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The editors collectively dedicate this book to all diagnostic 
radiographers (radiation technologists/medical radiation 
technologists) who perform CT colonography or who will be 
doing so in the future. Your professional approach to service 
delivery to asymptomatic and symptomatic patients underpins 
successful imaging of the colon for prevention and management 
of colorectal cancer.

On a personal note…

Joel Bortz dedicates this to his children and seven 
grandchildren.

Aarthi Ramlaul dedicates this to her husband and two sons.

Leonie Munro dedicates this to her family and two grandsons.

Joel H. Bortz, Aarthi Ramlaul, and Leonie Munro.
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I am delighted to introduce this book which is written by leaders in the field 
of teaching and training of CT colonography. This is now established as a 
mainstream investigation in all pathways aimed at detecting colorectal cancer 
and its precursors.

Although colorectal cancer is one of the deadliest cancers, it remains 
one of the most treatable if detected at an early stage. This requires the 
expansion of necessary capacity, which is best facilitated by large radiog-
rapher provided services. Scrupulous attention to consistent high-quality 
preparation, distention, and procedural modifications, based on interpreta-
tion of the images during the scan, is required. When performed to the 
highest standards, CTC performance has been validated as equivalent to 
the previous gold standard of optical colonoscopy and has the potential to 
save lives with its greater safety profile and patient acceptability. All these 
facets are comprehensively addressed in this book. The technical and pro-
cedural aspects of CTC are discussed in consistent, standardised terms 
within a methodical framework which will embed best practice in all stu-
dents of this text.

This publication discusses the role of CTC in colorectal cancer diagno-
sis, other incidental colorectal diseases, extracolonic findings and screen-
ing. Additionally, new chapters on the role of CTC for incomplete and 
failed colonoscopy, and opportunistic screening broaden the remit of the 
advanced practice radiographer with an encompassing view of the patient 
pathway and extracolonic findings. A new chapter on audit appropriately 
underscores the importance of radiographer involvement in the quality 
assurance of their service, and new chapters on PET, dual energy CT, 
photon counting CT, and AI will equip the reader for current and future 
developments.

Since the last edition radiology practice has evolved: an expanding 
radiographer scope of practice has increased for those involved in the 
reporting of CTC scans. The structure of this book should encourage even 
greater numbers of the profession to take on this important responsibility. 
By doing so, radiographers ensure one-stop staging with rapid escalation of 
positive cases to endoscopy and multidisciplinary team meetings for the 
benefit of patients.
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Whether the reader of this book is responsible for delivering high-quality 
examinations, the whole pathway, is a service lead, or is a healthcare profes-
sional within colorectal cancer services curious about the technology, this 
book provides a comprehensive guide supporting the delivery of quality, 
early diagnosis, and improved colorectal cancer survival.

Ingrid Britton
Royal Stoke University Hospital

Stoke-On-Trent, UK 
Midlands Academy

London, UK
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The increasing use of computed tomography colonography (CTC), also 
known as virtual colonoscopy, as the preferred imaging modality, coupled 
with an ongoing shortage of radiologists, adds to an already burdened radiol-
ogy workload. Hence, diagnostic radiographers, who have a key role within 
the imaging team in the United Kingdom’s National Health Service (NHS) 
and are skilled in their practice, are becoming increasingly responsible for 
patient pre-assessment, informed consent, and performing CTC examina-
tions. Those radiographers who have received advanced training are provid-
ing a preliminary descriptive report of the images, thus being involved in 
image interpretation and reporting of CTC images.

Following the success of the first edition of this text, the editors are pleased 
to offer this new, updated second edition of this textbook aimed at supporting 
radiographers in this extended role, and once again filling the gap in this mar-
ket. The aim of this new edition remains to provide radiographers with a 
platform, on all aspects of CTC, in order to support them in their extended 
scope of practice. When ‘radiographer’ is used within the text, we are refer-
ring to diagnostic radiographers/radiation technologists/medical radiation 
technologists who practise within this extended role.

The editors and authors are leaders in the field of radiography practice and 
education. Dr. Joel H. Bortz, gastrointestinal (GI) radiologist and lead author, 
has performed more than 10,000 CTC examinations over the past 17 years. 
Collectively, the editors have put together these chapters, which serve as both 
a learning package and a toolkit in CTC performance and image interpreta-
tion. All chapters have been updated to include current and future projected 
developments within CTC performance and image interpretation and takes 
into account the learning derived during the Covid-19 pandemic and the 
increasing use of artificial intelligence (AI) in radiography.

The text is suited to and aimed at radiographers globally, who wish to train 
to take on this extended scope of practice, and those who are currently per-
forming CTC examinations in practice. In addition, undergraduate and post-
graduate radiography/radiation technology students will benefit from using 
this as a reference or core text in gastrointestinal imaging. Furthermore, the 
scope of the text may appeal to trainee radiologists as well as nurses working 
within medical imaging.

The overall strength of the text lies in the presentation and discussion of a 
vast range of 2D and 3D images of normal anatomy as well as the most com-
mon pathologies seen in CTC. Each chapter includes helpful signposting and 
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key take away messages that are focused on the essential elements that per-
tain to CTC.  Each chapter includes a list of references which serves as a 
source for further reading and adds to the learning experience for readers. The 
text opens with an introduction which sets the scene and acts as a guide for 
the chapters that follow.

There are two critical components to achieving a successful CTC exami-
nation: an adequately prepared bowel and good distension of the colon with 
carbon dioxide (CO2). Patients must therefore fully understand their respon-
sibilities for bowel preparation. This requires that oral and written instruc-
tions are clear, readable, and easily understood by all patients including those 
with communication impairments. Communication is therefore pivotal, and 
the chapter on communication gives guidance on patient-centred communi-
cation before, during, and following a CTC examination.

It is the responsibility of a radiographer performing CTC examinations to 
ensure that patients have been provided with adequate, comprehensive infor-
mation, including benefits and related risks, to enable informed consent to be 
established. The chapter on informed consent discusses duty of care and the 
role and responsibilities of a radiographer in the information-giving and 
consent- gaining process. The chapter also presents a current dilemma in the 
consenting process relating to the use of AI in CTC procedures and subse-
quent decision-making regarding diagnosis and patient management.

A chapter on the principles of computed tomography is included again, 
but this time there is discussion about the science of CT including hybrid 
imaging and dual-energy CT. Student radiographers study this subject as part 
of their undergraduate course of study and need to be familiar with the con-
cepts discussed. Radiographers with years of experience would be gently 
reminded about the science behind these technologies.

Due to the increasing number of CT examinations being performed, radia-
tion doses associated with CT examinations have become a popular topic of 
debate. Chapter 5 provides an insight into the principles of radiation dose and 
explains the concepts of effective dose and diagnostic reference levels in CT 
and CTC imaging.

Chapter 6 describes various options for dose optimisation in CTC in 
response to the increased awareness of radiation dose contributed by radio-
logical studies, especially CT examinations. The techniques discussed are not 
unique to CTC, however, and can be applied for optimisation of various scan 
protocols.

Chapter 7 reviews the development of CTC as a diagnostic tool, evaluates 
current guidance, and discusses the future of CTC. As CTC is a minimally 
invasive procedure, which involves the administration of air, intravenous 
injections and contrast media, patient safety must be considered first and 
foremost throughout the examination.

Chapter 8 focuses on the role of contrast media in CTC including the types 
of contrast media, the usage, allergic reactions, and issues of patient safety. 
Cathartic bowel preparation and tagging agents are pivotal in CTC. For a suc-
cessful study, it is important that a clean bowel is well distended and that 
residual fluid is tagged. Chapter 9 focuses on patient preparation, including 
bowel preparation, the role of tagging and methods of colonic insufflation. 
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Over the years, there have been several changes to the technique used in per-
forming CTC examinations, and Chap. 10 is focused towards providing 
detailed step-by-step guidance on conducting a CTC examination as seen 
currently as best practice.

Chapter 11 teaches the normal anatomy of the colon as seen on 2D and 3D 
CTC images to facilitate accurate image interpretation. In order to be able to 
identify image appearances of pathologies, it is essential to know what nor-
mal anatomy looks like first. Similarly, it is important to be knowledgeable of 
normal image appearances as certain imaging artefacts or pitfalls in imaging 
may produce images which may mimic a pathology. Commonly encountered 
traps and artefacts are discussed in Chap. 12.

An extensive range of images demonstrating pathologies can be seen in 
Chaps. 13–17 which cover internal haemorrhoids and other anorectal lesions; 
the different types of polyps; the adenoma-carcinoma sequence; management 
and treatment of colon cancer; diverticular disease and lipomas.

During CTC procedures, intra-abdominal and pelvic organs are visualised 
and extracolonic lesions may be identified. While the majority of these lesions 
are not considered to be of clinical importance, the potential benefit of detect-
ing an extracolonic lesion is of high clinical relevance which can benefit the 
patient through early detection and subsequent intervention. Chapter 18 
explains the significance of extracolonic findings in CTC screening.

Chapter 19 is a new chapter which focuses on metabolic-associated fatty 
liver disease, previously known as non-alcoholic fatty liver disease. This dis-
ease is of concern globally and CTC allows for visualisation of the liver, as an 
extracolonic organ, during CTC imaging.

Chapter 20 is a new chapter which focuses on the role of CTC in incom-
plete or failed optical colonoscopy and the reasons for incomplete or failed 
optical colonoscopy procedures are discussed.

Chapter 21 offers good practice guidance in CTC reporting. Reporting of 
CTC must be undertaken by competently trained practitioners, i.e. either a 
radiologist or trained radiographer.

With the increasing incidence of colorectal cancer, it is important to be 
aware of the role of complementary imaging in supporting CTC. Chapters 22 
and 23 evaluate, respectively, the role of ultrasound and magnetic resonance 
imaging, and the role of nuclear medicine, in the management of colorectal 
pathology.

Chapter 24 explores the responsibility and accountability of radiographers 
within a practice framework and the possible consequences of failing to pro-
vide a duty of care, and practice, at the required standard.

Chapter 25 is a new chapter which focuses on AI and machine learning in 
cross-sectional imaging. The use of AI in radiography practice is increasing 
significantly, and this chapter discusses the potential impact of AI in radiog-
raphy and ethical considerations pertaining to the use of AI. The chapter also 
provides an overview of AI-enabled image interpretation in cross-sectional 
imaging, particularly in CTC.

Chapter 26 is a new chapter which focuses on the principles and dose, 
related to the use of dual-energy CT. The science of dual-energy CT and pho-
ton counting, which are relatively recent advances in CT imaging, are 
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explained. The benefits that these applications offer to CT scanning are 
described.

Chapter 27 is a new chapter focused on the application of audit principles 
and offers good practice guidance for planning and conducting CTC audits 
and using audit data to implement changes in practice.

In keeping with the ethos of learning and applying knowledge and under-
standing of the information presented within the text, Chap. 28 provides an 
opportunity for readers to self-assess their knowledge and engage their criti-
cal thinking abilities by writing a preliminary report based on case samples. 
Recommended answers are provided for you to check your responses. Use 
this exercise as a learning activity to draw comparisons, learn from them and 
develop a deep approach to learning.

Lastly, a brief glossary is provided at the end for terms that may appear 
confusing within the text.

We wish you well in your extended scope of practice as a GI radiographer 
undertaking CTC, and we hope you find this revised edition a helpful and 
useful resource in your continued learning and practice.

Los Angeles, CA Joel H. Bortz  
Buckinghamshire, UK  Aarthi Ramlaul  
Durban, South Africa  Leonie Munro  
November 2023
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1Introduction

Joel H. Bortz

Several reasons led to writing this second guide 
for radiographers on computed tomography colo-
nography (CTC) performance and image inter-
pretation. Since 2005 several studies have been 
undertaken to evaluate radiographers’ competen-
cies in interpreting CTC images [1–5]. Literature 
reports that the implementation of training and 
education for role extension and advanced prac-
tice for radiographers has reduced backlogs in 
some countries [6–9]. Artificial intelligence (AI) 
is used for detection of colon polyps [10]. 
Machine learning is a subset of AI and is used to 
differentiate benign and premalignant colorectal 
polyps at CTC [11]. In 2020, a joint statement 
was published by the International Society of 
Radiographers and Radiological Technologists, 
and European Federation of Radiographer 
Societies in terms of AI training and protocols for 
radiographers [12]. Advanced imaging tech-
niques for colorectal cancer (CRC) include dual 
energy computed tomography (DECT) [13, 14].

In 2014, the British Society of Gastrointestinal 
and Abdominal Radiology (BSGAR) and The 
Royal College of Radiologists, in their publica-
tion on the guidance on the use of CTC for sus-
pected cancer [15], stated that barium enema 
should be replaced by CTC as the imaging modal-
ity of choice for patients with suspected CRC. 
According to them, the number of CTC examina-

tions has increased, which has added to an already 
burdened radiology workload. In many United 
Kingdom (UK) centres, radiographers are respon-
sible for patient pre-assessment, informed con-
sent, and performing CTC examinations; those 
who have received training make a preliminary 
reading of the images. The aim of this book is to 
present a guide which addresses the needs of 
radiographers. Being a guide, the focus is on the 
basics of CTC. We have included a range of nor-
mal CTC images of the colon. Images of pathol-
ogy seen at CTC, including extracolonic findings 
and bone mineral density for osteoporosis screen-
ing, are presented. These examples are not exhaus-
tive. In keeping with the basics of CTC we have 
attempted to cover the most common pathologies 
seen at CTC examinations.

CTC is used for CRC screening. Literature 
reports that younger adults are presenting with 
colon cancer [16–20]. In 2020, the American 
Cancer Society [21] recommended that CRC 
screening in average risk people should com-
mence at 45 years and no longer at 50 years; in 
May 2021 the US Preventive Service Task Force 
[22] also recommended that the age of CRC 
screening should start at 45 years and continue 
until 75  years of age. It may be continued to 
85 years if requested by patients who are in good 
health with a good life expectancy. In the UK, 
since April 2021 a phased screening model has 
been adopted to gradually reduce the age from 
60 years to 50–59 years in England, Wales and J. H. Bortz (*) 
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Northern Ireland; screening in Scotland com-
mences from age 50  years [23]. In the UK, 
Australia, New Zealand, and Denmark, for exam-
ple, there has been a rapid increase of CRC 
among young adults [16, 17, 19, 24]. According 
to Exarchakou et al. [19], such cancers in the UK 
have been traditionally right-sided, especially in 
affluent young adults.

Guidelines for CRC screening include those 
that are of average, increased or high risk of 
developing CRC in terms of testing frequency 
[21]. Average risk is defined as having (a) no per-
sonal or family history of CRC, (b) no personal 
history of inflammatory bowel disease such as 
ulcerative colitis or Crohn’s disease, and (c) no 
previous abdominal or pelvic region radiation 
treatment. Screening for CRC in increased risk 
people should start at 40 years and should include 
persons that have (a) had previous CRC, (b) 
inflammatory bowel disease, (c) a strong family 
history of CRC, and (d) had radiation to abdomen 
and pelvis. People who are at increased risk usu-
ally require colonoscopy more frequently. Apart 
from CTC and optical colonoscopy (OC), there 
are stool-based screening tests. The UK bowel 
screening programme uses the FIT test. It is the 
high sensitivity faecal immunochemical test. 
According to Pickhardt [25], it is important to 
consider the sensitivity of available screening 
tests for detecting relevant lesions. He reports 
that CTC in general rivals OC, and for advanced 
adenoma it is higher when compared to various 
stool and serum-based tests.

In 1993, the first virtual colonoscopy (VC), 
also known as CTC, was performed by David 
Vining from Wake Forest University Health 
Sciences. It took 60 s to scan the patient using a 
single-slice helical scanner. Data-processing of 
the fly-through study took 8 h [26]. Today with 
multi-detector scanners, and powerful comput-
ers, it takes a few seconds to acquire data, which 
are processed in real time. The 10  year period 
from 1993 to 2003 showed minimal support for 
CTC, due to poor results compared with OC. A 
2003 ground breaking publication by Pickhardt 
et  al. [27] resulted in CTC being brought into 
mainstream CRC screening [28]. During that 
timeframe several changes were made to bowel 

preparation, tagging, air insufflation, and radia-
tion risks, respectively. Magnesium citrate has 
replaced sodium phosphate. The latter was with-
drawn from the market due to reports of phos-
phate nephropathy. Faecal and residual fluid 
tagging was introduced. Residual stool is tagged 
by 2% w/v barium sulphate, and at the same time 
it lightly tags the surface of polyps as well as flat 
lesions [29]. Tagging of fluid is accomplished 
using iohexol (Omnipaque), which is ingested to 
stain any residual fluid white. This allows for 
easier observation of any submerged lesions. 
The amount of iohexol has been reduced from 75 
[30, 31] to 50  cc [25]. The use of automated 
pressure- controlled CO2 (carbon dioxide) insuf-
flation, instead of room air has resulted in better 
distension of the colon. Furthermore, CO2 is 
more comfortable for patients: there is less post 
procedure distension and pain compared to the 
use of room air [32, 33]. CO2 is rapidly absorbed 
across the intestinal mucosa, which results in 
rapid decompression of the colon without the 
passing of flatus. Supine and prone studies are 
the two standard views performed; a right lateral 
decubitus scan (a third view) is also performed 
when there is poor colon distension, especially 
of the rectosigmoid region. This may occur in 
patients with diverticular disease. Which study 
do most patients prefer? The vast majority prefer 
CTC over an OC examination; only a minority 
opt for OC [34].

CRC is the second leading cause of death 
worldwide. According to the World Health 
Organisation [35] in 2020, the third most com-
mon site of cancer was CRC. It is the third most 
common cancer diagnosed in both women and 
men in the USA [36]. The American Cancer 
Society [36] estimated there would be 104,270 
new cases of colon cancer, and 45,230 new cases 
of rectal cancer in 2021. CRC was expected to 
cause approximately 53,000 deaths in 2021. 
There has been an overall decline in the incidence 
of CRC as well as deaths in the USA; this has 
been attributed to CRC screening and removal of 
potentially harmful polyps [37]. However, deaths 
from CRC among people younger than 55 in the 
USA have increased 1% per year from 2008 to 
2017 [36].

J. H. Bortz
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When a new screening test is assessed the fol-
lowing criteria are used: diagnostic performance; 
procedural risk; patient acceptability; and cost- 
effectiveness. OC has for many years been con-
sidered the gold standard in CRC screening. 
Recent publications have cast doubt on this state-
ment [25, 38, 39]. For CTC, an argument can be 
made that in terms of these criteria it meets or 
exceeds OC as a CRC screening test [25, 39]. 
CTC has shown high sensitivity for clinically rel-
evant polyps, either comparable to or superior to 
OC. Its sensitivity may exceed that of OC, pos-
sibly due in part to improved detection of right 
sided lesions [39]. The high specificity of CTC 
has resulted in high positive predictive value 
(PPV) [40]. Advanced neoplasia yield is equiva-
lent to primary OC even though less than 10% of 
cases are referred to polypectomy [41]. CTC is 
effective for the diagnosis of relevant flat lesions 
[42]. CTC is also a useful examination in pre- 
and post-surgical evaluation of patients with 
CRC [43, 44].

OC is used for screening of CRC, and for 
diagnostic and therapeutic procedures. Patients 
may be referred for CTC following a failed or 
incomplete OC. In view of this a brief discussion 
of OC-related complications is presented. Since 
the introduction of OC in the early 1970s, its use 
expanded to the level of 14 million patients by 
2004 [45]. Even though the overall rate of serious 
OC-related complications remains low, namely 
0.1–0.3% (1 in a thousand to 3 in a thousand), the 
number of individuals affected is considerable 
[46]. For example, the OC perforation rate for 
screening CRC is 0.1% which translates into 
14,000 cases per year. For diagnostic or therapeu-
tic OC, the complication rate doubles. Direct 
mechanical trauma may be caused by injury from 
the end of the endoscope, or from the abrasive 
effect of the side of the scope as it is advanced or 
withdrawn. An OC-related complication is shown 
in Fig. 1.1a, b.

Another mechanism of injury occurs due to 
traction on areas of colonic attachment. 
Barotrauma secondary to colonic distension may 
occur when pressures exceed 140  mmHg. This 
typically occurs on the right side of the colon, 
particularly in the caecum [47]. Perforation of the 

colon may be intraperitoneal and/or extraperito-
neal. Perforation is most commonly in the sig-
moid colon due to acute angulation at the 
rectosigmoid junction. Figure 1.1c–e show air in 
the abdomen. Intraperitoneal air results from per-
foration of the transverse colon, sigmoid colon, 
or caecum. Occasionally, the gas leakage may be 
confined to the mesocolon. Symptoms and signs 
of free perforation into the peritoneal cavity 
include persistent abdominal distension, pain, 
subcutaneous emphysema, and fever. Perforation 
of the ascending colon, descending colon and 
rectum will more likely cause extraperitoneal air 
due to the retroperitoneal location of these 
colonic segments. Large extraperitoneal gas leaks 
may spread to the subcutaneous tissues, leading 
to subcutaneous emphysema, and into the thorax, 
which may lead to pneumomediastinum, pneu-
mopericardium, and pneumothorax. Figure  1.1f 
is an example of free air in the abdomen, thorax, 
and neck. Supine and erect radiographs of the 
abdomen may be negative if the gas is subtle or 
loculated within the mesentery or is extraperito-
neal [48, 49].

Polypectomy is the most common cause of 
perforation in the therapeutic side of OC where 
the rate doubles compared to screening colonos-
copy. Perforation is the result of a through-and- 
through injury related to the act of polyp removal. 
A vast majority of such perforations result in 
operative repair. A recent approach is to repair 
the perforations with endoscopic clips [49]. 
Polypectomy may cause haemorrhage in 2.7% of 
patients [50]. Bleeding may result from haema-
toma in the wall of the colon or haemorrhage into 
the lumen of the colon.

Polypectomy syndromes may be subdivided 
into (1) postpolypectomy distension syndrome, 
and (2) postpolypectomy coagulation syndrome. 
The former is applied to patients with severe 
abdominal pain with a rigid abdomen, and where 
the evaluation for perforation and haemorrhage is 
negative. The latter occurs after electrocautery of 
large sessile polyps at colonoscopy. It is caused 
by a transmural burn extending through the wall 
of the colon, often into the adjacent mesentery 
[51]. This syndrome is only seen in 1% of cases. 
Patients develop severe abdominal pain with 
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a b

c d

e f

Fig 1.1 (a) 3D view of contained perforation of rectum 
(open black arrows). (b) 2D axial view shows contained 
perforation and calcified faecalith (white arrow) and rectal 
catheter (white circle). (c, d) Unsuspected colonic perfo-
ration at incomplete optical colonoscopy diagnosed at 
same-day diagnostic CTC.  Extra luminal gas extending 
along the sigmoid mesentery and superiorly along the ret-
roperitoneal fascial planes: sagittal view (c), axial view 

(d), and coronal view (e). (f) Chest radiograph of a patient 
post-optical colonoscopy in whom a perforation of the 
sigmoid colon occurred. Note air in the soft tissues of 
neck (open white arrows); shallow pneumothorax on the 
right (closed white arrow); pneumomediastinum (closed 
blue arrow); pneumopericardium (white and blue arrow); 
air under the diaphragm (open yellow arrow); air around 
the right kidney (closed black arrow)
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peritoneal signs and fever, usually 1–5 days after 
the procedure. Abdominal radiographs are usu-
ally negative. The syndrome is usually self- 
limited. It is treated conservatively with bowel 
rest and antibiotics.

Splenic injury, in the form of laceration or 
rupture, is a serious complication [52] and is 
probably a lot more common than has been 
reported [53]. There may be direct trauma to the 
spleen leading to capsular avulsion. In patients 
with an acutely angled splenic flexure, there may 
be direct pressure on the spleen by the colono-
scope. If stretching of the colon occurs during 
OC, there may be excessive traction or torsion on 
the phrenicocolic ligament causing a capsular 
tear.

The presence of diverticular disease is com-
mon in older patients. Occasionally, patients may 
develop acute diverticulitis after colonoscopy. 
Patients present with left iliac fossa pain and 
fever a few days post colonoscopy. CT findings 
are typical with colonic wall thickening, pericolic 
inflammatory change, and fatty infiltration. Other 
complications that occur as a result of colonos-
copy include bowel obstruction, appendicitis, 
cathartic and chemical colitis, and thoracic com-
plications following extraperitoneal perforation 
of the colon. Complications following sedation 
tend to occur in the older age group where a com-
bination of intravenous (IV) benzodiazepine 
(Midazolam) and an IV narcotic pain medication 
(fentanyl) may depress cardio- pulmonary move-
ment. Of fairly recent origin is the transmission 
of infection via incompletely sterilised colono-
scopes. Incomplete cleaning and sterilisation of 
the colonoscope may cause infection, such as 
hepatitis B and C, and HIV [54, 55]. A new sterile 
disposable catheter is used for each patient under-
going a CTC examination.

In May 2020, a joint guidance on performing 
CTC in the early recovery phase of the Covid-19 
pandemic was issued by the British Society of 
Gastrointestinal and Abdominal Radiology 
(BSGAR), and the Society and College of 
Radiographers (SCoR) in order to restart CTC 
services [56]. According to Moreno et  al. [57], 
CTC is a socially distanced and minimally inva-
sive study with a very low risk of transmission of 

infection hence is the preferred screening test 
compared to OC during the Covid-19 pandemic. 
Peprah et al. [58] reported that none of the 224 
patients that had CTC examinations during May 
and July 2020 acquired Covid-19 infection. None 
of the 86 staff developed Covid-19. They empha-
sise that the steps in the BSGAR and SCoR 
guidelines [56] were adhered to.

CTC is a minimally invasive, fast, safe, and 
accurate screening examination for CRC [59]. It 
also allows evaluation of structures outside the 
colon. When compared with OC, the risk of per-
foration at CTC is virtually zero. A 168 cm semi- 
flexible colonoscope is used for OC studies, 
whereas a sterile small disposable rectal catheter, 
which is connected to an insufflator, is used in 
CTC. CTC does not have a bleeding complica-
tion. No sedation is required thus there are no 
complications of sedation-related events. Costs 
related to CTC are significantly less than for OC, 
even after costs of investigation of extracolonic 
findings (ECFs) are factored in [60]. A paper 
published in September 2015 underscores that 
CTC is a cost-effective screening test for CRC 
compared to OC [61]. According to Pyenson 
et al. [61], CTC was 29% less expensive than OC 
for the Medicare population in the USA in terms 
of screening for CRC. The US Preventive 
Services Task Force recommends screening 
should be done until the age of 75  years. The 
American Gastroenterological Association 
(AGA) and the ACG are silent in terms of maxi-
mum screening age, and Medicare sets no upper 
age limits [62]. In view of CTC meeting screen-
ing test criteria, Pickhardt has a mantra which 
says CTC is ‘better, faster, safer and cheaper than 
optical colonoscopy for colorectal cancer screen-
ing’ [63]. He emphasises a successful CRC 
screening programme is underpinned by excep-
tional quality assurance [25]. He underscores that 
every part and technical component of a CTC 
examination is interconnected. In other words, 
any weak link in a CTC examination chain will 
impact negatively on the final outcome [25].

Literature reports that CTC should include 
opportunistic screening for osteoporosis [64]. 
The role of CTC in bone mineral density (BMD) 
is presented in this book. Screening CTC includes 
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visualisation of the colon and extracolonic struc-
tures. It includes visualisation of the liver as an 
extracolonic organ, and unenhanced images of 
both the liver and spleen [65]. The respective CT 
attenuation values (Hounsfield units) of these two 
organs can be compared. CT can easily differen-
tiate and quantify visceral and subcutaneous fat; 
liver fat (steatosis) can also be accurately quanti-
fied. Fairly recent literature has underscored the 
importance of the 25% global prevalence of non- 
alcoholic fatty liver disease (NAFLD) and its 
associated risks [66]. The term NAFLD is how-
ever controversial. Therefore, in keeping with 
global stakeholders’ endorsement, metabolic- 
associated fatty liver disease (MAFLD), instead 
of NAFLD, as an ECF is used in this book [67]. 
Lambe et  al. [68] underscore that colonic find-
ings and ECFs must be reported on.

The bulk of the book comprises performance 
of a CTC, normal anatomy including extrinsic 
impressions on the colon lumen, common pathol-
ogies, for example, internal haemorrhoids and 
diverticular disease, ECFs, potential pitfalls, arte-
facts, and self-assessment questions. As with all 
imaging examinations, patient compliance is piv-
otal in CTC. Patients must thus fully understand 
the bowel preparation instructions and how it 
should be done. They must furthermore be 
informed of their role during the examination 
including the benefits and risks so that an 
informed decision is reached. For this reason, 
topics such as patient-centred communication, 
informed consent, radiation dose, and dose opti-
misation in CTC are addressed by experts in their 
fields. Furthermore, experts in their respective 
fields cover the principles of CT, photon counting 
CT, and hybrid imaging; the role and types of 
contrast media as well as allergic reactions; and 
an overview of CTC in imaging the colon. Since 
CTC is used as a CRC screening tool, chapters on 
the  adenoma-carcinoma sequence,  management 
and treatment of colon cancer, as well as the role 
of other modalities in cancer of the colon, such 
as magnetic resonance imaging (MRI), and F-18- 
fluoro-deoxy-glucose positron emission tomog-
raphy (FDG-PET), are included. CTC, with IV 
contrast media, is discussed in terms of preopera-
tive evaluation of CRC, as well as for tumour, 

node, and metastases (TNM) staging. There are 
chapters on the principles of machine learning/
AI, dual-energy CT (DECT), and clinical audit.

