will 
help doctors to improve the quality of patient care, improve the accuracy of detection 
rates by capturing the information correctly and eventually reduce errors. This kind 
of method would significantly improve the patient outcomes when assisted in proper 
and timely diagnoses. Moreover, it will save time for the endoscopy procedure. As far 
as the cost is concerned, one must enquire by health-care provider.

On the other hand, many clinics still use the older methodology of manual procedure. 
For example, colon cancer is detected through colonoscopy procedure that is manual 
requiring extra attention and time from medical practitioners for accurate detection. 

Clinic Name Rate (%)a Target (%) Resultsb

Mayo Clinic 100 100 100/100

Cedras-Cinai Clinic 92 100 92/100

UCLA Med 90 100 90/100

NYU Langone 88 100 88/100

Huston Methodist 87.5 8 100 87.5/100

Mount Sinai 87.3 100 87.3/100

NY Colombia-Cornell 86 100 86/100

Cleveland Clinic 85.8 100 85.8/100

North-Western Medical 83.9 100 83.9/100

Stanford Healthcare 82.8 100 82.8/100
aThese are the topmost.
bMore Gastronomical clinics are available.

Table 1. 
List of best ten hospitals.
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Further, this is a longer way to do the detection and not at all comfortable one for 
patients including for the doctors and nurses who have to perform the procedure with 
an old method. The AI (artificial intelligence) assisted and “Ultra-fast, low latency 5G 
networks will transform the Health-care sector”. For example, at Airtel, India they have 
demonstrated this by conducting first colonoscopy trials. Health-care is one of the most 
promising use cases for 5G, and they collaborated with Apollo Hospitals, India.

Here in the United States, AWS, HealthNet Global are partnering with clinics 
and hospitals for the usage of the latest technology. Several clinics are already using 
the ultra-fast 5G technology. The usage of mmWave which will be even faster is in 
progress. This would certainly assist the doctor’s ability to detect. AI usage has helped 
to improve physician’s accuracy in detecting the chronic illnesses and detecting the 
growth of cancerous cells if any. Early detection and removal of polyps can easily be 
avoided so that any extra tumour may not become cancerous.

Mayo Clinic and several other clinics have a patient-centric approach that keeps 
them on an outlook for technologies that can make the outcomes better. With this new 
technology, one can develop a battery-free communication system for a wireless video 
capsule endoscope with potential video streaming at a rate of up to fifteen (15) Mega 
bits per second. An application of an innovative approach by using back-scatter for 
implants, and a RADAR approach that can remotely read the information from the 
deep implants, such as the video capsule endoscope. This is used with a 5G deployed 
network together with cutting-edge computing. Eventually, it should be capable 
of transmitting the video data from the capsule to a high-performance computing 
platform in a secure manner. This provides an end-to-end latency to perform polyp 
detection and its localisation.

This energy-intensive inference by the use of deep learning neural networks tech-
nique for polyp detection and localisation can be done in the edge where control signals 
are sent back to the pill if being used by a doctor to increase the spatial and temporal 
resolution of the video. Thus, one obtains high-quality images for further analysis. 
Please see references [2–4]. The access to near real-time data and the ability to make 
split-second decisions are critical and important in health-care environments. This 
important sector has the potential to achieve excellent benefits from 5G and 6G or 
mmWave advanced technologies when implemented as per the needs of a patient as well 
as the doctors and nurses. This kind of better communication will certainly produce effi-
ciencies in the health-care sector. Diagnostics should be done faster at a fast pace to save 
time in the diagnosis and treatment of a patient. Transfers of massive files, images and 
other content will benefit from low latency for fast data transfer. The computer power 
embedded with 5G and beyond will help to accelerate benefits as we progress with the 
usage of the latest technology in health-care system. The reader is referred to [3, 5, 6].

We describe the method of artificial neural network simulation for a given data-
set, [7] and the results obtained with respect to the survival rate. The simulation 
results can be compared with [2, 3, 5, 6, 8]. This is the part of machine learning and in 
part known as deep learning. This is also known as AI (artificial intelligence) assisted 
program for health-care systems.

2. Colonoscopy and endoscopy methodology

The rapid growth of technology usage in research changes and with the AI-assisted 
research shows promising results. One needs testing of AI models for a complex 
system and diagnosis of colonoscopy and endoscopy. The result is acceptable with 
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the analysis of training and testing in this work. This is one of the techniques of deep 
learning and machine learning.

For histology, it should be mentioned that instead of data, one can use images 
and work with them to do the deep learning analysis. Digital imaging technology 
also belongs to 5G, 6G and is of utmost importance to physicians. Thus providing 
operator-independent pathology prediction. With machine learning and deep learn-
ing techniques, one can develop an algorithm as in [2, 5, 9].

2.1 Simulation results

The simulation results are obtained by using the data-set mentioned in the previous 
section for the analysis of colorectal cancer in males and females. Males may have some 
form of colon cancer on the right while females may have it on the left of the colon.

Figure 1 shows the results of the rate of survival and frequency of survival.
Figure 2 shows the results of the training of output and the target values. In this 

figure, the results indicate that each training epoch uses a shaded background. An 
epoch is a full pass through the entire data-set. It shows that there are nine males on 
the left and one female on the right. The validation frequency is approximately 87 
percent.

2.2 Data-set used

In this study, we are using data-set from Kaggle’s web-site for colorectal cancer 
which was published in 2021. The data-set can be accessed from the reference list [7]. 
The data-set describes about male, female real colorectal cancer, for health and cancer 

Figure 1. 
Average male female DFS.
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data analysis. Their analysis is based on probability and histogram charts. Here it’s 
done using MATLAB’s method of training and testing model. They also have other 
data-set that can analyse histology by doing the training and testing model of deep 
learning with MATLAB toolbox or by using Python language. Please see the refer-
ences [3–6, 9].

3. Remote technology in colonoscopy and endoscopy

By the use of 5G and remote technology, an innovative new pilot scheme has been 
launched in the United Kingdom as well as here in the United States at the Mayo Clinic 
and several other clinics. West Midlands aims to give patients the ability to undergo 
a procedure to detect the causes of digestive or stomach complaints in the privacy of 
their homes. Please see Table 1 for the list of top ten (10) clinics.

Patients awaiting an endoscopy (a procedure whereby a camera is fed into the 
bowel through a thin tube to detect signs of issues such as cancer) will soon be able to 
undertake a similar, less invasive procedure from the comfort of their own homes. It’s 
a matter of time before the 5G capability will provide changes to future usage of AI 
(artificial intelligence).

Further, 6G or mmWave technology will improve with ultra-high speed and low 
latency in helping clinicians, and medical practitioners to analyse the data, images 
and video footage recorded. Hence, it will be even quicker identification of polyps, 
the precursors to cancer and other irregularities, than currently possible.

3.1 An example of AI technology

This is where the MK5G project can be inserted. The MK5G: Connecting 
Communities Test-bed is leading in the United Kingdom as well as here in the United 
States in demonstrating how applications of 5G technology can be implemented in a 
real-world setting. This in turn will improve services within the health-care system. 
The MK5G project aims to raise the bar for standards of health-care across the Europe 

Figure 2. 
Validation result.
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and across the Atlantic here in the United States in urban areas with access to connec-
tivity required.

In the United States, researchers at the Mayo Clinic have been investigating the 
usage of artificial intelligence which would increase polyp detection. In general, 
gastroenterologists are engaging AI as a tool to improve care for a wide range of health 
conditions which would help to find elusive signs earlier when the diseases are easily 
treatable. Thus, in turn will improve the quality of life of a patient. With AI assis-
tance, in the case of colon cancer, the AI system is capable of working alongside the 
physician in real-time. It can scan the colonoscopy video feed and can draw small, red 
boxes around polyps that might otherwise be overlooked. There are many clinics here 
in the United States that use this latest technology of AI-assisted. The invention of this 
technology enables an “extra helping hand and an extra pair of eyes” for physicians, 
and staff. This helps to improve the detection rate of polyps, thus saving lives and 
vastly improving patient care. The data was processed by Avesha edge inferencing 
applications on AWS platforms in real-time resulting in much faster analysis, the 
company said in a statement.

Magnetically controlled capsule endoscopy (MCE), with equally favourable diag-
nostic accuracy as conventional gastroscopy, has become an efficient and comfortable 
diagnostic modality for GI (gastrointestinal) diseases. An endoscopist could control 
the movement of the capsule inside the human body precisely through the manipula-
tion of the magnetic robot arm. The non-invasive capsule endoscope, which allows 
image acquisition after being swallowed, works separately from the control parts 
of the MCE system. The separable and robotic characteristics of the MCE system 
provide the technical foundation for remote operation. Moreover, the recent develop-
ment of the fifth generation of wireless systems (5G), with its high speed, low latency 
and wide bandwidth, has further supported real-time tele-medicine with reliable 
networks.

Some real-time remote examinations and surgeries, such as tele-ultrasound, tele-
robotic spinal surgery and laparoscopic tele-surgery, have been explored and success-
fully carried out. A 5G-based remote MCE system is such that the remote endoscopist 
can directly perform the MCE examination on the patient through a remote-control 
system and the application of a 5G network. This study aimed to evaluate the feasi-
bility and safety of the 5G-based remote MCE system. Communications solutions 
provider Bharti Airtel and Apollo Hospitals have carried out India’s first 5G-driven, 
artificial intelligence (AI) guided colonoscopy trials. Please see references [2, 9, 10]. 
Similar work has been done at the Mayo Clinic and several other topmost clinics, and 
hospitals here in the United States.

In general, as per current protocol, colon cancer is to be detected through a 
colonoscopy method which is manual and painful. Moreover, patients are reluctant to 
go through such a procedure. This procedure is performed using a device comprising 
a light, and flexible tube with light, camera and tools at one end, which are used to 
extract samples to identify an infected polyp. This method is long, and is discomfort-
ing for patients including the doctors and nurses who should perform this procedure 
which takes around 30 to 40 minutes per case. So, a change with the usage of new 
technology is helpful and it’s becoming available now.

With the new technology of AI-guided colonoscopy procedure, the image process-
ing happens in real-time without any lag even when the physician moves the scope 
through the colon for it to be overlaid on top of the right element of the colon. In other 
words, the advent of this technology enables a physician to improve the detection 
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rate of polyps, significantly improving the patient care. An AI-assisted colonoscopy 
polyp detection trial will be helpful for doctors to improve the quality of patient care, 
improve the accuracy of detection rates by capturing the information correctly and 
reduce the error probability.

3.1.1 New technology wins real-time

The capsule endoscopy is considered to be a very safe method for gastrointestinal 
tract examination. The capsule is mainly excreted with a patient’s faeces within 
24–48 hours after ingestion. There has been a report of retention of the capsule last-
ing almost four and a half years although the patient was asymptomatic and did not 
feel well. However, the risk of bowel obstruction may be countered by an abdominal 
X-ray to locate the device for removal by endoscopy or surgery. Laser surgery is also 
an option.

With the introduction of the NaviCam® Stomach Capsule System, an advanced 
technology has been introduced. This combines the magnetic control with innova-
tive and intelligent software to give medical practitioners external robotic control of 
the capsule inside the human body. One should know that it’s a safe procedure with 
no extra surgery needed. This is one of the minimally invasive procedures by the use 
of NaviCam®. This system is guided into real-time with several dimensions (two 
rotational and three translational planes) by an operator from either making use of a 
control console or a remote console. Thus, multi-centre blinded study, the NaviCam® 
Stomach System is considered to be a safe method of visualising the gastric mucosa by 
the usage of remote magnetic manipulation and it would not require any more need 
for intubation or sedation (Table 2).

The NaviCam® Stomach System can be used in clinics and hospitals both, includ-
ing the ER (Emergency Room) setting. The ANN (artificial neural network) and 
CNN (convolutional neural network) diagnostic program systems have shown a good 
performance in diagnosing gastric focal lesions in MCE (Magnetically controlled 
capsule endoscopy) images. For the full article, please refer to [2, 5–8].

3.1.2 Data table for the figure used to analyse male female survival rate

Table 2 shows the rate of survival of colon cancer patients. Both males and females 
are considered. This table shows the results obtained via simulation of the data by 
using the method of ANN (artificial neural network). This provides a training output 

Average DFS Female(%)a Male (%) Grand Totalb

Stage A 34 54.54 50.68

Stage C 61 34.56 39.85

State B 29 43.33 38.21

Data D 100 70/100

Total 41.77/
aThe A, B, C and D denote Duke Stages.

bLast column shows the grand total survival rate.

Table 2. 
Survival data table.
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and the target intended to obtain the best results possible to compare the male and 
female patients who survived the colon cancer.

3.1.3 Ten best clinics for colonoscopy and gastronomy in the United States

In Table 1, the top ten best clinics and hospital lists are provided here in the 
United States. The ranking is calculated using percent calculation in terms of the 
performance of the clinics and hospitals. There are at least ten more excellent clinics. 
One may find if searched via the internet by using reference [1]. For example, John 
Hopkins University medical centre is one of the best clinics as well. It depends to 
whom a patient believes in. Even a small-town clinic may provide a good diagnosis. 
Obviously, they may not have the latest technology of AI usage.

4. Conclusions

We provide simulation results by using ANN (artificial neural network) by 
 training and testing methodology including the review of the similar work as shown 
in [2, 3, 5, 9, 11].

It is to be noted that the number of colorectal cancer cases in the United States 
has been decreasing since the mid-1980s. During the 2000s, incidence rates 
dropped from three percent to four percent each year. This was due to increased 
screening in adults aged 50 and older. From 2011 to 2019, incidence rates contin-
ued to decrease by one percent annually. However, incidence has been rising by 
one percent to two percent each year in younger people since the mid-1990s. It is 
estimated that the colorectal cancer is one of the fourth most commonly diagnosed 
cancer in the United States among men and women aged 30 to 39. This gives an idea 
that there is a need for new technology implementation and diagnostic treatment 
for CRC.

If proven, the 5G and beyond which is 6G or mmWave capability could one day 
be paired with AI technologies to help clinicians to analyse the images, video footage 
and video recorded. This in turn would mean even faster identification of polyps, in 
comparison to currently possible through manual review.

Clinical Robotic and /or tele-surgery (or remote surgery) is aimed at providing 
high-quality health-care in the most complex medical interventions and surgeries. 
Highly-qualified medical expertise will be transferred from the major hospitals 
to the decentralised ones with the use of remote-surgery, remote diagnostics and 
tele-medicine resulting in significant cost reduction, and improved efficiency in 
health-care services. Please read the web-site of clinics that have these options or visit 
the web-site of the American Cancer Society and reference [1] and also at the topmost 
clinic list from Table 1.

Tele-surgery, where parts of the procedure are controlled by a surgeon from a 
central site to a remote location, is the most demanding application among the remote 
health-care services and thus by successfully validating this application, the valida-
tion of technology for the entire range of less demanding remote health-care applica-
tions that can be implied.

Before 5G, only a few tele-surgeries were carried out and reported by the use of 
a 4G network. Otherwise, mostly internet and satellite networks were previously 
used for tele-surgery. A robotic tele-surgery was performed to complete a pituitary 
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tumour resection on a simulated model over the internet with a bandwidth of 1 
Giga byte per second in 2015. One can visit to see which clinic or hospital did this 
kind of surgery at reference [1]. Further, a robotic tele-surgery was performed in 
the left internal mammary artery dissection in pigs through a satellite network 
with a maximum bandwidth of 10 Mega bytes per second.

The integration of human and machine generated data will radically change 
health-care services. Please see the latest data-set at reference [7]. In order to accom-
modate these health-care needs, an entire communication infrastructure integrating 
the IoT (internet of things) repositories, AI, super-computing, innovative compu-
tational algorithms and edge computing micro-sensors would be needed. This will 
include processing at the point of data acquisition.

Hence, it will be required to construct or create a “telecommunication ecosystem”, 
which will not only be able to archive, monitor and optimise current activities, but 
also be used to estimate future trends in the personalised medicine, together with an 
overall health-care services.

At the moment there are research projects investigating such potential systems 
that are being implemented on an experimental basis. In the forthcoming future, 
there is a possibility that the bathroom may also become extensively populated with 
all types of sensors for automatically monitoring health status, and providing a com-
plete physical examination to update health status on a daily basis, while the person is 
simply performing the normal daily bathroom activities.
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Appendices, addenda and nomenclature

In the subsection, appendix A, a flow chart provides a good idea about the process 
of colorectal cancer treatment. A figure is also added there and it has been obtained 
from the web-site called Figure-Fit. Besides that, a short video link will be provided 
for this chapter on colonoscopy with the latest technology usage as mentioned in this 
subsection at the end.

Abbreviation and nomenclature

Adenomatous Polyposis Coli (APC)] A multi-functional tumour suppressor gene. 
Mutations in this gene are responsible for familial adenomatous 
polyposis and contributes to many sporadic colorectal cancers.

Bowel cancer Cancer of the large bowel; also known as colorectal cancer, colon 
cancer or rectal cancer.
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Colon Part of the large intestine that extends from the end of the small 
intestine (cecum) to the rectum.

Colonoscope Flexible, elongated tube that can be inserted through the  
anus and passed through the colon allowing visualisation of  
the inside.

Colonoscopy Visual examination of the inner surface of the colon by means of a 
colonoscope

Colostomy Procedure to create an opening of the colon through the skin of 
the abdomen to allow for the passage of faeces; also, the opening 
itself.

CLE An endoscopy procedure that uses a specialised endoscope 
capable of visualising the mucosal layer of the colon at very high 
magnification.

CT Graphy Also known as virtual colonoscopy, a medical imaging procedure 
that uses low dose radiation computerised tomography (CT) scan-
ning to obtain an interior view of the colon (the large bowel) that is 
otherwise only seen with a more invasive procedure such as colo-
noscopy where an endoscope is inserted into the rectum and passed 
through the entire colon.

ABS Artificial bowel sphincter
ANN Artificial Neural Network
CI Confidence Interval
CNN Convolutional Neural Network
CISNET Cancer Intervention and Surveillance Modelling Network
COCOS Colonoscopy or Colonography for Screening
C-RADS Colonography Reporting and Data System
CRC Colorectal cancer
CRC-SPIN Colorectal Cancer Simulated Population Model for Incidence and 

Natural History
CT Computed tomography
DFS Disease-Free Survival
ESGAR European Society of Gastrointestinal and Abdominal Radiology
DNN Deep Neural Network
GI Gastrointestinal
MAP-2 Microtubule-associated protein 2
NORCCAP Norwegian Colorectal Cancer Prevention
PDT Population doubling time
SCORE Screening for Colon and Rectum
SBO Small bowel obstruction
SPS Serrated polyposis syndrome

Appendix A

In this work, we have analysed the colorectal cancer by using an artificial neu-
ral network with a data-set obtained from Kaggle’s web-site. A flowchart is being 
added that shows a basic idea of colonoscopy treatment with 5G, 6G or mmWave 
technology.
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Figure 3 shows the development of colon cancer. This figure was obtained from 
https://www.freepik.com/free-photos-vectors/colorectal-cancer.

The next Figure 4 in the form of a flowchart also shows how the colon cancer 
develops and can be treated.

Figure 4. 
Colon cancer development, treatment.

Figure 3. 
Colon cancer development.
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Video materials
A video of this chapter is submitted separately. It will be featured as a link inside 

the text as ColonmmWaveKSA.mp4 which does exceed to 100 MB of limit. The video 
link will be placed in Appendix A.

Link: https://youtu.be/Wg5uSo4AtVs
Filename: ColonmmWaveKSA.mp4.
The citations are the same which are listed in the references.
The Caption: A short explanation of the colonoscopy treatment with 5G, 6 g and 

mmWaves.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



On 5G, 6G, mmWave Usage in Colonoscopy
DOI: http://dx.doi.org/10.5772/intechopen.1003731

35

References

[1] Available from: https://www.https://
www.cancer.net/navigating-cancer-care/
diagnosing-cancer/tests-and-procedures/
types-endoscopy [Accessed: 2023]

[2] Yang T, NingLiang JL, Young Y, 
Li Y, Huang Q , Li R, et al. Intelligent 
imagining Technology in Diagnosis 
of colorectal cancer using deep 
learning. Journal IEEE Access. 
2019;7:178839-178847. DOI: 10.1109/
ACCESS.2019.2958124. [Accessed: 
December 23, 2019]

[3] Kather J, Weis CA, Bianconi F, et al. 
Multi-class texture analysis in colorectal 
cancer histology. Scientific Reports. 
2016;6:27988. DOI: 10.1038/srep27988

[4] Georgiou KE, Georgiou E, Satava RM. 
5G use in healthcare: The future is 
present. JSLS. 2021;25(4):e2021.00064. 
DOI: 10.4293/JSLS.2021.00064. 
PMID: 35087266; PMCID: PMC8764898

[5] Yang T, NingLiang JL, Young Y, 
Li Y, Huang Q , Li R, et al. 5G-based 
RemotColorectal cancer facts figures 
2020-2022e magnetically controlled 
capsule endoscopy for examination of 
the stomach and small bowel. United 
European Gastroenterology Journal. 
2022;11. DOI: 10.1002/ueg2.12339. 
[Accessed: 13 October 2022]

[6] Colorectal Cancer Facts & 
Figures 2020-2022. Available 
from: https://www.cancer.org/
content/dam/cancer-org/research/
cancer-facts-and-statistics/
colorectal-cancer-facts-and-figures/
colorectal-cancer-facts-and-
figures-2020-2022.pdf [Accessed: 
November 04, 2016]

[7] Available from: https://www.
kaggle.com/datasets/amandam1/

colorectal-cancer-patients [Accessed: 
November 2021]

[8] Morgado-Diaz JA, editor. 
Gastrointestinal Cancers. Brisbane, 
Australia: Exon Publications; Baojun 
Duan, Yaning Zhao et al, Chapter 1. 
Available from: https://www.ncbi.nlm.
nih.gov/books/NBK586003. [Accessed: 
September 30, 2022]

[9] Mahmood S, Ghazel T, Khan M, 
Zubair M, Naseem M, Faiz T, et al. 
Malignancy detection in lung and 
colon Histopathalogy Imgaes using 
transfer learning with class selective 
image processing. Journal IEEE Access. 
2022;10:25657-25668. DOI: 10.1109/
ACCESS.2022.3150924. [Accessed: March 
10, 2022]

[10] Airtel, Apollo, AWS conduct India’s 
first 5G-driven, AI-guided colonoscopy 
trial. Available from: https://www.
teleinfotoday.com/press-releases/
airtel-apollo-aws-conduct-indias-first-
5g-driven-ai-guided-colonoscopy-trial 
[Accessed: July 26, 2023]

[11] Waye JD, Rex DK, Williams CB,  
editors. Colonoscopy: Principles 
and Practice. Wiley-Blackwell. 2nd 
edition. 2009. [Accessed: 2003]. 
ISBN: 978-1-405-17599-9





37

Chapter 4

Colonoscopy, Barriers, and 
Challenges for Colorectal Cancer 
Screening in Developing Countries
Arum Linangkung

Abstract

Colorectal cancer (CRC) is the third most common cancer worldwide. The incidence 
of CRC is rising in developing countries but decreasing in developed countries due to 
the widespread use of screening and surveillance colonoscopy. The implementation 
of screening and surveillance programs remains a challenge in developing countries, 
especially Indonesia. Increasing screening rates among underserved populations in 
Indonesia, the world’s fourth most populous country, will reduce the global burden 
of colorectal cancer. The need for an integrated screening program in its healthcare 
system will provide a successful screening program. The purpose of a screening 
colonoscopy is to reveal the asymptomatic population with a certain disease through 
the use of an effective investigation to detect and treat the disease before it advances. 
Screening improves the prognosis of patients and the mortality rate. Removal of 
neoplastic polyps such as adenomas, the precancerous lesions during colonoscopy, 
is the cornerstone of screening colonoscopy. The detection rate is a measure of 
screening colonoscopy performance quality. Technology has been used to improve 
detection, such as mechanical technology (Endocuff) and optical, such as magnifica-
tion, endocytoscopy, virtual chromoendoscopy, and recently artificial intelligence. 
Indonesia is a nation that is significantly affected by CRC and will benefit from 
screening colonoscopy.