Barium enema (BE) was the mainstay for 
investigation of colon pathology from the early 
1900s to the mid-1970s. In the 1970s, there was a 
decline in the number of BE examinations per-
formed; primarily because fibreoptic  colonos-
copy had gained ground [69, 70]. Literature on 
this topic shows that BE could not match the sen-
sitivity of  colonoscopy for  detection of  polyps. 
Two hundred and  76 double contrast barium 
enema (DCBE) radiology and pathology reports 
were reviewed in 2006 to determine the number 
of patients who had polypoid lesions 10 mm or 
larger, polyps <10  mm, or advanced neoplastic 
lesions of any size. DCBE performed in average- 
risk adults older than 50 years had a diagnostic 
yield of 5.1% for neoplastic lesions 10  mm or 
larger and 6.2% for advanced neoplastic lesions, 
regardless of size [71]. Since 2003, 
CTC    has  steadily proven to be  the  pre-
ferred  imaging modality for  the diagnosis of 
colon cancer. In a multicentre randomised study 
on symptomatic patients for diagnosis of polyps 
and  CRC,  the findings  were that CTC detected 
more polyps and cancer than DCBE [72]. This 
led the researchers to recommend that CTC 
should replace DCBE as the preferred radiologi-
cal  test for a patient with symptoms suggestive 
of CRC. In  light of the evidence of a multicen-
tre study [72, 73], BSGAR and the RCR state in 
their  document that BE can no longer be sup-
ported as a suitable radiological investigation for 
patients with symptoms suspicious for CRC [15]. 
The performance of DCBE is inadequate for the 
exclusion  of  CRC. According to Pickhart [25], 
there are very few radiologists that now have the 
expertise to report on DCBE. As such it should 
now be abandoned as a first-line test in patients at 
risk of  CRC and use should be made of CTC 
[74]. In terms of dose justification, the radiation 
dose of DCBE is almost double that of CTC [75].

Given an already worldwide burdened radiol-
ogy workload,  it  could be  argued  that  there 
is a need for radiographers to be trained in pre-
liminary  reading of  CTC  images.  A chapter 
on  reporting CTC studies, including  perti-
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nent medico-legal issues should address radiog-
raphers’ needs in terms of role extension on this 
topic. It is therefore our wish that this book will 
contribute in a profound manner to the role exten-
sion needs of radiographers
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2Patient-Centred Communication 
in Imaging

Leonie Munro

2.1  Introduction

There are three stages in CT colonography 
(CTC): patient preparation; performing the 
study; and interpretation and reporting of the 
study [1, 2]. Although all three stages involve 
patients, it is the first two that are critical because 
patient compliance is pivotal in CTC [2, 3]. 
Patients need to be informed of their responsi-
bilities before and during a CTC study. According 
to the World Health Organisation (WHO) [4], 
radiographers and radiologists should adhere to 
ethics in imaging as well as informing patients 
of the use of ionising radiation (see Chaps. 5 and 
6). Patients should also be informed that artifi-
cial intelligence (AI) and its subset machine 
learning [5, 6] may be used for interpretation of 
CTC data (see Chap. 25).

Each patient needs to fully understand the role 
of diet and bowel preparation to ensure a clean 
bowel as described in Chap. 9. Patients should 
also understand what to do during the study, such 
as breath hold, as described in Chap. 10. This 
entails patient-centred communication, [7] which 
may be defined as ensuring that each patient, 
regardless of socio-economic environments, cul-
tures, and other differences including disabilities, 
is communicated with and not at [7–9].

Communication is interactive; it should not be 
a top down model [10]. For example, patients are 
required to adhere to all steps in the patient prep-
aration stage, and they must understand the 
importance of breath hold and not to move during 
the second stage of a CTC study. We have to 
communicate with patients in both of these 
stages. This seems straightforward, but according 
to Munn and Jordan [11] radiographers need to 
appreciate that patients may experience high lev-
els of anxiety when undergoing high technology 
imaging, such as CT examinations. The findings 
of a systematic review of literature pertaining to 
patients’ perceptions of advanced imaging stud-
ies were that negative experiences during previ-
ous CT examinations can contribute to patients’ 
apprehension when booked for other imaging 
studies [11]. In many instances, patients were 
objectified, which in turn resulted in lack of 
patient-centred communication [11].

Most patients who undergo CTC examina-
tions are 50 years or older; some may therefore 
be hard of hearing or visually impaired and/or 
have mobility problems. Each of such patients 
presents communication challenges. In the 
United Kingdom (UK), over eight million people 
aged 60 years and older have hearing loss [12]. In 
the United States of America (USA) approxi-
mately one in three people between the ages of 
65 years and 74 years has loss of hearing [13]. 
Hearing problems are an important communica-
tion challenge when performing a CTC study 
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because a patient and CTC radiographer cannot 
participate in face-to-face communication during 
scanning. There are over two million people in 
the UK who have loss of vision; the majority are 
65 years or older [14]. It is important that patients 
with loss of vision are able to identify all items in 
the bowel preparation kit, for example.

Seating may be a barrier that can influence 
patient perception. Many elderly people experi-
ence difficulty rising from a chair. We need to 
consider the height of seats in waiting rooms. 
Chairs that are very low are not user-friendly for 
elderly patients [15]. The same applies to the 
height of toilets. These could be challenges for 
patients with mobility problems. Each challenge 
that a CTC patient encounters could result in an 
overall negative perception of the study.

Language barriers need to be considered. 
Some patients may not understand English, for 
example. Many countries in the developed and 
developing world have progressed to multicul-
tural societies, mainly due to rapid migration. 
The result is that there are two communication 
scenarios. When a common language is shared 
face-to-face interpersonal exchanges are not 
problematic as there is a two-way communica-
tion between a CTC radiographer and a patient 
(dyadic exchange). The second scenario is a tri-
adic exchange in which an additional participant, 
an interpreter, is present because the patient does 
not share nor understand the language of the CTC 
radiographer [16]. A point to consider is that 
there could be ethical issues in terms of a patient’s 
right to confidentiality when an interpreter is 
used in a triadic exchange [17]. Research shows 
that it is preferable to use a professional inter-
preter for interventional studies and contrast- 
enhanced imaging studies so that the benefits and 
risks are clearly conveyed to the patient [18]. A 
recent study reported the successful use of a digi-
tal multi-language questionnaire for diagnostic 
imaging examinations to minimise language bar-
riers and adhere to patient privacy [19].

Healthcare professionals should use different 
communication media and materials to ensure 
patient-centred communication is successful. 
Each patient must be treated in a dignified and 
respectful manner. To refer to an elderly hard of 

hearing person as ‘the deaf patient’ would be 
totally unprofessional. As pointed out by Munn 
and Jordan [11], patient perceptions of imaging 
procedures may be positive or negative. Anecdotal 
reports in social media may contribute to patients’ 
perceptions of CTC.

It is the responsibility of diagnostic imaging 
healthcare practitioners to create a positive com-
munication climate to ensure patient compliance. 
Each challenge encountered by a patient contrib-
utes to the overall perception of a CTC experi-
ence. The bottom line is that patients should be 
willing to return for surveillance or screening 
CTC studies as our aim is to prevent colorectal 
cancer. In other words, imaging procedures are 
not limited to the study. All factors that may 
impact a patient’s perception of the entire experi-
ence must be taken into account.

The following abbreviations are used in this 
chapter
• AC: adaptive child
• AI: artificial intelligence
• CP: controlling parent
• CTC: CT colonography
• FC: free child
• NP: nurturing parent
• TA: transactional analysis
• UK: United Kingdom
• USA: United States of America
• WHO: World Health Organisation

2.2  What Is Communication?

There is no agreed universal definition of com-
munication [7]. Some authors define communi-
cation within specific contexts [20–22]. 
Communication frameworks have been presented 
in terms of communication interaction, people, 
and the process itself [7]. According to Weissman 
[23], communication includes ‘an interactive 
process through which there is an exchange of 
information that may occur verbally, nonverbally, 
in writing, or through information technology’. 
Within a medical context Riuz-Moral et al. [24] 
state communication is being able to grasp a 
patient’s communicative style, and then to adjust 
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one’s own style to improve efficiency and satis-
faction for both. It has also been described as the 
tool of information exchange, which is necessary 
(1) to solve health problems, and (2) to create a 
therapeutic relationship, which is necessary to 
manage health problems and gain a patient’s con-
fidence [25].

Several models are used to describe human 
communication. The simplest is the Shannon and 
Weaver model: sender → message → channel → 
noise → receiver [26]. We need to ensure each 
patient fully understands what is required to 
achieve a successful CTC study. In other words, 
it is important that patients follow all bowel prep-
aration instructions, and diet (see Chap. 9). 
Patients need to fully understand that a clean 
bowel and well distended colon are necessary in 
a CTC study. Patients must cooperate with breath 
hold instructions.

How can we determine whether patients 
understand what is required of them? 
Communication should not be unidirectional, but 
should include feedback. The Shannon and 
Weaver model does not address feedback, which 
is essential in patient-centred communication. 
Lasswell’s model moved towards the social pro-
cess of communication: who communicated; 
what was communicated; where was it communi-
cated (context); when did the communication 
happen; and why was there a need for communi-
cation [27]. In terms of this model, we need to 
question how the information was transmitted. 
This brings us to types of communication: top 
down or interactive. A top down approach fails to 
focus on how patients interpret and understand 
the required information for patient preparation. 
Effective communication should lead to patient 
compliance in the first two stages in CTC.

Booth and Manning [28] undertook an explor-
atory study using transactional analysis (TA) to 
investigate radiographer communication with 
patients. TA is a model of psychotherapy under-
pinned by a theory that each individual’s person-
ality comprises three ego-states: the parent, the 
adult, and the child. There are two divisions in 
the parent–ego state: controlling parent (CP) and 
nurturing parent (NP). The ‘adult’ state does not 
include subdivisions. There are two subdivisions 

in the ‘child’: free child (FC) and adaptive child 
(AC). How do these ego-states apply to interac-
tions with patients? A CP interaction is judge-
mental, critical, and prejudicial, for example. A 
type of top-down interaction with patients. An 
NP is supportive and nurturing: patients are 
encouraged during imaging procedures. Adult 
interactions are reality-orientated, organised, and 
objective and show adaptability. Child interac-
tions range from rebellious to manipulative. 
Within a radiography context patients associate 
styles of communication with professional and 
interpersonal competence. Good patient-centred 
competence encompasses informing, explaining, 
instructing, teaching, and being friendly in all 
communication with patients.

2.3  Verbal and Nonverbal 
Communication

We use verbal and nonverbal communication 
[29] in formal and informal interactions. Our 
vocal cords produce sound and spoken words. 
We need to interpret the meaning of words. This 
requires sharing the same language and internal 
references as the speaker. A successful CTC 
study requires that the rectum must be emptied 
of any residual fluid, and this must be conveyed 
to a patient before commencing a CTC study. 
Would all patients understand what a restroom 
means if instructed to go there? Restrooms are 
used in America whereas in South Africa a 
patient would be instructed to go to the toilet or 
lavatory.

Sign language or written forms of communi-
cation could also be used. This is important when 
dealing with patients who are hard of hearing. It 
may at times be necessary to use mime to com-
municate with hard of hearing patients [30], but 
this may not be feasible during CT scanning. 
Other communication methods are needed for 
patients who remove hearing aids during scan-
ning [9]. Prior to commencing a CTC procedure 
an agreed alternate method needs to be practised 
with the patient, for example, a raised arm to 
indicate the patient must not move and must stop 
breathing during scanning.

2 Patient-Centred Communication in Imaging
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Gestures, facial expressions, tone of voice, 
dress code, and posture are forms of nonverbal 
communication [31]. Meaning in communication 
is a combination of verbal and nonverbal informa-
tion. What is important to realise is that gestures 
may be interpreted differently. According to liter-
ature, there is controversy whether some gestures 
are truly pancultural [32] or cultural specific [29, 
33]; also whether gestures, for example, are 
learned or innate behaviour [29]. In complex, 
adult communication, there is much which 
remains unknown [7]. This is further complicated 
by any impairment to normal communication, 
such as deafness, blindness, or mental incapacity 
[8, 9]. Patients who are deaf reported they encoun-
tered communication difficulties and that health 
professionals should take time to learn more about 
the sociocultural aspects of deafness [34].

Both verbal and nonverbal communication are 
in play when communicating with patients. What 
is significant is that most people use gestures 
more than spoken language to communicate. 
Spoken words contribute only a small percentage 
of the meaning of any communication (7%), 
alongside tone of voice and nonverbal behaviour 
[35]. We need to be aware that patients may 
become anxious if they do not hear a modulated 
tone and pitch. CTC patients with vision loss 
present different communication challenges. Use 
of gestures in communication needs to be 
adjusted when communicating with patients who 
have visual impairments. It would be insensitive 
to point to a chair on which the patient should sit 
if the patient has a visual impairment. Clear 
instructions should be given, such as ‘the chair is 
2 m to your right’. In patient-centred communi-
cation, a conscious effort is required by CTC 
radiographers to use mainly spoken language 
when communicating with patients with visual 
impairments. It is important to tell a blind patient 
of your movements. For example, ‘I will adjust 
your position, and then I will leave the room to 
work the CT scanner’ [9]. The height of a chair 
should also be considered, as many older people 
experience difficulties attempting to rise from a 
soft low seat [15]. We need to ensure that chairs 
of suitable heights are available for elderly CTC 
patients in change rooms and the CT suite.

2.4  Sign, Symbols, and Codes

Although some authors do not make a distinction 
between the meaning of signs and symbols [36], 
they are usually taken to mean different things 
[36, 37]. Signs are used in all communication. A 
sign can be anything: a gesture or punctuation 
mark, for example. A sign does not have meaning 
because it stands for something else [36, 38]. 
Let’s consider the colour red, which comprises 
the alphabet letters of r-e-d. These letters on their 
own do not signify anything. Red as a sign can 
stand for many things; as a traffic signal, it is the 
colour that indicates when a driver must stop; it 
could be a figure of speech to indicate being 
angry. According to Danesi [38], semiotics in its 
oldest usage referred to a medical diagnosis 
whereas it now means a science that seeks to 
establish the meaning of a sign. He cites the 
respective works of de Saussure, a Swiss linguist, 
and Peirce, an American philosopher, as under-
pinning the modern-day definition of semiotics. 
The former described a sign as a binary structure: 
a physical part (the signifier) and a conceptual 
part (the signified); the link between them is arbi-
trary. If we return to ‘red’ as a sign, then accord-
ing to him the English names for colours in the 
visible spectrum is a result of a social process to 
distinguish each colour. The Peircean model, 
according to Danesi [38] comprises three rela-
tionships: a sign; concepts, things, gestures, etc. 
which it refers to is the object; and the interpre-
tant is the meaning we get from the sign. Peirce 
identified three types of signs: icons, indexes, and 
symbols. A photograph of a CT scanner, for 
example, is an icon as it resembles the item. An 
index sign is one that indicates a referent: an 
index finger pointing to a place on a map or the 
use of pronouns to refer to specific persons, such 
as me, you, and them [30, 38]. A sign is an index 
when there is causal connection between the sig-
nifier and signified which means that a radiolo-
gist, for example, could on clinical examination 
of a CT patient, who presents with a right-sided 
abdominal pain (signifier), interpret this as pos-
sible appendicitis (signified). A sign is a symbol 
when it can be encoded based on agreement or 
convention. If we consider ‘green’, then accord-

L. Munro



15

ing to Peirce’s sign classification it is a symbol; 
its meaning can be encoded in terms of its use in 
the English language, namely a colour in the vis-
ible spectrum, or a figure of speech to represent 
envy, or it may be used as a symbol for renewal 
and rebirth. For some it may represent to go 
(being given the greenlight).

Signs do not function in a vacuum: they 
require a system to be encoded and decoded. 
Communication requires encoding. Codes are 
necessary to create and interpret messages, and a 
code system comprises an agreed on structure. 
When we converse, we use language as a code 
which requires the signs to be used in a specific 
order for encoding and decoding to occur. Patient 
communication involves codes provided these 
have shared meaning. Language barriers may 
present problems thus shared meaning in a CTC 
context could be a challenge. A patient and a 
CTC radiographer could be from different cul-
tures. Even if both are from a shared culture, 
there could be challenges communicating with 
patients who have hearing or visual disabilities.

2.5  Denotative and Connotative 
Meanings

Littlejohn and Foss [39] caution that shared 
meaning is not guaranteed in communication 
between people with common backgrounds and 
cultures. Patient-centred communication needs to 
be unambiguous [40]. Not all messages are 
understood by all members of a shared social or 
cultural group even though they share common 
backgrounds [39] as each person has personal 
meanings for signs; we all have different life 
experiences based on denotative and connotative 
meanings. We attach denotative and connotative 
meanings to the signs used. A dictionary contains 
denotative meanings; there is an unambiguous 
and very conventional relationship between a 
sign and its referent [38]. When discussing bowel 
preparation with a patient, we could refer to 
cathartic agents, instead of using the word ‘laxa-
tive’. Let’s pause and consider whether this is a 
common word used in everyday communications 
by laypersons. Could other meanings be attached 

to cathartic? Cathartic could be interpreted as an 
emotional ‘cleansing’ which could confuse a 
patient. In other words, there may be several 
denotative meanings of words that we use when 
communicating with patients. To avoid misun-
derstanding, simple words, and not medical jar-
gon, should be used to achieve successful 
patient-centred communication.

We interpret communication subjectively; we 
ascribe connotative (subjective) meanings, such 
as feelings, implications, and associations, to a 
denotative meaning [38]. Each participant when 
communicating attributes denotative and conno-
tative meanings to messages based on life experi-
ences, etc. Patient-centred communication is a 
dynamic complex process [7] which must be 
adapted to meet the needs of each patient. The 
underlying message is that simple, unambiguous 
language should underpin patient-centred com-
munication [41].

2.6  Ensuring a Successful CTC 
Study: Suggested 
Communication Materials 
to Inform Patients of Their 
Responsibilities

We need to cater for the needs of all patients to 
ensure they fully understand their responsibilities 
in CTC examinations. Hardcopy brochures are 
cost-effective provided the font size is not too 
small. Layout should not be busy as some patients 
may think they will not be competent to under-
stand all the information. Text should be simple 
and unambiguous without jargon. Clear diagrams 
should be included. For example, pictures of the 
bowel kit with clear legends. Brochures using 
sign language should also be available.

Audiovisual instructional material could be 
used. For example, patients could be requested to 
watch a DVD or video that covers bowel prepara-
tion and visuals of a CT suite. Information should 
be available on the web. There is software that 
allows one to select a range of languages. The use 
of Apps could be explored to enhance interactive 
communication [42, 43]. Most people have 
access to smartphones or tablets thus information 
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in a range of software options, such as PowerPoint 
presentations, could be used to explain each step 
in bowel preparation. Mobile phone messaging 
reminders could be used especially for hard of 
hearing patients [44, 45]. Ventola [46] recom-
mends that professional healthcare organisations, 
for example, should develop guidelines and poli-
cies to minimise potential risks of breach of 
patients’ data and privacy if social media are used 
to interact with patients.

2.7  CTC Examinations 
and Patient Feedback

Studies of CTC versus colonoscopy indicate that 
patients prefer CTC [47]. A semi-structured 
questionnaire was used in a study in terms of 
patients’ expectations and experiences of barium 
enema, colonoscopy, and CTC [48]. Patients 
were interviewed by telephone by health psy-
chologists within 48 h of the procedures; overall 
patients reported that CTC was the most imper-
sonal test. There was less interaction with the 
clinical staff. Compared with barium enema and 
colonoscopy, the patients reported lack of visual 
feedback during CTC, and inconsistent verbal 
feedback [48]. Based on the results of this study, 
patient-centred communication during and 
immediately after a CTC study may lead to posi-
tive patient perceptions. Similar findings were 
reported by Plumb et al. [49]; they recommended 
the need for clear communication of risks, bene-
fits, procedural experience, and results of 
CTC. Patients must be encouraged to ask ques-
tions so that they understand what their role will 
be during a CTC procedure. They should be 
informed that additional tests may be needed. 
The patients in their study were well-informed in 
terms of risks and benefits of colonoscopy. 
Feedback from patients of their perceptions and 
experiences of the CTC procedure should be 
encouraged. The use of an electronic portal and 
messaging system can be used for feedback from 
patients [50]. A portal-based e-mail can also be 
used for dialogue between patients and radiolo-
gists/radiographers [50].

Clinical audits of patient communication dur-
ing all stages of CTC examinations should be 
conducted as discussed in Chap. 27.

2.8  Readability of Imaging 
Reports

Patients and their family may access their written 
imaging reports. It is therefore important not to 
use complex terms and concepts to ensure achiev-
ing the respective goals of patient-centred care 
and patient-centred communication. In other 
words, simple language should be used in imag-
ing reports so that the text can be understood by a 
layperson [51]. A reporting template is presented 
in Chap. 21.

2.9  Readability of Text 
of Instructions and Informed 
Consent for Patients

It is important that the text of CTC instructions 
for patient preparation, and that of informed con-
sent, is easy to understand. As discussed above, 
the language used must not include jargon. An 
average adult should be able to read and under-
stand the text for bowel preparation, and that of 
informed consent forms, as well as communica-
tion by social media, etc. The readability of two- 
thirds of 75 informed consent forms for research 
studies in a South African study was found to be 
difficult hence not appropriate for an average 
adult with grade 8 level education [52].

As discussed in Chap. 27, the aim of a CTC 
examination is that the entire process should be 
underpinned by best practice standards for opti-
mal patient outcomes. Hence, it is important that 
we should ensure that the content readability of 
digital and hardcopy material for a CTC study is 
of a level that would be understood by all patients. 
There are several methods one could use to deter-
mine the readability of text; one of which is the 
Flesch–Kincaid formula; it was one of the tests 
used in the informed consent study [52]; reading 
score = 206.835 − 1.015 × (total words ÷ total 
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sentences) − 84.6 × (total syllables ÷ total words). 
The two variables are words and syllables in, for 
example, a paragraph. The readability score 
range is 100–0:90–100  =  very easy to read by 
estimated reading grade 5; 60–70 = text would be 
easy to read by an average adult with grade 8 
level education; and 30–0 would be understood 
by college graduates.

There are several online readability calcula-
tors for readability score and grade level. As dis-
cussed above simple words and short sentences 
should be used in patient-centred communica-
tion. This chapter is aimed at radiographers 
hence the readability content should be suitable 
for readers with at least a college level of educa-
tion. For example, according to an online 
Flesch–Kincaid calculator [53] the Abstract of 
this chapter has 172 words and 10 sentences; the 
reading score is 16.7 hence is considered very 
difficult. In other words, it is an academic text 
for college graduates. The readability content of 
CTC instructions for patient preparation should 
have a readability score of between 60 and 70. 
The readability score of instructions to patients 
should therefore be included in a CTC clinical 
audit. The principles of the latter are discussed in 
Chap. 27.

Key Messages
• Patient-centred communication needs to be 

unambiguous.
• Each patient must be treated with dignity and 

respect.
• It is important to speak slowly and to face 

patients when explaining their responsibilities 
in a CTC study.

• It is essential to be knowledgeable of ‘Do’s 
and Don’ts’ when communicating with 
patients with visual impairments or hearing 
impairments.

• Patients should be requested to describe in 
their own words their understanding of CTC 
bowel preparation and diet.

• Patients should be informed that a CTC study 
also includes imaging of organs outside the 
bowel.

• Patients should be informed that there may be 
a need for additional tests.

• It is important that the results of the CTC 
study are communicated quickly to patients.

• Patients should be encouraged to provide 
feedback after their CTC examinations so that 
gaps can be addressed and rectified.

• Communication material should meet the 
needs of every patient.

• Clinical audits of CTC examinations include 
patient communication.

2.10  Summary

Effective communication is the core of success-
ful CTC studies. Patient-centred communication 
should cover risks, benefits, and procedural expe-
riences. Different communication materials 
should be used to meet the needs of patients. 
Patients should be fully informed of their respon-
sibilities to ensure a successful CTC study is 
achieved.
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3Informed Consent

Aarthi Ramlaul and Tracey Gregory

3.1  Introduction

Medical ethics go back thousands of years; the 
learnings we draw today are based on errors of 
great consequence that were made in the past. 
Today medical ethics are presented as agreed 
ethical standards for medicine, research, and 
public health. An example is The Declaration of 
Geneva, produced by the World Medical 
Association [1]. This ‘modern version’ of the 
Hippocratic Oath spells out ethics obligations for 
medical doctors and other healthcare providers, 
including radiographers, to ensure that policy- 
makers and practitioners keep ethics at the heart 
of the decision-making [2].

The key ethical perspective underpinning con-
sent is the principle of autonomy. The Department 
of Health (2009) states that ‘patients have a fun-
damental legal and ethical right to determine 
what happens to their own bodies’ [3]. In other 
words, this means that patients have a right to 
decide whether or not to receive treatment, even 
if the decision that they make would appear to be 

unwise and has the potential to, or may even 
result in, harm. In essence, the autonomous deci-
sions given over to patients with regard to con-
sent to treatment respect patient choice and 
self-determination. Consent occupies a central 
position within medical law and is essential prior 
to medical treatment. Valid consent, therefore, 
must be obtained from the person who is to 
receive that treatment prior to any such treatment 
being given. Ensuring that consent is informed 
plays a pivotal role in enabling patients to exer-
cise their autonomy.

3.2  What Is Consent?

In its broadest sense, consent within the context 
of medicine means that a patient agrees to 
undergo some form of examination, treatment, or 
procedure. However, it is important to be clear 
about the different types of consent and when 
consent is considered to be valid or ‘real’ [4].

Consent can be either express/ed or implied. 
Express consent requires patients to be given suf-
ficient information about all aspects of an exami-
nation or procedure, prior to it taking place, so 
that they may make an informed decision about 
whether or not to undergo that examination or 
treatment. The act of information giving by a 
healthcare practitioner (e.g., doctor, radiologist, 
radiographer, nurse), in a way that a patient 
understands, enables them to make an informed 
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decision about whether or not to receive treat-
ment; whether or not to give informed expressed 
consent. Express/ed consent may be written, 
whereby a patient signs a consent form following 
receipt of all necessary information, or oral, 
whereby a patient verbally confirms their will-
ingness to undergo the examination or 
procedure.

Implied consent also requires that an explana-
tion of any examination or procedure should be 
given. However, it differs from express consent 
in that written or verbal confirmation does not 
have to be received by a medical or healthcare 
practitioner prior to proceeding with the exami-
nation or procedure. Instead, the voluntary 
actions of a patient following receipt of the req-
uisite information (e.g., holding out an arm for a 
blood pressure cuff to be applied or placing a 
body part on the image receptor when asked to 
do so for an X-ray examination) implies that 
such a patient has agreed to go ahead with the 
procedure.

Consent required for a CT colonography 
(CTC) examination is expressed by written con-
sent; it must be provided by a patient prior to the 
imaging examination [5]. This procedure should 
form part of the pre-procedure checklist. The 
consent form and pre-procedure check list should 
be dated with details of the consenter and state 
the risks of CTC [5]. In addition, the consent pro-
cess must comply with locally agreed policies; if 
a patient withdraws consent at any point in the 
pathway, this must be acted upon and docu-
mented [5].

3.2.1  Valid Consent

Consent given by a patient prior to any examina-
tion or procedure must be valid [4]. In order for 
consent to be deemed valid, a number of factors 
need to be considered.

• The explanation pertaining to the procedure 
must be given to a patient in clear, non- medical 
terms. Should a patient fail to fully understand 
what an examination or procedure entails, 
including the risks that it involves, then con-
sent is not considered to be valid.

• A patient must be competent to consent to 
treatment. A patient can only consent to treat-
ment if they have capacity. Within the frame-
work of the Mental Capacity Act, (2005) [6] 
and the Mental Capacity (Amendment) Act 
(2019) [7], a patient is assumed to have capac-
ity unless proved otherwise.

• A patient must have made any decision of 
their own free will, i.e. without coercion or 
influence from others.

3.3  Why Informed Consent 
in CTC?

In the United Kingdom (UK), the role of a GI 
radiographer has expanded considerably over the 
last two decades: firstly by taking on the double-
contrast barium enema (DCBE) examination, 
and now in CTC examinations. CTC is a mini-
mally invasive procedure. The examination is 
used as a diagnostic imaging tool as well as a 
screening tool. Although there are various ways 
in which to gain consent, written consent may be 
required for those examinations or treatments 
that are considered to be invasive and/or involve 
a significant risk and/or side effects [8].

As radiographers, we cannot assume that our 
patients know what ionising radiation is and what 
the risks of it are. A false assumption could nega-
tively affect the healthcare decision a patient 
makes. By providing information to patients, 
radiographers will enable them to make better 
decisions regarding their care. This would trans-
late into more accurate expectations and better 
experiences. Furthermore, providing information 
to patients to enable them to make an informed 
choice is an ethical obligation. No examination 
may be carried out on patients without their per-
mission or consent. By giving them the necessary 
information, they are being empowered to make 
an informed choice of whether to go ahead with 
the proposed examination or not, with the decision 
culminating in their informed consent to go ahead 
with the examination. Although CTC is a mini-
mally invasive, safe study, there could be some 
potential risks as outlined below. Serious harm can 
come to patients if the risks are not explained to 
patients and/or they are not listened to [9].
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3.3.1  Informed Consent in Terms 
of the Use of Artificial 
Intelligence

The loss of human control by assigning decision- 
making to AI-guided technologies could affect 
various aspects of clinical care and the healthcare 
system, including the communication in the cli-
nician–patient relationship [10]. With the increas-
ing use of algorithmic decision-making seen in 
AI in healthcare, patients have an ethical right to 
expect an explanation about how decisions 
regarding their diagnosis was reached [8, 9]. 
However, hospitals and healthcare providers are 
unlikely to inform patients that AI was used as a 
part of decision-making to guide or validate a 
diagnosis; there is currently no precedent for 
seeking the consent of patients to use technolo-
gies for diagnosis or treatment [10].

The use of AI in medicine and failure to dis-
close its use could challenge the core of informed 
consent and wider public trust in healthcare [10]. 
It is therefore unsurprising that a current area of 
debate in the profession lies in what extent a 
patient needs to be aware of the use of AI tech-
nologies in their procedure, treatment, and/or 
decisions, and whether the decisions informed 
by AI systems have been adhered to or overruled 
by the doctor [11]. According to Amann et  al. 
[11], the underlying process and algorithms 
associated with AI decision-making have to be 
explained to patients. They need not to know 
about every technical detail, but certainly about 
how their data are to be used, how their final 
diagnosis was revealed and the risks associated 
with the decision-making.

If using AI recommended diagnosis, the medi-
colegal question that arises is who is responsible 
for the diagnosis, especially if it is a wrong diag-
nosis? Basically, if radiologists are no longer the 
interpreters of radiological studies such as CTC 
examinations, who will be accountable for the 
decision made? Would it still be a radiologist 
even though they will not have been able to fully 
understand nor interrogate the precision within 
the decision-making process? [12]. The use of AI 
in the decision-making process to confirm a diag-
nosis following a CTC examination therefore 
needs to be explained to a patient [13, 14].