Keywords: colonoscopy, colorectal cancer, developing country, screening, barrier

1. Introduction

Colorectal cancer is the most common type of gastrointestinal malignancy, the 
third most diagnosed cancer worldwide, and the second most common cause of 
cancer death. Among other continents, according to GLOBOCAN 2020 reports, 
Asia has the highest prevalence of 50%. Of these, 75% of cases are reported in East 
Asia. Indonesia has the highest estimated number of new cases (32%; 34.189 cases), 
followed by Thailand. The incidence of colorectal cancer in Indonesia is 12.8 per 
100,000 citizens, with a mortality rate of 9.5% from all malignancies. This high 
incidence ranked Indonesia, the top third in the world [1].

Identification of the population at risk and screening of asymptomatic patients is 
therefore crucial imperatives. Most colorectal cancer is slow-growing, arising from 
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precancerous lesions such as adenomatous polyps or sessile serrated lesions. This slow 
growth gives a window of time to screen for both early cancer and precancer lesions. 
If colorectal cancer is diagnosed at an early stage, however, it is one of the most cur-
able malignancies.

Considering the increasing number of locally advanced and advanced cases of 
colorectal cancer in developing countries, there is an urgent need to implement 
screening strategies. Screening programs are aimed at early detection, recognizing 
early signs and symptoms of the presence of the disease, and treating patients with 
curative intent. Colonoscopy, as step two of screening, has been proven to improve 
the prognosis and lower the mortality rate. Therefore, in order to maximize the 
benefits of cancer prevention programs, it is worth identifying, and defining invest-
ment opportunities for colonoscopy in the healthcare system, especially in populous 
developing countries like Indonesia.

Global differences are reported in colonoscopy implementation in developing 
countries. It is likely due to differences and limitations in access to diagnostic and 
treatment facilities in most developing countries, a lack of resources for the health 
care system and cancer care is commonly seen. There are social, cultural, and struc-
tural ranging from poverty, limited access, the misbelief of the incurability of any 
tumor, the fear of stigma, and sociodemographic barriers related to proper health 
facility accessibility due to long distances or unaffordable cancer services not covered 
by national health insurance [2].

Colonoscopy is highly sensitive and specific for colorectal cancer detection 
and polyp removal. This invasive and resourceful procedure is performed in more 
developed countries in organized mass screening protocols in persons with a posi-
tive response to a filter fecal occult blood test (FOBT). However, compliance is still 
limited, cost is high, and complications can occur. In recent years, colonoscopy tends 
to be performed more often as a primary test in opportunistic nonorganized screen-
ing for asymptomatic persons asking for prevention.

In developing countries, the risk of colorectal cancer may increase, contrasting 
with a persistent weakness in organized mass screening under the control of Health 
Authorities. The discrepancy should encourage the growth of opportunistic indica-
tions for primary colonoscopy in spite of its high cost. However, this is not a popula-
tion-based strategy of prevention. Hence, the prognosis, mortality rate, and burden 
of disease have improved through the implementation of effective screening.

The advantages of colonoscopy are both its benefit of simultaneous diagnostic 
and therapeutic procedures. Its direct visualization and marking site option are very 
useful in the era of multimodality optimal cancer care via personalized medicine. It 
assists surgeons in deciding on a tailored surgery approach and the possibility of the 
option of chemoradiation modalities.

Disadvantages of colonoscopy are its invasiveness, risk of complications (such 
as perforation and hemorrhage), the need for bowel preparation, and its burden on 
resources and associated costs. Colonoscopy detects and visualizes directly the structural 
identification of many diminutive small adenomatous and sessile serrated polyps.

2. The role of the essential triangle factor in screening colonoscopy

Colonoscopy is the gold standard procedure for the early detection of colorectal 
cancer and premalignant adenomatous polyps. Screening procedures can be indicated 
in two conditions: a primary colonoscopy or a secondary colonoscopy. The primary 
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colonoscopy was conducted without a filter test in nonorganized or opportunistic 
screening of the average risk person group, aged 50 years or more. The secondary 
colonoscopy was the stage two program after a positive first stage filter of fecal occult 
blood test (FOBT) in an organized mass screening protocol by Health Authorities in a 
population of asymptomatic persons of both sexes in age 50 to 70 years.

The colonoscopy screening program will be effective and successful through a 
solid collaboration between the essential triangle factors that consist of the role of 
Health Authorities, compliance of population or patient adherence, and lastly, the 
provider side (Figure 1).

2.1 National Health Policy

The policy of prevention deserves to be generalized in developing countries. 
Government support, public health campaigns, and nationwide strategies must be 
formulated as the authority’s priority. In each country, cancer prevention is under the 
control of a National Health Service of the Ministry of Health, like in Indonesia [3]. 
The National Authorities actively encourage the control of environmental carcino-
genic factors linked to diet with excess calories and lack of vegetables and physical 
activity. The organization of a screening policy of secondary prevention depends on 
the Colorectal Cancer National Guideline. Developing countries with low resources 
tend to concentrate resources on treatment services in their National Health Care 
System. Emerging countries with higher resources have already built better healthcare 
structures [4]. In Indonesia, colonoscopy as a step two screening procedure has been 
established in the national colorectal cancer control guideline, but heterogeneity 
persists in rural and urban areas. An integrated national registry will help to scale 
up and enable the identification of discrepancies, false-negative cases, and interval 
cancers. National reporting systems of screening activate better monitoring consis-
tency as well as continuous quality assurance and further cancer control planning. 
Information technology can assist coverage of screening tests by a model of mobile 
application based on the Asia Pacific Colorectal Screening (APCS) score.

Figure 1. 
Essential triangle factors in screening colonoscopy.
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2.2 Health literacy and patient participation

Public education and general practitioner insight into the risk factors of colorectal 
cancer and referral indication need to be pursued. Health promotion increases public 
and physician awareness and strengthens the compliance of the screened population 
and patient adherence to cancer surveillance. Physicians in primary health services 
should not ignore the presence of blood in the stool of patients older than 50 years old 
as simply hemorrhoids. Investigation into the risk factor must be highlighted, par-
ticularly for patients with genetic predispositions in the first degree. Asymptomatic 
patients at average risk should also be promoted.

Patient selection is still based on primary and secondary procedures. An educated 
and well-informed population with risk factors for colorectal cancer tends to get the 
primary colonoscopy as an opportunistic screening. Hence, the secondary procedure 
is the follow-up intervention after a positive noninvasive screening option, like FOBT 
screening, has been established in many developing countries [5].

Discrepancy must be avoided as rural areas have more population with a lower 
education level than urban areas. Geographical issues still exist in many developing 
countries, such as Indonesia, due to colonoscopy services are commonly in the sub or 
urban areas, in tertiary hospitals. Some patients need to put more effort into accom-
modation. Social and community support sometimes helps in some local conditions, 
especially for those who live in archipelago areas.

The urban area also has its own problem with screening procedures. The change 
in sedentary lifestyle, smoking, alcohol consumption, “westernized” food, and lack 
of physical activity resulting in obesity, make the risk of colorectal cancer become 
higher. The incidence and prevalence of young colorectal cancer patient in develop-
ing countries tends to increase recently, projected to continue over the next decade. 
Screening consideration for the working-class population, in productive age, is get-
ting important. Diagnosing colorectal cancer early is cheaper than treating advanced 
malignancy. The short and long-term term-productivity loss also could be minimized.

Social media impact by health volunteers, influencers, or public figures promotion 
will provide an insight that colonoscopy as an invasive procedure is more culturally 
and psychosocially acceptable.

Successful participant recruitment through the repeating multifactorial cycle 
results in strong fundamental patient adherence and compliance with colonoscopy 
screening (Figure 2). Each of the cycle factors could be explored particularly in many 
creative and innovative ways. Continuous activities that engage the public, patients, 
and primary care physicians should be encouraged, like cancer awareness month, 
social campaigns, and sports events.

2.3 Provider factors

Financial reimbursement and human resources are the keys on the provider side. 
Financial limitations in many developing countries are still problematic and require a 
defining concern and model to fill the gap [6]. Reimbursement from national health 
insurance or private insurance must promptly accept the need for screening colo-
noscopy. Delayed procedures due to multilevel administrative referral systems and 
hierarchical insurance approval may limit compliance and coverage.

Gastroenterologists and digestive surgeons both can perform the procedure 
effectively. The aim is the patient-oriented goal to achieve early detection of colorectal 
cancer. Complete colonoscopy units for performing full colonoscopy equipment 
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including endoscopes with biopsy puncture facilities and polypectomy snares need 
to be standardized in every hospital. Personalized colonoscopy plans and additional 
technology in colonoscopy can be established through partnership training between 
the developed world and developing countries to build better capacity levels. 
Advanced technology such as mechanical technology (Endocuff) and optical, such 
as magnification, endocytoscopy, and virtual chromoendoscopy could be introduced 
to invite investors. Information technology like artificial intelligence is also required 
in the near future to assist well-trained operators and junior staff in training in order 
to improve coverage, safety level, performance quality, detection rate, and treatment 
rate [7].

Epidemiological research in developing countries and cancer registries helps 
to picture the landscape of colorectal cancer in a particular area and build patient 
navigation. The ratio between patient and provider needs to be calculated to avoid a 
long waiting list for the procedure. A national cost-effective study must be conducted 
in the developing world in order to analyze the cost-effective colonoscopy screening 
model and to integrate the research component into the national cancer control plan.

3. Conclusion

Overcoming barriers in the implementation of colonoscopy remains a challenge 
in developing countries, especially Indonesia. Indonesia, the world’s fourth most 
populous country, is significantly affected by colorectal cancer and will benefit 
from colonoscopy. Increasing screening uptake among underserved populations in 
Indonesia should be supported.

As a part of optimal cancer care in developing countries with increasing resources, 
colonoscopy procedures should be developed its feasibility as a screening measure 
and integrated policy for colorectal cancer prevention and surveillance. Health 
Authorities, compliance of the population, and provider resources are the essential 
triangle factors in colonoscopy sustainability.

In current practice, the opportunities for collaborative service and future research 
between developing countries and developed countries are widely open and will 
enhance the availability and detection rate of colonoscopy as the gold standard 

Figure 2. 
Patient participation and compliance.
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screening procedure in reducing the global burden of colorectal cancer, with an 
impact on mortality and survival.
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Chapter 5

Modern Approach in the 
Management of Malignant 
Colorectal Polyp
Umid Kumar Shrestha

Abstract

Malignant colorectal polyp refers to the polyp in which the neoplastic lesion 
invades into but not beyond the submucosa. The morphological features and surface 
patterns of the malignant polyps are examined by the white-light and image-
enhanced endoscopy, which help to predict the depth of invasion of neoplastic 
lesions. The deep submucosal invasion is associated with a high risk of residual cancer 
and lymph node metastasis. The image-enhanced endoscopy is useful in identifying 
the malignant polyp amenable for endoscopic resection or require formal oncological 
surgery. After the endoscopic resection of the polyp, the thorough histopathological 
assessment is required to determine the possibility of residual tumor, recurrence, 
and lymph node involvement. The presence of high-risk features (deep submucosal 
invasion, poor differentiation, lymphovascular invasion, <1 mm resection margin, 
piecemeal resection, and tumor budding) indicates a need for surgical resection 
with lymph node clearance. In low-risk cases, the endoscopic resection is considered 
adequate and further surveillance is advised. The final decision about the endoscopic 
resection versus surgical resection of malignant polyp needs to be individualized and 
should be based not only on polyp related characteristics but also on comorbidities, 
local resources, expertise availability, and patient’s preference.

Keywords: malignant colorectal polyp, submucosal invasion, histological feature, 
endoscopic resection, surgery

1. Introduction

Malignant colorectal polyp (MP) refers to the polyp in which the cancer cells 
invade into but not beyond the submucosa, regardless of lymph node involvement 
[1]. Colorectal cancer (CRC) is defined as the invasion of cancer cells beyond the 
muscularis mucosa. Since the colonic mucosa is devoid of lymphatics, the cancer cells 
confined to the muscularis mucosa have a negligible risk for lymph node metastasis 
(LNM) and hence are defined as benign (non-malignant) polyps [2]. According 
to the American Joint Committee on Cancer tumor-node metastasis classification 
system, an MP represents early CRC and is categorized as pT1 [3]. Different stud-
ies have shown that at least 0.2–8.3% of colorectal polyps are MPs [4–7]. The CRC 
has become the third most commonly diagnosed form of cancer, and its incidence 
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reaches approximately 1.9 million cancer cases each year (10% of all new cancer cases 
globally) [8]. Traditionally, the incidence of CRC increases strongly with age and is 
highest in Western, affluent countries, but the change in the lifestyle has made its 
incidence increasing in many less developed countries and in younger generations in 
both developed and developing countries [8].