The World Health Organisation (WHO) states 
that transparency is crucial to promoting trust 
among all stakeholders, particularly patients; the 
WHO encourages practitioners to be frank with 
patients from the onset about the use of AI rather 
than hiding the technology [10]. This can have a 
significant impact on their right to exercise their 
autonomy: the explanation must, therefore, form 
part of the ‘informed’ aspect of ‘informed con-
sent’. Practitioners should try their best to explain 
to their patients the purpose of using AI, how it 
functions, and what value it adds to their treat-
ment and management. They should also be 
transparent about any weaknesses of the AI tech-
nology, such as any biases, data breaches, or pri-
vacy concerns [10]. Only with transparency can 
the deployment of AI for healthcare and health 
science, including hospital practice, become a 
long-term success. Trust is key to facilitating the 
adoption of AI in medicine [10]. The principles 
of AI are discussed in Chap. 25.

3.4  The Legal Aspects of Consent

There are two distinct aspects to the legalities of 
consent in medicine, both of which normally 
reside in tort law, that is, the wrong committed by 
one person on another being considered a civil 
wrong rather than a legal matter.

The first aspect to consider is that of patients 
actually giving their consent to the examination 
or procedure. Should any examination or proce-
dure go ahead without them giving their consent, 
they then may sue for trespass to the person. 
Trespass to the person occurs when a patient has 
not given their consent and is subject to either the 
act of assault (whereby a patient apprehends a 
touching of their person) or battery (whereby a 
patient was actually touched). A patient who has 
suffered trespass to their person is able to sue for 
compensation in the civil courts. In order to do 
this, they must be able to prove the touching or 
the apprehension of the touching of their person, 
and that it was a direct intentional interference or 
had the potential to be a direct intentional 
 interference with them. There is no legal obliga-
tion for a patient to prove that harm has occurred 
[15, 16].
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The second key element is that of negligence. 
All healthcare practitioners have a duty of care to 
their patients. As part of this duty of care, practi-
tioners are required to give sufficient information 
about all aspects of a procedure, including the 
risks involved. Failure on the part of the practitio-
ner to give sufficient information could result in 
the bringing of an action for negligence. In order 
to establish that a practitioner has been negligent, 
a patient has to prove a number of key elements: 
that they were owed a duty of care by the health-
care practitioner, that this duty of care was 
breached by way of failure to give sufficient 
information; that this breach of duty of care 
resulted in them agreeing to the examination or 
procedure, and that in doing so, they suffered 
harm as a result.

3.5  Patient Information

Adequate information must be provided to all 
patients. The information must be written in a 
comprehensive manner to include all the impor-
tant benefits and risks of an examination and 
whether the examination is being carried out as a 
diagnostic test or a screening test. If current 
information leaflets given to CTC patients at the 
preparatory stage do not include the information, 
then those leaflets need to be reassessed and 
information on benefit and harm added in [17].

Best practice in information giving should 
consist of the following information as a mini-
mum requirement [18].

Pre-procedure
• Purpose of the procedure to primarily investi-

gate the presence of bowel cancer or precan-
cerous polyps

• Full description of the procedure in detail 
from start to finish with assurance that dignity 
will be maintained at all times

• Contra-indications to bowel preparation
• Names and reliable contact details of appro-

priate persons who can be approached to 
answer questions or provide advice and 
guidance

• Bowel preparation instructions and effects on 
bowel habit

Aftercare advice
• Process for being informed of results
• Possible complications and when to seek 

medical advice
• Post procedure advice: eating, bowel habit, 

etc.

In addition, the National Patient Safety 
Guidelines (NPSA) must be followed during the 
prescribing of laxatives for bowel preparation. 
The consent provided by a patient must be 
recorded in writing, including the date and desig-
nation of the person to whom consent was given. 
This should be recorded electronically. If not a 
radiographer, then a healthcare professional, in 
gaining consent from a patient, should be suffi-
ciently knowledgeable and informed to answer 
routine questions and must be able to call upon 
the expert advice of either a radiographer or radi-
ologist prior to the appointment or examination. 
In signing consent, a patient should be satisfied 
that all questions have been answered sufficiently 
and that the benefits, risks, and side effects of the 
examination have been explained to them.

3.6  Risks Associated with CTC 
Procedures

There are risks associated with a CTC study. It 
involves a CT examination where there is a risk 
of ionising radiation damage to tissues. Patients 
need to be informed of this risk prior to conduct-
ing a CTC examination [19]. This could be a ver-
bal explanation or included in the patient 
preparation leaflet provided prior to the 
examination.

An explanation of the risks should include the 
following
• Risk of perforation
• Anaphylactic reaction from the use of contrast 

agents (see Chap. 8)
• Risk of harm from ionising radiation explained 

as a dose equivalent of a CT scan (see Chaps. 
5 and 6)

• In the case of patients undergoing CTC screen-
ing, the risk of psychological harm in inci-
dence of false positives and false negatives
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• Risk of harm from an incidental finding when 
the examination is being carried out. CTC 
examinations also demonstrate intra- abdominal 
and pelvic organs; approximately 10% of cases 
[20] demonstrate significant pathology, e.g. 
underlying lymphomas or early cancers of the 
kidney and ovaries may be identified (see Chap. 
18)

• Risk of wrong diagnosis, either human or 
through AI algorithm recommendations as 
detailed above

In addition, there should be an explanation of 
the following
• Side effects and discomfort, e.g. bloating aris-

ing from the insufflation of air, and dehydra-
tion arising from an electrolyte imbalance 
caused by the contrast agents

• Alternative options, if appropriate

3.7  The Duty of Consent 
and the Role of a CTC 
Radiographer

One of the current dilemmas in gaining informed 
consent lies in the question of ‘whose responsi-
bility is it to gain informed consent?’ Does this 
responsibility lie with the referring physician or 
does the responsibility lie with the practitioner 
conducting the examination? In the case of 
radiographer-led CTC, the question is, ‘would 
the radiographer in charge of carrying out the 
examination be responsible?’

Interestingly, the results of a recent survey 
conducted to radiographers [21] revealed that 
radiographers were of the opinion that a 
patient’s referring physician was responsible 
for obtaining informed consent. When an exam-
ination involves the risk of ionising radiation, 
only trained experts in the field of medical ion-
ising radiation are qualified to inform patients 
of the risks of the procedure and explain the 
benefit of having the examination in spite of the 
risks. If radiographers are of the opinion that it 
is not their responsibility, then they are of the 
belief that the referring physician is fully 
knowledgeable and competent to inform the 

patient of risks and benefits of ionising 
radiation.

Radiographers are the experts in their field, 
and using the lowest radiation dose for the best 
image quality, i.e. as low as reasonably achiev-
able (ALARA), is the basis of radiography. 
Radiographers should be able to confidently 
advise their patients of the dose of radiation 
they are receiving and how this translates to a 
risk experienced in their everyday lives (see 
Chaps. 5 and 6).

The overall responsibility of obtaining 
informed consent remains with a healthcare prac-
titioner responsible for conducting the medical 
intervention. In this case, if the procedure is 
being carried out by a radiographer, then it is 
their responsibility and not that of the referring 
physician. If the examination is being carried out 
by a radiologist the overall responsibility is theirs 
even though they chose to delegate the responsi-
bility to a radiographer or a radiology department 
nurse. In the event of delegation, a radiologist 
should be available to answer questions that may 
arise or if a patient wishes to speak to them.

A CTC radiographer has a duty in ensuring 
that a patient has been provided with sufficient 
information on all aspects of the examination and 
that they have given their informed consent prior 
to the examination being carried out. 
Radiographers must adhere to their respective 
employer’s local policies and procedures in rela-
tion to consent and must be aware of and adhere 
to guidance issued by the appropriate regulatory 
body (e.g., Health and Care Professions Council) 
in the country in which they practise [22].

3.8  Good Practice in Information 
Giving

The incidence of developing further cancer from 
radiation depends on the radiation dose received. 
It is therefore important that patients are suffi-
ciently informed of not just the nature of the 
examination or procedure that they are about to 
undergo, but also have been provided with ade-
quate information that will enable them to make 
an informed decision as to whether or not to 
proceed.

3 Informed Consent
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The language used in the information leaflets 
needs to be comprehensible to a lay person and 
should avoid the use of medical jargon. 
Furthermore, the information leaflet is likely to 
be read by a patient’s family and as such its read-
ability (see Sect. 2.9 in Chap. 2) is of utmost 
importance for maximising understanding of the 
procedure and its requirements. This ultimately 
can affect a patient’s experience and the overall 
quality and outcome of the procedure patient- 
centred communication is discussed in Chap. 2.

In addition, CTC radiographers need to ensure 
that they do not present an overwhelming amount 
of information that may affect a patient’s 
decision- making ability [8]. The more complex a 
medical imaging examination and/or its side 
effects, the greater the risks involved. It is there-
fore crucial to have formal records of patient 
consent.

Information should be given in advance of the 
day of examination to enable a patient to take 
time to read and understand the information and 
ask questions before their examination. This is 
one of the key areas that enables consent to be 
informed [8]. The associated risks need to be 
defined in advance and clearly articulated within 
patient information leaflets.

In keeping with a patient-centred care 
approach, the entire process of information giv-
ing and gaining consent should be patient 
focussed taking into account a patient’s culture 
and beliefs and being able to identify when alter-
nate methods of communication may be required, 
for example, in cases where English may not be 
their first language or if a patient has special care 
considerations, for example, dementia (see 
Chap. 2).

With regard to duty of care, a CTC radiogra-
pher must inform a patient of the benefits of the 
procedure in addition to the risks. Patients must 
also be informed of what the likely alternative 
options may be as well as the risk involved in not 
having the examination at all, i.e. doing nothing 
[8].

Patients are naturally concerned about the 
harmful effects of ionising radiation, not only to 
themselves, but also to their future offspring. 
Care should be taken to use appropriate language 

when discussing the risks and benefits of the 
examination so that they are able to understand 
the consequences.

In the case of patients undergoing CTC screen-
ing, information regarding risks applicable to 
them must include, in addition to those already 
mentioned, the risk of psychological harm from 
over or under diagnosis that may result from false 
positives or false negatives. In addition, there is a 
risk of distress from the discovery of extracolonic 
pathologies or conditions that may present itself 
as incidental findings during the screening proce-
dure. Extracolonic findings are discussed in detail 
in Chap. 18.

3.9  Clinical Audit to Include 
Informed Consent 
and Patient Information

CTC examinations must be audited against best 
practice standards for compliance with the stan-
dard, to ensure standards of practice are optimal, 
and to improve patient outcomes and experience. 
Informed consent is one of several CTC stan-
dards. Patient experience of the entire CTC pro-
cess is an auditable outcome [23]. The principles 
of a clinical audit are presented in Chap. 27.

Key Messages
• Patients have the fundamental legal and ethi-

cal right to determine what happens to their 
own bodies. Ensuring that consent is informed 
plays a pivotal role in enabling patients to 
exercise their autonomy.

• A radiographer has a duty of care to inform 
each patient of the benefits and risks of the 
CTC examination. Patients must also be 
informed of the likely alternative options as 
well as the risk involved if they do not have 
the examination at all.

• The responsibility of obtaining informed con-
sent lies with the healthcare practitioner 
responsible for conducting the medical 
intervention.

• Written consent is required for invasive proce-
dures, which are considered to involve signifi-
cant risks or side effects.
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• If a patient fails to fully understand the nature 
of the examination, including the risks that it 
involves, then the consent given by such a 
patient is not considered to be valid.

• The language used in information leaflets 
needs to be devoid of medical jargon and must 
be written in a comprehensible style that is 
understood by a layperson.

• When explaining the extent of the risk from 
radiation to patients, liken the radiation dose 
to other acceptable risks in society that they 
can identify with on a daily basis.

• The experience of a CTC patient is an audit-
able outcome.

3.10  Summary

Informed consent is an important patient right 
and fundamental within medical law. There are 
two aspects to the law of informed consent. One 
is the act of a practitioner giving information to a 
patient. The other is receiving and processing of 
information by a patient: asking questions and 
then signing a consent form thus providing a 
written gesture of acceptance of the examination. 
If an examination is conducted in the absence of 
consent, a patient may sue for compensation on 
the grounds of ‘trespass to the person’. All prac-
titioners have a duty of care to their patients. Part 
of this duty of care is to provide sufficient infor-
mation about all aspects of a CTC procedure. 
Failure to give sufficient information could result 
in a patient bringing about an action for 
negligence.

Radiographers must work within their scope 
of practice and the expectations set by their pro-
fessional and regulatory bodies in order for high 
standards in professional practice to be 
maintained.
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4Principles of CT and Hybrid 
Imaging

Christoph J. Trauernicht

4.1  Introduction

Computed tomography (CT) entered its sixth 
decade of clinical use and has proved an excep-
tionally valuable and useful imaging tool. The 
first head CT scanner was introduced in 1972. 
Each pair of slices took over 4 min of scan time 
and over 1  min of reconstruction time. While 
this would be considered quite terrible by 
today’s standards, it was considered revolution-
ary at the time and earned Godfrey Hounsfield 
and Allan Cormack the Nobel Prize in Medicine 
in 1979.

4.2  Principles of CT

4.2.1  The X-ray Tube

At the heart of a CT scanner is an X-ray tube 
(Fig. 4.1). A tungsten filament is heated and emits 
electrons by a process known as thermionic emis-
sion. The emitted electrons, having a negative 
charge, are accelerated across a potential differ-
ence towards a copper anode, which sits at a posi-
tive potential. All this happens inside an evacuated 
glass housing. The vacuum is required to prevent 

electrons from interacting with any materials 
inside the housing, other than the tungsten 
target.

When energetic electrons come into the vicin-
ity of an atomic nucleus, the positively charged 
nucleus attracts the negatively charged electrons, 
and these are decelerated in the process. The 
electric field of the nucleus exerts a force on the 
incoming electron and forces it to change its 
velocity (i.e., energy) and direction.

The energy difference of the initial electron 
energy and the deflected electron energy shows 
up as an X-ray photon. This process is known as 
bremsstrahlung (Fig. 4.2), which is the German 
word for “braking radiation”. Bremsstrahlung 
production depends on the square of the number 
of protons (Z) in the target nucleus; therefore, the 
target should consist of a material with a high 
atomic number, like tungsten (Z  =  74). 
Bremsstrahlung production is very inefficient, 
only around 0.9% for 100  keV electrons, the 
other 99% of energy is lost through other interac-
tions that do not produce X-rays, but that do 
result in heat. Therefore, there must be a cooling 
mechanism for the X-ray target, and the target 
material must have a high melting point.

An electron that is travelling close to a 
nucleus will experience a larger force of attrac-
tion to the nucleus than one that is passing the 
nucleus at a larger distance. The electron will 
experience a larger energy loss, resulting in a 
higher energy X-ray photon. If the potential dif-
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Fig. 4.2 Bremsstrahlung production

ference between the tungsten filament and the 
target is, for example, 120.000 V (or 120 kVp), 
then the resultant X-rays will have an energy 
range from near zero up to 120 kVp. When the 
operator selects a kVp before the acquisition of 
an image series, this adjusts the potential differ-
ence inside the X-ray tube through the use of a 
transformer. If the kVp is increased, the energy 
of the X-rays is increased. This is often referred 
to as beam quality. In addition, bremsstrahlung 
production becomes more efficient at higher 
energies, resulting in more X-rays. This is 
referred to as the “quantity”. Dose to the patient 
increases with the square of the kVp. It should 
be noted that the average X-ray energy is only 
about 1/3–1/2 of the peak kilovoltage. The very 
low energy X-rays do not contribute to useful 
image information and are filtered out before the 
beam enters the patient. Additionally, superim-
posed on the continuous bremsstrahlung X-ray 
spectrum are discrete peaks (characteristic radia-
tion) that happen when electrons transition from 
one energy shell to another one inside the target 
material after they were knocked out of their 
shell by the incoming energetic electrons. The 
manipulation of this spectrum is important in 
dual-energy CT (DECT). Principles of DECT 
are presented in Chap. 26.

A direct current (DC) must be used to acceler-
ate the electrons in the tube housing; an  alternating 
current (AC) would result in electrons being 
accelerated back and forth in the tube, without 
any useful output. There are additional circuits in 
an X-ray tube (not indicated in Fig.  4.1), for 
example, to provide power to focusing cups for 
the electrons before they are accelerated, so that 
they travel in a more focused beam towards the 
anode. The tungsten filament also has its own cir-
cuit, and the number of electrons that are emitted 
can be increased by increasing the filament cur-
rent, which results in more heat in the filament, 
and thus more emitted electrons. When an opera-
tor adjusts the mA on the control console, this 
refers to the number of electrons that are acceler-
ated in the X-ray tube, i.e. the beam current. 
Increasing the mA on the console increases the 
current to the filament, which means more elec-
trons are emitted and accelerated. Increasing the 
mA does not affect the beam energy (or beam 
quality) but does increase the number of X-rays 
(quantity). Dose is linearly proportional to the 
beam current or the current-time product (mAs).

CT scanner X-ray tubes have substantially 
higher requirements than ordinary X-ray tubes 
because they do not just take a single image, but a 
series of many projection images. One way in 
which the additional heat that is generated is dis-
sipated, is by situating the tungsten target inside 
the X-ray tube on a rotating anode disk, which 
rotates at a few thousand revolutions per minute. If 
a rotating anode has a focal track radius of 5 cm 
and a 1 mm track width, then the annular area that 
the electrons hit is 314 times (2πr) larger than that 
of a fixed anode with a focal spot of 1 mm × 1 mm, 
resulting in substantially improved heat loading.
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Of course, the X-ray tube must be shielded. 
X-rays are uncharged photons, and it is thus not 
possible to steer or focus these. The only way to 
stop them from going where they shouldn’t is to 
either shield or collimate them. An X-ray tube 
has an exit window that allows X-rays to escape 
in a particular direction: the rest of the tube is 
shielded. For a more detailed description of X-ray 
tubes and computed tomography, the reader is 
referred to [1–3].

4.2.2  What Are We Imaging?

A planar X-ray of a patient is, in essence, a repre-
sentation of how the X-ray beam was attenuated 
through the body of a patient. This is shown visu-
ally for a single line of response, also known as a 
ray, in Fig. 4.3. The initial beam intensity I0 gets 
reduced as the beam penetrates through the 
patient. An attenuated beam intensity Ix arrives at 
the detector. In mathematical terms, this is given 
by Ix = I0 × e−μ × x, where x is the thickness of the 
patient and μ (Greek letter “mu”) represents the 
linear attenuation coefficient.

If we now superimpose a matrix over a patient 
(Fig. 4.4), then the total attenuation along the line 
of response will be the sum of each pixel attenu-
ation contribution along the same line of response. 
This is given by:

 I Ix
n d= × − + + + +( )×

0

1 2 3
e

µ µ µ µ

, 

where d is the pixel dimension and μ1 to μn is the 
linear attenuation coefficient of each pixel in that 
line of response.

For a CT image a third dimension, the slice 
thickness, is included as well. Therefore, each 
pixel on a CT image represents the average atten-
uation properties of the tissue in this volume ele-
ment (voxel). A series of rays that pass through 
the patient at the same orientation is called a view 
or a projection. A single axial CT image may 
involve about 800 rays taken at 1000 different 
projection angles. A typical CT slice has dimen-
sions of 512 × 512 pixels.

One of the biggest advantages of CT imaging 
is the reconstruction of many projections into 
cross-sectional images. Interestingly, the maths 
for this was developed in 1917 already, when 
Johann Radon showed that the image of a three- 
dimensional object can be constructed from an 
infinite number of two-dimensional images of the 
object.

4.3  Tomographic Reconstruction: 
Backprojection

In the previous section, the relationship between 
the initial and transmitted beam intensity for each 
ray was given by Ix = I0 × e−μ × x. The initial inten-
sity can be determined by doing a blank scan (as 
is done every morning), and Ix is measured with 
the patient in the beam. Therefore, the equation 
can be rearranged to solve for μ, the linear attenu-
ation coefficient, the only unknown in the equa-

tion: μ = 
1
x
× ln (I0/Ix).

This can ultimately be done for each pixel 
along each line of response by tomographic 
reconstruction, the simplest of which is the back-
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Fig. 4.4 Pixel map
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a b

c d

Fig. 4.5 Simple backprojection explained

projection algorithm. The following example 
will explain this algorithm for a 2 × 2 matrix and 
four projection angles. In this recipe, each pixel 
has a unique value (a, b, c, or d), which repre-
sents the linear attenuation coefficient for that 
pixel as shown in Fig. 4.5. The first part of the 
recipe requires the acquisition of the four 
projections.

4.3.1  Backprojection: An Example

The first ray of the first projection angle is shown 
in step 1.

 

Step 1
The second ray of the first projection angle is 
shown in step 2.

 

Step 2
This is the first projection angle. The second 
angle, after a 45° rotation, is shown next in step 
3.

 

Step 3
Another 45° rotation gives us the third projection 
angle as shown in step 4.

 

Step 4
Finally, the last projection angle for the backpro-
jection example is shown in step 5.

 

Step 5
At this point, all projections have been acquired, 
now the reconstruction begins, the second com-
ponent of the recipe. This is done as follows: 
since the attenuation coefficients in each pixel are 
not known, they are initially all set to zero. Then 
each line of response must be backprojected (step 
6) into the empty matrix, starting with the first 
line of response from step 1 above.

 

Step 6
Since the values of a and b are not known at this 
point and only their sum is known for this par-
ticular ray, that value is backprojected into each 
pixel along that line of response to give step 7—
first line of response backprojected.
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Step 7
The same is done for the next ray (second ray) 
from step 2, as shown in step 8.

 

Step 8
Now the second projection from step 3 is back-
projected into the result from step 8 for step 9.

 

Step 9
At this point, the resultant matrix starts filling up. 
Step 10 is after the second projection is 
backprojected.

 

Step 10
In step 11, the third projection from step 4 is now 
done (backprojected).

 

Step 11
Step 12 gives the following after three projec-
tions are backprojected.

 

Step 12
Finally, the last projection angle is included as 
well in step 13 (final projection angle).

 

Step 13
After all projections are included in the backpro-
jection algorithm, the following is obtained in 
step 14: all projections are backprojected.

 

Step 14
The data in the matrix of step 14 can now be rear-
ranged to result in step 15.
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Step 15
Each pixel contains a common a + b + c + d. This 
number is known as it is the sum of all pixels in 
each projection and can thus be subtracted to give 
the below in step 16.

 

Step 16
Now each pixel value can be divided by 3 to give 
the answer in final step 17.

 

Step 17
This algorithm explains how to do simple back-
projection for a 2 × 2 matrix with four projection 
angles. The reader is encouraged to follow this 
recipe on a piece of paper with actual numbers 
substituted for a, b, c, and d (say 1, 2, 3, and 4). 
Obviously, when a 512 × 512 matrix gets recon-
structed from a thousand projections, the maths is 
substantially more challenging.

A simplified solution as the one presented also 
does not consider things like scatter. Scatter adds 
counts in a pixel where there should be none, thus 
altering the linear attenuation coefficient ever so 
slightly. In a backprojection algorithm, the slight 
alterations are also backprojected into the image 
matrix, resulting in noisy images. Projections can 
be filtered before backprojection to reduce the 
image noise and to give images a smoother 
appearance. This is known as filtered backprojec-
tion. Unfortunately, smoothing an image also 
means that fine detail is potentially lost, and 
therefore the correct filter has to be found for the 
task at hand. For example, a bony filter used dur-
ing reconstruction will generally give a higher 
spatial resolution, but the images also tend to be 
noisier than images that are reconstructed with a 
soft tissue filter.

A similar argument can be made for metal 
artefacts, where the very high CT numbers are 
also backprojected along the line of response, 
resulting in streaks across an image (see 
Figs. 7.4a(i) and 12.12a(ii)). These are not easily 
filtered out and their removal often requires 
advanced software solutions.

4.4  Tomographic 
Reconstruction: Iterative 
Reconstruction

A more advanced family of reconstruction algo-
rithms are the iterative reconstruction algorithms. 
The principle of iterative reconstruction is to find 
a solution by successively estimating an image 
that gave the original projections. Like in the 
backprojection algorithm, the first step consists 
of acquiring the projections. However, unlike 
backprojection, where the projections are back-
projected to form the tomographic image, in iter-
ative reconstruction an estimate is made of what 
the tomographic image could look like, and pro-
jections of this image are made at the same angles 
of the original acquisition. Then the projections 
of the original image are compared to the projec-
tions of the estimate. The result of this compari-
son is used to modify the current estimate, 
thereby creating a new estimate. Iterative recon-
struction algorithms differ in the way the mea-
sured and estimated projections are compared 
and what kind of correction is applied to the cur-
rent estimate. The recipe for iterative reconstruc-
tion is as follows.

 1. Make a first estimate of the slice—this can 
just be a homogeneous image.

 2. Forward-project the estimated slice into pro-
jections analogous to those measured by the 
CT scanner. In this step, physical corrections 
can be introduced.

 3. Compare the projections of the estimate with 
the measured projections and apply the cor-
rection factor.

 4. Decide whether to stop or continue. If the dif-
ference between iterations is small, or the 
maximum number of iterations is reached, 
then stop. Else,
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 5. Apply the correction to the estimate. A simple 
correction factor would be to add or subtract 
half the difference of each pixel value to the 
first estimate, before forward projecting again.

 6. Repeat from step 2.

A simple example analogous to the filtered 
backprojection example may help to explain this. 
Consider the same 2 × 2 matrix, but only two pro-
jection angles will be used in this example. For 
the sake of simplicity, only the top left pixel con-
taining “a” will be considered in the example.

 

The first ray will be the same as in the back-
projection example above.

 

The second ray is shown next:

 

The first estimate of the solution can consist of 
a uniform image, denoted by “x”. Let x be the 
average pixel count (a + b + c + d)/4.

The analogous projections of the first estimate 
are shown below.

 
Now 2x is compared to a + b for the one ray 

and to a + c for the other ray. The first correction 
factor that must be applied to the top left pixel of 
the estimate can be based on the differences 
between the original and estimated projections. 
Since there are two pixels in each row and col-

umn, the differences will be halved to prevent 
additional counts being added into the image. 
Correction factor  =  (a  +  b − 2x)/2  +  (a  +  c 
− 2x)/2.

Therefore, the top left pixel of the updated 
estimate now becomes x  +  correction fac-
tor = x + (a + b − 2x)/2 + (a + c − 2x)/2. A similar 
argument must be followed for all other pixels, 
before proceeding to the next iteration. Imagine 
the original matrix has the following values.

 

According to this recipe for iterative recon-
struction, the following is found for the top left 
pixel.

 

Let us assume the first estimate is 
(a + b + c + d)/4 = 2.5  in each pixel. Then the 
forward projection of the first estimate along the 
same rays gives the below.

 

According to the recipe, the first correction 
factor is then given by: (a + b − 2x)/2 + (a + c − 
2x)/2 = (3–5)/2 + (4–5)/2 = −1 − 0.5 = −1.5. The 
top left pixel now becomes 2.5 − 1.5 = 1 for the 
next estimate.

 

Top left pixel done
If one follows this recipe for the other four 

pixels, then, for this particular example, the solu-
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tion converges after a single iteration. Even from 
this example, it is clear that iterative reconstruc-
tion techniques are computationally intensive. 
However, they offer more versatility than back-
projection and allow reconstruction of noisier 
projections, which means that substantial dose 
savings are possible.

Since many slices, and not just a single one, 
are reconstructed, a three-dimensional (3D) data 
set is obtained. This data set is usually viewed in 
transverse, sagittal or coronal viewing planes. 
However, it is also possible to cut the dataset 
along any viewing plane through software 
manipulation.

4.5  CT Numbers

CT images that are used clinically are typically 
displayed in a grayscale, and each pixel’s gray-
scale is a representation of the CT number (or 
Hounsfield unit) of that voxel. CT numbers are 
rescaled linear attenuation coefficients to give a 
CT number of zero for water.

 
CT ,

, water

water
x y

x y
( ) = ×

( ) − ( )
( )









1000

µ µ
µ

.

 

Since the attenuation of X-rays in air is almost 
zero (μ(air) ≈ 0), the CT number for air is very 
close to −1000.

4.6  Multi-Slice CT

Multiple detector arrays allow for simultaneous 
data acquisition along several slices, and slice 
thickness is now determined by the detector size 
and no longer by the beam collimation. Detectors 
can be electronically binned to give different 
slice thicknesses as desired by the operator. 
Figure 4.6a is an example of a single detector and 
single slice CT. Figure  4.6b shows a CT with 
multiple detectors and slices. Multi-slice acquisi-
tions mean that much larger regions can be 
scanned in a single gantry rotation. The largest 
number of true slices by a commercial scanner is 
320 slices.

The pitch is a parameter that comes into play 
when helical scan protocols are used. It is defined 
as the table increment per gantry rotation, divided 
by the beam collimation width (collimator pitch), 
or divided by the detector width (detector pitch). 
A pitch of less than one implies overlapping 
slices and thus a higher patient dose.
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Single detector, single slice

multiple detectors,
multiple slices

a

b

Fig. 4.6 (a) Single CT detector and single slice. (b) 
Multiple CT detectors and slices

4.7  Other Considerations

Modern CT scanners typically use a fan-beam 
geometry, rather than a parallel beam geometry, 

and reconstruction algorithms are amended 
accordingly. The introduction of slip-ring tech-
nology allowed for continuous gantry rotation 
without wires getting tangled up around the gan-
try. This in turn allowed for data acquisition 
while the CT table was moving, resulting in heli-
cal acquisitions patterns.

Surface rendering is a software tool that iden-
tifies voxels on the edge of a structure, and then 
displays these voxels. This approach is useful to 
examine tubular structures, like the colon.

Dual-energy CT and photon counting CT are 
covered in Chap. 26.

4.8  Hybrid Imaging

Hybrid imaging refers to the fusion of two or 
more imaging modalities. The idea behind this is 
that the second modality will add additional use-
ful diagnostic information, thus making hybrid 
imaging more powerful than each imaging 
modality on its own. Existing hybrid imaging 
modalities include the combination of positron 
emission tomography (PET) with CT or mag-
netic resonance imaging (MRI), single photon 
emission computed tomography (SPECT) with 
CT or MRI, ultrasound with CT or MRI, or CT 
and MRI.  Of course, not all combinations are 
useful in all settings.