The CRC arises from the progressive accumulation of genetic and epigenetic 
alterations. The adenoma-to-carcinoma sequence in development of CRC is shown 
in the Figure 1. The sequence involves the transformation of normal colorectal 
epithelium to adenoma and ultimately to invasive and metastatic tumor. Such 
malignant transformation requires up to 15 years, depending on the characteristics 
of the lesion and on other independent risk factors, such as gender, body weight, 
body mass index, physical inactivity [9]. The chromosomal instability (CIN), 
microsatellite instability (MSI), and CpG island methylator phenotype (CIMP) 
pathways are responsible for genetic and epigenetic instability in CRC [10, 11]. The 
CIN pathway consists of activation of proto-oncogene Kirsten-ras (K-ras) located 
on chromosome 12p and inactivation of at least three tumor suppression genes, 
namely, loss of APC (Adenomatous Polyposis Coli gene) located on chromosome 
5q, DCC (Deleted on Colorectal Cancer gene) located within the region of loss of 
heterozygosity (LOH) of long arm of chromosome 18q, and p53 located on chromo-
some 17p [10, 11].

With the increasing CRC screening programs, the detection of early CRC has 
become possible, leading to an increase in the number of people identified as having MP 
[12–14]. There is often a dilemma regarding the management of MP: the first dilemma 
is at the time of colonoscopy, when the endoscopist must decide whether a suspicious 
polyp can be safely endoscopically resected; the second dilemma is after pathologic 
examination of a polypectomy specimen, when a decision must be made about 
attempted endoscopic re-excision, surgical resection, or surveillance. The management 
decision requires an assessment of the endoscopic and pathological features, risk of 
adverse outcome after endoscopic polypectomy, risk of surgery, and the available surgi-
cal options. There are additional considerations in high-risk patients, for instance, those 
with a family history suggesting hereditary nonpolyposis colorectal cancer (HNPCC), 
long-standing inflammatory bowel disease, and familial polyposis. This chapter deals 
primarily with the average-risk patient with an aim to review the endoscopic and patho-
logical features of MP and to discuss about the management strategies of MP.

Figure 1. 
Adenoma-to-carcinoma sequence in development of colorectal cancer.
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2. Endoscopic evaluation

During colonoscopy, all colorectal lesions should be examined by white-light and 
image-enhanced techniques to differentiate between adenomas and CRC and to predict 
the depth of invasion [13, 15]. The deep submucosal invasion (SMI) is associated with a 
high risk of residual cancer and LNM [13, 16]. Gross morphological features and polyp 
surface patterns are carefully examined during endoscopic evaluation of polyp.

2.1 Gross morphological features

The endoscopic gross features of malignancy include an irregular surface contour, 
ulceration, firm (or hard) consistency, and broadening of the stalk [17–23]. Although 
polyps with these features are not invariably malignant, any lesion with malignant 
characteristics should be carefully evaluated in order to identify the resectable 
adenoma.

The Paris classification should be used as following for the endoscopic classifica-
tion of superficial colorectal lesions: polypoid (pedunculated 0-Ip and sessile 0-Is), 
non-polypoid (elevated 0-IIa, flat 0-IIb, depressed 0-IIc), and excavated or ulcerated 
lesions (0-III) [16]. The risk of MP (and CRC) seems to be directly proportional 
to polyp size and the presence of depression: with the risk being as high as 40% in 
smaller lesions (6–10 mm) to nearly all lesions measuring more than 20 mm [24–26]. 
The Paris Classification does not address the lateral spreading tumor (LST), which is 
defined as the superficial non-polypoid colorectal lesion measuring more than 10 mm 
in diameter, with flat (0-II) or sessile (0-Is) morphology, extending laterally rather 
than vertically along the colonic wall. On routine colonoscopy, the incidence of LST is 
approximately 9% [25]. The LST can be broadly subdivided into the granular (LST-G) 
or non-granular (LST-NG) type [27].

The risk of SMI is as high as 30% in LST-G of more than 30 mm size with mixed-
size nodules, whereas LST-G with a homogenous nodular pattern has a low risk of 
invasion (<2%) [28]. LST-NG is characterized by a smooth surface and can be either 
flat or pseudo-depressed. The LST-NG with pseudo-depression carries the highest risk 
of SMI among LSTs (31.6%; 95%CI: 19.8–43.4%) [29].

The location is another important risk factor for SMI. The LST-G mixed type or 
LST-NG lesion in the rectosigmoid colon carries the highest risk for malignancy [30]. 
Within the serrated pathway, most carcinomas arise in the cecum or ascending colon, 
and approximately one-third arise in the rectum [31].

Other gross morphological features that correlate with SMI have also been studied. 
In one prospective multicenter study including more than 2000 lesions >10 mm, it 
was found that non-lifting, chicken-skin sign (pale yellow-speckled mucosa), edge 
retraction, depressed areas, fold convergence, induration, ulceration, and polyp over 
polyp were all significantly associated with deep SMI [32]. However, the sensitivity 
of these features for diagnosing deep SMI seems to be low, ranging from 0.18 to 0.68, 
with specificity varying from 0.8 to 0.98 [33].

2.2 Polyp surface pattern

Besides gross morphology, the risk of SMI can also be assessed by the surface 
vascular and pit pattern of polyp, which helps in reaching the management deci-
sions. The polyp surface is characterized by image-enhanced endoscopy (IEE), 
which can be performed by conventional chromoendoscopy and electronic or virtual 
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chromoendoscopy. The conventional chromoendoscopy is dye-based (contrast: indigo 
carmine; absorptive: crystal violet) and assesses the pit pattern, whereas the electronic 
or virtual chromoendoscopy is equipment-based (Olympus: NBI; Pentax: I-scan; 
Fujifilm: BLI, LCI) and assesses the capillary pattern. The polyp surface character-
ization has been classified by different methods, including Narrow-Band Imaging 
International Colorectal Endoscopic (NICE) classification system, Japan NBI Expert 
Team (JNET) classification system, Kudo pit pattern nomenclature, and others.

2.2.1 NICE classification system

Narrow-band imaging (NBI) is a form of electronic or virtual chromoendoscopy 
initially developed by Sano et al. in 1999 [34, 35]. The NBI enables detailed assess-
ment of the capillary mucosal pattern of polyps by filtering white light into specific 
wavelengths to enhance the superficial microvascular structures [34, 35]. The NBI has 
been used for the optical diagnosis of colorectal tumors in NICE classification system, 
which is based on the color, vessels, and surface pattern on endoscopy [36, 37]. In 
this classification scheme, polyps can be divided into three categories (type 1, 2 or 3) 
based on their appearance (Table 1). NICE type 1 and 2 polyps are benign and can be 
resected endoscopically. Type 3 polyps are characterized by disrupted/missing vessel 
pattern and amorphous or absent surface pattern on NBI and are highly suggestive of 
deep SMI, requiring surgical resection.

2.2.2 JNET classification system

The JNET introduced an NBI-magnifying endoscopic classification system for 
colorectal polyps in 2014 [36, 38]. The JNET system classifies colorectal polyps into four 
types (Types 1, 2A, 2B, and 3) (Table 2). Type 3 polyps are characterized by irregular 
or amorphous vessel and surface patterns under magnified endoscopy with NBI; these 
type 3 polyps are highly suggestive of deep SMI and require surgical resection.

2.2.3 Kudo’s pit pattern

Kudo and colleagues classified colorectal polyps according to their appearance, 
structure, and staining patterns by using magnifying endoscopy [39, 40]. Type I pits 
appear as roundish pits; type II pits appear as stellar or papillary pits; type III-s pits 
are small roundish, tubular pits (smaller than type I), and type III-L are roundish and 

Type 1 Type 2 Type 3

Color Same or lighter than 
background

Browner relative to 
background

Brown to dark brown 
relative to background

Vessels None or lacy vessels Brown vessels Disrupted or missing 
vessels

Surface pattern Dark or white spots of 
uniform size

Oval, tubular, or branched 
white structures

Amorphous or absent 
surface pattern

Most likely 
pathology

Hyperplastic and sessile 
serrated polyp

Adenoma Deep submucosal 
invasive cancer

Table 1. 
NBI International Colorectal Endoscopic (NICE) classification system.
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tubular pits (larger than type I); type IV pits appear as branch-like or gyrus-like pits, 
and type V pits appear as amorphous, nonstructured pits [39, 40].

Most colorectal polyps (Kudo pit pattern types I through IV) are benign polyps 
and are amenable to endoscopic resection, whereas those with Kudo pit pattern V are 
suggestive of deep SMI and require surgical resection [26, 41].

3. Artificial intelligence

Artificial intelligence (AI) has emerged as an exciting tool in identifying the 
endoscopic resectability in colorectal polyps by differentiating noninvasive and 
superficially submucosal invasive neoplasms and deeply invasive cancer. The AI white 
light systems have shown high accuracy, sensitivity, and specificity in predicting the 
feasibility of curative endoscopic resection of large colonic lesions [42, 43]. In a study 
done by Kudo et al., the AI model was validated to identify T1 colorectal tumors at 
risk for metastasis to the lymph nodes [44]. At this point of time, incorporating AI 
into clinical practice in the management algorithm of MP may be challenging, but the 
results of the AI study provide valuable insights into the future trends and potential 
of AI in the management of MP.

4. Pathologic evaluation

Accurate histopathological assessment is critical in determining adequacy of endo-
scopic resection of MP, and hence, every effort must be made to retrieve the entire 
specimen. This is easier for pedunculated polyps than for large sessile polyps that are 
removed in piecemeal fashion. Saline injection to provide a cushion of normal mucosa 
under a sessile polyp can greatly aid in the completeness of removal.

4.1 Depth of submucosal invasion (SMI)

The level of SMI is important in predicting the outcome of MP in both peduncu-
lated and sessile polyps. Studies have shown that deeper depth of invasion is related to 
increased LNM and a poorer outcome [45–47].

Type 1 Type 2A Type 2B Type 3

Vessel 
pattern

Invisible Regular caliber 
and distribution 
(meshed/spiral)

Variable caliber, 
irregular 
distribution

Loose vessel areas, 
interruption of 
thick vessels

Surface 
pattern

Regular dark or 
white spots similar 
to surrounding 
mucosa

Regular (tubular/
branched/papillary)

Irregular or 
obscure

Amorphous areas

Most likely 
pathology

Hyperplastic or 
sessile serrated 
polyps

Low-grade dysplasia High grade 
dysplasia/shallow 
submucosal 
invasive cancer

Deep submucosal 
invasive cancer

Table 2. 
Japan Narrow-band imaging Expert Team (JNET) classification system.
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The Haggitt classification is used to describe the level of invasion (0—neoplastic 
cells confined to the mucosa, 1—head, 2—neck, 3—stalk, 4—submucosa of underlying 
colonic wall) in pedunculated polyps (Figure 2) [45]. The study done by Haggitt et al. 
showed that a depth of invasion to Haggitt level 4 was a significant adverse prognostic 
factor for pedunculated MP. Another study done by Nivatvongs et al. showed that there 
was no incidence of lymph node metastasis for pedunculated Haggitt level 1 to 3, but 
the risk of lymph node metastasis was as high as 27% for level 4 lesions [48]. For sessile 
polyps, the Kikuchi classification is used, in which three levels are present based on 
the degree of SMI: Sm1–invasion into the upper third of the submucosa; Sm2–inva-
sion into the middle third; and Sm3–invasion into the lower third (Figure 3) [46]. The 
study done by Kikuchi et al. showed that the risk of metastasis was 0% in Sm1 lesions 
but increased to as high as 14.4% in Sm3 lesions [46]. Another study done by Kitajima 
et al. showed that for sessile MP, the risk of LNM was 0% if the depth of SMI was less 

Figure 3. 
Kikuchi classification system of sessile polyp (adapted from Kikkuchi et al [46]).