Most modern PET scanners are integrated 
with a CT scanner, or, to a lesser degree, with an 
MRI scanner. These systems can acquire PET 
images, along with spatially registered CT or 
MRI images within a short time frame. The 
nuclear medicine imaging modalities (PET or 
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SPECT) image radiotracers that are designed for 
functional imaging, often showing increased (or 
decreased) metabolic activity, but not necessarily 
showing the anatomical position of the uptake 
very well. Additionally, the spatial resolution of 
nuclear medicine imaging equipment is poor 
compared to CT or MRI scanners (spatial resolu-
tion approaching 1 cm vs sub-millimetre imaging 
capabilities). However, the correlation of func-
tional images with anatomical images offers a 
powerful diagnostic tool. The integration of two 
imaging systems allows for the acquisition of the 
two scans in quick succession, increasing the 
probability of the data to be aligned spatially and 
temporally. Particularly for PET-CT and 
SPECT-CT, the CT dataset can also be used to do 
the attenuation correction for the PET or SPECT 
component of the study. In addition, a single 
imaging session is logistically more efficient for 
the patient [4].

PET-CT colonography using fluorine-18- 
fluoro- deoxyglucose (F-18 FDG) is useful in the 
accurate anatomic correlation of both malignant 
and premalignant lesions [5, 6]. Additionally, 
PET-CTC offers accurate whole-body tumour 
staging, with integrated morphological and func-
tional images, but at the cost of a higher radiation 
dose [7].

The integration of PET or SPECT with MRI 
has also been done. MRI offers better soft tissue 
contrast than CT, making it more useful in some 
clinical situations. Although commercial solu-
tions are available, the very strong magnetic field 
remains a challenge in the integration process 
with the nuclear medicine imaging modalities. In 
addition, MRI imaging takes more time than a 
CT scan (minutes or tens of minutes vs a few sec-
onds), and the systems are very expensive [8]. 
However, there is a growing field of clinical indi-
cations for PET-MRI.

Ultrasound can also be fused with CT data. 
Stang et al. [9] found that this technique may be 
useful in staging patients with colorectal cancer, 
but no literature was found that specifically 
described ultrasound and CT colonography 
image fusion.

The value of fusing MRI images was CT data 
in the diagnosis and staging of colon cancer has 
been described [10] although this did not specifi-
cally refer to CTC.

Generally, the baseline dataset is the higher 
resolution and anatomically correct CT or MRI 
dataset. The fusion of two imaging modalities 
requires the co-registration of the datasets. For a 
combined imaging modality, like for example a 
PET-CT scanner, the distance between the imag-
ing planes between the two modalities is known, 
and fusion can occur by just moving the one data-
set that known distance on top of the other one. If 
the patient did not move and there were no inter-
nal organ motions, then co-registration is usually 
acceptable. Differences in pixel size must be 
considered.

The co-registration can also be done manu-
ally by the operator, who matches points or land-
marks that are visible on both datasets, to place 
the image sets on top of each other. This could 
include the use of fiducial markers that are visi-
ble on both datasets [11, 12]. There are also sev-
eral automatic or semi-automatic algorithms that 
can do this using various techniques like edge- 
detection, gradient methods, voxel similarity, 
surface matching, intensity differences, standard 
deviation of voxel differences, or similar [12]. 
Mutual information methods compare the 
amount of information that one image contains 
about the other and when this number if a maxi-
mum, then the images are correctly aligned [13]. 
These techniques work well for “rigid-body” 
transformations.

Challenges for image fusion include patient 
movement, tissue deformation, or patient posi-
tioning. Deformable image registration allows 
the re-calibration and modification of images (or 
parts of images) to allow for better fusion of two 
datasets where the alignment is not ideal [11]. 
Deformable algorithms vary significantly in 
complexity. Affine transformations preserve 
straight lines and distances between them. Non- 
affine transformations (image warping) are 
based on theoretical models that describe tissue 
properties, like flexibility or rigidity [12]. 

C. J. Trauernicht



39

However, warping techniques can easily hide 
small features (like for example small polyps) 
and thus only offer a limited use in medical 
applications.

Electromagnetic navigation can be used in 
ultrasound image matching, where sensor coils 
are tracked in real-time for the orientation and 
position of the ultrasound probe, and the signal is 
re-formatted to match previously acquired CT, 
MRI, or PET-CT data.

Techniques such as a sliding window tech-
nique or checkerboard images can be used to 
view a set of fused images as a single image. The 
fused image should have more complete informa-
tion than either of the two input images and help 
in clinical diagnosis.

Key Messages
• Computed tomography utilises a set of two- 

dimensional projections taken at many angles 
around a patient to reconstruct a three- 
dimensional dataset.

• Tomographic reconstruction is usually done 
through (filtered) backprojection or iterative 
reconstruction.

• A CT scan is in essence an attenuation map of 
the human body. The CT numbers are rescaled 
attenuation coefficients, relative to water.

• Advances in CT, such as multi-slice CT, heli-
cal data acquisition, and many software 
improvements, have expanded the number of 
clinical indications for which CT is useful, 
including CT colonography.

• Hybrid imaging refers to the synergistic fusion 
of two imaging modalities, with each imaging 
modality adding unique data for improved 
clinical decision making.

4.9  Summary

Computed tomography is a powerful imaging 
modality, allowing the reconstruction of a three- 
dimensional dataset from two-dimensional image 
data. This solves the issues of overlying or under-
lying structures that are present in planar radiog-

raphy. One of the fields where CT advances have 
enabled the expansion of clinical indications is 
CT colonography, which allows the visualisation 
of the colon in a minimally non-invasive 
manner.
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5Principles of Radiation Dose in CT 
and CT Colonography

Christoph J. Trauernicht

5.1  Introduction

Different X-ray modalities address radiation dose 
in different ways, for example, in planar radiog-
raphy the entrance exposure, incident air kerma 
or entrance surface air kerma, are the commonly 
quoted figures; in fluoroscopy, it is the air kerma- 
area product; and in mammography, it is the aver-
age glandular dose [1].

When the X-ray tube of CT scanner is switched 
on the dose is deposited from all directions. The 
dose is deposited more evenly in tissue when 
compared to planar radiography, where the 
entrance dose will be substantially higher than 
the exit dose because of the attenuation of radia-
tion in the body. The scanning procedure uses 
narrow beams along the longitudinal axis of the 
patient, with a significant dose deposited outside 
of the nominal beam width. In addition, the vol-
ume to be imaged is not irradiated simultane-
ously which can lead to confusion when the dose 
from a complete series is compared to that of a 
single slice. As a consequence, dedicated dose 
quantities that account for these peculiarities in 
computed tomography are needed: currently, the 
computed tomography dose index (CTDI), which 

is a measure of the local dose, and the dose- 
length product (DLP), which represents the inte-
gral radiation exposure associated with a CT 
examination, are used.

5.2  Radiation Units

As an X-ray beam passes through matter, it 
deposits energy in the medium in a two-step pro-
cess: In the first step, the energy carried by the 
X-rays is transformed into kinetic energy of 
charged particles like electrons. For the X-rays 
energies used in CT scanners, the energy is trans-
ferred by photoelectric absorption or Compton 
scattering. In the second step, the released 
charged particles deposit their energy in the 
medium by excitation and ionisation. In some 
cases, the range of the charged particles is large 
enough that the energy is deposited some dis-
tance away from the initial interactions [2].

• Kerma (kinetic energy released in matter) is 
defined as the kinetic energy transferred to 
charged particles by indirectly ionising radia-
tion (such as X-rays) per unit mass. The unit 
of kerma is the grey [Gy], with 1 Gy = 1 J/kg.

• The absorbed dose is defined as the energy 
imparted by ionising radiation per unit mass 
of irradiated material. Unlike kerma, absorbed 
dose is defined for all types of ionising radia-
tion, i.e. both directly (charged) and indirectly 
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(uncharged) ionising radiation. However, the 
unit for absorbed dose is the same as for 
kerma, with 1 Gy = 1 J/kg [3].

• The older unit for absorbed dose is the rad, 
with 1 Gy = 100 rad.

In diagnostic radiology, the production of 
bremsstrahlung within low atomic number mate-
rials is negligible. For a given material and radia-
tion field, absorbed dose and kerma are then 
numerically equal [1]. The notable exception 
where they are not equal is close to an interface 
between different materials.

For dosimetry in CT, both free-in-air and in- 
phantom measurements are expressed in terms of 
a computed tomography dose index (CTDI) [4, 
5]. The CTDI is measured in a polymethyl meth-
acrylate (PMMA) phantom, but in reality the 
measured quantity is the air kerma to a cavity 
within a phantom, not the absorbed dose. The 
absorbed dose to an air cavity within a phantom 
arises in a situation close to an interface between 
materials where the kerma is not equal to the 
absorbed dose. For this reason, the IAEA intro-
duced the CT air kerma index for both free-in-air 
and in-phantom measurements in their interna-
tional code of practice for dosimetry in diagnos-

tic radiology (TRS 457) [1]; however, while this 
is technically the more correct term, all CT air 
kerma-related quantities used in the TRS 457 
protocol correspond directly with the CTDI- 
related quantities and without a change in mea-
surement methods. Therefore, in this chapter the 
better known and worldwide accepted CTDI is 
used throughout [6]. In the past, the Röntgen, the 
old unit of quantity exposure, was used instead of 
air kerma.

5.3  CT-Specific Radiation Dose 
Measures

CT is unique in that the exposure is essen-
tially continuous around the patient and done 
in slices of varying thicknesses [7]. CT also 
often uses multiple exposures along some 
length of the patient to cover a volume of 
anatomy (if pitch <1).

In addition, the radiation profile within a sin-
gle slice of a scan is not limited to that slice only, 
but there are tails of radiation from the scatter of 
photons in the object being imaged. The penum-
bra of the X-ray beam will also add dose to those 
tails [8]. Figure 5.1(i) shows a typical slice pro-

Fig. 5.1 (i) Image of a slice profile. 
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file indicating the scattered dose deposited out-
side of the nominal slice width. The penumbra of 
an X-ray beam is shown in Fig.  5.1(ii), and it 
depends on the size of the X-ray source focal 
spot, the source-to-collimator distance and the 
collimator-to-detector distance.

When multiple adjacent scans are performed, 
the tails of the radiation profiles from adjacent 
scans will contribute to the absorbed dose in the 

current slice. One of the first dose descriptors, 
the multiple scan average dose (MSAD) was 
developed to take this effect into account. It is 
defined as the average dose resulting from a 
series of scans over a length interval [7]. By defi-
nition, the MSAD is the dose from all slices in a 
particular procedure, no matter how many slices 
are done and what scan length is covered [9]. 
Figure 5.1(iii) shows how the radiation tails from 

Actual width > nominal width

Penumbra Nominal width

Detector

Collimator

X-ray tube

Penumbra

(ii)

Dose

MSAD

Single slice dose

Z-axis (patient longitudinal axis)

(iii)

Fig. 5.1 (ii) Image of the X-ray penumbra. (iii) Summation of 8 slice profiles and the resultant MSAD
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adjacent slices overlap and get added up to form 
the MSAD.

The next dose descriptor was the computed 
tomography dose index (CTDI). It was originally 
designed as an index [2], not as a direct dosime-
try method for patient dose assessment. However, 
the CTDI is the current worldwide standard for 
patient dose estimation in CT, even though it has 
a number of limitations, which will be discussed 
later.

5.3.1  The CTDI Measurement

The basic CTDI measurement is done with a 
100 mm long cylindrical ‘pencil’ type chamber 
with a diameter of about 9 mm. In Fig. 5.2(i), the 
ionisation chamber is centred in the CT gantry 
and a single axial CT scan without table transla-
tion is done. The dose estimate will only be accu-
rate if the entire sensitive volume of the chamber 
is irradiated. For most CT scanners, this will not 

Fig. 5.2 (i) A typical CT ionisation chamber. (ii) Illustration of the CTDI. 
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Fig. 5.2 (iii) Photo of a PMMA CTDI phantom (a) and sketch of the phantom with dimensions (b)

happen in a single gantry rotation because the 
nominal beam width for most scanners is less 
than 100 mm. Therefore the nominal beam width, 
as shown in Fig.  5.2(ii), is used to correct the 
chamber reading for the partial exposure, so that 
the corrected reading is given by the obtained 
reading multiplied by the length of the ionisation 
chamber (100 mm) and divided by the nominal 
beam width [2]. The nominal beam width is given 
by the number of non-overlapping slices × slice 
width [8] or by the width of an individual CT 
detector × number of active detectors [2].

The process of scattering partially redistrib-
utes the dose from the primary beam to outside 

the collimated beam, which means that adjacent 
slices, which were not scanned in this setup, 
will also get some dose. While only a single 
beam width was done, the ionisation chamber 
will pick up the scattered dose and add it to the 
primary dose. This means that the CTDI is the 
equivalent of the dose value inside the irradiated 
beam width that would result if the absorbed 
dose profile were entirely concentrated to a rect-
angular profile of width equal to the nominal 
beam width [8].

In practice, the dose profile is accumulated in a 
range of −50 mm to +50 mm relative to the beam 
centre (i.e. total length of 100  mm), which will 
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result in the CTDI100. This is equivalent to the 
IAEA TRS 457’s CT air kerma index Ca,100 [1].

In order to obtain estimates of the doses to 
organs in the scan range, the CTDI generally 
refers to standard dosimetry phantoms with 
diameters similar to the average patient [8]. There 
are currently two CTDI dosimetry phantoms in 
common use. The head (and paediatric body) 
phantom consists of a 16  cm diameter clear 
acrylic cylinder 15 cm in length. The body phan-
tom consists of a 32  cm diameter clear acrylic 
cylinder 15 cm in length [4]. In many examples 
of these phantoms, there are eight measuring 
holes equally spaced around the periphery, but 
only four equally spaced holes are required [1]. 
See Fig. 5.2(iii)a, b.

CTDI100 measurements are done for both the 
centre (CTDI100,center) and the periphery 
(CTDI100,periphery) for the chosen phantom. The 
four peripheral readings will not all be equal 
because of the presence of the patient couch 
which attenuates the beam from below, and the 
effect of any over-ranging. The latter is discussed 
in dose optimisation in Sect. 6.4.6 in Chap. 6. 
The peripheral readings are thus averaged for the 
CTDI100,periphery.

The central and peripheral readings are added 
using a 1/3 and 2/3 weighting, respectively, to 
give the weighted CTDI, CTDIw. This provides a 
good estimate of the average dose to the phantom 
at the central slice [2].

In helical CT scanning, the dose is inversely 
proportional to the pitch, where the pitch is 
defined as the table movement during a full rota-
tion of the gantry, divided by the nominal beam 
width. A pitch of greater or less than unity will 
result in a decrease or increase in dose, respec-
tively, which is taken into account by the CTDIvol. 
The CTDIvol is given by:

 CTDI CTDI pitchvol w= / , 

and is thus the pitch-corrected CTDIw. The 
CTDIvol represents the average dose for a given 
scan volume and is typically displayed on the CT 
scanner console, sometimes even prior to the 
actual scan.

The CTDI concept allows for comparison of 
the output of different CT scanners.

The dose-length product (DLP) in units of 
mGy cm is defined as the product of the CTDIvol 
and the length of the CT scan. This means that 
the DLP will increase with scan distance; the 
CTDIvol however remains the same, regardless of 
the number of slices. The DLP serves as a surro-
gate for patient dose, which is very useful when 
comparing dose levels, and this became accepted 
through the establishment of diagnostic reference 
levels [6, 10, 11].

5.3.2  Limitations of CTDI

The most important limitation of the CTDI is that 
it is a dose index, but not a measurement of patient 
dose. The CTDIvol is a dose index that is calcu-
lated from air-kerma measurements at five differ-
ent locations in a PMMA phantom at the centre of 
a 100  mm long scan. It describes the dose to a 
phantom and not a real patient. PMMA phantoms 
will generally underestimate the absorbed dose in 
clinical situations because actual scan lengths are 
generally longer than 100  mm and the human 
body is not homogeneous or made of 16  cm or 
32 cm diameter PMMA [12].

Another limitation is that the nominal scan 
widths of modern CT scanners often approach or 
exceed 100 mm, which means that not all scat-
tered radiation is accounted for in the CTDI and 
it thus becomes an inaccurate dose measure [13, 
14].

An official regulation was issued by the IEC 
which confirmed the validity of the existing CTDI 
for collimation widths of up to 40 mm and intro-
duced a correction factor based on  measurements 
in air made with a 300  mm ionisation chamber 
[15] or with a set of contiguous measurements 
with a smaller ionisation chamber [14].

5.4  Effective Dose

The CTDI and the DLP are CT-specific dose 
descriptors. They do not allow for direct com-
parison with radiation exposures from other 
modalities. The way to allow for such compari-
son is the effective dose. There are a few steps 
along the way to get to the effective dose.
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• The organ dose is defined by the ICRU report 
51 as the ratio of the energy imparted to an 
organ divided by its mass [3].

• The equivalent dose to an organ is defined in 
ICRP 60 [16] and ICRU 51 [3] as the product 
of the radiation weighting factor and the organ 
dose. The radiation weighting factor allows 
for differences in the relative biological effec-
tiveness between different radiation modali-
ties and is unity for X-rays.

The effective dose is defined as the sum over 
all the organs and tissues of the body of the prod-
uct of the equivalent dose and a tissue weighting 
factor. The tissue weighting factor takes into 
account the radio-sensitivity of the various organs 
and represents the relative contribution of that 
organ to the total detriment arising from stochas-
tic effects for uniform irradiation of the whole 
body. The sum of all the tissue weighting factors 
is one. As new evidence became available, they 
have been adjusted over time [16, 17].

The measurement of effective doses in or on a 
patient is not practical. For a rough estimate of 
the effective dose, it is sufficient to multiply the 
DLP with a conversion factor, depending on 
which body region was scanned and whether that 
scan was made in the head or body scanning 
mode. The concept of DLP-to-effective dose con-
version factors is a useful one and widely used; it 
does have limitations [6]. Organ doses can also 
be estimated based on pre-tabulated phantom 
data or on Monte Carlo calculations, mostly 
using anthropomorphic phantoms [6]. A number 
of free or commercially available computer pro-
grammes exist that do a conversion calculation 
from DLP to effective dose. A simple web search 
will find the respective websites. The pro-
grammes differ significantly in performance, 
specification, and price.

The assessment and interpretation of the effec-
tive dose is very problematic when organs and 
tissues receive only a partial exposure or a very 
heterogeneous exposure [17]. The effective dose 
should not be used as a risk estimation to an 
 individual patient [17]. The tissue weighting fac-
tors are calculated for a generic person, not an 
individual, whose age and sex have a significant 
influence on the risk. Organ or tissue doses, not 

effective doses, are required for assessing the 
probability of cancer induction in exposed indi-
viduals [17]. However, the effective dose is use-
ful to compare various radiological imaging 
procedures.

5.5  Low-Dose CTC

One of the initial areas of concern with CTC was 
the risk of radiation [18]. Low-dose CT protocols 
have been introduced that have allowed a vast 
reduction of effective doses. A study from Japan 
reported an average effective dose of 23.5 mSv 
for routine CTC, but only 5.7 mSv for low-dose 
CTC using a decreased effective mAs [19].

Typical effective doses for CTC reported in 
literature range from 7.5  mSv for men and 
10.2 mSv for women [20], 5.0 mSv for men and 
7.8 mSv for women [21], 2.2 mSv for both prone 
and supine positions for low-dose CTC [22], 
1.8 mSv for men and 2.3 mSv for women [23], to 
a median effective dose of 5.1 mSv (range 1.2–
11.7 mSv) per scanning position in a paper cover-
ing the CTC scan parameters of 36 institutions 
[24]. The effective dose is higher for female 
patients, as some gender-specific organs are irra-
diated during virtual colonoscopy (CTC) [20].

It is quite evident that there is a considerable 
variance in effective doses. With the right dose 
optimisation techniques effective doses of less 
than 5 mSv can be achieved for CTC examina-
tions. Various dose optimisation options are dis-
cussed in Chap. 6.

5.6  Dosimetric Considerations 
of Dual-Energy CT (DECT)

The principles of DECT are discussed in Chap. 
26. However, the dose aspects are covered here. 
Similar to conventional single-energy CT, the 
acquisition and reconstruction parameters should 
be optimised for the imaging task, while consid-
ering the As Low As Reasonably Achievable 
(ALARA) principle [25]. This may mean that a 
slight increase in dose may be justified, provided 
that an increased value in useful information is 
obtained.
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Multi-energy CT faces the same challenges as 
conventional CT when using an ionisation cham-
ber. Other radiation measurement devices, such 
as thermoluminescent dosimeters, metal-oxide- 
semiconductor field-effect transistors (MOSFET 
detectors), or optically stimulated luminescence 
dosimeters have known energy dependencies, 
which can be quite problematic for DECT and 
thus require careful characterization and 
calibration.

The American Association of Physicists in 
Medicine put together a task group in 2010 to 
evaluate radiation dose in CT, results of which 
were published in AAPM Report No. 111 [26]. 
The report introduces a concept of ‘equilibrium 
dose’ and related parameters, particularly in 
response to wider beam collimators where the 
CTDI concept fails, but does not offer a consen-
sus on the phantoms required to measure this 
quantity. However, they recommend using a 
chamber with a flat energy response (~1.5% vari-
ation) that is calibrated for ranges of beam qual-
ity and kVp from 80 to 140 kVp, associated with 
those of CT scanner spectra. If the ionisation 
chamber has a uniform energy response over a 
range of energies that are used for imaging, then 
the signal of both energies can be integrated in a 
single reading.

In its early days, DECT was associated with a 
significant increase in radiation dose because a 
patient was really just scanned twice at different 
energies [27]. However, improvements in detec-
tors, filters, X-ray source technology, and soft-
ware have allowed for good image quality at a 
lower dose. Recent studies have shown that 
DECT radiation dose is comparable to, or even 
less than, conventional CT doses [28, 29]. One of 
the potential ways in which dual-energy CT can 
reduce dose is by obviating the need for unen-
hanced images in certain studies, which can be 
extracted from contrast-enhanced examinations 
by subtracting the iodine from the images [30].

Literature reports that a study of 28 patients 
[31] evaluated the effective doses of DECT to be 
4.26 ± 1.05 mSv, which is very much in line with 
doses reported for conventional CTC. In the same 
study, the average DLP was reported as 
283.7 ± 69.8 mGy cm.

Finally, care should be taken when comparing 
radiation doses of different imaging techniques 
without taking image quality or signal-to-noise 
ratio into account [32].

5.7  Dose for Clinical Audits

CTC dose to a patient is part of the entire process 
of a study hence should be recorded in every 
CTC report (see Table  21.2). As discussed in 
Chap. 27, dose is part of standards of practice of 
CTC and hence should be subject to a clinical 
audit as part of a quality improvement process 
that focuses on patient care and management, for 
example.

Key Messages
• Dose assessments with phantoms, as is the 

case for the CTDI, cannot provide a direct 
estimate of the average dose for a given patient 
population.

• The DLP is not the same as patient dose but is 
a reasonable indicator of the dose to a patient.

• The effective dose is the common denomina-
tor between different imaging modalities 
using ionising radiation. Comparing the DLP 
with, for example, an entrance skin exposure 
or an average glandular dose is like comparing 
apples and peaches.

• The introduction of low-dose CTC has brought 
about a significant dose reduction to the 
patient.

• Dual-energy CTC does not necessarily involve 
an increased patient dose.

5.8  Summary

All through the 1980s and 1990s, there were no 
major debates or controversies regarding the 
topic of dose in CT [6]. There have, however, 
been some discussions and debates on the contin-
ued appropriateness of the CTDI [33, 34]. There 
have been some modifications to the CTDI over 
time, and there are a number of methods for com-
puting dose in CT, for the purpose of technique 
optimisation and monitoring patient dose levels. 
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The effective dose or absorbed organ doses are 
generally estimated using the DLP multiplied 
with empirical factors or calculations using 
anthropomorphic phantoms. Various dose opti-
misation techniques have allowed for the intro-
duction of low-dose CTC.  This allows for 
diagnostic quality images with a significant 
reduction in radiation dose. Dual-energy CT 
shows promise for added diagnostic information 
without an additional dose penalty.
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6Dose Optimisation in CT 
Colonography

Christoph J. Trauernicht

6.1  Introduction

The publications 103 and 105 of the 
International Commission on Radiological 
Protection (ICRP) clearly identify two key ele-
ments in radiation protection in medicine: justi-
fication and optimisation [1, 2]. In one sentence, 
these principles could be summarised as ‘doing 
the right procedure’ and ‘doing the procedure 
right’, respectively.

In 2012, the International Atomic Energy 
Agency (IAEA) held a conference on radiation 
protection in medicine in Bonn, Germany. The 
conference was co-sponsored by the World 
Health Organisation (WHO): the specific out-
come of the conference was the Bonn Call-For- 
Action [3]. The aims of the Bonn Call-For-Action 
include: to strengthen the radiation protection of 
patients and health workers; to attain the highest 
possible benefit with the least possible risk by 
the safe and appropriate use of ionising radia-
tion in medicine; and to enhance the safety and 
quality of radiological procedures in medicine. 
Ten main actions were identified as being essen-
tial. They include enhancing the principle of 
justification; the implementation of the princi-
ple of optimisation; strengthening radiation 

 protection education and training of health pro-
fessionals; increase access to information on 
medical exposure globally; and foster an 
improved radiation-risk-dialogue.

6.2  Justification

There are three levels of justification for a proce-
dure in medicine [1]. The use of radiation in med-
icine, at the most general level, is accepted as 
doing more good than harm. At the second level, 
a specified procedure with a specified objective is 
defined and justified; for example, a CTC study 
to detect polyps. The aim of this generic justifica-
tion is to determine whether the procedure will 
improve the diagnosis or treatment. At the third 
level, the application of the procedure to an indi-
vidual must be justified and judged to do more 
good than harm to that particular patient.

6.3  Optimisation

Optimisation is the process of determining how 
to obtain the required diagnostic outcome for a 
patient from a procedure while minimising fac-
tors that cause patient detriment, with economic 
and societal factors being taken into account. 
Optimisation is intended for those situations 
that have been deemed to be justified [1]. 
Optimisation involves input from a radiologist, 
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radiographer, and medical physicist. It also 
includes the concept of maximising the benefit 
of the use of radiation while minimising the risk 
of detriment. Therefore, a knowledge of risk 
estimation may be important in optimisation in 
clinical practice. The concept of ALARA (as 
low as reasonably achievable) should be applied 
whenever possible.

6.3.1  Risk

Radiation exposure from CT is associated with 
an increase in risk for fatal cancer, especially in 
paediatric CT scanning [4–6]. The lifetime can-
cer mortality risk for a 1-year-old patient attribut-
able to the radiation exposure from an abdominal 
CT is estimated to be 0.18%, which is about an 
order of magnitude higher than for adults [7]. An 
estimate for the absolute lifetime cancer risk 
associated with the radiation exposure from CTC 
is about 0.14% for paired CTC scans for a 
50-year-old, and about half of that for a 70-year- 
old [8]. Most of the quantitative data regarding 
the risk of radiation-induced cancer comes from 
studies of the atomic bomb survivors from Japan 
[9]. According to the BEIR VII Phase 2 report [9] 
approximately 42 of 100 people will be diag-
nosed with cancer from causes unrelated to radia-
tion; a single exposure of 100  mSv of X-ray 
radiation could result in approximately one addi-
tional cancer in 100 people. The risk depends on 
age and sex, with a higher risk for females and 
those exposed at younger ages. Typical CT expo-
sures result in doses substantially smaller than 
that; nonetheless, some argue that the risks of 
medical radiation should form part of an informed 
consent process [10] (see Chaps. 2 and 3). While 
the increased risk of a radiation-induced cancer is 
small for any one individual, the risk to the popu-
lation as a whole is considerable, given the large 
number of CT scans performed worldwide [5]. A 
risk-benefit analysis to estimate the ratio of can-
cers prevented to induced for CTC screening 
every 5 years from age 50 to 80 showed that the 
benefits from such screening outweighs the risk 
substantially; the estimated number of radiation- 
related cancers from CTC screening every 5 

years in that age bracket was 150 cases/100,000 
individuals, while the estimated number of 
colorectal cancers prevented ranged from 3580 to 
5190/100,000, yielding a benefit-risk ratio that 
varied from 24:1 to 35:1 [11].

Increasing concerns about radiation dose have 
led CT manufacturers to develop dose reduction 
tools for their CT scanners [12]. It was shown 
that specifically for CTC large dose reductions 
are possible without losing diagnostic quality 
[13]. Effective doses from low-dose CTC are 
lower than those from a double-contrast barium 
enema [14, 15].

6.4  Patient Dose in CT: 
Controllable and Built-in 
Factors

A number of controllable and built-in factors 
influencing patient dose in CT are discussed 
below.

6.4.1  Tube Current

The most straightforward way to reduce radiation 
dose is to reduce the tube current (mAs). There is 
a linear relationship between dose and mAs; 
decreasing mAs will however result in increased 
image noise and thus decreased image quality. 
There is a wide tolerance for image noise in CTC 
[16]. A number of studies [17–20] have shown 
that decreases in the tube current can still main-
tain accuracy for the purposes of polyp detection 
in CTC.

6.4.2  Automatic Tube Current 
Modulation

For most patients, the anterior–posterior (AP) 
dimension is smaller than the lateral dimension. 
This means there is a larger attenuation of radia-
tion in the lateral projections when compared to 
the AP projections. Less radiation will reach the 
detectors to produce an image for the lateral pro-
jections. The tube current can therefore be 
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Low mA

High mA

Fig. 6.1 Tube current modulation

reduced for the AP projections while still main-
taining the same noise level as the lateral projec-
tions [21]. The tube current may be modulated 
according to patient attenuation or using a 
sinusoidal- type function. The modulation may be 
fully pre-programmed, implemented in near-real 
time using a feedback mechanism, or achieved 
using a combination of pre-programming with a 
feedback loop [22]. As shown in Fig.  6.1, the 
smaller patient thickness in the AP direction (and 
thus less attenuation of the X-ray beam) allows 
for a reduction in tube current for those 
projections.

Automatic dose modulation can occur in the 
X–Y axis as described above, and also along the 
Z-axis [23] where the dose can be reduced in 
more radiolucent parts of the body (e.g. over the 
lungs). Both approaches are now also commonly 
combined resulting in an X–Y–Z axis dose modu-
lation [16]. These approaches typically use the 
AP and lateral CT scout images to predict the 
amount of dose modulation in the scan. In a CTC 
screening population, the dose to patients was 
significantly lower (at least 33%) when tube cur-
rent modulation was applied with X-, Y-, and 
Z-axis tube modulation, when compared to X- 
and Y-axis tube current modulation only [24].

Another approach for dose reduction is an 
organ-based tube-current modulation [25] to 
reduce the radiation dose to superficial radiosen-

sitive organs: the lens of the eye, thyroid, and 
breast, for example. This is done by decreasing 
the tube current when the tube passes closest to 
these organs: to maintain the same noise level, 
the dose is increased for the opposing 
projections.

It has been shown in CTC [26] that the amount 
of stool and fluid tagging, using tagging agents 
such as iodine and barium, does not significantly 
affect the radiation exposure when using auto-
matic exposure control.

6.4.3  Tube Voltage

Decreasing the X-ray tube voltage from 140 to 80 
kVp decreases the CTDIvol (computed tomogra-
phy dose index) by about a factor of 4 [27], while 
a tube voltage reduction in CTC from 120 to 100 
kVp resulted in a 20% decrease in CTDIvol in one 
study, but with only a minimal decrease in 3D 
image quality at all patient sizes [28]. The CTDI 
is measured in a phantom and not in a patient, but 
the dose reduction potential remains with a 
reduction in tube voltage. A reduction in kVp will 
result in a less penetrative beam and an increase 
in image noise. Therefore, reducing the kVp for 
large patients should be done with caution 
because conventional dose modulation 
approaches will increase the tube current to make 
up for the increased noise in the image, which in 
turn can reverse any dose savings. It has been 
shown that at a constant kVp, increasing the 
patient weight from 10 kg (kilogram) to 120 kg 
reduces the transmission of X-ray intensity for 
abdominal CT scanning by about a factor of 100 
[29]. One approach is to set the kVp according to 
patient weight [16], whereas another approach 
takes into account the patient size and diagnostic 
task [30].

The ability to automatically select the tube 
potential can also be an effective approach for 
dose reduction [31]. This has been implemented 
on some CT scanners using the topogram, which 
provides information about the attenuation in the 
patient along the patient length axis and, on the 
basis of that information, the required tube cur-
rent is calculated for the different kVs to obtain a 
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specified image quality. An overall dose reduc-
tion of over 25% was reported for 40 patients 
undergoing abdominal CT angiography (CTA) 
compared with a standard protocol using 120 
kVp [32].

6.4.4  Iterative Reconstruction

Iterative reconstruction is well established in 
nuclear medicine. It is becoming more popular 
for CT image reconstruction. The concept of iter-
ative reconstruction was used in the first trans-
mission CT efforts in the early 1970s, but was not 
practical for fast high-resolution CT [33]. The 
increase in computing power, and the ongoing 
efforts for lower doses in CT, have changed the 
situation: the first CT vendor introduced iterative 
reconstruction in 2008 [33]. Familiar vendor 
names include iDose (Philips Healthcare), IRIS 
and SAFIRE (Siemens), AIDR 3D or ADMIRE 
(Toshiba/Canon), and ASIR or VEO MBIR (GE 
Healthcare).

All iterative reconstruction methods consist of 
three major steps, which are repeated iteratively 
(i.e., repeatedly). In the first step, a set of projec-
tions from an estimated volumetric object is gen-
erated to create artificial raw data. This data is 
then compared to the real measured raw data in 
the second step and a correction term is com-
puted, which is then applied to the volumetric 
object in the third step. This becomes the new 
estimate and the process is repeated until a fixed 
number of iterations is reached or until the 
updates/correction terms between the various 
projections are considered small enough. The ini-
tial guess for the volumetric object can be an 
empty image, or an image estimate that uses prior 
information; a standard filtered back-projection 
image, for example. The iterative reconstruction 
methods differ mainly in how the actual and esti-
mated projections are compared and how the cor-
rection term is computed [33].

Projections might be examined for points 
likely to result from noisy projections. Noisy data 
are penalised and edges are preserved during 
reconstruction. An added benefit of iterative 

reconstruction is that beam hardening artefacts 
can potentially be reduced [34] and that incom-
plete or noisy data can still be reconstructed 
[35–37].

Iterative reconstruction techniques can allow 
scanner-specific models and statistical noise 
models to be included in the reconstruction to 
help eliminate noise and so bring the dose down 
[38]. Iterative reconstruction has allowed large 
dose reductions (32% or more) when compared 
to filtered back projection without the loss of 
diagnostic information [39, 40]. Iterative recon-
struction allowed for a dose reduction of 10–24% 
in abdominopelvic multidetector CT examina-
tions in one study and an average abdominal CT 
radiation dose decrease of 25.1% in another study 
[41] when compared to filtered backprojection 
image reconstruction [42]. Another pilot study 
[43] showed that the radiation dose during CTC 
can be reduced 50% below currently accepted 
low-dose techniques without significantly affect-
ing image quality when an adaptive statistical 
iterative reconstruction technique was used for 
image reconstruction. While there is some varia-
tion in the amount of dose saving, there is a sig-
nificant dose reduction in all cases.

6.4.4.1  Use of Artificial Intelligence 
in CT Image Reconstruction

Artificial intelligence (AI) is an emerging tech-
nique in CT image reconstruction [44]. These types 
of techniques can be used to improve image qual-
ity, or conversely reduce patient dose, in computed 
tomography [45]. The first commercial algorithms 
are already FDA approved in the United States. 
Image denoising is often the first step in CT image 
processing, and several deep learning methods are 
available for this step [46] and show promise in 
reducing image noise, without a loss of spatial res-
olution [47, 48]. Alternatively, deep learning (a 
subset of AI) can be used to aid the iterative recon-
struction process by producing high-dose images 
from lower dose data, or by “learning” how to dif-
ferentiate noise from signal.

Deep learning will also have a significant role 
to play in sparse-sampling CT, where the number 
of acquired image projections are reduced and 
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dose reductions of over 50% are reported [46]. 
Deep learning-based reconstruction algorithms 
have certain limitations: large and applicable 
training datasets are required, as well as ground- 
truth data. The reduced noise or improved 
contrast- to-noise ratio may make for pretty view-
ing, but there is limited data on direct compari-
sons of diagnostic accuracy between different 
reconstruction methods [44]. The principles of AI 
are presented in Chap. 25.

6.4.5  Pre-patient Beam Filter

Since the cross-section of patients is well approxi-
mated by an oval shape, special bowtie filters are 
nowadays common in CT systems for attenuating 
the beam at the periphery, while keeping the inten-
sity in the central portion of the beam [31]. Different 
filters can be used for different fields- of- view 
(FOV) or patient sizes [49] to reduce the radiation 
dose to the patient, especially the skin dose [50].

6.4.6  Active Collimators: 
Over-Ranging

In helical scanning exposure is needed before the 
start and after the end of the planned scan range 
in order to reconstruct images at these positions 
[51]. This over-ranging requires at least one extra 
gantry rotation, even though only a small portion 
of this data is utilised for image reconstruction.

For a given beam collimation, the observed 
Z-over-ranging depends on slice width and pitch 
[52]. Z-over-ranging increases with increasing 
cone angle of large Z-axis coverage multidetec-
tor CT scanners [53]. Active collimation syn-
chronises the width of the X-ray beam at the 
ends of the scan range to the clinically useful 
area needed for image reconstruction. The pre-
patient collimator asymmetrically opens and 
closes at the beginning and end of each spiral 
scan, temporarily blocking those parts of the 
X-ray beam that are not used for image recon-
struction. Percentage dose reductions, when 
using active collimation, are larger for short scan 

lengths and greater pitch values [54]. 
Figure 6.2(i) shows the concept of over-ranging, 
with the first and last full rotation of the gantry 
shown in a darker shade of grey. Figure 6.2(ii) 
explains how dose is deposited outside of the 
planned scan length because of over- ranging. 
Active collimation (Fig.  6.2(iii)) reduces the 
dose outside of the planned scan length by open-
ing and closing the collimator asymmetrically.

6.4.7  Detector Material

The X-ray detector is a very important determi-
nant of the dose performance of a CT system 
[49]. Two dose-relevant characteristics of a 
detector are quantum detection efficiency and 
geometrical efficiency, which together describe 
the effectiveness of the detector in converting 
X-rays to a signal. Solid state or ceramic scintil-
lators with a fast response, low electronic noise, 
and a high light output are preferred over and 
more efficient than the xenon gas detectors that 
were common in the 1980s [55]. To improve radi-
ation dose efficiency, advances in the detector 
material and system electronics are needed. For 
example, integrating detector components to 
reduce electronic noise or minimising detector to 
detector cross-talk [31]. In one study, CTC 
images acquired using an integrated circuit detec-
tor had significantly lower noise than images 
acquired using the conventional detector, which 
allowed for a dose reduction of approximately 
20% to result in similar levels of image noise 
[56]. Some advances in detector materials are 
also described in Chap. 26.

6.4.8  Shielding

External shielding may be useful in reducing 
radiation exposure to parts of the body that are 
not in the examination field [57]. Use of shielding 
for radiation-sensitive tissues and organs in the 
examination field is generally not recommended 
[58] because of an increase in noise and beam- 
hardening artefacts.
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Fig. 6.2 (i), (ii) Over-ranging— the deposition of dose outside of the planned scan length. (iii) Active collimation 
to block parts of the beam that are not used for image reconstruction at the beginning and end of each spiral scan
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6.4.9  Pitch

In single slice CT scanning, pitch is defined as 
the patient couch movement per rotation divided 
by the slice thickness. In multislice CT, this defi-
nition is altered slightly to patient couch 
 movement per rotation divided by the beam width 
[59]. A pitch of less than 1, i.e. small couch incre-
ments, yields an improved spatial resolution 
along the Z-axis (along the length of the patient), 
but also results in higher patient doses because of 
overscanning (like in Fig. 6.3(i)). For pitches >1 
patient dose is less, but data must be interpolated 
to preserve spatial resolution along the Z-axis 
(like in Fig. 6.3(ii)) [60]. By increasing the pitch, 
with a fixed scan length and mA, the radiation 
dose is reduced. The detectability of small lesions 
may be reduced due to a lower dose and an 
increase in image noise.

6.4.10  Slice Thickness

Thinner slices mean an increase in noise if all the 
other scanning parameters remain the same. The 

noise is increased because the number of X-rays 
used to form an image is reduced in proportion to 
the slice thickness [60]. A decrease in slice thick-
ness by 50% will necessitate a dose increase by a 
factor of 2 to fully compensate.

6.4.11  Matrix Size

Choosing a larger matrix (more pixels) will 
increase the noise per pixel and will decrease the 
contrast if all other scanning parameters remain 
the same. Care must be taken to choose an appro-
priate matrix size.

6.5  Other Practical Dose Saving 
Approaches

The most obvious dose saving approach is to 
limit multiple scans and to perform only indi-
cated CTC examinations. Another approach to 
reduce overall dose is to minimize the number of 
scan phases and limit the scan volume to the 
colon only [16]. Correct patient positioning is 
very important for the proper functioning of the 
automatic dose modulation and to optimise the 
image quality; bowtie filters work most effi-
ciently when a patient is positioned in the gantry 
isocentre. If this is not the case, then the X-ray 
beam is not attenuated appropriately, which can 
lead to an increased patient dose. Additionally, 
because of the lower tube currents with automatic 
exposure control, unintentional X-ray beam 
attenuation can cause an unwanted increase in 
image noise or beam-hardening artefacts [61].

6.6  Diagnostic Reference Levels 
as an Optimisation Tool

Diagnostic reference levels (DRLs) are dose lev-
els for typical examinations of groups of standard- 
sized patients [62]. The ICRP states in publication 
105 [2] that it is inappropriate to set dose limits or 
dose constraints for patient exposures because 
the medical condition is more significant than the 
potential for radiation harm arising from any jus-
tified exposure. Dose management is implicit in Fig. 6.3 (i), (ii) Explanation of pitch
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dose optimisation, and the patient doses can only 
be managed if the magnitude and range of doses 
encountered for a study are known. Diagnostic 
reference levels (DRLs) can then be set using this 
data and local practice can be improved by com-
paring the institution’s data with appropriate 
DRLs. Radiology department should set local 
DRLs by taking into account appropriate national 
or international DRLs [62].

There are ongoing efforts to tally the CT dose 
metrics, in particular the CTDIvol and dose-length 
product (DLP), for various studies for the pur-
pose of comparing dose levels. In the European 
Union, DRLs are required by law [62]. DRLs do 
not represent a dose constraint for individual 
patients but give an indication of the boundary 
between good or normal and bad practice. The 
DRL is usually set at the 75th percentile of the 
distribution of doses for a particular examination. 
If the typical average dose for a given procedure 
is consistently high compared to the set DRL, 
this could point to the necessity for dose optimi-
sation and adaptation of local practice [62].

A search for published data on DRLs in CTC 
yielded very few results. One paper [63] referenced 
the 2016 UK data [64], which proposed a DRL of 
the CTDI of 11 mGy and of the DLP of 950 mGy cm. 
This data was updated in 2019 [65]. The 2019 data-
set contained 16,842 patients from 92 hospitals and 
reported a third quartile DLP of the medians of the 
submitted datasets of 685 mGy cm, while the CTDI 
was reported at 6 mGy. This is an indication that an 
awareness of the patient doses can result in signifi-
cant dose savings.

6.7  Ethics in Radiology Imaging

A 2022 publication of the WHO underscores the 
importance of ethics in imaging in terms of justi-
fication, optimisation and dose limitation in med-
ical imaging [66]. The WHO also issued six 
guiding principles with respect to the design and 
use of AI in health [67] (the principles of AI are 
discussed in Chap. 25). These aspects with 
respect to dose optimisation should be consid-
ered in CTC clinical audits. The principles of the 
latter are presented in Chap. 27.

Key Messages
• Justification means ordering the right proce-

dure for a specific clinical indication; optimi-
sation means obtaining the required diagnostic 
information with a minimum detriment to the 
patient, taking into account economic and 
societal factors.

• An increase in the use of ionising radiation in 
medicine has led to a higher dose awareness 
and thus to increased pressure to optimise the 
procedures to keep the doses as low as reason-
ably achievable, while still maintaining diag-
nostic quality of images.

• CT vendors have introduced many dose- 
saving features, like automatic tube current 
modulation, new detectors, filters, or iterative 
reconstruction algorithms. Many of the newer 
innovations come at a premium and will have 
to be specified before the purchase of a CT 
scanner.

• However, the CT operator still has a number 
of variables to adjust to try and reduce the 
dose while maintaining image quality. These 
include the tube voltage and current, the slice 
thickness, and the pitch.

• Multiple and repeat scans should be limited as 
far as possible. Proper patient positioning on 
the CT couch is vital and often overlooked as 
a dose-saving feature.

• Diagnostic reference levels (DRLs) are not a 
dose-limiting tool in any given patient exami-
nation. They do however provide a good indi-
cation whether the radiological practice is 
operating at reasonable dose levels.

6.8  Conclusion

In response to the awareness of an increased pop-
ulation radiation burden, campaigns such as 
Image Gently (the alliance for radiation safety in 
paediatric imaging) and Image Wisely (radiation 
safety in adult medical imaging) were started. 
Their goal is to raise awareness of the opportuni-
ties to lower radiation dose in the imaging of chil-
dren and adults, respectively, by providing 
information and free educational materials. Any 
imaging procedure that uses ionising radiation 
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should be justified, and once it has been justified 
it should be optimised.

Optimised protocols are essential in any dose 
reduction programme. It does not matter how 
sophisticated the dose reduction hardware and 
software is if it is not fully utilised. Dose reduc-
tion techniques often remain underused, but CTC 
is an imaging examination that can tolerate a rel-
atively high level of noise compared to most 
other abdominal CT protocols. This allows for 
aggressive attempts at dose optimisation while 
preserving the diagnostic image quality. In addi-
tion, it is essential to promote and facilitate the 
implementation of a quality assurance pro-
gramme, which includes appropriate training, use 
of well-designed and maintained equipment that 
is in proper operating condition, suitable and 
optimised examination protocols, and adequate 
viewing conditions for image interpretation.
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7Overview of CTC in Imaging 
the Colon

Rachel Baldwin-Cleland and Stephen Wilson

7.1  Introduction

Colorectal cancer (CRC) is the third most com-
mon cancer worldwide, equating to 1.9 million 
people diagnosed in 2020 [1], and the third lead-
ing cause of cancer-related death in the United 
States of America (USA) [2]. Associated risk fac-
tors for CRC are diets with high consumption of 
red and processed meats, alcohol consumption, 
lack of physical activity, large body weight [3], 
smoking, and diabetes [4]. Outcome and survival 
of CRC are related strongly to the stage at which 
it is diagnosed [5]. A 5-year CRC survival rate of 
90 [6, 7] to 92% [8] is possible if the cancer is 
diagnosed early at T1 stage; however, it can drop 
to 10% at T4 [8].

7.2  Reasons for Referral to CTC

Patients may present to the CTC service in 
numerous ways. Originally, most services started 
as completion examinations for patients who had 

incomplete optical colonoscopy (OC), either for 
pathological reasons, such as stenosing lesions, 
or technical reasons such as a fixed sigmoid. 
These patients would have traditionally been sent 
for a barium enema (BE) but peer review research 
in 2013 concluded that CTC had a high sensitiv-
ity in pathology identification, had better patient 
acceptability, was more cost effective than BE 
and consequently CTC should replace it immedi-
ately [9]. It was therefore important to continue 
the development of CTC to increase its accuracy 
and sensitivity for detecting adenomas and 
lesions when compared to barium enema. BE had 
a reported sensitivity of 86% [9], comparable to 
OC at 94.7% [10], and published CRC ranges 
were 93% [9], 96.1 [10], to 100% [11, 12]. Meta- 
analysis data in 2014 showed sensitivity of 89% 
and specificity of 75% of CTC detecting >6 mm 
adenomas and cancers [13]. Later meta-analysis 
data show a further increase in sensitivity and 
specificity of CTC in detecting clinically signifi-
cant pathology [14, 15]; most likely as more 
studies were included in the data analysis which 
use faecal tagging, automated insufflators, and 
had more experienced staff and services.

Due to CTC’s higher sensitivity, better patient 
tolerance, and published guidance recommend-
ing CTC instead of BE, most countries have now 
phased out the use of the latter for the detection 
of CRC [16]. Therefore, patients may now pres-
ent directly to a CTC service, as they would have 
done with direct BE referrals, with symptoms 
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such as altered bowel habit, rectal bleeding, 
abdominal pain, weight loss, and anaemia [17]. 
However, some patients may present with no vis-
ible symptoms, but have been identified as hav-
ing a risk of CRC by screening methods, such as 
a guaiac faecal occult blood test (gFOBt) [18], 
once-only flexible sigmoidoscopy (bowel scope) 
[5], and multi-target stool DNA tests such as 
Cologuard [19] or faecal immunochemical tests 
(FIT) [20]. These bowel screening methods were 
developed to aid the detection of CRC and adeno-
matous polyps, which are the precursors of CRC, 
and occur without symptoms in 20–30% of the 
population [5].

In 2008, 17 countries had established or 
piloted CRC bowel screening programmes [21] 
none of which had CTC as a first-line screening 
test. Evidence from bowel screening programmes 
has demonstrated a decrease in the incidence of 
CRC-related morbidity and mortality [3, 5, 22–
24]. It is therefore important for CTC to demon-
strate that it has high accuracy and sensitivity not 
just for cancer but also for small polyps, if it is to 
be part of a screening pathway in asymptomatic 
patients, and to ensure diagnostic accuracy in 
symptomatic patients.

The sensitivity and specificity of CTC for 
>6 mm polyps have also been reported as 82.9% 
and 91.4%, respectively [25], and adenomas 
>10  mm 87.9 and 97.6%. However, there are 
huge variations seen across the meta-analysis 
data [25]: some published findings ranging from 
59 to 86% for sensitivity of polyps 6–9 mm in 
size [26–29]. The SIGGAR study [9, 30] was a 
large United Kingdom (UK) multicentre ran-
domised study that compared CTC with BE and 
colonoscopy, respectively. It showed that the 
detection rate of cancer and polyps >10 mm was 
significantly higher in CTC than BE [9] but lower 
than the gold standard for comparison of colo-
noscopy’s 100% detection rate [30]. However, 
most studies have shown a link in accuracy with 
the experience of the reporting radiologists and 
the CTC technique used.

Since 2017, the development of the ‘straight- 
to- test’ (STT) 2  week wait CTC referral has 
also increased the burden on CTC services 

within the UK.  Patients who are referred by 
general practitioners to colorectal services have 
a CTC prior to attending a traditional outpatient 
appointment with a colorectal specialist. 
Referrer and patient satisfaction have been pos-
itive with reduced waiting times, cost savings 
to the UK NHS and earlier patient testing with 
CRC detection rates at 4.9% and polyp detec-
tion rate at 13.5% [31].

7.3  Development of CTC

Traditionally, BE was the radiology choice for 
imaging the large bowel, but as demonstrated, a 
poor comparator to colonoscopy in its sensitiv-
ity and specificity of pathology [32]. It was 
thought of as physically taxing for both opera-
tor (radiologist or BE trained radiographer) as 
well as the patient [33]. Evidence has shown 
BE to be highly operator dependent [33], with a 
4.4–5% technical failure rate [9, 34]. Although 
the rate of perforation was less than 1 in 24,000 
[35], the rate of mortality for barium-related 
perforated peritonitis patients was 10% [35]. 
Therefore, the search for a less-invasive, better 
tolerated, quicker, and more accurate test 
began.

CTC was first described in the 1980s [36], 
though most attribute Vining et  al. [37] who 
described it as ‘interactive 3D medical imaging’. 
It has been known as virtual endoscopy [38], vir-
tual colonoscopy (VC) [39], and CT pneumoco-
lon. It is now predominantly referred to as CT 
colonography or CTC for short. With the help of 
commercial companies and academic interest, 
the technology for CTC continued to improve 
[38]. Optimisation of data acquisition and dis-
play was the focus of some original research 
studies, with techniques, preparation, and inter-
pretation following suit.

Annual patient numbers of over 3000 per dis-
trict hospital are now commonplace within the 
UK NHS as CTC tests can not only detect intra-
colonic pathology but in some cases can also 
identify incidental findings that are significant 
and require follow-up [39].
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7.3.1  Scanner Technology

It was not until the development of faster com-
puter processing that the technique and images 
that we recognise today were made possible. The 
development from the incremental single-slice 
acquisition to spiral CT, due to slip ring technol-
ogy, enabled single-breath hold images to be 
acquired although they were still 15–20  s long 
[40]. However, with further CT technology devel-
opment, multi-detector scanners can now scan 
isotropic sub-millimetres slices within seconds 
and then process and display them almost as fast 
[41]. The entire colon can now be scanned within 
one breath hold of under 10  s, enabling better 
patient cooperation and image quality compared 
to the single or four-slice scanners originally 
used [16].

The slow image processing in the early days 
of CTC meant that a patient was routinely 
scanned in a supine and prone position and then 
taken out of the room to wait whilst the images 
were reviewed by a radiologist, which could 
sometimes take 30  min or more to load and 
review. In view of this, an additional scan was 
still sometimes needed to optimise imaging of 
any poorly visualised segments. Today, faster 
image processing allows image review of the 
resultant axial scans whilst the patient is still on 
the CT scanning table, enabling the test to be 
immediately tailored to individual patients. This 
allows the possibility for mobile and compliant 
patients to have their scan completed in as little 
as 10  min; on average, it is however recom-
mended a 30-min appointment slot is required for 
each CTC [42].

Crucially, modern scanners have the opportu-
nity to reduce the radiation dose received by 
patients by up to 50% during the test [16, 43], 
with the use of techniques such as dose modula-
tion and iterative reconstruction. These dose- 
reduction measures are described in detail in 
Chap. 6.

Sophisticated computer graphics software 
enables three-dimensional (3D) and endoluminal 
fly-through, computer-aided detection processing 
(see Sect. 7.3.2). The software includes functions 

such as the ‘filet’ or band view turning the colon 
into a flat plane in order to aid review of the 
acquired images. However, these flattening tech-
niques may cause mucosal fold distortion, which 
could make more subtle polyps more difficult to 
visualise [44]. Software and processing features 
such as these were originally acquired separately 
to the CT scanner. They now may come as a stan-
dard feature when a CT scanner is purchased.

7.3.2  Interpretation Methods

Accurate interpretation of CTC requires addi-
tional focused training [45] and involves the use 
of specific dedicated CTC software [16, 17, 42, 
45–47].

Data acquired can be displayed in a 
variety of formats, namely

• Two-dimensional (2D) axial images including 
multiplanar reconstructions (coronal and sag-
ittal), where the colon is reviewed in continu-
ity by scrolling through the images 
(Fig. 7.1a(i)).

• 3D endoluminal fly-through in which the soft-
ware generates a centreline throughout the 
colon lumen, which is then followed by the 
reader, mimicking a colonoscopy view 
(Fig. 7.1a(ii)).

• Virtual dissection view; the whole colon is 
displayed as a bisected tube ‘filet’ view 
(Fig. 7.1a(iii)).

Images may be reviewed using either a pri-
mary 2D or primary 3D read. To date there is no 
consensus on which approach is preferable. 
However, 3D has been shown to be more sensi-
tive for polyp detection in a cohort of screening 
patients [48]. It is accepted that accurate interpre-
tation must include a combination of 2D and 3D 
review [16, 49, 50].

Computer-aided detection, computer-assisted 
detection, or computer-aided diagnosis (CAD) is 
a software algorithm available with most post- 
processing CTC software packages (Fig. 7.2). It 
is designed to locate possible polyps or cancers 
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(i)

(iii)

(ii)

Fig. 7.1 (i) A supine 2D axial CTC scan visualised in a 
colon window, on which faecal tagging is seen as white 
pools of fluid. A centrally depressed ‘jelly bean’-shaped 
cancer is demonstrated in the transverse colon (yellow 
arrow). (ii) The same supine CTC scan is now presented as 
a 3D endoluminal view. The cancer with its central depres-
sion can be seen in the middle of the picture (yellow arrow). 

The morphology or shape of the lesion can now be appreci-
ated, compared to the axial image which shows a section 
through the cancer. (iii) The same supine CTC scan is now 
visualised in the filet view. The colon is ‘unwrapped’ and 
laid out. The centrally depressed cancer can be seen almost 
in the middle of the picture (yellow arrow). Its shape is more 
comparable to the 3D endoluminal view than the 2D image

Fig. 7.2 2D axial image of a CTC performed in a poorly 
prepared bowel without faecal tagging. The CAD findings 
are shown as red dots. The inadequate bowel preparation 
resulted in a high number of CAD findings. In a well- 
prepared bowel, far fewer CAD findings would be expected

by analysis of features such as curvature, and to 
mark these findings for the reader to review, in 
order to reduce interobserver variation and 
reduce interpretation time [51]. Technical devel-
opments have improved CAD over the years [51, 
52]. Its performance however can be dependent 
on the quality of scan data obtained [53]. 
Regardless, it has been shown to significantly 
alter polyp identification in 3D review with the 
greatest positive effect seen in inexperienced 
CTC readers [54, 55]. However, poor bowel 
preparation can  produce false-positive CAD 
findings, resulting in some experienced readers 
choosing not to use it [56].

Radiographers with comparable experience to 
radiologists have been shown to display similar 
ability to detect polyps [57, 58]. Currently in the 
UK, there is no established algorithm for radiog-
rapher interpretation, with most centres that have 
experienced reporting CTC radiographers offer-
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ing a preliminary read, with a radiologist review-
ing the CTC as a second reader and providing the 
extracolonic report [47].

7.4  Evolution of the Technique

7.4.1  Bowel Preparation

The accuracy of CTC for the detection of small 
subtle lesions is diminished in an unprepared 
bowel. Therefore, in the early days of CTC, it 
was common practice to use the same cathartic 
bowel preparation that had previously been 
employed for colonoscopy or BE, for example, 
polyethylene glycol or sodium picosulphate 
(Picolax®) [59]. Whilst these generally resulted 
in adequate preparation, they were not always 
well tolerated by patients, having significant side 
effects and disruption to normal daily activities. 
They could also leave pools of low-density fluid 
in the colon, and this had the potential to hide 
pathology [41, 60]. As the cohort of patients 
referred to CTC are often frailer and more comor-
bid, a less vigorous bowel cleansing regime is 
preferable [61].

The aim of bowel cleansing is to balance 
patient acceptability with diagnostic accuracy, 
achieving adequate cleansing and faecal tagging 
[59]. There is a range of bowel preparation 
regimes utilised in UK institutions [56], involv-
ing varying quantities and combinations of 
water- soluble contrast media, barium, and laxa-
tive. One UK study demonstrated that there was 
a significant percentage of examinations that 
were deemed inadequate predominantly due to 
bowel preparation, crucially, the absence of fae-
cal tagging in the cohort of patients having 
Picolax® alone as their preparation regime [59]. 
This study demonstrated that increased scan ade-
quacy rate and positive predictive value (PPV) 
reporting a true and accurate finding coincided 
with increased use of faecal tagging. The 
increased PPV with the use of faecal tagging in 
CTC is why it is recommended across many 

countries [18, 42, 47, 49, 62, 63], and the UK 
now has strict guidance that it must be utilised 
when performing a CTC as part of the national 
bowel cancer screening programme (BCSP) 
[46]. The choice of tagging product is however 
dependent on local experience and no clear 
guideline on preference from ESGAR or BSGAR 
has been published [16, 42, 47]. CTC centres 
within the UK predominantly use sodium ami-
dotrizoate 100 mg/meglumine amidotrizoate 
660  mg (Gastrografin®) as both a laxative and 
faecal tagging agent in combination with an 
effective 24 h low residue diet to produce images 
with very low residual faecal load and dense, 
low viscosity residual fluid [64] see Chap. 8 for 
further details.

Figure 7.3a(i)–(v) shows examples of the 
effect tagging on reader confidence.