Figure 2. 
Haggitt classification system of pedunculated polyp (adapted from Haggitt et al [45]).
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than 1000 μm but increased to more than 11.5% when the depth of invasion exceeded 
1000 μm [47]. In a meta-analysis by Beaton et al., it was shown that that the risk of 
LNM was significantly higher when the depth of SMI was more than 1000 μm [49].

As such, the surgical resection is advised for pedunculated MP with Haggitt level 4 
and for sessile MP with Sm3 lesion and SMI of more than 1000 μm.

The study done by Toh et al. showed that a width of invasion more than 11.5 mm 
and an area of SMI more than 35 mm2 were significant predictors for LNM [50]; 
however, this study was limited by its small sample size and retrospective nature.

4.2 Margin of resection

The positive margin of resection has been defined differently in various literature 
as tumor <1 mm or < 2 mm or within the cautery of the resection margin [2, 14, 51]. 
The study has shown that there is increased adverse oncological outcomes if tumor 
cell is at or near the resection margin [52–55]. In a study done by Hassan et al., it 
was shown that the patient with positive resection margin had a higher residual and 
recurrent disease rate and higher rate of hematogenous metastasis and cancer-related 
mortality [52]. The another study done by Cooper et al. showed that there was an 
increased rate of recurrence of up to 33% when the resection margin was ≤1 mm 
[54]. Based on the recent scientific evidence, we suggest that 1 mm cutoff margin be a 
suitable positive margin.

4.3 Tumor differentiation

The tumor differentiation has been categorized into three grades based on the 
degree of glandular differentiation: grade 1 (well-differentiated), grade 2 (moderately 
differentiated), and grade 3 (poorly differentiated). The neoplastic lesions with poor 
differentiation have been shown to be associated with a significantly higher incidence 
of lymphatic spread and cancer-related mortality [56].

4.4 Lymphovascular invasion

Lymphovascular invasion (LVI) is another important poor prognostic indicator 
and predictor of patient outcome. The presence of LVI in MP has been associated with 
an increased risk of regional LNM [56].

4.5 Tumor budding

A single or cluster of up to 5 tumor cells at the advancing front of the tumor has 
been defined as tumor budding [51, 57]. This has been regarded as a significant risk 
factor for LNM [56].

4.6 Histological tumor type

A higher risk of LNM has also been found in the MP with cribriform or micro-
papillary variants [58, 59]. Moreover, the neoplastic lesions with mucinous or 
signet ring cells are also associated with a poor prognosis, requiring the surgical 
resection [60, 61].

The representative endoscopic pictures of the colorectal polyps with regard to the 
SMI are shown in the Figures 4–8.



Colonoscopy – Diagnostic and Therapeutic Advances

52

5. Management of malignant colorectal polyp (MP)

The management of patients with MP requires a multidisciplinary team approach 
with the involvement of endoscopists, surgeons, gastrointestinal pathologists, 
radiologists, and medical oncologists. The flowchart of the proposed algorithm of MP 
is shown in the Figure 9.

Once a colonoscopy reveals a colorectal polyp suggestive of MP, the first critical 
decision would be to decide whether to resect the polyp completely endoscopically. 

Figure 5. 
Pedunculated adenomatous polyp; histopathology report showed no SMI.

Figure 4. 
Large sessile adenomatous polyp; histopathology report showed no SMI.
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Depending on the nature of the polyp and availability of expertise, the endoscopic 
removal of MP can be done by conventional snare polypectomy, endoscopic mucosal 
resection (EMR), endoscopic submucosal dissection (ESD), or other advanced 
polypectomy technique, such as endoscopic full-thickness resection [16].

The polyps thought to be benign on endoscopy during endoscopic resection have 
been found to be MP after histopathological evaluation in many instances, and the 
management of such MP detected after endoscopic resection is difficult because it 
involves the risk of residual or recurrent disease and of LNM and the patients’ surgi-
cal risk [12, 22, 62]. Depending upon the morphological, endoscopic, and histological 
prognostic features, MP is stratified into high- and low-risk polyps. The high-risk 
features of the MP include poor differentiation, presence of LVI, deep SMI, positive 

Figure 6. 
Sessile polyp with borad base with lobular surface; histopathology report showed MP with superficial SMI.

Figure 7. 
Laterally spread tumor—granular (LST-G); histopathology report showed MP with deep SMI.
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Figure 9. 
Proposed algorithm for the management of MP.

Figure 8. 
Laterally spread tumor—non-granular (LST-NG); histopathology report showed MP with deep SMI.
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margin, piecemeal resection, or tumor budding. Such MPs with high-risk features 
should undergo surgical resection with lymph node clearance, if medically fit [12, 13, 
22, 62]. In the case of the MPs with low-risk features, the endoscopic resection is 
considered curative and should undergo a surveillance program with regular colonos-
copies to detect early recurrence and minimize the risk of metachronous disease. It 
has been suggested that the surveillance be performed 3–6 months after endoscopic 
removal of the MP, with the subsequent evaluations to be done based upon the risk 
and findings [13, 22, 62, 63].

The polyps with certain morphological features associated with a relative high risk 
of superficial SMI include the polyps with depressed morphology (Paris IIc), LST-NG 
with depression or bulky sessile appearance (Paris Is component), and LST-G with 
dominant nodules [26]. Moreover, the risk also increases with lesions ≥20 mm and 
LSTs located in the right colon, rectosigmoid, and rectum [13, 26].

En-bloc endoscopic resection is needed while removing the probable superficial 
SMI, because piecemeal resection results in fragmented tissue specimens that com-
promise the accurate histological assessment. For pedunculated MPs with features 
suggestive of superficial SMI (Haggitt level 1–3) [16, 60], conventional snare polyp-
ectomy is considered adequate for the en-bloc resection and is regarded as curative 
when the histopathology report and margins are favorable [60]. In the case of large 
polyp, the snare should be placed closer to the bowel wall than to the head of polyp, in 
order to obtain the cancer-free resection margin [64].

For the non-pedunculated polyp, the polyp size determines the type of the 
endoscopic method used for the en-bloc resection [13]. For the lesions ≤20 mm in 
size, EMR may achieve en-bloc resection, during which the additional margin of 
normal tissue is snared around the polyp. On the other hand, for the lesions >20 mm 
in size, ESD is required to achieve en-bloc resection. ESD is associated with a higher 
en-bloc and curative resection rate and lower risk of recurrence [65], whereas EMR is 
associated with a higher risk of potential complications and failure during the en-
bloc resection of polyps >20 mm [66]. However, ESD is a technically more complex 
procedure and is associated with a steep learning curve with higher rate of serious 
adverse events [62, 67].

The polyps with NICE type 3, Kudo class V, surface ulceration without prior 
manipulation (i.e. biopsies or resection attempts), or stiffness of the lesion and colon 
wall are suggestive of deep SMI and are associated with LNM and need for surgery 
[68, 69]. For pedunculated MP, it was found that Haggitt level 4 invasion, LVI, mus-
cularis mucosae type B (incompletely or completely disrupted), poorly differentiated 
clusters, and tumor budding were the high-risk histologic features, which need the 
surgery [70]. In another study, it was shown that even in high-risk MP, a high propor-
tion of patients do not have evidence of residual disease in the bowel wall or in the 
draining lymph nodes [56]. It seems prudent to recommend surgical resection only if 
2 or more high risk histological features are present (risk of nodal metastasis: 23.3%); 
in cases where only one risk feature is present, the estimated risk of nodal metastasis 
is 4.5% [71].

Certain polyps have indeterminate characteristics that include the following: 
lesions with endoscopic appearance suggestive of deep SMI yet negative for invasive 
cancer on biopsies [72, 73], lesions with equivocal endoscopic appearance for deep 
SMI, and lesions with equivocal biopsy results (i.e., histopathology showing “at least” 
high-grade dysplasia yet deeper invasion cannot be excluded based on the limited 
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sample). These polyps need to be properly evaluated and managed in a high-volume 
center with expertise in both endoscopic imaging and resection of complex polyps.

6. Surveillance

There should be a proper colonoscopic surveillance strategy for MPs with both 
postsurgical resection as well as endoscopic resection [14]. The patients of MP with 
high-risk features but without the involvement of lymph node, who underwent the 
formal oncological resection of colon with lymph node clearance, are regarded as a 
T1 CRC, and surveillance with colonoscopy should be done at 1 year and repeated in 
3 years and then every 5 years if there are no advanced adenomas [14]. If the colonos-
copy done at 1 year reveals advanced adenoma, the colonoscopic surveillance should 
be repeated in 1 year. The cross-sectional imaging, endoscopic surveillance, and 
serial carcinoembryonic antigen testing should be done as per the National Clinical 
Practice Guidelines in Oncology, if there is a lymph nodal involvement [14]. For the 
patients of MP with low-risk features, who underwent the endoscopic resection, 
the surveillance colonoscopy should be done at 3 months, then at 1, 3, and 5 years, 
as recommended by the US Multi-Society Task Force on Colorectal Cancer and the 
American Cancer Society [74].

7. Conclusion

With the increasing use of colonoscopy, many patients having MPs are being 
diagnosed. The management of MP is challenging and begins with the accurate endo-
scopic assessment of the polyp. The IEE helps to differentiate the superficial and deep 
SMI of the neoplastic lesion and identify the MP amenable for endoscopic resection 
or require formal oncological surgery. The endoscopic resection techniques, such as 
conventional polypectomy, EMR, or ESD, best suited for each type of polyp, need to 
be determined. After the endoscopic resection of the polyp, the thorough assessment 
of histological features is important to determine the possibility of residual tumor, the 
risk of recurrence, and the risk of lymph node involvement. The presence of high risk 
features (deep SMI, poor differentiation, LVI, <1 mm resection margin, piecemeal 
resection, tumor budding) indicates a need for surgical resection with lymph node 
clearance (if medically fit) in the majority of cases. In case of the MPs with low-risk 
features, the endoscopic resection is considered adequate and further surveillance is 
advised; when compared to surgery, endoscopic resection is less costly and associ-
ated with improved clinical outcomes and patient satisfaction. Moreover, the final 
decision about the endoscopic resection versus surgical resection of MP needs to be 
individualized and should be based not only on polyp related characteristics but also 
on comorbidities, local resources, expertise availability, and patient’s preference. The 
management of patients with MP requires a multidisciplinary team approach with the 
involvement of referring physicians, endoscopists, surgeons, pathologists, radiolo-
gists, and medical oncologists.
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The Evolving Landscape of 
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and Complication Management
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Abstract

Colorectal cancer is globally recognized as the third most prevalent cancer, highlight-
ing the crucial role of colonoscopy in diagnosis and therapeutic interventions. This 
medical procedure has demonstrated its effectiveness in preventing colorectal cancer 
and investigating a wide range of gastrointestinal symptoms. It has long been acknowl-
edged as the gold standard for screening colorectal cancer. The primary objective of this 
analysis is to outline diverse range of complications associated with preparatory phase 
of colonoscopy, especially among hospitalized patients, including those with potentially 
life-threatening conditions. The ultimate aim is to elucidate strategies to prevent compli-
cations during the preparatory phase of colonoscopy. The real-time visual feed produced 
by endoscopic camera allows for the detection of abnormal growth of the colonic wall. 
This capability facilitates the assessment, biopsy, and removal of mucosal lesions through 
various biopsy instruments accessible via specialized channels. With its multifaceted 
utility, colonoscopy has become a frontline approach in making colorectal cancer a pre-
ventable and early-detectable disease over the past few decades. Common complications 
associated with colonoscopy include occurrences like vomiting, nosebleeds, abdominal 
pain, and acute diarrhoea. This review primarily focuses on developments that have 
transpired over the past five years, leading to changes in multiple aspects of colonoscopy.

Keywords: gastroenterology, diagnostics, colonoscopy, colon diseases, colonoscope, 
complication

1. Introduction

In today’s contemporary medicine, a colonoscopy is an essential procedure. This 
approach is essential for saving lives in both immediate and future situations because 
of its adaptability and usefulness. It is applicable to both cancerous and noncancerous 
disorders, such as colon impactions, sigmoid volvulus infections, and gastrointestinal 
hemorrhage. Performing a colonoscopy for screening purposes is crucial in identifying 
and addressing colorectal cancers in their early stages. This procedure plays a significant 
role in guiding the course of cancer treatment, assisting in the planning of surgical 
measures [1]. Recent colonoscopies face a number of difficulties because of the unique 
characteristics of the colon, including the possibility of a highly repetitive sigmoid colon 
in certain people. In certain cases, the transverse colon forms an M shape and goes down 
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into the pelvis. The colon’s mostly round shape leads to a semi-circular pattern within the 
scope after a few twists and further advancement increases the risk of forming a larger 
loop. At the same time, the tip of the scope does not proceed forward [2].