7.4.2  Insufflation

Good distension is essential to achieve an exami-
nation of diagnostic quality. During the develop-
ment of CTC, the colon was often insufflated 
with room air, via a handheld air bulb and a rigid 
rectal tube as this was a common technique used 
to insufflate the colon during BE [64]. This tech-
nique meant that the operator was not aware of 
the total volume of air introduced or the pressure 
achieved within the colon. Additionally, insuffla-
tion had to be ceased during the CT scans as the 
operator could not remain in the scan room whilst 
the images were being acquired.

In 2003, E-Z-EM introduced the first insuffla-
tor (PROTOCO2L®) specifically designed for 
CTC.  A thinner latex-free, flexible rectal tube 
replaced the rigid tube previously utilised, and 
the colon was insufflated with carbon dioxide 
[65]. Other manufactures have also developed 
automated insufflators, and automated insuffla-
tion is now the recommended way to insufflate 
the colon [16, 47, 63]. The use of an automated 
pressure-controlled insufflator is described in 
detail in Chaps. 8, 9, and 10.
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(i) (ii)

(iii)

(v)

(iv)

Fig. 7.3 (i) 2D axial supine image of a CTC performed with 
cathartic regime only (Picolax®). The yellow arrow indi-
cates a soft tissue density within the sigmoid colon which 
could possibly represent a polyp or may simply be untagged 
residue. (ii) 2D axial prone image of the same colonic seg-
ment. The yellow arrow indicates a possible stalked polyp 
within the sigmoid colon, but the CTC is untagged and 
poorly distended in this segment. It therefore diminished the 
reader’s confidence that this was a true polyp finding. (iii) A 
2D axial supine image of another colonic segment in the 
same study. The yellow arrows indicate other faecal residue 
mimicking polyp candidates, further diminishing the confi-
dence of the reader. (iv) and (v) supine and prone images of 

the repeated examination undertaken in (i–iii). This was per-
formed with combination of catharsis (Picolax®) and faecal 
tagging (Gastrografin®). (iv) 2D axial supine image indi-
cates the previously noted polyp candidate (yellow arrow) in 
the sigmoid, which is now more easily identifiable as a 
homogenous soft tissue polyp. Note the pools of tagged resi-
due (white fluid around it). (v) 2D prone axial image of 
repeat examination. The ‘polyp candidate’ can now be con-
fidently identified as a pedunculated polyp (yellow arrow). 
Note that in the prone position, the stalk is seen stretching 
across from the posterior to the anterior wall, with the head 
of the polyp sitting within a pool of tagging. Endoscopy 
confirmed the presence of a solitary pedunculated polyp
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7.5  Limitations of CTC

In 2003, the American College of Radiology [66] 
commented that there was a lack of standards for 
CTC training, technical performance, interpreta-
tion methods, and the management of extraco-
lonic findings (ECFs). This document also 
highlighted that CTC had further limitations.

• Polyps cannot be removed during the CTC.
• Polyps could be misinterpreted or missed.
• Image quality degradation by metal-streaking 

artefacts such as hip prostheses which may 
reduce reader accuracy of the sigmoid and 
rectum located in the pelvis.

The American College of Radiology [66] also 
commented that the cost of CTC may be higher 
than a conventional colonoscopy, comprising the 
cost of bowel preparation, the test itself (CT 
scanner time, staffing) and interpretation and the 
possible cost of any follow-up tests or imaging, 

for example, subsequent endoscopy or further 
evaluation of clinically relevant ECFs or due to 
the work-up of indeterminate incidental extraco-
lonic findings. More recent literature [67] showed 
that CTC is 29% less expensive than OC in the 
American Medicare population. The complexity 
of the CTC test will affect the cost in comparison 
to a BE. In the UK, there is currently no national 
specific tariff, and the price of the CTC is often 
locally negotiated [42]. America now recognises 
CTC as part of the screening algorithm [18, 24] 
with reimbursement being subject to insurance 
company tariffs.

Metal artefacts can now be reduced by prod-
ucts such as MAR (Smart Metal Artefact 
Reduction—GE®) [68] and O-MAR (Metal 
Artefact Reduction for Orthopaedic Implants—
Philips®) [69] by using projection-based and iter-
ative methods to reduce streak artefacts, beam 
hardening, edge artefacts, and photon starvation 
[68, 69]. Figure 7.4a(i) and (ii) demonstrates the 
effect of using metal artefact reduction software.

(i) (ii)

Fig. 7.4 (i) 2D axial supine image of a patient with bilateral metal hip prosthesis. (ii) 2D axial supine image with 
Philips O-MAR® applied to the original image data

7 Overview of CTC in Imaging the Colon
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7.6  Team Approach and Training

To deliver a CTC service, a team approach is vital 
[47]. The UK published CTC standards recom-
mending local development of department proto-
cols, which clearly define skills and competencies 
for all team members [42, 46, 47]. Appropriate 
training for each role is recommended for all 
members of the team, with effective leadership 
by a radiologist with substantial CTC expertise. 
It is best practice to maintain quality assurance of 
all aspects of the service such as patient experi-
ence, distension, and reporting accuracy in order 
to improve performance and patient outcomes 
[47]. This implementation has a training and 
workforce impact for both the team and the hos-
pital and, therefore, a financial cost to any institu-
tion. Training alone does not ensure competency 
[42, 47].

Training, combined with structured compe-
tencies, can help reduce the performance gaps 
between different institutions [47, 70]. It has 
been shown that radiographers, having been pro-
vided with the appropriate training, can acquire a 
level of interpretation expertise that enables them 
to accurately evaluate the acquired images at the 
time of examination [57, 70–72]. The opportu-
nity for a skilled reader to review the images at 
the time of scanning allows adaptation of tech-
nique to optimise distension and to adapt the 
patient pathway during the test (e.g., to perform a 
staging scan where CRC is identified) [47, 70]. 
This optimises efficiency and helps to ensure 
patients receive the best possible experience and 
outcome [47].

Radiographers should be provided with 
information and training with regard to all 
aspects of CTC including; patient-centred com-
munication (see Chap. 2), patient consent (see 
Chap. 3), optimising distension, luminal naviga-
tion, and problem- solving, with a strong focus 
on the initial clinical evaluation of the images 
acquired. This enables radiographers to criti-
cally evaluate their images, whilst the patient is 
still on the scanner, and make decisions regard-
ing additional imaging based upon that evalua-
tion, for example, the decision to administer 
intravenous (IV) contrast or to perform a decu-
bitus scan when the two initial scans are deemed 
inadequate. In those facilities where the respon-

sibility for this decision- making is devolved to 
radiographers, it is essential that local policies 
and protocols are in place which support this 
and appropriate training and feedback is 
provided.

CTC courses specifically aimed at radiogra-
pher training are available in the UK [73]. These 
range from ‘hands-on’ courses covering the prac-
tical aspects of image acquisition to those which 
are more targeted at image interpretation and at a 
postgraduate degree level, which is a requirement 
of radiographer reporting in the UK. The devel-
opment of the National CT Colonography 
Training and Accreditation Programme at the 
time of writing is in the early stages of national 
rollout after a successful pilot within London 
[74]. This new training is a multi-disciplinary 
scheme and educates and tests radiographers and 
radiologists in the same manner, and on the same 
platform [74].

7.7  Published Documentation 
Which Has Influenced CTC

The international collaboration by the UK, 
Europe, Australia, and New Zealand resulted in 
the CTC standards [49] published in 2010. This 
paved the way for the 2012 NHS national bowel 
cancer screening programme (BCSP) guidelines 
to be published in England and were updated in 
2021 [46]. The European Society of 
Gastrointestinal and Abdominal Radiology 
(ESGAR) published a second consensus state-
ment on CTC in 2013, a publication by the 
European Society of Gastrointestinal Endoscopy 
(ESGE) and ESGAR in 2014 [63], with a further 
publication in 2020 on CTC’s use as an imaging 
alternative to colonoscopy [75]. The UK Royal 
College of Radiologists, in conjunction with the 
British Society of Gastrointestinal and Abdominal 
Radiology (BSGAR), published their own in 
2014 [42], with an update in 2021 [47]. The 
American Cancer Society did not recommend 
CTC in 2003 as a screening tool [66], but did 
state they would relook at CTC as additional data 
became available. In 2008 they included CTC, 
every 5 years, as an alternative CRC prevention 
test, and colonoscopy every 10 years [76]. Further 
guidance for America by the American College 
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of Radiology on performance parameters was 
published in 2014 and then updated in 2019 [17].

The outbreak of Covid-19 in 2020 altered can-
cer screening tests worldwide, with 86–96% 
reduction seen in America [77]. Due to the initial 
thoughts of the risk of Covid virus within stool 
samples, it also affected CTC services [78]. 
BSGAR and the Society of Radiographers (SoR) 
therefore researched and agreed to principles 
regarding CTC to help restart services and miti-
gate the risk to staff [79]. The following was 
agreed: no pre-test Covid screening was required 
for patients; CTC was not an aerosol generating 
procedure (unlike OC), but more research was 
required in this area; PPE should be worn when 
conducting a CTC examination including manda-
tory apron, face visor, surgical mask and gloves; 
no mandate on deep cleaning CT scanners 
between patients; and service necessity should be 
reviewed as not to over stretch strained services 
[79].

Research published in America supported the 
lower risk to staff and patients in cancer screen-
ing by CTC during the pandemic; they did state 
the risk of faecal aerosolisation was unknown, 
but use of appropriate PPE reduces the risk of 
infection [77]. A single case control study has 
shown that the room disinfection policy was suf-
ficient to maintain a safe working environment in 
the CTC scanner, but there was evidence detected 
of airborne dissemination of bacteria in >30% of 
CTC examinations compared to <10% of the CT 
control examinations measured [80]. Adapted 
and reduced CTC services continued throughout 
2020 and early 2021 within the UK [81] using 
Red (Covid hospitals) and Green sites (Non- 
Covid hospitals) until vaccination services for 
Covid-19 increased and positive Covid-19 case 
numbers fell. CTC services then increased back 
to pre-pandemic numbers, supported by research 
confirming no staff had contracted Covid-19 
from conducting CTC imaging [78].

7.8  CTC in the Future

The sensitivity and specificity of CTC imaging 
continues to improve [82]; however, some papers 
have shown that CTC is still thought to be infe-
rior to OC even in advanced colorectal neoplasia 

[83]. Others have shown CTC pathology identifi-
cation is comparable to that of colonoscopy for 
polyps >10 mm, close to that of colonoscopy for 
lesions between 5 and 9 mm [14, 84], but poor 
when compared to OC for lesions <5 mm [84]. 
Pickhardt et al. [15] meta-analysis on 34 papers, 
covering over 17,000 episodes, shows CTC in 
>65 year olds as an efficient, effective, and con-
venient colorectal test, particularly in >10  mm 
colorectal pathology. When CTC was compared 
to other ‘non-invasive’ CRC screening tests in a 
meta-analysis with multitarget stool DNA (mt- 
sDNA) testing, and faecal immunochemical test-
ing (FIT), it was shown to have a higher detection 
rate (4.8%) even at 6 mm for advanced neoplasia 
[85].

Patient dose within CT imaging remains a 
concern although all CTC referrals must be med-
ically justified and completed within the ALARA 
principle (as low as reasonably achievable) [86], 
and methods to reduce radiation dose during 
CTC have been published [87–89]. The ionising 
radiation risk and inconsistency in sensitivity 
and specificity results mean CTC at present has 
only been integrated into colorectal screening 
programmes as an alternative test to current 
algorithms and not as a primary option in Europe 
[46, 90].

Further developments at the time of writing is 
the use of artificial intelligence (AI) to reduce CT 
dose without the loss of image resolution [91] to 
find polyps [92] which could potentially increase 
the argument of CTC being used as a primary 
option for colorectal screening. Software can be 
taught to distinguish specific image or pathology 
features [91]. Research is ongoing into the use of 
AI features such as machine learning (trained 
computer algorithms performing tasks after 
learning from extensive data sets [91]) and deep 
learning (division of machine learning whereby 
complex problems are solved by involving artifi-
cial neural networks in concurrence with vast 
data sets [91]) to de-noise CTC images and 
increase the sensitivity of detecting polyps in 
ultra-low dose scans [93–95] and serrated polyps 
on CTC [96]. CAD has been a tool used within 
CTC image reporting for over 20 years [97], with 
new deep learning techniques showing a range of 
measured accuracies of 98% [98], and differenti-
ating between premalignant and benign polyps of 
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69% specificity and 80% sensitivity [99]. Image 
interpretation could potentially shift from human 
interpretation to computer-based AI in the future 
if the ongoing research shows more stability and 
reproducibility. The development of AI is so pro-
found within medical imaging and medical tech-
nology that the World Health Organisation 
released six guiding principles in 2021 to protect 
human rights and the ethics of its use [100]. The 
principles of AI are presented in Chap. 25.

The USA has seen a falling incidence and 
mortality from colorectal pathology, which is 
attributed to the screening work on prevention by 
polypectomy and early detection of CRC, along-
side improved cancer treatment and reduced 
exposure to risk factors. They advocate regular 
bowel screening [6] which is supported by 
Canada, the UK, and Europe. The joint guide-
lines issued in the USA in 2021, updated from 
those of 2016, recommend full assessment of the 
colon by either OC (every 10 years) or by radiol-
ogy (CTC every 5 years), as the preferred choice 
over the faecal tests such as gFOBt or FIT [24].

The use of CTC as a primary algorithm in 
CRC screening, and its use as a surveillance tool 
in resected CRC patients and in those who have 
had a polyp identified, which could not be 
removed via endoscopy, are already emerging 
practices in the USA [15, 101]. European colorec-
tal screening services are yet to adopt these prac-
tices. Three recent European trials however 
concluded that CTC screening had higher partici-
pation than that for primary screening colonos-
copy with only slightly lower detection rates 
[101–103]. CTC preparation and technique 
results in less burden to patients and can be per-
formed on those that are at a higher risk [104]. 
Other studies have proposed CTC as a primary 
screening test to look for adenomas and CRC 
directly; they believe that in competent hands 
CTC has shown similar detection rates compara-
ble to colonoscopy [18, 39, 105, 106].

Developments in CT scanning technology 
(dual source and spectral-based electronic fluid 
removal) to increase detection rates and lower 
patient dose, further increase the possibility of 
CTC becoming a primary screening tool [84, 

107]. Recent studies have evaluated the diagnos-
tic accuracy of combined CTC and dual-energy 
iodine map imaging for detecting colorectal 
masses using high-pitch dual-source CT com-
pared to conventional OC. The findings show that 
when CTC is combined with dual-energy iodine 
mapping, residual stool can be distinguished 
from colonic neoplasia and results in an improved 
diagnostic accuracy of the CTC examination. 
This can be further enhanced by the use of 
spectral- based electronic cleansing of tagged 
stool as high-quality images can be produced that 
result in less perceived artefacts than conven-
tional electronic cleansing. Previous studies with 
minimal preparation resulted in negative results, 
where for higher detection rates full cathartic 
preparation was recommended [108]. Using 
spectral-based electronic cleansing allows a min-
imally cathartic prepared CTC and could mean 
less burden to a patient.

The English BCSP radiologists are in favour 
of accreditation for CTC interpretation [56]. 
The BCSP quality assurance committee is look-
ing into accreditation schemes for English 
BCSP practices. The PERFECTS research study 
in the UK [109] showed that just 1 day of dedi-
cated CTC training, with periodic testing and 
feedback, could show prolonged improvement 
in cancer detection rates over a period of time in 
reporting radiologists, regardless of previous 
experience. Despite this data and international 
guidelines recommending training (in reporting 
and performing), there is still a diverse variation 
of how this training should occur in publication 
[110]. Recommendations for best practice inter-
pretation training within CTC were published 
by Obaro et  al. [111]. They recommended a 
considered reproducible methodology for CTC 
interpretation training in order to prevent miss-
ing polyps and cancers, calling for regulating 
bodies to support and help deliver this. The 
National CT Colonography Training and 
Accreditation Programme [74] was set up in 
2020  in the UK to facilitate new learning and 
raise standards within CTC imaging. At the time 
of writing, the programme is beginning its 
national roll out in England after a successful 
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London pilot. The accreditation process would 
be for centres performing CTC and for individ-
ual radiographers, specialist radiology regis-
trars, and new consultant radiologists in order to 
perform and report CTC.  A further research 
study (PERFECTS-2) is planned to look at the 
accuracy of radiographers reporting CTCs when 
trained in the exact same manner and electronic 
platform to radiologists [74], which may have a 
clinical and cost benefit to sites, especially in a 
time when there is a shortage of CTC-trained 
radiologists [112].

To raise standards further, the English RCR is 
calling for clinical audits within CTC to be pro-
moted; however, they are not mandatory [113]. 
Nonetheless BSGAR have audited English CTC 
services in 2022 and are due to publish their findings 
in 2023. Completing clinical audits and publishing 
the data makes individuals and services more trans-
parent and can lead to better optimal outcomes for 
both patients and hospital trusts. The principles of 
clinical audit are discussed in Chap. 27.

Key Messages
• CTC is a more accurate test than barium 

enema. It has replaced barium enema as the 
choice for radiological imaging of the large 
bowel in the diagnosis of CRC.

• Sensitivity and specificity of CTC are still 
variable in terms of published data.

• Modern CT scanning technology has 
decreased the time taken for the test and has 
improved imaging quality by features such as 
metal artefact reduction packages.

• Combined 2D and 3D review on dedicated 
CTC software is recommended.

• Published standards and guidelines are steer-
ing CTC services towards recommended best 
practice.

• Training, accreditation, radiographer report-
ing, and the use of CTC in screening algo-
rithms are hot topics for the future development 
of CTC.

• Clinical audits should be ongoing for best 
practice and optimal patient outcomes.

• Artificial intelligence is still a growing topic 
within radiology and CTC.

7.9  Summary

CTC has evolved considerably since its inception 
in the 1980s. Its sensitivity and specificity are 
higher than barium enema. Literature shows that 
it is still inconsistent, perhaps due to variable per-
formance throughout the world, in its detection 
of colorectal cancer and polyps in comparison to 
colonoscopy. The variation in CTC outcomes 
mean, for example, that there are some chal-
lenges in the UK that need to be addressed before 
CTC can become a direct pathway to bowel 
screening algorithms. It is envisaged that the 
development of training and accreditation 
schemes, such as those planned in England, will 
drive and support improvements in CTC service 
delivery and reporting accuracy by trained and 
validated individuals. It is hoped that radiogra-
phers will continue to have a significant and 
potentially greater impact on the CTC process.
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8The Role of Contrast Media in CTC: 
Types, Usage, Allergic Reactions, 
and Patient Safety

Rachel Baldwin-Cleland and Stephen Wilson

8.1  Introduction

Although CT colonography (CTC) has been 
described as safer than optical colonoscopy (OC) 
[1, 2], it still has the potential for adverse events 
[2]. Departments offering CTC examinations 
must have appropriate training and procedure 
guidelines to cover events such as colonic perfo-
ration, obstruction, and vasovagal reactions. 
Images should be reviewed during and after the 
procedure for colonic perforation and staff must 
be fully trained in recognising the appearance of 
a perforation within CTC images. Patients should 
be observed for a period of time and ideally be 
provided with a beverage before they can safely 
leave the hospital [3].

Bowel preparation and techniques for opti-
mising distension are covered in Chaps. 9 and 10. 
However, the focus of this chapter is on medica-
tions which may be used, patient comfort and 
safety during the CTC pathway.

8.2  Oral Contrast Within Bowel 
Preparation

The use of oral contrast as a faecal tagging agent 
has become integral to the CTC procedure and 
has resulted in the increased sensitivity of the 
test to rival OC [4]. There remains no standardi-
sation in preparations or protocols for CTC, and 
these can further differ between hospitals due to 
individual contracts, pharmacy availability, and 
clinician preferences. Research has shown that 
the use of sodium amidotrizoate 100 mg/meglu-
mine amidotrizoate 660  mg (Gastrografin®) as 
both a laxative and faecal tagging agent 
 combined with an effective 24 h low residue diet 
[5] or clear liquid diet [6] can result in highly 
diagnostic images. The high osmolality of 
Gastrografin® draws fluid into the colonic lumen 
and increases the density of the residual fluid 
[7]. Further research into this has shown using 
Gastrografin® in a split bolus regime (75 mL/25 
mL) split 24 h prior to the test consistently gives 
better colonic lavage and impacts the patient 
less, although this study was of 100 patients 
with a mean age of 76 years [8]. However, with 
the use of Gastrografin® any remaining intra-
luminal fluid is of low viscosity, identifiable as 
‘tagged fluid’ and moves easily with the move-
ment of the patient [8]. Therefore, the use of 
faecal tagging is recommended by gastrointesti-
nal imaging groups in optimising CTC out-
comes [3, 9].
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a b

Fig. 8.1 (a) Residual high-density ‘tagged’ fluid (red arrow) is seen as bright white on the supine CTC image. (b) 
Untagged fluid (red arrow) will be seen as much darker, with an almost soft tissue density

Figure 8.1a, b shows CTC images of tagged 
and untagged bowel preparation.

The use of oral contrast, to provide faecal/
fluid tagging, enables a reader to more easily 
 distinguish between faecal residue and colonic 
pathology. This improves both positive predictive 
values (PPV) for small polyps and the adequacy 
rate of the test [5]. Most recent literature on CTC 
encourages faecal tagging to help improve reader 
confidence when reporting and reduce false- 
positive findings [3, 9–11]. As well as increasing 
the sensitivity of CTC, faecal tagging decreases 
the necessity of a residual dry bowel, as required 
in endoscopy procedures [12]. Pathology within 
tagged fluid can be clearly differentiated when 
combined with adequate distension and low fae-
cal residue preparation as shown in Fig. 8.2a–d. 
An optimum residual fluid value of 900–1100 
HU increases the readers confidence in discount-
ing potential pathology (200 HU) from adhered 
faecal matter (900 HU) [8, 13, 14].

With regard to the choice of preparation 
regime, cost, image quality, reader accuracy, 
patient tolerance, and overall test experience 
must be considered. The historic use of sodium 
picosulfate (Dulcolax®; Boehringer Ingelheim—
Germany or Picolax®; Ferring Pharmaceuticals 
Ltd.—UK), combined with an oral contrast agent 
(such as Gastrografin®) or an orally ingested 
intravenous (IV) contrast agent (such as 
Omnipaque®, Visipaque® or Niopam®), can be 

effective, but high sodium preparations can result 
in significant electrolyte imbalance and renal tox-
icity within the frail patient [10].

The United Kingdom (UK) NHS National 
Patient Safety Agency alert issued guidance in 
2009 covering the use of Picolax®, Citramag®, 
Fleet Phospho-Soda®, Klean Prep® and 
Moviprep® along with their distribution prior to 
interventional procedures, due to one death and 
218 safety incidents occurring after ingestion of 
these types of medications prior to a medical pro-
cedures [15]. The NHS National patient safety 
agency stipulates that a clinical assessment must 
be undertaken by the clinician referring and 
authorising the CTC (including general practitio-
ners using the direct access route), which must be 
documented on the referral form to ensure that 
there is no contraindication [15]. The supply of 
the medicine must be authorised by a clinical 
professional, and each patient must receive writ-
ten information (including named contact) and an 
explanation on the safe use of the product [15]. 
This is now a compulsory practice in the UK for 
distribution of these bowel preparation products. 
Gastrografin® was not listed in the alert, but it is 
still best practice to include it to ensure the same 
safety standards.

Patient bowel preparation instructions should 
advise patients to remain hydrated and continue 
consuming approximately 250 mL of non- 
diuretic fluids per hour whilst awake [16]. If this 
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a b

c d

Fig. 8.2 (a) Supine image of a patient who was adminis-
tered oral tagging as part of bowel preparation shows two 
polyps (red arrows) in the sigmoid colon surrounded by 
faecal tagging. (b) Supine image of a patient who was 
administered oral tagging as part of bowel preparation 
shows an annular carcinoma in the descending colon (red 

arrow). (c) Supine image of a patient who was administered 
oral tagging as part of bowel preparation shows a lipoma in 
the sigmoid colon (red arrow). (d) Supine image of a 
patient who was administered oral tagging as part of bowel 
preparation shows a very large pedunculated polyp in the 
transverse colon lying in a pool of tagged fluid (red arrow)

is not followed, there is a risk of hypokalaemia 
(low potassium) and requires prompt medical 
attention to restore the fluid/electrolyte 
 imbalance. If left unresolved hypokalaemia can 
be serious in the frail and debilitated patient [16]. 
Previously, it was recommended that a recent 
eGFR (estimated glomerular filtration rate) level 
within the past 3 months should be obtained, and 
values less than 40  mL/min/1.73  m2 should be 
discussed between consultant clinicians to 
decrease the possibility of a contrast-induced 
acute kidney injury (contrast nephrotoxicity/
radio-contrast nephropathy) due to dehydration 
from the bowel preparation [17]. Newer guide-
lines do not recommend specific eGFR levels for 
patients in relation to oral intake of faecal tagging 
contrast media, but do recommend correction of 

dehydration or severe electrolyte disturbances 
prior to the administration of oral iodinated con-
trast media where possible, with electrolyte mon-
itoring in severely ill patients or those with severe 
diarrhoea and/or vomiting [18]. They also recom-
mend the same precautions should be taken as 
intravascular contrast use in relation to anaphy-
lactic reactions [18].

The delivery of pharmaceuticals to patients by 
special delivery mail within the UK has been suc-
cessful at specific institutions. However, not all 
institutions operate this service so the feasibility 
of offering a service of this nature must be dis-
cussed with individual departments. Careful 
packaging, tracking each individual parcel, clear 
medicines label with patient details, and the 
inclusion of the appropriate literature with the 
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a

b(i) b(ii)

c

Fig. 8.3 (a) Patient 1: large polypoidal mass within the 
caecum (red arrow) including the ileocaecal valve. This 
mass is not obstructing as the small bowel and large bowel 
contain very little faecal matter and there is tagging seen 
throughout. The patient is still a priority but does not 
require emergency admission. Radiographers should how-
ever flag this for urgent reporting. (b) (i) and (ii). Patient 2: 
images from the same CTC. The patient is imaged in the 
left lateral decubitus position (left side down). In (b) (i), 
there is no obstructing mass, but the small bowel contains 
a large amount of contrast (red arrow). In (b) (ii), both 
tagged and untagged faecal matter can be identified in the 

distal sigmoid (red arrow) and untagged faeces (green 
arrow) can be seen in the rectum. The untagged faeces in 
the rectum suggest noncompliance with the preparation 
instructions. This, along with the small bowel tagging is 
consistent with either the bowel preparation being ingested 
later than instructed, or slow motility such as delayed gas-
tric emptying. Such patients do not need emergency admis-
sion. (c) Patient 3: a large amount of tagging remains 
within the small bowel accompanied with ascites (red 
arrows) within the abdomen and pelvis. The patient has an 
obstructing mass and needs urgent surgical review and 
should not leave the hospital without this review

enclosed medication are essential to avoid inges-
tion by an individual other than the intended 
recipient. Figure 8.3a–c demonstrates the role of 
tagging in a CTC study. Staff reviewing images 
must be aware of the appearances of tagging con-
trast within the small bowel and its significance.

A patient with an iodine allergy or high sensi-
tivity may be referred for a CTC. Historic shell-
fish or strawberry allergy must not be confused 
with a specific iodine allergy, and there remains 
no link between high sensitivity and iodine-based 

oral/IV contrast agents [17, 18]. If a patient has a 
documented IV contrast allergy, then an untagged 
CTC or a catharsis regime with barium tagging 
may be discussed with your clinicians depending 
on your department’s protocols [19]. The draw-
back with untagged studies is residual faecal mat-
ter, which may mimic or obscure pathology, 
especially within areas of poor distension [12]. 
Some institutions routinely use barium-based 
tagging, but a change in diet and bowel cleansing 
must be used in conjunction [20]. Perforation of 
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barium into the abdominal cavity may have a 
higher mortality rate for patients than a water-
soluble tagging agent (such as Omnipaque® or 
Gastrografin®), with a 10% mortality rate seen 
for patients who perforated during barium enema 
studies [21].

8.3  Colonic Insufflation with CO2 
and Perforation

It is recommended that low-pressure distension 
with CO2 via an automated insufflator should be 
used for CTC colonic insufflation [3, 5, 22, 23]. 
The use of CO2 automated insufflators, which 
have inbuilt safeguards to protect patients, also 
ensure better colonic distension, decreased oper-
ator dependency, result in lower patient discom-
fort, shorten procedure time and show quicker 
patient recovery post-procedure than room air 
and manual insufflation [2, 22, 24, 25]. Due to 
differences in colonic volume and the ability of 
some ileocecal valves to reflux CO2, the volume 
of CO2 will vary between patients.

A rare but possible side effect during CTC is 
that of vasovagal episodes. The patient may expe-
rience abdominal pain, blurred vision, cold 
sweat, and nausea leading to bradycardia and 
hypotension resulting in loss of consciousness 
[26] although one Italian study found this occur-
rence to be low at 0.079% [27]. This effect may 
be due to the distension of the colon causing pain 
and stretching of the mesentery and thereby stim-
ulating the vagus nerve, which increases the out-
flow to the sinus node of the heart [28]. If this 
occurs insufflation should be stopped immedi-
ately and a detailed vasovagal procedure/policy 
should be followed. This may include deflating 
the colon by releasing the tube from the auto-
mated insufflator or using an appropriate vent 
function on the insufflator. Medical help should 
also be sought for observation of the patient 
(ECG and oxygen saturations). It may take the 
patient 30 min or more to recover from all symp-
toms [28]. However, it should be discussed with 
both the consultant radiologist and the patient to 
determine whether the test should be restarted/
completed.

Another rare but possible complication of 
insufflation during CTC is colonic perforation, 
which is the presence of gas or luminal contents 
outside of the colon [29]. Figure 8.4(i–iv) shows 
a perforation in a patient who was referred for a 
CTC with abdominal pain and change in bowel 
habit, as she was not fit enough for a 
colonoscopy.