2. Basics of colonoscopy

The United States performs over 15 million colonoscopies annually, and it is estimated 
that these procedures lower the overall risk of dying from colorectal cancer by more than 
60% [3]. Because of advancements in upper endoscopy, colonoscopy was initially intro-
duced in the 1960s [4]. Colonoscopy is a diagnosis and curative technique used to assess the 
distal part of the small intestine and the large intestine. The procedure is carried out with 
the use of a versatile, hand-held tube-like instrument known as a colonoscope. It includes 
an attached high-definition camera at its tip and auxiliary channels that enable the inser-
tion of tools and liquids to clean the colonoscope lens and the mucosa of the colon [5]. The 
imagery captured by the camera and displayed on the screen aids in identifying irregu-
larities and excessive growth on the colon wall. Consequently, this technology enables 
the assessment, sampling, and elimination of mucosal lesions using various biopsy tools 
accessible through additional channels. To detect and treat colorectal cancer, a colonoscopy 
is essential. It is a suggested screening method for people with risk factors, such as a family 
history of cancer or tumors, and is the best way to find cancerous colonies [6]. Progressive 
advancements in imaging technology, the evolution of guidelines, heightened awareness, 
and expanded access have collectively contributed to increased utilization and broader 
utility. In this review, we will explore the various kinds, uses, and potential complications 
of colonoscopies, along with their management strategies, future advancements, and the 
scope of their application. The colon and colonoscopy are shown in Figure 1.

Figure 1. 
Colon and colonoscopy.
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2.1 History and the need for colonoscopy

Colon cancer is more likely to strike an older person. Although it can be identified in 
younger persons, it is far more frequent after the age of 45 years. The cause of the rising 
incidence of colon cancer in people aged under 45 years is unknown [7]. A background 
of adenomatous polyps elevates the likelihood of developing colon cancer, particularly 
in cases involving large polyps, multiple polyps, or those displaying dysplasia. Following 
the identification of polyps and the assessment of results, the gastroenterologist will 
suggest a screening timetable tailored to individual-specific risk factors [8].

2.1.1 Family past with cancer or polyps in the colon

Although the majority of colon cancers occur in individuals without a family 
history, up to one-third of individuals diagnosed with colon cancer have relatives who 
have also experienced the disease. Adenomatous polyps, the type of polyps that have 
the potential to turn cancerous, have been linked to a greater chance of developing 
colon cancer in family members. The reason for this is not fully apparent. Because of 
heredity, the environment, or a mix of both, cancer may be passed down in families.

2.1.2 Personal history of inflammatory bowel disease (IBD)

Suffering from IBD such as ulcerative colitis or Crohn’s disease heightens the 
likelihood of developing colon cancer. It is essential to note that IBD should not be 
confused with irritable bowel syndrome (IBS), which does not seem to elevate the 
risk of colon cancer. Individuals with IBD might necessitate earlier initiation of colon 
cancer screening and more frequent screenings [9].

2.1.3 Signs of colon cancer

Although most early cases of colon cancer are asymptomatic, anybody experienc-
ing symptoms such as bleeding in the feces, bleeding from the rectal area, pain in the 
stomach, and unexpected weight loss should see a gastroenterologist.

2.2 Types of colonoscopies

There are two kinds of colonoscopies: screening and diagnostic.

2.2.1 Screening colonoscopy

A screening colonoscopy is a proactive examination performed to ensure the 
colon’s good health. If a person has a first-degree relative with a medical history 
of colon polyps or cancer, has potential indicators for colorectal cancer, or has had 
a colon polyp or cancer in the past, they may need a preventative colonoscopy for 
screening purposes.

2.2.2 Diagnostic colonoscopy

Diagnostic colonoscopy may be required if there is a significant family record of 
colon tumors or possible symptoms. It might require a diagnostic colonoscopy if a per-
son experiences symptoms such as bleeding from the rectum or in the feces, persistent 
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abdominal pain, persistent alteration in bowel movements for an extended period, iron-
deficiency anemia, and a history of polyps in the colon or cancer in family members.

2.3 Method

The effectiveness of various colonoscopy surveillance approaches relies on specific 
parameters that determine their viability in comparison to white light colonoscopy. 
Two important performance metrics are the colonoscopy withdrawal time, which 
shows how long it takes to remove the colonoscope, and the local intubation rate, 
which shows what proportion of the colon can be viewed [10]. There are five popular 
types of colonoscopy methods.

2.3.1 Virtual colonoscopy (VC)

This quickly evolving method uses data from computed tomography (CT) scans 
to produce 2D and 3D pictures of both the rectum and the colon. This technique 
is occasionally known as computed tomographic colonography [11]. Rather than 
employing the traditional approach, VC creates a picture of the rectum or colon using 
x-rays, and conventional colonoscopies are used to examine it. This method is favored 
due to its noninvasive nature, eliminating patient discomfort and obviating the need 
for sedation. Unlike standard colonoscopies that involve sedatives and may require a 
recovery period before normal activities can be resumed, virtual colonoscopy offers a 
more convenient alternative [12]. VC was introduced as a colorectal cancer screening 
procedure in the United States by the American Cancer Society, the American College 
of Radiology, and the U.S. Multi-Society Task Force for Colorectal Cancer. For the 
last decade, hospitals have extensively utilized this approach. Research conducted by 
Agha et al. revealed that virtual colonoscopy exhibited a sensitivity and specificity 
of 97 and 100%, respectively, in identifying polyps larger than 1 cm. Consequently, 
this approach has the capability to detect a greater number of lesions compared to 
conventional colonoscopy. The necessity for invasive procedures would decrease 
with the introduction of VC. Despite being less costly, this method can still result in 
false-positive outcomes, lowering sensitivity to 93%. A false positive will lead to more 
needless steps and processes [13].

2.3.2 Chromo-colonoscopy using dye-based techniques

In this method, a colon is sprayed with a dye solution. Applying this dye increases 
the likelihood of identifying nonpolypoid lesions, which increases the detection rate 
of adenomas [14]. Apart from the dye spray, this method uses a standard colonoscopy 
instrument. Various dyes are employed based on preference and intended objectives. 
These dyes fall into three main categories: contrast, absorptive, or reactive. Contrast 
dyes, such as indigo carmine, permeate irregularities and accumulate on polyps, 
enhancing visibility during the procedure [15]. Crystal violet is one example of an 
absorbent dye that penetrates epithelial cells and makes it easier to differentiate 
between tumors and infections. Absorptive dye requires initial treatment, such as 
mucus clearance from the mucosa wall, compared to contrast dye [16]. Responsive 
staining, such as Congo red, employs chemical reactions to draw attention to certain 
features inside the tissue. Indigo carmine is the most often used contrast dye because 
it is affordable, nonhazardous, and easy to use [17]. Unlike traditional colonoscopy, 
this kind of colonoscopy, which takes random specimens, permits targeted biopsies.
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Compared to traditional colonoscopy, this method greatly increases the possibility of 
discovery because it can differentiate between lesions and polyps and normal mucosa. 
Wu et al. conducted a study demonstrating that the application of dye-based chromo-
colonoscopy resulted in higher sensitivity (95%) compared to conventional colonoscopy. 
However, the sensitivity varied based on the type of dye utilized. The use of indigo 
carmine exhibited superior sensitivity compared to methylene blue (74%), but it also 
indicated lower specificity. Specifically, indigo carmine had a specificity of 91%, whereas 
methylene blue had a specificity of 92% [18]. The differences in the colors’ ability to 
help physicians distinguish tumors from their surrounding mucosa, which makes polyp 
identification simpler, may be the cause of the discrepancy in outcomes. The adoption 
of this technique has been inconsistent, likely due to a steep learning curve. In clinical 
use, it has not become a widely accepted alternative for conventional colonoscopy, in 
part due to the unpleasant and lengthy nature of dye application. Furthermore, some 
research indicates that some dyes, such as methylene blue, can be cancerous [16].

2.3.3 Electronic chromo-colonoscopy

Narrow band imaging (NBI), flexible spectrum imaging color enhancement (FICE), 
and i-scan digital contrast (i-scan) are the three primary forms of electronic chromo-
colonoscopy. These methods all provide a mucosal contrast with the colon’s blood ves-
sels. Among the three approaches discussed, NBI has been extensively studied. When 
compared to traditional colonoscopy, electronic chromo-colonoscopy typically has a 
sensitivity of 91%, meaning that polyps or lesions are less likely to be missed [19].

2.3.3.1 Narrow band imaging (NBI)

NBI is dependent on hemoglobin’s ability to absorb light, which accentuates the 
mucosa’s vasculature. However, the light source is filtered such that it only emits the 
green and blue bands of light, which represent the maxima of hemoglobin’s light 
absorption [20]. The absorption peaks of light in this method occur at 415 nm (blue 
light) and 540 nm (green light). The vascular mucosa has a combination of green and 
blue coloration that enhances the visibility of structures and patterns. This method 
allows for focused biopsies and can distinguish between malignant and benign cells, 
similar to dye-based chromo-colonoscopy. Interestingly, this method defines the 
boundaries of lesions without the use of dyes, which can be more convenient for 
individuals who are allergic to dyes in their bodies. In a 2014 study, the use of NBI for 
adenomas and polyp detection demonstrated a sensitivity of 98%, indicating its effi-
ciency in detecting lesions, polyps, or adenomas. However, the accuracy of this tech-
nique, at 75%, is noticeably lower than that of a conventional colonoscopy [21]. Vişovan 
and his colleagues recently finished research that indicated elevated rates of polyp and 
adenoma detection. Numerous studies have been done on the use of NBI, and the bulk 
of the earlier studies have concluded that it is not a practical solution. Nevertheless, 
Olympus sells this technique that has been used in clinical settings [19, 22].

2.3.3.2 Flexible spectral imaging color enhancement (FICE)

White light colonoscopy is used in this approach; however, the final picture is 
digitally altered using algorithms based on spectra emission techniques to change the 
prominence of specific wavelengths. FICE incorporates optical filters and spectra-
estimation technology to generate images from white light colonoscopy at various 
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wavelengths [23, 24]. This method makes vascular and surface structures apparent 
through magnification, making it easier to distinguish between atypical and typical 
tissue development. Randomly selected single-wavelength images are designated to 
the colors blue, green, and red [25]. This enables the creation of an improved color 
image, utilized for structural and vascular enhancements. The technology includes 10 
presets that can be customized further, offering a wide range of wavelength combina-
tions. According to Lami and colleagues, FICE has a higher detection rate than white 
light colonoscopy, which suggests that it may be a more effective procedure for find-
ing adenomas [26]. Osawa and colleagues conducted a study to explore the potential 
of FICE as a substitute for traditional colonoscopy. The research revealed that FICE 
demonstrated effectiveness in screening esophageal and gastric lesions characterized 
by high color contrast, yielding a notable sensitivity of 88% and specificity of 88% 
[27, 28]. Nevertheless, FICE has not been thoroughly investigated, preventing its 
clinical implementation, unlike NBI.

2.3.3.3 i-scan digital contrast

Similar to FICE, i-scan is a new technique that makes use of the pictures from 
white light colonoscopy. Using three distinct algorithm modes, the user may apply 
filters to a picture to improve tissue contrast through the use of an i-scan software 
[29–31]. One of the three functions focuses on surface enhancement, aiming to 
increase the distinction between light and dark areas. This results in improved visu-
alization and a more thorough examination of the structure of the mucosal surface. 
According to Bowman and colleagues, surface augmentation makes it easier to 
identify the boundaries between pathological and normal mucosa. The polyp identi-
fication efficiency is increased by using this method. Enhancement of contrast is the 
second mode. By suppressing the wavelengths of red and green, this produces a blue-
tint picture that improves the visualization of the mucosal surface’s depth [32]. The 
use of contrast enhancement is helpful not only in revealing abnormalities that might 
go unnoticed with exclusive reliance on white light colonoscopy but also in visual-
izing irregularities. The last mode, known as tone enhancement, involves limiting 
the red wavelength, thereby improving the visualization of subtle irregularities and 
the vascular structure within the mucosa. According to Cho and his colleagues, tone 
enhancement proves to be an effective tool for characterizing previously identified 
lesions [29, 33, 34]. In a clinical research, Hoffman and collaborators evaluated the 
efficacy of i-scan versus conventional colonoscopy. The findings from their research 
indicated a higher detection rate of polyps when using i-scan in comparison to 
conventional colonoscopy alone. While most studies incorporating i-scan also utilize 
other techniques, the majority of these combined approaches demonstrate enhanced 
sensitivity. Therefore, it appears that i-scan may enhance sensitivity, but its effective-
ness is most notable when used in combination with other techniques [35].

2.3.4 Autofluorescence imaging (AFI)

The tissue of the colon may include fluorophores such as collagen, nicotinamide, 
flavin, and porphyrins. They release a naturally occurring fluorescent light that 
is sometimes referred to as autofluorescence (AF) light when stimulated by light 
(ultraviolet or short visible light). The light utilized for illumination is shorter in 
wavelength (500–630 nm) than the light generated by the AF, which results in a 
pseudocolor image on the colonoscopy display. The emitted fluorescence is contingent 
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on the composition of tissues, the variety of fluorophores, their concentrations, meta-
bolic rates, and spatial distribution. The distinctions in colors enable the AFI system 
to detect existing lesions. With the help of this approach, blue as well as green lights 
with wavelengths of around 450 and 550 nm, respectively, are produced by a color 
filter wheel in rotation. The interference filters built within the colonoscope allow the 
reading of AF light, reflecting green light onto the filter and eliminating blue light. 
During the colonoscopy operation, tumors show purple and normal mucosa appears 
green due to the interference filter. The user can distinguish between abnormalities 
and normal tissue thanks to this differentiation [29]. There has been research compar-
ing AFI versus white light colonoscopy; however, a study from 2013 found no increase 
in the rate of detection with AFI [36]. Nevertheless, a 3-year-old study revealed that 
AFI with a transparent hood boosted polyp identification rates [37, 38].

2.3.5 Capsule colonoscopy endoscopy (CCE)

Initially presented in 2007 as a substitute for conventional colonoscopy, this device 
requires the patient to ingest a capsule to initiate the imaging process. Three collimated 
x-ray beams from a rotating source scan the colon as the capsule passes through. Rapid 
recovery is enabled by the photographic storage’s reliance on radio frequencies (RF) 
and wireless data transfer via a microcontroller. Within a few seconds, the system traces 
the 3D position and orientation of the capsule within the surrounding colon. Notably, 
the capsule features optical domes on both ends, providing a more comprehensive view 
of the lumen compared to conventional colonoscopy [39]. From these initial-generation 
gadgets, the capsule has undergone additional development. Presently produced in the 
United States by Medtronic, the second generation devices (CCE-2) contain cameras 
with a 172° wider field of vision, which results in a 354° field of view. In comparison to 
CCE-1, which has a 154-degree field of view, this one is significantly bigger. Presently, 
the CCE device has been employed to address incomplete colonoscopies, detect polyps, 
and examine inflammatory bowel disease. Incomplete colonoscopy may occur when 
only a portion of the colon is imaged, potentially resulting in missed lesions or polyps. 
VC is often employed in cases of incomplete colonoscopies to visualize large polyps and 
masses in the colon. However, an analysis of 14 studies found that CCE-2 is superior to 
both CCE and VC for polyp visualization [40]. Yung and colleagues conducted a review 
of multiple studies examining the efficacy of CCE and CCE-2 in detecting polyps. The 
findings indicated that for polyps smaller than 6 mm, CCE and CCE-2 demonstrated 
an overall sensitivity of 58 and 86%, respectively. Additionally, they exhibited overall 
specificities of 85.7 and 88.1% [41]. As a result, CCE-2 is more useful in the identifica-
tion of polyps, and it excretes capsules at a somewhat higher rate than CCE. CCE 
is favored over virtual colonoscopy because of its superior detection rates and the 
potential adverse effects of x-rays on the human body. However, a notable drawback of 
capsule endoscopy is its time-consuming and labor-intensive nature that could impose 
challenges on clinic staff and patients alike [42].

2.4 Application

2.4.1 Colorectal cancer screening

Colorectal cancer initiates in the colon, the extended tube responsible for trans-
porting digested food to the rectum and eventually out of the body. This cancer arises 
from specific polyps or growths in the inner lining of the colon. Healthcare providers 
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employ screening tests to identify precancerous polyps before they transform into 
cancerous tumors. Screening colonoscopy offers potential benefits to patients in two 
ways. Primarily, it can identify and facilitate the removal of precancerous polyps. 
Additionally, colonoscopy has the capability to detect cancers at an early stage, 
increasing the likelihood of successful treatment compared to those found in more 
advanced stages. Given its ability to detect and remove polyps before they progress to 
cancer, colonoscopy appears to be an ideal screening tool [43, 44].

2.4.2 Gastrointestinal perforation

A gastrointestinal perforation is a severe condition necessitating immediate medi-
cal attention. Specific medical conditions and injuries can increase the likelihood of 
experiencing gastrointestinal perforation. However, with swift medical intervention, 
many individuals achieve a complete recovery. A colonoscopy is essential for provid-
ing interior images of the large intestine or colon [45].

2.4.3 Chronic colitis such as Crohn’s disease or ulcerative colitis

The digestive system becomes inflamed and irritated when an individual has 
Crohn’s disease. Abdominal discomfort, diarrhea, loss of weight, and rectal bleed-
ing are possible symptoms. While this condition is lifelong and currently incurable, 
available treatments are generally effective in symptom management, enabling an 
active lifestyle. Colonoscopy is a commonly used diagnostic tool, involving the use of 
a colonoscope, a thin tube with a light and camera attachment to examine the interior 
of the colon. Additionally, the doctor might conduct a biopsy, extracting a tissue 
sample from the colon to check for signs of inflammation. Ulcerative colitis (UC) is a 
chronic condition characterized by inflammation and ulcers within the colon (large 
intestine). As a prevalent form of IBD, UC frequently leads to symptoms such as 
bloody diarrhea and abdominal cramping. In the diagnostic process, a colonoscopy is 
performed using a slender, flexible tube equipped with a tiny camera. The endoscope 
is inserted through the rectum by a healthcare provider to examine the interior of the 
colon and collect tissue samples for biopsy testing [46].

2.4.4 Colonic ischemia

Colonic ischemia is a condition that arises when there is partial or complete block-
age of blood flow to the colon. Typically, the blockage occurs in one or more arteries 
that supply blood to the large intestine. Colonic ischemia can manifest either acutely, 
with a sudden onset, or chronically, developing gradually over time. This disorder is 
more prevalent in older individuals, particularly those with cardiovascular diseases or 
blood clotting disorders. Colonoscopy is a common diagnostic method for detecting 
ischemia. If there is suspicion of an issue in the colon, large intestine, or the lower 
part of the small intestine, a colonoscope is inserted through the rectum. Colonoscopy 
is particularly recommended for individuals who cannot undergo a contrast injection, 
especially those with allergies or kidney problems [47].

2.4.5 Ischemic colitis

Ischemic colitis is a form of colitis, involving inflammation in the colon, but it dif-
fers from other types as it originates in the circulatory system. The colon experiences 
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reduced blood flow, leading to oxygen deprivation and triggering an inflammatory 
response. Without the restoration of blood flow, it may result in tissue death. In cases 
of tissue death or rupture in the colon wall, removal of the affected part may be 
necessary through colonoscopy. Bowel resection, which might involve a temporary or 
permanent colostomy, could also be considered [48].

3. Complications related to colonoscopy

There are many complications related to colonoscopy. Figure 2 displays the 
 various complications related to colonoscopy.

3.1 Serious gastrointestinal colonoscopy complications

Several studies have examined the serious consequences of colonoscopies; the 
majority of these studies have concentrated on the risks associated with gastro-
intestinal bleeding or colonic perforation. Diverticulitis and postpolypectomy 
syndrome are two more severe side effects. At least 4 weeks after the colonoscopy, 
major consequences including gastrointestinal bleeding have been known to occur 
at delayed intervals. For this reason, it is important to monitor the rate of compli-
cations. Extensive research has focused primarily on investigating the possibility 
of colonic perforation. Despite being a potentially severe complication, its occur-
rence is infrequent, as indicated by findings from extensive studies, with reported 
rates generally below 0.3% and often less than 0.1%. On the other hand, the most 
prevalent serious complication is lower gastrointestinal bleeding, with reported 
risks ranging from 0.1 to 0.6% [49]. The degree of risk reduction in complications 
when employing colonoscopy for screening or surveillance purposes compared to 
diagnostic purposes remains uncertain. A comprehensive study carried out by the 

Figure 2. 
Complications related to colonoscopy.
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U.S. Preventive Services Task Force concluded that among mostly asymptomatic 
patients, the estimated incidence of significant consequences after screening 
colonoscopies was 2.8 per 1000 assessments [50].

3.2 Bowel preparation-related complication

Bowel preparation regimens fall into two broad categories: those based on elec-
trolyte solutions with polyethylene glycol (PEG) and those without PEG, including 
sodium phosphate solutions. Although the sodium phosphate formulations with lesser 
volumes are usually well tolerated, there have been concerns expressed over the pos-
sibility of kidney damage with these regimens. Research on colonoscopies in healthy 
adults has indicated the occurrence of notable hypocalcemia or hyperphosphatemia 
with these preparations [51]. The possibility of acute phosphate nephropathy from 
calcium-phosphate crystal precipitation in the kidney is the most worrisome. 
Individuals who are dehydrated or old may be more susceptible to acute phosphate 
nephropathy. Additionally, using some antihypertensive drugs, such as diuretics, ACE 
inhibitors, or angiotensin receptor blockers (ARBs), may raise the risk if a person 
has hypertension. Although the exact risk is unclear, acute phosphate nephropathy 
is thought to affect fewer than 0.1% of people [52]. In a backward-looking investiga-
tion, Hurst and co-researchers identified acute kidney injury, characterized by a rise 
in serum creatinine exceeding 0.5 mg/dL, in 1.2% of patients within a year following 
colonoscopy. Compared to those who utilized PEG-based solutions, those who had 
undergone a sodium phosphate preparation had a greater incidence of acute renal 
damage [53]. It is not recommended to use sodium phosphate preparations in senior 
patients, people with pre-existing renal illness, or people who already have fluid or 
electrolyte imbalances, such as congestive heart failure patients. PEG-based treat-
ments are thought to be safe for those with chronic renal disease, congestive cardiac 
failure, and electrolyte abnormalities because they do not significantly affect fluid 
balance. Nevertheless, due to the substantial volume of the required preparation, 
patients often find it challenging to tolerate [54]. Nausea and vomiting, along with a 
sense of abdominal fullness, are frequently experienced during the intake of large-
volume preparations. Conditions such as vomiting-induced Mallory-Weiss tears, 
esophageal disruption, pulmonary aspiration, hypothermia, and cardiac arrhythmias 
are uncommon side effects associated with these preparations [55]. Imbalances in 
electrolytes are less frequent with PEG-based solutions in comparison to sodium 
phosphate preparations, as has been recorded.