Figure 8.5 is an image of the rectum demon-
strating the importance of good competent tech-
nique during a CTC and the possibility of 
perforating distal pathology. Figure 8.6 shows a 
small perforation. A large perforation is shown in 
Fig. 8.7. Figure 8.8(i and ii) is also an example of 
a large perforation. Studies in colonoscopy and 
barium enema patients [30–32] revealed that per-
foration can occur if the pressure was greater 
than 140 mmHg, with the left side of the colon 
requiring higher pressures to cause perforation 
than the right side of the colon. The safe upper 
limit for colonic pressure in humans is estimated 
at 80 mmHg [32] as the air contributes to the vol-
ume and expansion of the colon but has little 
effect on the pressure [33]. Above 80 mmHg, the 
pressure and radius of the colon increase as the 
volume of air does, resulting in increasing wall 
tension (Laplace’s law) and the risk of colonic 
perforation becomes much higher [33]. The 
upper limit of most CO2 automated insufflators is 
30 mmHg, and it may automatically vent above 
50 mmHg. You may notice when patients cough, 
sneeze, or move into a new position, the pressure 
will rise above 30 mmHg but will always settle 
down once they are settled. To prevent significant 
fluctuations in intra-colonic pressure due to 
colonic spasm the use of hyoscine butylbromide 
(Buscopan®, Boehringer Ingelheim, Germany) is 
recommended in patients without contraindica-
tion by the British Society of Gastrointestinal and 
Abdominal Radiology (BSGAR) [3]. Colonic 
perforation must be looked for on the CTC by a 
competent trained individual, ideally prior to the 
patient leaving the CT scan room, but certainly 
before they leave the department [3, 34].

Sosna et al. [35, 36] are of the opinion that the 
lower recorded pressure at CTC compared to 
conventional non-therapeutic colonoscopy may 
explain why the incidence of perforation at CTC 
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(i) (ii)

(iii) (iv)

Fig. 8.4 (i) Supine position, during the CTC the patient 
experienced some abdominal pain similar to the pain with 
which she had been referred. (ii) The patient was then 
moved into the right lateral decubitus position. The patient 
felt a sudden ‘release’ feeling and then felt slightly better. 
A thin strip of air can be seen outside of the colon in the 
retroperitoneal area (red arrows). (iii) Red arrow air out-

side of the colon in the retroperitoneal area. (iv) Thickened 
sigmoid colon (red arrows), which was the likely site of 
perforation. The patient was monitored in hospital for 
48 h and given IV antibiotics. A subsequent flexible sig-
moidoscopy occurred 6 weeks later when the patient was 
feeling better in general. This showed a previously undi-
agnosed ulcerative colitis in the rectum and sigmoid colon

Fig. 8.5 A large rectal tumour (red arrow) is seen adjacent to the rectal catheter (green arrow). Trauma to distal 
pathology can be caused by the insertion of the rectal catheter. If there is resistance when placing the rectal catheter or 
it cannot be inserted, refer to a senior CTC radiographer or radiologist, as a change in procedure may be necessary
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Fig. 8.6 This supine image (shown using a colon window 
levels) reveals a small localised perforation in the sigmoid 
colon (red arrow) which occurred during the CTC 
examination

Fig. 8.7 This prone image (shown using lung window 
levels) reveals a perforation at CTC. A large amount of 
retroperitoneal gas shown behind the right kidney, but 
with a small amount also seen behind the left kidney (red 
arrows)

is lower. The incidence of perforation at CTC is 
in the range of 0.005–0.9% [29, 37] compared to 
diagnostic colonoscopies’ rate of 0.1% [29] or 
1 in 1700 in a screening population [38]. There 
have been no known patient deaths at CTC [22, 
37]. Pickhardt’s [22] review of published data on 
colonic perforation during CTC showed only one 
recorded perforation in a screening (asymptom-
atic) patient, with the rest involving symptomatic 
high-risk patients (such as active ulcerative coli-

tis, severe diverticulosis, and active Crohn’s dis-
ease), who were not suitable for or have had a 
previous incomplete colonoscopy. Nearly all of 
the CTC perforations had involved manual insuf-
flation rather than distension with CO2 via an 
automated insufflator [22]. The use of a soft, flex-
ible rectal tube has also decreased the likelihood 
of colonic perforation due to rectal trauma [22] as 
discussed in Chaps. 9 and 10. Even so, Duxbury 
et al. [6] reported 9 perforations during a 6-year 
period in a well-trained large volume service 
(0.068% perforation rate—1  in 1500), but only 
one patient displayed symptoms at the time of 
perforation (0.008%—1 in 13,143 patients). The 
rest were picked up by the team, and all patients 
were managed conservatively and discharged 
from hospital clinically well. This data is higher 
than the normally quoted risk of 1 in 3000 in the 
UK [39].

The sensitivity of CTC to demonstrate small 
volumes of extracolonic gas, even in patients 
who are asymptomatic of perforation may mean 
that CTC records more perforations than recorded 
at colonoscopy in asymptomatic patients [22], 
and therefore the 1 in 1700 rate for colonoscopy 
might actually be an underestimation. In the case 
of a perforation, patients may experience severe 
abdominal pain during the procedure; however, 
this is not always the case, and they may be 
asymptomatic. If a perforation is identified dur-
ing the test, the insufflation should be stopped 
immediately and the tube disconnected from the 
insufflator to vent the CO2 from the patient. A 
pre-approved perforation policy should then be 
implemented and may include: (1) a member of 
staff remaining with the patient to provide sup-
port whilst another confirms the perforation with 
a consultant radiologist; (2) intravenous access 
being established if it is not already so; (3) reas-
surance to, and monitoring of, the patient; and (4) 
the surgical team should be contacted to review 
the images and determine whether the patient 
must be admitted. If a small localised perforation 
is detected then the patient may be allowed to 
leave the hospital. This will likely entail monitor-
ing the patient for 24–48 h (dependent on local 
policies). However, management may need to be 
tailored to the individual patient [40] with fol-
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(i) (ii)

Fig. 8.8 (i) A supine CTC with faecal tagging. A large 
amount of mesorectal and retroperitoneal gas can be seen 
(red arrows) and the rectosigmoid wall can be seen clearly 

(blue arrow). (ii) Scout taken prior to the scan. On review, 
the free gas can already be seen on this image (red arrows)

low- up and treatment adjusted according to their 
clinical status.

A review by Pickhardt [22] of known CTC 
perforations showed that only one cancer-related 
CTC perforation required any surgical 
 intervention, with the rest managed conserva-
tively, which may include rest, dietary restric-
tions, and antibiotics.

During the procedure, and before a patient 
leaves the CT scanning room, radiographers are 
in an ideal position to review all images for ade-
quate distension and colonic perforation. 
Radiographers therefore need to be adequately 
trained and deemed competent to do so. However, 
Burling et  al. [2] showed that four out of nine 
patients with perforation at CTC were subtle and 
asymptomatic and were only discovered 4–6  h 
later when the study was formally reported. 
Therefore, verbal or written guidance should be 
given to CTC patients before they leave the scan 
room regarding symptoms of perforation (e.g., 
severe abdominal pain, increasingly painful 
abdominal discomfort, sweating and nausea or 
just generally very unwell) and what course of 
action to take should they develop these symp-
toms post-procedure.

To ensure safe working practice, local policies 
for the occurrence of perforation during or post- 
CTC should be developed prior to implementa-

tion of a CTC service. This will guide 
radiographers and radiologists in the appropriate 
management of patients should perforation be 
identified at the time of the scan, or later when 
reported.

8.4  Antispasmodic Drugs

Currently, the UK and Europe predominantly use 
hyoscine butylbromide (Buscopan®, Boehringer 
Ingelheim, Germany) as an antispasmolytic dur-
ing imaging of the colon. However, it is not 
licensed in several countries including the United 
States of America (USA). The latter previously 
used Glucagon® as an alternative [41], but due to 
its cost and side effects, it is now rarely used [42] 
and is no longer recommended for use in the UK 
during CTC [3]. Drotaverine® has been reported 
as comparable to Buscopan® in Bulgaria [43]. 
Double-contrast barium enemas identified the 
benefit of the use of Glucagon®, but its use in 
CTC has not shown the same effect [44]. In 2001, 
the Joint Formulary Committee [45] found that 
Buscopan® was safer and cheaper than Glucagon. 
However, its efficacy in CTC examinations has 
not been conclusively proven [41]. Some research 
has shown it does not routinely improve disten-
sion when compared to patients with no antispas-
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molytic [25] but does aid distension in patients 
with sigmoid diverticular disease [46]. Others 
have shown improved adequacy rates of CTC 
when Buscopan® is used [5, 6] and that signifi-
cant colonic distension is better in patients who 
had received antispasmodics compared to those 
without [47]. Buscopan® works by relaxing the 
smooth muscle in the bowel wall, minimising 
peristalsis and spasm, but it does commonly have 
minor side effects of blurred vision and a dry 
mouth, which usually dissipate after 20  min. 
Buscopan® can therefore limit activities post- 
examination due to visual disturbance [45]. Thus, 
it should be recommended to patients to be cau-
tious with activities such as driving until their 
vision has fully restored to normal. More major 
side effects are precipitation of urinary retention, 
glaucoma, angina attack, and cardiac ischaemia 
[45].

In the UK, a Patient Group Directive (PGD) 
can allow named radiographers to administer 
Buscopan® during CTC, enabling a more effi-
cient workflow. The staff must have had adequate 
training in administration (either IV or intramus-
cular), know the contraindications to administra-
tion (untreated narrow angle glaucoma, 
myasthenia gravis, tachycardia, prostatic enlarge-
ment with urinary retention or paralytic ileus) 
[48] and maintain a regular audit of administra-
tion [3]. There is currently one alternative insuf-
flator also available, which markets that it warms 
the CO2 to 42.5–48.5 °C, reducing the likelihood 
of spasm in the colon [49], and therefore its use 
negates the need for antispasmodics. However, 
there have been no independent trials confirming 
this.

8.5  Intravenous Contrast

The use of intravenously administered contrast to 
enhance the bowel wall during CTC has been dis-
cussed since the procedure was first proposed 
[50]. The European consensus statement in 2013 
by ESGAR [51] gave guidance to radiologists 
(Table 8.1) although the consensus panel did not 
conclusively agree on all the statements issued. 
In the UK, it is not usually advised to administer 

IV contrast to asymptomatic individuals [23] or 
screening programme patients (imaged within 
the NHS Bowel Cancer programme), unless there 
is a specific indication [3] or evidence (such as 
cancer) [3, 34] on the CTC ideally identified in 
the first position scanned.

Research by Morrin et al. [52] showed the use 
of IV contrast has no effect on the detection of 
small polyps but increases the ability to detect 
medium and large polyps. They did state that 
despite IV contrast being used, very flat lesions 
can still be missed. Yau et al. [53] believe that the 
use of IV contrast does not increase the detection 
rate of clinically significant findings within 
symptomatic patients. The use of IV contrast for 
symptomatic patients can increase the detection 
of incidental findings, for example, liver lesions 
such as cysts or haemangioma. Unfortunately, 
these findings often result in further clinic 
appointments and additional investigations such 
as ultrasound or magnetic resonance imaging 
(MRI). Lung et  al. [5] released audit data of 
4355 CTC examinations, of which 26% were 
given IV contrast and 46% of patients had extra-
colonic findings with 11% needing follow-up, of 
which only 2% had findings suggestive of extra-
colonic cancer. Only one patient with renal can-
cer who did not receive IV contrast would have 
benefitted from its use. Their conclusion was 
that IV contrast should be ‘judicious, rather than 
routine’, as its small benefit might be offset by 

Table 8.1 ESGAR statements on intravenous contrast 
use in CTC [51]

Intravenous (IV) contrast is not routinely required for 
colonic evaluation—but improves evaluation of the 
extracolonic organs
Oral tagging agents do not preclude the use of IV 
contrast
IV contrast should be administered to all patient with 
known colorectal cancer to facilitate staging
In symptomatic patients without known cancer, 
routine administration of IV contrast should be based 
on clinical indications or if pathology identified on 
unenhanced scans
If IV contrast used—administer in portal venous 
phase
Full-dose scan protocol to be used with IV contrast
IV contrast should be preferably administered in the 
supine position
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(i) (ii)

(iii)

Fig. 8.9 (i) A supine scan was acquired. A small amount 
of faecal tagging can be seen in the sigmoid colon. (ii) On 
review of the prone sequence by the radiographer, the 
subtle thickening (red arrow) in the caecum opposite the 
ileocaecal valve raised a red flag, which was then identi-
fied on the previous supine image (i) (red arrow). (iii) A 
full-staging scan including chest was then performed in 

the supine position. Subsequently, the patient underwent 
colonoscopy which confirmed the presence of a laterally 
spreading tumour. Comparison of (i) and (iii) demon-
strates a difference in density due to the higher mAs value 
used, but the tumour does not enhance with the contrast 
(red arrow)

Fig. 8.10 A normal well-prepared and distended colon. 
Incidental finding of multiple cysts (red arrows) in the 
kidneys meant that the patient was referred for a kidney 
ultrasound which confirmed these to be benign cysts

the associated risks [5]. Gross extracolonic find-
ings (ECFs) can be visible even without IV con-
trast. Subtle pathology with and without contrast 
may be visualised as shown in Fig. 8.9(i, ii, and 
iii). However, patients suspected of having 
colorectal cancer on CTC images should have IV 
contrast for staging (if the patient has an appro-
priate eGFR, no previous allergic reaction and 
no known iodine allergy) to identify invasion of 
pericolic fat planes and adjacent organs, and for 
metastases in sites such as the liver or lungs [3, 
52]. Figures 8.10, 8.11, 8.12, 8.13, and 8.14(ii) 
demonstrate colonic and ECFs with and without 
IV contrast.

Nonionic IV contrast is thought to be almost 
completely excreted by the kidneys within 24 h 
of administration [54] and has been shown to 
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a b(i) b(ii)

Fig. 8.11 (a) Prone scan. Patient #1 had faecal tagging 
and IV contrast. A saddle-shaped lesion with central 
depression can be seen in the sigmoid colon (red arrow). 
(b) (i) Supine scan. Patient #2 had faecal tagging and no 
IV contrast due to poor renal function. A centrally 

depressed lesion (red arrow) can also be seen in the sig-
moid colon even without IV contrast. (b) (ii) Patient #2. 
3D endoluminal rendering created by the CTC software. 
The raised edge (red arrow) and central depression can be 
seen protruding into the lumen of the colon

(i) (ii)

Fig. 8.12 (i) Supine image with IV contrast after a failed 
colonoscopy. A patient, with a known sigmoid cancer iden-
tified at colonoscopy which could not be passed with the 
scope, was sent for a staging CTC to enable visualisation of 
the rest of the colon. Red arrows show the location the 
endoscopist could not pass. (ii) Right decubitus position. 
The patient had been sent Gastrografin® as bowel prepara-

tion regime, but there was limited compliance with only 
half being taken, therefore small pools of untagged fluid 
can be seen in both (i and ii) (blue arrows). A sigmoid 
hemi-circumferential (semi-annular) cancer can be seen on 
both images (red arrows). Even though (i) is with IV con-
trast, there is only a small amount of vascular enhancement, 
and the cancer does not look dissimilar in density to (ii)

have a minimal effect on renal function with 
some diabetic patients showing a small rise in 
creatinine levels postinjection [55]. Adequate 
hydration should be advised both pre- and post- 
test. Manufacturers advise special consideration 
in the use of IV contrast in patients with pre- 
existing renal impairment, diabetes mellitus, 
Waldenström macroglobulinemia, or myeloma-
tosis [55]. The incidence of notable i.v. contrast 
reactions occur in 0.5% of patients [56, 57], but 
some have reported 3–4% [52]. Most major reac-
tions occur within the first 15 min of the injec-

tion, so it is advised by most manufacturers to 
maintain venous access and observe the patient 
during this time. It is best practice (though not 
always achievable) to advise patients to remain 
within the hospital afterwards for a further 30 min 
[18]. This is especially important if a patient is a 
high-risk one, such as an asthmatic, sensitive to 
medications or had a previous mild reaction to IV 
contrast and therefore may warrant premedica-
tion with corticosteroids prior to the CTC study. 
CT departments that make use of IV contrast 
should have adequate medication, equipment, 
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(i) (ii)

Fig. 8.13 (i) Supine image of a patient presented with a 
right-sided mass and anaemia. The patient was given 
Gastrografin® tagging to take at home the day before. A 
large circumferential mass in the caecum is shown. The 
cancer can be seen clearly even without IV contrast (solid 
red arrow). Pericolic fat stranding can also be seen (green 

arrow). The patient was then positioned in the prone posi-
tion, the CO2 gas was continued, IV contrast was given 
and an arterial chest and then portal venous phase CTC 
abdomen and pelvis area were taken. (ii) The cancer 
enhances (solid red arrow)

(i) (ii)

Fig. 8.14 (i) Patient with anaemia, weight loss, and 
change in bowel habit referred for a CTC. The image was 
acquired as a very low dose-prone sequence as the patient 
was to have IV contrast on second sequence due to anae-
mia. The left kidney (red arrow) looks larger than the 

right, but at a very low dose, the pathology is very hard to 
see. (ii) Supine image with IV contrast shows good disten-
sion in the transverse colon. The left kidney shows a renal 
cell carcinoma (red arrow) which was the likely cause for 
the patient’s anaemia symptoms

and a protocol of what to do should a contrast 
reaction (mild or major) occur.

Institutions vary in the volume of IV contrast 
and type that should be given; therefore, it is rec-
ommended to follow your institutional policy for 
choice of contrast, but the abdomen must be 
scanned in a portal venous phase. Some studies, 
however, have looked at the use of arterial phased 
staging at CTC as a preoperative work-up to help 
surgically map CRC found at OC, which can then 
guide surgeons to the margins of relevant vessels 

needing to be resected [58, 59]. When deciding on 
the use of IV in contrast in a CTC service, the lead 
CTC radiologist should take into consideration the 
cost, the risks of contrast use and the clinical refer-
ral reason for the examination. The 2021 joint 
guidance for CTC standards of practice of the 
British Society of Gastrointestinal and Abdominal 
Radiology (BSGAR) and The Royal College of 
Radiology recommends that perforation rate, and 
patient experience/safety should be continuous 
auditable outcomes [3] (see Chap. 27).
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Key Messages
• Faecal tagging is proven to increase the sensi-

tivity and specificity of the CTC examination 
and is recommended by many gastrointestinal 
imaging professional bodies such as the UK 
Bowel Cancer Screening Programme (BCSP), 
BSGAR (British Society of Gastrointestinal 
and Abdominal Radiology), ACR (American 
College of Radiology) and ESGAR (European 
Society of Gastrointestinal and Abdominal 
Radiology).

• No overall preparation has been proven to be 
the best. The preparation of choice must be 
safe to the patient, have effective bowel 
cleansing and faecal tagging action, be well 
tolerated by a high patient demographic and 
be cost effective to the department.

• Correct procedure and departmental protocols 
must be in place to meet current safety stan-
dards in bowel preparation.

• CO2 is recommended to achieve colonic dis-
tension using an automated insufflator.

• Colonic perforation from CTC is rare but 
appropriate department perforation policy 
guidelines must be agreed and in place for a 
safe service.

• The use of an antispasmolytic (e.g., Buscopan) 
is key to obtaining optimal colonic distension 
and is recommended by current UK and 
European guidance.

• The use of intravenous contrast in CTC is not 
recommended in the ESGAR standards and the 
UK BCSP in the first instance in every type of 
CTC referral. It may have a role in visualising 
significant incidental extracolonic pathology, 
and the degree of metastatic disease when intra-
colonic pathology is identified.

• Patient experience and adverse incidents such 
as perforation rates should be continuous 
audited outcomes.

8.6  Summary

To achieve a good CTC, it is recommended to use 
faecal tagging, antispasmodics, and an automated 
insufflator. Careful prescreening by the team for 

allergies, renal function and mobility before 
administration of any contrast media or medica-
tions is essential. The type of medication, batch 
number, volume, and expiry dates of any oral or 
IV medication administered prior or during the 
CTC should be adequately recorded. This may be 
on the referral letter which is scanned into a 
PACS system, hospital radiology system or 
within the CTC report. Staff should be appropri-
ately trained in the management of adverse reac-
tions and perforations. Any untoward event such 
as an IV contrast reaction, a vasovagal attack due 
to the CO2, an angina attack due to the antispas-
modic or a colonic perforation should also be 
clearly documented. The reflective practice of a 
team debrief post-event will allow for junior col-
leagues to learn what went well, and what could 
be done differently the next time, and is an impor-
tant part of every radiographer’s continued pro-
fessional development. Having appropriate 
policies and protocols in place before starting 
your CTC service will guide you in what to do in 
these events, should they occur.
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9Preparation of CTC Patient: Diet, 
Bowel Preparation, the Role 
of Tagging, and Methods 
of Colonic Insufflation

Joel H. Bortz

9.1  Introduction

There are several CT colonography (CTC) com-
ponents. Each one contributes to a successful 
examination: from patient preparation to perfor-
mance and interpretation of the results [1]. 
Pickhardt [1] underscores that every part of the 
technical component of a CTC examination is 
interconnected. The final outcome will therefore 
be negatively impacted if there is a weak link in a 
CTC examination chain.

There is consensus in the literature that cathar-
tic bowel preparation, and tagging agents are piv-
otal in CTC [2–5]. Studies have been done to 
assess 1, 2, or 3-day preparation; non-cathartic 
unrestricted diet; limited bowel preparation; liq-
uid diet; low-fibre diet; cathartic bowel prepara-
tion together with tagging agents; and wet bowel 
preparation, for example [3, 6–8]. Comparative 
studies have been done of nonionic iohexol and 
ionic diatrizoate as tagging agents in CTC as part 
of a cathartic bowel regime [9]. Literature reports 
that iohexol (Omnipaque) is more palatable for 
patients [10, 11]; and diatrizoate (Gastrografin) 
has an unpleasant taste [2].

Two critical components are necessary to 
achieve a successful CTC: an adequately cleansed 
bowel and good distension of the colon [4]. 

Patient co-operation is necessary in order to 
achieve these two components. When a CTC is 
booked, it is important that patients are informed 
of the importance of the use of cathartic agents to 
cleanse the bowel, the role of tagging, and that 
the examination does require insertion of a rectal 
catheter to allow for distension of the colon. As 
discussed in Chap. 8 at the time of booking a 
CTC, each patient must be asked about known 
allergies or previous reactions to iodinated con-
trast media. Patients need to be informed that an 
anaesthetic is not required; it is not necessary for 
someone to accompany them to the procedure, 
which takes on average 20 min. It is important to 
emphasise that they must ensure that they are 
well hydrated. It is essential that an appropriately 
trained person explains to patients the impor-
tance of adhering to a liquid diet and taking the 
bowel preparation medication at the correct 
times.

During the Covid-19 pandemic, patients were 
assured that CTC, compared to colonoscopy, is a 
socially distanced and minimally invasive study 
with a very low risk of transmission of infection 
[12]: patients should always be told this when 
they make an appointment for CTC 
examinations.
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The following abbreviations are used in this 
chapter
• CO2: carbon dioxide
• CRC: colorectal cancer
• OC: optical colonoscopy
• 2D: two-dimensional

9.2  Bowel Preparation

Bowel preparation has evolved over the years. It 
is important to have an adequately cleansed 
bowel with good distension of the colon with 
CO2 (carbon dioxide) in CTC examinations.. 
There are many ways to perform CTC, but it is 
advisable to choose a method used at an institu-
tion that has published evidence of consistently 
producing outstanding results, and to then follow 
the published recommendations. The author has 
adopted the technique used by Professors 
Pickhardt and Kim from the University of 
Wisconsin [13]. These practitioners have shown 
the importance of bowel preparation including 
tagging agents and the use of CO2 instead of 

room air for optimal visualisation of the colon. A 
weak link in any of these parameters can cause a 
poor CTC result.

9.3  Colonic Preparation

Bowel preparation is controversial in terms of 
patients’ compliance [14, 15]. A primary barrier, 
to achieving optimal colorectal cancer (CRC) 
screening with either CTC or optical colonogra-
phy (OC), is many patients’ aversion to bowel 
cleansing [16, 17]. A CTC study requires both 
bowel cleansing and tagging agents (Fig. 9.1a–c). 
Tagging agents, such as 250  mL of 2.1% w/v 
Readi-Cat [4] and 50  mL nonionic iohexol 
(Omnipaque) [9, 18] are used. The barium tags 
stool in the colon; the Omnipaque tags the resid-
ual fluid in the bowel [18].

Cathartic bowel preparation is required for 
CTC, and OC with same-day polypectomy [6]. 
There are many different bowel preparations 
available, and most work well. A standard proto-
col is not available as opinions vary as to which is 

a b c

Fig. 9.1 (a) Magnesium citrate for bowel preparation. 2 × 296 mL bottles required. (b) Readi-Cat 2 to tag stool. Only 
250 mL required. Remaining 200 mL to be discarded by the patient. (c) Omnipaque 50 mL to tag residual fluid
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the best preparation. When CTC was first intro-
duced in 1994, sodium phosphate (NaP) was the 
agent of choice. Patients were not adverse to its 
usage. The findings of a 2007 study showed that 
effective bowel cleansing could be achieved 
using either 90 mL or 45 mL sodium phosphate 
[19]. There were reports that its usage could have 
contributed to isolated cases of acute phosphate 
nephropathy [20]. A blinded study in 2010 that 
compared magnesium citrate (MgC) and sodium 
phosphate for catharsis resulted in the former 
being preferred for CTC bowel preparation [21]. 
A 2014 study undertaken to compare the efficacy 
of replacing sodium phosphate with magnesium 
citrate showed there had not been any compro-
mise of the overall CTC examination quality 
[22]. Magnesium citrate remains the front-line 
CTC cathartic agent (see Fig. 9.1a). The regimen 
consists of 2 × 296  mL bottles compared with 
only one bottle of sodium phosphate. Significant 
clinical electrolyte imbalances are less likely 
with magnesium citrate compared to sodium 
phosphate. Fluid intake is essential to avoid 
dehydration [2].

There are two types of preparation: ‘dry’ prep-
aration and ‘wet’ preparation [2]. A ‘dry’ prepa-
ration for CTC means that less residual fluid is 
present hence better visualisation of the colon 
wall [2]. It is thought that low-volume regimens 
(‘dry’ preparations) are superior to high-volume 
ones (‘wet’ preparations). An example of the lat-
ter is polyethylene glycol (PEG: Klean-Prep®) 
[23]. Since PEG is a ‘wet’ preparation it is an 
electrolyte lavage preparation. It functions as an 
osmolar agent by increasing the water content of 
stool and inducing elimination [2]. Many patients 
are adverse to the available agents for bowel 
cleansing; hence, there is continual research 
being undertaken to find a cathartic agent that can 
(1) reduce residual fluid in the bowel, and (2) be 
positively accepted by patients.

A new formulation, called Suprep (OSS®) was 
introduced into the OC market in 2010 [24]. It is 
a low-volume oral sulphate solution. One dose of 
OSS Suprep consists of 17.5 g sodium sulphate, 
1.6 g magnesium sulphate, 3.1 g potassium sul-
phate, and flavouring agents in an aqueous liquid 
form supplied in a 177  mL plastic bottle [24]. 

Sulphate is a poorly absorbed anion, and OSS 
does not alter electrolyte balance [25]. The rec-
ommended OC regimen consists of 2 × 177 mL 
bottles in a split dose to adequately cleanse the 
colon for OC examinations. Bannas et  al. [26] 
undertook a trial using a single bottle regime 
(177 mL) for colonic cleansing. They were of the 
opinion that a single-bottle regime, together with 
an ionic iodinated oral contrast medium of 
sodium diatrozoate/megulumine diatrozoate 
(Gastrografin), would act as an additional mild 
cathartic agent. Five different cathartic regimes 
were employed in the trial, namely

• Single dose of 45 mL NaP
• Double dose NaP (2 × 45 mL) separated by 

3 h
• Double dose of MgC (2 × 296 mL) separated 

by 3 h
• PEG.  Four litres (4  L) divided into 16 × 

237 mL taken every 10 min
• Single bottle OSS purgation regimen. The 

177  mL oral sulphate solution was diluted 
with 296 mL water before ingestion

• To tag residual stool and fluid, respectively, all 
of the patients were given 250 mL Readi-Cat 
2, and 60 mL Gastrografin the evening before 
the CTC examination

The authors used an automated QA software 
tool to determine volume and attenuation of 
residual colonic fluid. According to Bannas et al. 
[26], the findings of their 2014 trial were that the 
OSS Suprep regime at that time was superior to 
any other previously used cathartic agents for 
CTC bowel preparation. There was less residual 
fluid compared with the other agents, and the 
fluid attenuation value increased.

Below is the bowel preparation that the author 
uses.