3.3 Sedation-related and cardiovascular complications

Although they are rare, serious side effects from mild sedation during a colonoscopy 
might include hypoxia, respiratory depression, cardiac arrhythmia, hypertension, 
and vasovagal responses. In a meta-analysis of randomized studies for mild sedation, 
McQuaid and Laine discovered that patients getting midazolam alone had an 18% risk 
of hypoxemia, compared to those receiving midazolam plus a narcotic, who had an 
11% risk [56]. Examining information derived from 174,255 colonoscopies within the 
Clinical Outcomes Research Initiative (CORI) database, Sharma and team identified a 
general incidence of cardiopulmonary complications post-colonoscopy at a rate of 1100 
per 100,000 procedures [57]. The prevalent cardiopulmonary complications included 
transient hypoxia, bradycardia, hypotension, and vasovagal reactions. The possibility 
of having too many cardiovascular events within 30 days following a colonoscopy has 
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raised more worries. When Warren and coworkers examined Medicare seniors’ risk 
of cardiovascular events after a colonoscopy, they discovered a slightly higher risk of 
events needing an ER visit or hospital stay than in a sample with similar age, gender, 
and comorbidities [51]. Arrhythmia emerged as the prevailing adverse cardiovascular 
occurrence. The heightened likelihood of cardiovascular events was particularly notable 
in individuals who underwent a polypectomy in contrast to matched counterparts 
who either did not undergo colonoscopy or underwent either screening or diagnostic 
colonoscopy. Conditions such as diabetes, stroke, atrial fibrillation, or congestive 
cardiac failure have been associated with a higher likelihood of cardiovascular events as 
compared to people lacking these underlying medical disorders. Nevertheless, there was 
no statistically significant difference in the risk of cardiovascular events between the 
groups that were matched and the individuals who were not undergoing a colonoscopy. 
Another trial using screening and surveillance colonoscopies, including individuals 
who were generally younger, did not find a greater chance of cardiovascular episodes.

3.4 Infection

Following colonoscopy, whether with or without polypectomy, a temporary 
presence of bacteria in the bloodstream happens in roughly 4% of procedures, with 
variability in the range of occurrence from 0–25% [58]. Inflammation stemming from 
conditions such as toxic megacolon, fulminant colitis, ulcerative colitis, Crohn’s flares, 
diverticulitis, and others may arise. Although isolated instances of infection subse-
quent to colonoscopy have been documented, there was no established direct caus-
ative connection with the endoscopic procedure. Moreover, there was no confirmed 
advantage associated with antibiotic prophylaxis. As a result, both the American 
Heart Association and ASGE currently discourage patients having colonoscopies from 
using antibiotic prophylaxis [59].

3.5 Mortality

Fatal incidents associated with colonoscopy, with or without polypectomy, have 
been infrequently documented. Out of 371,099 colonoscopies, a 2010 study found 128 
recorded fatalities related to the procedure. The study encompassed both prospective 
research and retrospective examination of large clinical or administrative datasets. 
An overall unweighted mortality rate of 0.03% was the result of this [49]. While some 
investigation recorded death from all causes, and others restricted their analysis to 
mortality specifically related to colonoscopy, all studies documented mortality within 
30 days following the procedure.

3.6 Miscellaneous complication

Severe appendicitis, incarcerated hernias, subcutaneous emphysema without perfo-
ration, intramural hematoma, and ischemic colitis are uncommon and infrequent prob-
lems related to colonoscopies. Instances of colonic explosions have been documented in 
patients undergoing electrocautery, especially those with inadequate bowel preparation, 
notably with mannitol preparations, although the latter are not presently in use [60]. 
While it is common to experience temporary bacteremia during a colonoscopy, antibi-
otic prophylaxis is not usually advised due to the rarity of bacteremia consequences such 
as infective endocarditis. Glutaraldehyde endoscopic disinfection may cause a chemical 
colitis if the endoscope is not completely cleansed before the start of the procedure.
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4. Risk factors

A major risk factor for major gastrointestinal problems following a colonoscopy 
has repeatedly been demonstrated to be growing older. In contrast to patients aged 
65–69 years, Gatto and colleagues observed that subjects aged 75–79 years old had a 
roughly fourfold higher risk of perforation [61]. The likelihood of colonic perfora-
tion, specifically, may be higher in females. This correlation may be explained by the 
finding that women often have more difficult colonoscopies than men do, possibly as 
a result of differences in pelvic anatomy and a greater frequency of previous pelvic 
procedures in women. In the Medicare population, the co-occurrence of concurrent 
conditions such as stroke, diabetes, atrial fibrillation, and congestive cardiac failure 
has been associated with an increased risk of major adverse outcomes; however, not 
all studies have shown this correlation [62]. The likelihood of complications signifi-
cantly rises in procedures involving a polypectomy, especially when electrocautery is 
employed. Levin and co-researchers discovered a ninefold increase in the overall risk 
of serious complications in colonoscopies involving biopsy or polypectomy, although 
the risk specifically related to perforation did not show a significant increase. 
Furthermore, the risk of complications, predominantly gastrointestinal bleeding, 
escalates even more when multiple polypectomies with electrocautery are performed 
[63]. Complications may also arise from a biopsy alone. Previous research has indi-
cated that hot biopsy, especially when performed in the proximal colon, may increase 
the risk of bleeding when polyps are removed [64]. While certain researchers propose 
that the experience and proficiency of endoscopists might impact the rates of com-
plications, there is limited data to either support or contradict this notion. In Canada, 
the specific expertise of the endoscopist did not impact the chances of complications. 
However, endoscopists who performed fewer colonoscopies had a higher risk of 
complications compared to those who performed a higher number of procedures. It is 
worth noting that when considering only colonoscopies conducted by gastroenterolo-
gists, the volume of colonoscopies was not linked to the risk of complications [62]. 
Complications from colonoscopies may also be more likely in those taking clopidogrel 
or warfarin [65]. For example, Hui and colleagues found that the risk of postpol-
ypectomy bleeding was higher when warfarin was used, even after considering 
factors such as the age of the patient, polyp position and dimensions, polypectomy 
technique, and underlying renal impairment. On the other hand, there is no evidence 
that taking aspirin or nonsteroidal anti-inflammatory drugs increases the likelihood 
of postpolypectomy bleeding [66]. According to the guidelines from the American 
Society of Gastrointestinal Endoscopy, individuals having endoscopic treatments may 
not necessarily need to stop taking aspirin or nonsteroidal anti-inflammatory medi-
cines. The underlying indications for clopidogrel’s use as well as the potential dangers 
associated with the scheduled surgery must be taken into consideration while making 
decisions regarding stopping the medication.

5. Management of complications related to colonoscopy

5.1 Patient management

Any patient who encounters a problem needs to be attended to right away by 
skilled medical professionals, who frequently comprise a multidisciplinary team 
including surgeons, interventional radiologists, and endoscopists. Typically, surgical 
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consultation is recommended as well. Patients should be admitted right away to an 
institution that is prepared to handle problems that do not respond to urgent colo-
noscopic care. These complications may need medical, surgical, radiologic, or other 
therapies [67]. While many complications in medical procedures are inevitable, some 
do result from errors in healthcare. In recent times, there has been a growing focus 
on providing patients with information about medical mistakes. These mistakes are 
described by the Institute of Medicine as either the failure to carry out a planned 
action as intended or the use of an incorrect plan to achieve a goal. Studies indicate 
a disparity between patients’ expectations regarding the disclosure and apology for 
medical errors and the actual proficiency of physicians in effectively communicating 
such errors. Consequently, numerous institutions are adopting policies mandating 
the disclosure of medical errors. Since 2001, the Joint Commission has enforced a 
requirement for hospitals and healthcare organizations to disclose “unanticipated 
outcomes” as an integral part of their accreditation standards [68]. Quality improve-
ment initiatives should make targeted attempts to recognize adverse events occur-
ring within 30 days following colonoscopy. Thorough evaluations of all potential 
issues should be carried out and deliberated among healthcare professionals in a 
structured environment focused on improving quality, such as a death and morbid-
ity conference. This platform should facilitate open discussions among physicians 
about the procedure, enabling the identification of any aspects of care that could 
be enhanced. Additionally, these conferences serve to pinpoint systemic issues that, 
when addressed, can contribute to an improvement in the overall quality of care [69]. 
Both the patient group and the kind of operation being done have an impact on the 
likelihood of problems.

5.2 The function of specialized organizations is to minimize complications

Specific risk factors for problems are hard to identify for a particular endoscopist 
or small team of endoscopists because of the uncommon nature of problems and the 
diverse patient demographics. As a result, although each endoscopist is accountable for 
their own patient care, the entire group of endoscopists is collectively responsible for 
setting practice guidelines that maximize the advantages of colonoscopy and reduce 
the risk of damage to any patients. One example is the controversial and evolving topic 
of managing antithrombotic medications (such as warfarin, clopidogrel, and aspirin) 
during the time of a colonoscopy. Professional associations for gastroenterology have 
updated their guidelines in response to new data on the risks of blood clot-related 
events versus the hazards of bleeding problems from discontinuing antithrombotic 
medical care [70]. Specialized societies in gastroenterology have proactively engaged 
in educating their members about recognized issues and the corresponding corrective 
measures. They have also been involved in formulating and revising guidelines for the 
reprocessing of endoscopes and associated equipment. It is essential for these specialty 
societies to persist in promoting rigorous standards for endoscopist training and 
supporting ongoing research aimed at preventing complications arising from colonos-
copies [71]. Patents related to the colonoscopy are given in Table 1.

6. Conclusion and future scope

Artificial intelligence (AI) is becoming more widespread, and its application to 
healthcare is developing quickly. AI is being investigated widely in the field of cancer 
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screening to help interpret imaging tests such as mammography for breast cancer 
and colonoscopy for colorectal cancer. The overall number of adenomas found did 
increase as a result of the screening procedure’s implementation of computer-aided 
diagnosis (CAD). However, the main cause of the increase was the discovery of 
much smaller growths, which are less likely to become cancer. With the development 
of imaging technologies, there is a possibility that the number of small adenomas 
detected would rise. This could potentially harm the cost efficiency of colonoscopy by 
raising the costs related to polypectomy and pathology, without necessarily enhanc-
ing its effectiveness. A possible strategy in addressing this advancement is to overlook 
small adenomatous lesions, yet the inherent capability of colonoscopy lies in its 
ability to identify and remove precancerous lesions simultaneously. Another option 
would involve identifying and eliminating small adenomas, coupled with broaden-
ing the category of adenomas deemed low risk. This could lead to longer intervals 
for postpolypectomy monitoring, possibly up to 10 years or more, particularly if the 
examination includes thorough removal of even the tiniest and flattest lesions. The 
expense associated with evaluating pathology for very small polyps is considerable, 
and the primary purpose of pathologically assessing polyps measuring 5 mm or less is 
to determine postpolypectomy surveillance intervals. If effective methods for exam-
ining polyp tissue in actual time were developed, it would be possible to remove or 
cut out small polyps and discard them. Afterward, follow-up monitoring after polyp 
removal could depend on immediate endoscopic assessment of tissue characteristics. 
The significant financial benefits from this progress would enhance the overall cost 
efficiency of colonoscopy and polypectomy in comparison to other imaging methods 
[72]. The extent to which anesthesia specialists participate in colonoscopy sedation 
will significantly influence the overall cost-effectiveness of colonoscopy in compari-
son to alternative diagnostic imaging strategies. In the coming years, colonoscopy 
is expected to be the favored diagnostic method for people with positive screening 
results and those displaying symptoms strongly suggestive of colorectal cancer. These 
symptoms may include hemochromatemia, deficiencies in iron, and melena, particu-
larly when an upper endoscopy reveals no abnormalities [73]. Hence, the exploration 
of any potential progress in addressing the factors contributing to interval cancers is 

Sr. no Title Patent number

1 Methods, systems, and media for simultaneously monitoring colonoscopic 
video quality and detecting polyps in colonoscopy

US10861151B2

2 Kit comprising an osmotic laxative and a stimulant laxative for preparing the 
colon for virtual colonoscopy

EP1976520B1

3 Hydro-colonoscopy combination system US20130245380A1

4 Crohn’s disease assistant diagnosis system and method under a kind of 
colonoscopy based on deep learning

CN109615633A

5 Ulcerative colitis assistant diagnosis system and method under colonoscopy 
based on deep learning

CN109447987A

6 Edible semi-solid composition for use in patients undergoing endoscopy 
including colonoscopy

US20190298757A1

7 Method and apparatus for real-time detection of polyps in optical 
colonoscopy

EP3479348B1

Table 1. 
Patent search analytical report.
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deemed worthwhile. As mentioned previously, the widespread adoption of strategies 
to enhance the effectiveness and safety of colonoscopies, coupled with advancements 
in colonoscope technology, is expected to strengthen the role of colonoscopy as a lead-
ing primary screening method compared to emerging imaging technologies. Beyond 
readily attainable improvements, it is important to note that colonoscopy is evolving, 
and innovations in imaging and potential insertion platforms could further enhance 
its efficacy and cost-effectiveness [74].
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