9.4  Recommended Bowel 
Preparation Including Diet

For a successful examination, bowel preparation 
should consist of a well-established CTC standard 
protocol [27]. The author’s recommended proto-
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Table 9.1 Patient preparation

Ensure clean bowel Prep day Day of CTC
Hydration: Patient to drink 3–4 L (4 
quarts) of clear liquid day before CTC
TIP: If liquid can be seen through and 
there is nothing floating in it, then it may 
be consumed
Approved clear liquid
   •  Tea/coffee; iced tea; apple/white 

grape/white cranberry juice; 
lemonade; powerade; soda/diet 
soda; coconut water; vitamin 
water; jell-O/popsicles; clear broth 
or consommé

Not approved
   •  Orange juice; tomato juice; 

grapefruit juice; prune juice

   •  No solid foods day before the 
CTC and prior to CTC

   •  Adequate hydration to be 
maintained: clear liquid 
throughout the day to be 
consumed until midnight 
thereafter nil per mouth

   •  Diabetic patients to test blood 
glucose level more often and 
to drink clear liquid that 
contains sugar if less than 
70 mg/dL

   •  Nil per mouth until 
completion of CTC

   •  Patients on daily 
medications may take as 
prescribed with small sips 
of water

NB: No solid foods day before 
CTC. Fasting after midnight

Patients on medications to take 
them 1 h before or 1 h after taking 
the magnesium citrate

Patients who have not had bowel 
movements or could not finish 
the bowel prep kit should be 
requested to reschedule the CTC 
for a later day

Bowel prep kit
   •  Bisacodyl (dulcolax) tablets 5 mg 

× 2
   •  Magnesium citrate 2 × 296 mL 

bottles
   •  Barium sulphate 2.1% w/v 

(250 mL) to tag remaining stool
   •  Iohexol (Omnipaque) (50 L) to tag 

remaining fluid

Step 1
   • At 11:00: Bisacodyl 

(dulcolax) tablets to be taken 
with 1 glass (8 ounces) clear 
liquid

Step 2
   •  At 14:00: one bottle of 

(296 mL) of magnesium 
citrate to be swallowed 
followed with at least 4–6 
cups clear liquid

Step 3
   •  At 17:00: 250 mL barium 

sulphate to be drunk followed 
by the remaining bottle of 
magnesium citrate

Step 4
   •  At 20:00: 50 mL of undiluted 

iohexol (Omnipaque) to be 
swallowed OR can be mixed 
with 1 glass of clear liquid; 
the entire amount must be 
swallowed (not necessary to 
drink this quickly)

   •  The patient may 
commence eating solids 
and resume usual 
medication schedule if the 
CTC study is normal or if 
a same day OC is not 
feasible

   –  NOTE: If a same day OC is 
feasible then patient to 
continue fasting as an 
anaesthetic will be required. 
Someone will have to 
accompany the patient 
home. Patients cannot drive 
home after an OC

col is as follows. Bowel preparation commences 
the day before the scheduled examination and a 
24 h liquid diet is required (Table 9.1 presents a 
list of permitted liquids). Dry bowel preparation is 
routine. The protocol is: (1) at 11:00 2 × 5  mg 
bisacodyl (Dulcolax) tablets are ingested with one 
glass (8 ounces/234 mL) clear fluid, (2) 296 mL 
solution of magnesium citrate ingested at 14:00 
and a further 296 mL at 17:00 on the day before 

the study, (3) tagging agent 250 mL of 2.1% w/v 
Readi-Cat® is ingested at 17:00 (it stains any 
remaining stool), and (4) at 20:00 50 cc iohexol 
(Omnipaque) is ingested to stain any residual 
fluid white [18]. Patients are required to adhere to 
a 1-day clear liquid diet to aid bowel catharsis as 
well as to ensure hydration because of osmotic 
fluid loss [19]. In 2022, it was necessary to make 
changes to this bowel preparation protocol. There 
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were supply chain and production issues of 
iohexol during Covid-19 pandemic [28]. In view 
of the shortage use was made of Gastrografin; 
patients found the taste to be unpleasant. In July 
2022, magnesium citrate oral laxative was recalled 
in the United States of America (USA), Canada, 
and Panama due to microbial contamination [29]. 
The result of this recall was that the above 1-day 
preparation protocol was changed to a 2-day pro-
tocol of liquid diet and additional Dulcolax tab-
lets; patients were not happy with this revised 
protocol and bowel cleansing was not as good as 
using magnesium citrate.

The protocol includes nil per mouth from mid-
night. If a patient has had breakfast in error, 
another CTC appointment must be arranged. It is 
important for a patient to be fully briefed on all 
requirements when a CTC is booked. An appro-
priately trained person must carefully explain to 
the patient the importance of adhering to a liquid 
diet and taking the bowel preparation medication 
at the correct times (steps 1 and 2 in Table 9.1). 
The times to take the medication in these steps, 
and the tagging ones, must be labelled on the 
bottles. Patients must be informed that it is essen-
tial they adhere to all the steps for bowel prepara-
tion including no solid foods as indicated in 
Table  9.1. Consumption of solid food before a 
CTC will result in stool in the colon. Figure 9.2(i) 
is an example of a patient not following instruc-
tions. The patient ate snacks the evening before 
the CTC; there was stool in the caecum and the 
examination had to be rebooked.

The patient must be informed that onset of 
bowel action is variable: it may occur after 
30 min or be delayed for up to 4 h. Tagging is an 
integral part of the colonic preparation (steps 3 
and 4 in Table 9.1).

Nonionic Omnipaque contrast medium is 
likely safer than Gastrografin [9]. A comparative 
study of these two contrast media reported that 
patients found the latter to have an unpleasant 
taste [9]. Gastrografin is a hypertonic oral con-
trast medium which has been used for decades in 
gastrointestinal radiology [30]. It is used as a tag-
ging agent in CTC primarily to tag and stain 
residual fluid white so that any submerged polyps 
can be easily identified [4]. Some patients are 

however reluctant to ingest the oral contrast 
medium for two reasons. It contains iodine and/
or they may have had a prior reaction to injected 
contrast media. Anaphylactoid reactions have 
been reported in the literature, especially when 
Gastrografin has been aspirated [31]. The main 
contraindications for its use would be known 
hypersensitivity to iodine. Asthmatic patients 
need to be careful as they may experience bron-
chospasm. Patients with hyperthyroidism should 
avoid Gastrografin [30]. In the vast majority of 
patients, the contrast medium is administered 
without reported problems. However, it is essen-
tial that cognisance should be taken of a patient’s 
history of allergy or previous reactions to con-
trast media.

Barium does not adhere to the colonic wall; it 
coats the surfaces of polyps making them more 
conspicuous and easier to diagnose [27]. This 
may reduce the false-positive rate on CTC. Both 
Omnipaque and Gastrografin stain residual fluid 
white which aids in 2D evaluation of submerged 
polyps. Since Gastrografin is hypertonic, it also 
emulsifies the stool adherent to the bowel wall 
thus causing a secondary catharsis [27]. 
Figure  9.2(ii)–(iv) illustrates the importance of 
tagging residual fluid.

It is sensible to shift to PEG for the 
extremely small percentage of patients who 
are in poor health due to cardiac or renal dis-
ease, or hypertensive patients taking 
 angiotensin-converting- enzyme inhibitors 
(ACE inhibitors) to avoid fluid or electrolyte 
shift. PEG has an unpleasant taste and a large 
volume needs to be consumed. In view of this, 
patients usually do not adhere strictly to its 
correct use [4].

9.4.1  Non-cathartic Options for CTC

Patient adherence may improve with a non- 
cathartic preparation, but there are trade-offs [32]. 
The findings of a 2012 study, comprising 605 
patients who did not have cathartic agents, showed 
accurate detection of adenomas ≥10 mm or larger, 
but less accurate detection for lesions <10 mm in 
size [33]. Patient preparation comprised a low-
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(i) (ii)

(iii) (iv)

Fig. 9.2 (i) 3D view shows excessive stool (open black 
arrows) in the caecum due to poorly prepared bowel as 
patient ate snacks in the evening before the study. (ii) 2D 
axial view showing unopacified fluid (open white arrow) 
due to lack Omnipaque as a tagging agent. (iii) 2D axial 

view shows barium (open black arrows) at the bottom of 
the non-pacified fluid due to lack of Omnipaque. (iv) 2D 
axial view showing visualisation of a submerged polyp 
(open red arrow) in opacified residual fluid

fibre diet as well as barium and Gastrografin for 
stool and fluid tagging. The study employed elec-
tronic cleansing as well as CTC computer-aided 
detection (CAD) software, respectively. Electronic 
cleansing may cause significant artefacts (see 
Chap. 12), and 2D (two- dimensional) reading is 
required. Feedback from the patients was positive 
in terms of a  laxative- free CTC. A downside to a 
laxative-free study is that a same-day OC cannot 
be performed if the CTC findings reveal an ade-
noma ≥10  mm [33]. A cathartic-free regime 
would probably result in an increase in screening 
compliance. Furthermore, risks associated with 
purgative preparations would be avoided, particu-

larly in patients with known cardiac and renal 
insufficiency. However, according to Pickhardt 
[6] there are disadvantages of non-cathartic 
screening protocols, namely

• Laxative-free regimes still require patient 
preparation; tagging agents are required to tag 
stool and residual fluid.

• A reduction in accuracy could lead to missed 
lesions and overuse of colonoscopy.

• Lack of cathartic preparation precludes same- 
day optical colonoscopy.

• 2D reading is essential because large amounts 
of stool are present in the bowel.

J. H. Bortz
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• Electronic cleansing produces its own arte-
facts which further complicate reading of the 
CTC study.

9.5  CTC Colonic Insufflation

There are two methods to insufflate the colon 
during CTC studies. Room air or CO2 can be 
insufflated using either a handheld device (man-
ual insufflation) or an automated pressure- 
controlled insufflator [4, 34]. Informed consent 
forms must include the benefits and risks of both 
methods. Informed consent is discussed in Chap. 
3. It is also important to consider the use of room 
air versus CO2, and the potential risks of perfora-
tion in CTC studies.

9.5.1  Carbon Dioxide Versus Room 
Air for Colonic Insufflation

The advantage of using CO2, compared to room 
air, is its rapid absorption from the colon by nor-
mal breathing. Its resorption is 150 times faster 
through the colon wall compared to room air. The 
main components of air are nitrogen and oxygen 
[35]. Literature reports that CO2 is absorbed 
across the intestinal mucosa 160 times more rap-
idly than nitrogen and 13 times more rapidly than 
oxygen [36]. Patients therefore experience less 
cramps during and after a CTC study when CO2 
is used [4]. This holds true for patients during and 
post colonoscopy [35]. Abdominal pain during 
CTC is less of a feature with CO2 than room air: 
the former is rapidly resorbed following the pro-
cedure resulting in much reduced post-procedure 
distension and pain [37, 38]. CO2 may cause 
bloating for a short period [4].

9.5.2  Manual Insufflation Using 
Room Air or Carbon Dioxide

Manual insufflation requires the use of a hand-
held air-bulb insufflator. Room air and CO2 can 
both be used to distend the colon in a CTC study; 
room air is free whereas there are costs involved 
in the use of CO2. Irrespective of which negative 

contrast medium is used the success of a CTC 
depends on an adequately distended and clean 
colon [39]. Introducing room air or CO2 into the 
colon requires many puffs of a handheld device. 
According to Sosna et  al. [40], each puff of a 
device will introduce approximately 40 cc of air; 
at least 50 puffs will be required to introduce 2 L 
of air. Of importance is that the pressure at which 
the air is introduced is unknown [40]. The danger 
of perforating the bowel under these circum-
stances far exceeds that of the gentle measured 
pressure and volume attained with an automated 
pressure-controlled CO2 insufflator. The intraco-
lonic pressure produced by manual insufflation 
may vary greatly depending on the force used to 
compress the bulb of the puffer. Pressures varied 
from 41 to 148 mmHg in an industrial study per-
formed in 2002 [41]. An intracolonic pressure 
above 140 mmHg can lead to perforation of the 
caecum [42]. During manual insufflation, perfo-
ration can be caused by the use of either room air 
or CO2. The medico-legal ramifications of using 
manual insufflation are self-evident.

9.5.3  Automated Pressure- 
Controlled Insufflation 
with Carbon Dioxide

A successful CTC study requires optimal disten-
sion of the colon [2, 4, 6]. Optimal distension 
means that during a fly-through, there are no 
breaks in the well-distended colon segments. An 
automated pressure-controlled device has more 
advantages than disadvantages when compared 
with manual insufflation [4]. Several vendors 
supply automated CTC insufflators. Training is 
often necessary to operate an insufflator and to 
understand pressure and volume readings on the 
dials. It is essential to check that there is suffi-
cient CO2 in the cylinder before commencing a 
CTC study.

The intracolonic pressure, which is indicated 
on the dial of an automated CO2 insufflator, is 
constantly monitored (see Fig.  9.3a(i) and (ii)). 
The CO2 is introduced very gently into the colon 
until 1  L has been insufflated. The pressure is 
then gradually increased to 20 mmHg or higher if 
necessary, usually to a maximum pressure of 
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25 mmHg. There are newer automated CO2 insuf-
flators that provide a range to 35 mmHg. There 
are also some insufflators that can be used at 
pressures >35  mmHg. The important factor to 
bear in mind is that the pressure should gradually 
be increased. It has been shown that using con-
stant pressure infusion of CO2 has been as effec-
tive in colon distension in stenosing as well as in 
non-stenosing carcinomas [42]. Kim et al. [42] in 
their study also checked for colonic perforation 
24 h later in 65 patients who had undergone biop-
sies immediately before their respective CTC 
studies. No perforations occurred in these 
patients. According to literature, the risk of per-
foration is minimal when constant-pressure auto-
mated CO2 is used [43]. Unlike a handheld 

device, an automated insufflator can be switched 
on and off to control insufflation. The amount of 
CO2 used can be accurately recorded. Such a 
facility is not available with handheld devices.

A recently launched insufflator (VMX-1020A 
Vimap Technologies®) includes an option to 
warm the CO2 during colonic insufflation. This 
product allows for temperature ranges from 30 to 
47 °C (Fig. 9.3b(i) and (ii)). The temperature can 
be selected as a constant setting or adjusted. This 
warming option was included by the manufac-
turer to relax the colon wall (personal communi-
cation with Nicolas Costovici, Vimap 
Technologies). Studies using warmed humidi-
fied CO2 in laparoscopic procedures have been 
done. The findings of a study by Farley et al. [44] 

Fig. 9.3 (a) (i) Close-up view of pressure controlled 
insufflator (PROTOCO2L—Bracco®). Installation pres-
sure set at 15. Rectal intraluminal pressure at 19 mmHg. 

Left upper dial shows total volume readout of CO2 = 1.5 L. 
(a) (ii) Automated CO2 colonic insufflator (VMX 1020 
A—Vimap Technologies®). 

a(i) a(ii)
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were that the use of warmed gas did not signifi-
cantly result in less postoperative pain than 
patients undergoing laparoscopic cholecystec-
tomy with standard CO2 insufflation. Glew et al. 
[45] found that warmed humidified CO2 did 

increase dissipation of residual gas following 
laparoscopy. There are some endoscopy insuffla-
tors that include warming the carbon dioxide 
from a gas cylinder or from a wall-mounted 
outlet.

b(i)

b(ii)

(b) (i) Close-up view of the Vimap gauge. 
Installation pressure at 21  mmHg. Volume of CO2 
12.5  L.  Rate of introduction at 2.5  L/min. Temperature 
gauge for CO2 at 39 °C. Note these settings are for dem-

onstration purposes only and were not used during a CTC 
study. (Courtesy Vimap Technologies). (b) (ii) Cross-
section view of the CO2 warming mechanism in the VMX 
1020 A insufflator. (Courtesy Vimap Technologies)

Fig. 9.3

9 Preparation of CTC Patient: Diet, Bowel Preparation, the Role of Tagging, and Methods of Colonic…



106

9.6  Perforation Risks

Colonic perforation during CTC is rare [43]. 
Most of the recorded cases of colonic perfora-
tion were associated with the use of manual 
insufflation, and generally occurred in symp-
tomatic patients, or in those with underlying 
disease, such as inflammatory bowel disease, 
colon cancer, and diverticulosis [46]. Another 
cause of perforation has been attributed to the 
usage of a large gauge rigid rectal catheter used 
in barium enema examinations. Current practice 
is the routine use of small gauge soft rectal cath-
eters (e.g., 20–25 French gauge) in CTC 
examinations.

CTC should not be performed soon after colo-
noscopic polypectomy, snare polypectomy, or 
biopsy to reduce perforation risks. The findings 
of a 1984 study underscored that no perforations 
occurred when barium enema examinations were 
performed within 72  h post biopsy or colono-
scopic polypectomy [47]. A 2006 study by 
Dachman did not support these findings [48]. He 
showed that it takes a week for granulation tissue 
formation in most surgical wounds; during this 
period, an injured colonic wall is weak thus 
would not be able to withstand high intracolonic 
pressure as occurs during insufflation. To mini-
mise the rare risk of perforation, the current prac-
tice is that there should be a waiting period of 
2–4  weeks before performing CTC.  If a deep 
biopsy or polypectomy has recently been per-
formed, it is advisable to wait at least 4  weeks 
before proceeding with the CTC to allow the 
mucosa to heal [4].

Patient preparation is important in terms of 
best practice and standards. The 2021 joint guid-
ance for CTC standards of practice of the British 
Society of Gastrointestinal and Abdominal 
Radiology (BSGAR) and The Royal College of 
Radiology includes bowel preparation and insuf-
flation for clinical audit [49] (see Chap. 27).

Key Messages
• Hydration is mandatory: patients to drink 

3–4 L (4 quarts) of clear liquid 24 h before a 
CTC study.

• Cathartic agents are essential to cleanse the 
bowel; good visualisation of a stool-free colon 
is required for a successful CTC study.

• Tagging of stool and residual fluid is pivotal 
for an accurate study.

• Well-distended colon is required.
• Carbon dioxide is an integral component in 

CTC; it is safe, rapidly absorbed and does not 
cause cramping.

• Check that there is sufficient CO2 in the cylin-
der before commencing a CTC examination.

• Automated pressure-controlled carbon 
 dioxide insufflation using a small rectal cath-
eter has been shown to reduce the rare risk of 
perforation.

• CTC should not be performed soon after colo-
noscopic polypectomy, snare polypectomy, or 
biopsy to reduce perforation risks.

• Anaesthesia is not required; therefore, it is not 
necessary for someone to accompany a patient 
to a CTC study.

• Cognisance to be taken of patients with 
 previous history of adverse reactions to con-
trast media.

• Patients with hyperthyroidism should avoid 
Gastrografin.

• Patients with known cardiac or renal insuffi-
ciency could be compromised with ‘dry’ 
preparations; a non-cathartic regime is an 
option.

• Bowel preparation should be included in clini-
cal audits.

9.7  Summary

There are two crucial components to achieve a 
successful CTC: an adequately cleansed bowel 
and good distension of the colon. An automated 
pressure-controlled CO2 insufflation results in a 
well-distended colon. Pain and cramping are not 
associated with the use of CO2 to distend the 
bowel. The risk of perforation is very rare in CTC 
studies. However, to reduce any risk of perfora-
tion a CTC should not be performed soon after 
colonoscopic polypectomy, snare polypectomy, 
or biopsy. Furthermore, a small gauge soft rectal 
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catheter should be used. Patients with hyperthy-
roidism should avoid Gastrografin.

Acknowledgements Vimap Technologies provided the 
cross-section illustration of their of CO2 warming mecha-
nism in the VMX 1020 A, and the close-up view of the 
Vimap gauge insufflator.
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10CTC Technique and Image 
Interpretation Methods

Joel H. Bortz

10.1  Introduction

CTC has been identified as a valid screening test 
for CRC [1, 2]. It has demonstrated both cost- 
effectiveness [3] and a high degree of acceptance 
among patients [4]. Screening of asymptomatic 
individuals can reduce CRC mortality [1]. 
Removal of an advanced adenoma may reduce 
the incidence of CRC [1].

There have been significant changes in the 
performance of a CTC study since it was first 
used by Vining in 1994 [5]. The main changes 
being in computer hardware and software, and 
CTC technique. Initially, it took hours to process 
images, but technological advances in computers 
now allow us to generate vast numbers of images 
in real-time [6]. CT scanners have advanced from 
single-slice to super-fast multidetector CT 
(MDCT) scanners that can scan up to 320 slices 
per second. It is not necessary to use super-fast 
MDCT scanners for CTC studies; good studies 
can be performed on 16-slice up to 64-slice 
MDCT scanners. Advances in CT hardware have 
resulted in shorter scanning times. Breath holds 
of 5 s for the scout film and 10 s for abdominal 
scans are the norm now. A 2003 study by 
Pickhardt et  al. [2] brought about changes to 
CTC technique. Two tagging agents are used: 2% 
w/v barium sulphate to tag stool and iohexol 

(Omnipaque) to tag remaining fluid (see 
Table 9.1 in Chap. 9). In the study by Pickhardt 
et al. [2], two tagging agents were administered 
to all participants (patients) prior to the CTC pro-
cedure. The author uses 2% w/v barium sulphate 
to tag stool and iohexol (Omnipaque) to tag 
remaining fluid (see Table 9.1 in Chap. 9). Apart 
from tagging stool, barium has been shown to 
also lightly cover a polyp, thereby making it 
more conspicuous on 2D (two-dimensional) 
viewing. A useful tip is to scroll carefully through 
the polyp to assess if soft tissue is present under-
lying the barium. A fairly recent paper under-
scores that contrast coating of a flat polyp can act 
as a marker for detection (Fig. 10.1) [7].

The relatively high-density barium has several 
disadvantages thus its use is not recommended 
for routine use in CTC examinations. If 40% w/v 
barium sulphate is used for a CTC study, this 
does not include a cathartic bowel cleansing or 
fluid tagging [8]. The use of 40% w/v barium sul-
phate will prevent a same-day optical colonos-
copy (OC) examination being performed. 
Electronic cleansing (EC) is not currently rou-
tinely performed because it may cause a large 
number of artefacts that could make interpreta-
tion difficult [8]. Part of the surface mucosa may 
be electronically removed and could result in 
missed lesions. Promising results have been 
reported in the use of deep learning electronic 
cleansing for single, and dual-energy CTC to 
resolve EC caused artefacts [9].J. H. Bortz (*) 
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Fig. 10.1 2D axial view showing flat lesion in caecal 
pole. Note the thin layer of barium (open white arrow) 
covering the soft tissue (open black arrow) Table 10.1 Indications and contraindications for CTC

Indications Contraindications
   •  Screening of 

asymptomatic 
adults at average 
risk for colorectal 
cancer

   •  Following failed or 
incomplete optical 
colonoscopy

   •  Asymptomatic 
patients with a 
positive family 
history

   •  All patients on 
anticoagulant 
therapy needing 
colorectal 
screening

   •  Surveillance 
following resection 
of polyps or cancer

   •  Surveillance of 
unresected 6–9 mm 
polyps detected at 
CTC

   •  Unexplained 
gastrointestinal 
(GI) bleeding; iron 
deficiency 
anaemia; 
unexplained GI 
symptoms

   •  Active inflammatory 
bowel disease  
(e.g., Crohn’s 
disease; ulcerative 
colitis)

   •  Routine follow-up 
of inflammatory 
bowel disease

   •  Recent deep 
endoscopic biopsy 
or polypectomy—
wait 4–6 weeks 
before performing a 
CTC

   •  Known or suspected 
colonic perforation

   •  Any symptomatic 
acute colitis (e.g., 
patient has 
abdominal pain, 
diarrhoea with 
passage of blood or 
mucus)

   •  Colon containing 
inguinal hernia

   •  Acute 
diverticulitis—wait 
6 weeks post- 
conservative 
treatment before 
performing a CTC

   • Acute diarrhoea
   • Pregnancy
   •  Hereditary 

polyposis or 
non-polyposis 
cancer syndrome

   •  Known or suspected 
bowel obstruction

CTC examinations are straightforward when a 
clean bowel and an adequately distended colon 
are imaged with an MDCT scanner. The role of 
CT software is important in CTC: clinically sig-
nificant polyps can be readily detected with dedi-
cated software [10]. All CTC components must 
be in place to perform a successful examination. 
This entails (1) patient compliance in terms of 
bowel preparation, (2) an adequately distended 
colon, (3) the use of at least a 16-slice MDCT 
scanner, and (4) interpretation of images using a 
dedicated 3D platform. These components are 
interdependent. A deficiency in any of them can 
cause a poor CTC result [11]. Chapter 9 focuses 
on bowel preparation, the role of tagging, and the 
use of automated-carbon dioxide (CO2) insuffla-
tion. CTC technique and methods of interpreting 
images are the main focus in this chapter.

The following abbreviations are used in this 
chapter
• AI: artificial intelligence
• CAD: computer-aided detection
• CCE: colon capsule endoscopy
• CO2: carbon dioxide
• CRC: colorectal cancer
• ECFs: extracolonic findings
• ICV: ileocaecal valve
• LLD: left lateral decubitus
• MDCT: multidetector computed tomography
• MPR: multiplanar reformation

• OC: optical colonoscopy
• RLD: right lateral decubitus
• TD: translucent display
• 3D: three-dimensional
• 2D: two-dimensional
• UK: United Kingdom
• USA: United States of America

10.2  Indications 
and Contraindications

Table 10.1 presents indications and contraindica-
tions for CTC.  These must be covered when 
informed consent is obtained from patients.
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10.3  Colonic Classifications

A C0–C4 classification is used when reporting 
CTC findings. Table  10.2 presents the colonic 
classifications. For example, as shown in 
Table 10.2 a non-diagnostic study would be clas-
sified as C0 and a normal colon or benign lesion 
as C1. If a polyp or possibly an advanced ade-
noma were noted in the study, the classification 
would be C3. A revised C-RAD classification is 
work in progress and should be published in the 
near future.

10.4  Positioning and Introduction 
of CO2

Before commencing a CTC examination, the 
patient is sent to the restroom/lavatory as the rec-
tum must be emptied of any residual fluid [11]. 
The patient is requested to remove all clothing 
and wear a disposable gown with the opening at 
the back. Ensure there are no metal objects on the 
patient. Record any prosthetics as these could 
cause artefacts on the final image.

As discussed in Chap. 9, the colon is distended 
with CO2. The author uses an automated pressure- 
controlled CO2 insufflator. It is essential to check 
that there is sufficient CO2 in the cylinder before 
commencing a study.

Most times, a CTC study only requires a 180° 
two-view series: supine and prone. A 90° two- 
view CTC study that comprises supine and right 
lateral decubitus (RLD) may not clear the ileo-
caecal valve (ICV) of fluid. The RLD series is 
therefore used for obese patients, and poor colon 
distension as well as single or multiple breaks in 
the colon outline. The transverse colon is often 
compressed, with resultant non-filling of the seg-
ment, in obese patients in the prone position. 
Figure 10.2a(i) and (ii) illustrate the value of an 
RLD when there are multiple breaks in the two- 
view scans. Figure 10.2b is a synopsis of the CTC 
technique described below.

The patient is positioned feet first in a left lat-
eral position in the scanner. A sterile disposable 
soft small-gauge rubber rectal catheter (25F or 
smaller) is then gently inserted into the rectum 
and the balloon is insufflated with 20–25 cc of air 
employing a 2-way connection (3-way connec-

Table 10.2 Colonic classifications

C0 Inadequate study
C1 Normal colon or benign lesion; continue routine 

screening every 5 years
   • No visible abnormalities of the colon
   • No polyp ≥6 mm
   • Lipoma or inverted diverticulum
   •  Non-neoplastic findings, for example, 

colonic diverticula
C2 Small polyps. Surveillance or colonoscopy 

recommended
   •  Small polyp 6–9 mm: 1 or 2 (i.e. <3 in 

number)
C3 Polyp, possibly advanced adenoma: follow-up 

colonoscopy recommended
   • Polyp ≥10 mm
   •  Polyps ≥3.6–9 mm (↑ risk of developing 

advanced adenoma)
C4 Colonic mass, likely malignant; surgical 

consultation recommended
   •  Malignant appearing colonic mass 

detected, which may compromise bowel 
lumen or demonstrate extracolonic 
invasion, such as lymphadenopathy or 
distant metastases

Adapted from [12]
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tion catheters are no longer available in the USA; 
they are available in the UK) as shown in 
Fig. 10.2c. Important to check that the catheter is 
in the rectum and not the vagina before com-
mencing insufflation in all female patients.

The automated pressure-controlled CO2 insuf-
flator is switched on and the pressure set to 
15 mmHg to enable the CO2 to gently flow at low 
pressure into the descending colon until one litre 
(1  L) of CO2 has been introduced [11]. The 
amount of CO2 is indicated on the gauge. 
Figure 10.2d is a close-up view of the dials of an 
insufflator (PROTOCO2L—Bracco). At this 
point, turn the patient prone and then immedi-
ately onto the right side to fill the proximal trans-
verse and ascending colon. The pressure at this 
stage may be increased to 20 mmHg to distend 
the colon. When the volume reaches 2 L, return 
the patient to the supine position and commence 
scanning. For all scans, instruct the patient to 

inhale, then exhale, and suspend breathing during 
scanning. Scanning is performed in exhalation as 
this elevates the diaphragm and allows the colon 
and flexures to expand [11]. The first breath hold 
(5  s) allows acquisition of the scout film. Once 
this film is reviewed, inform the patient that a full 
supine scan of the abdomen will commence. 
Duration of breath hold depends on the type of 
CT scanner used. The higher the scanning rating, 
the shorter the breath hold. For example, a patient 
needs to maintain a 10  s breath hold with a 
16-slice scanner, whereas a longer breath hold 
would be necessary with a 4-slice scanner (see 
Chap. 4 for advances in CT scanners).

The CO2 insufflator is switched off whilst the 
patient is turned prone. This is done because 
elderly and obese patients may have trouble turn-
ing prone and the intracolonic pressure rises rap-
idly, often above 60  mmHg, thereby triggering 
the machine alarm [11]. The deflation manoeuvre 

Fig. 10.2 (a) (i) Colon view showing breaks in colon filling. (a) (ii) Complete filling of colon in the RLD scan.(b) 

a(i) a(ii)
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Before commencing the procedure send patient to restroom/lavatory to empty rectum
↓

Place patient in left lateral position
↓

Insert soft tube in rectum. Blow up balloon with 25 cc air
↓

Open rectal bag clip to drain rectum then re-clamp
↓

CO2  introduced gently at low pressure (15mm Hg) until 1 litre (L) is introduced
↓

Turn patient prone then onto right side
↓

Gradually increase pressure to 20 mm Hg
↓

When 2L are introduced the patient is ready to scan
↓

Patient placed supine & positioned in the scanner
↓

Scout and supine study performed
↓

Switch off CO2. while  turning  patient into prone position
(Intracolonic pressure can ↑ to >60mm Hg in e.g. obese/elderly patients when turning)

↓
Deflate the rectal balloon in order  to visualise internal hemorrhoids, if present

↓
Switch on CO2.  and then  do 2nd scout as well as prone study

↓
When prone scan is completed switch off CO2. 

↓
Turn patient into R lateral  decubitus (RLD)   position while waiting for images to reach 3D 

workstation
↓

If portions of bowel are not distended do RLD scans
First introduce more CO2 (1L) as rectum has been emptied of gas

↓
Switch off gas while waiting for images to be processed

↓
If RLD scan is  inadequate turn patient into LLD

Re-introduce a further litre of CO2 

↓
Scan 
↓

Turn off the CO2 &  check images
(NB: Total amount of CO2 introduced varies from 2.5 to 4 L. Can go up to 10 L)

↓
Remove rectal tube & send patient to restroom

b

Schematic presentation of CTC technique.Fig. 10.2
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c d

e f

g(i) g(ii)

Fig. 10.2 (c) Green arrows indicate inflated balloon. 
The catheter must not be inserted into the rectum 
beyond the blue dot (green circle). Black arrow indi-
cates the port through which 25 cc of air is injected to 
inflate the balloon. Syringe containing room air (red 
arrow). Connection between rectal tube and tube from 
CO2 insufflator (blue arrow). (d) Close-up of CO2 insuf-
flator. Black arrow =  litres of CO2 insufflated (1.6 L). 
Green arrow = pressure in mmHg (15 mmHg) recording 
rectal pressure, and the white arrow on back dial shows 
the insufflation pressure at start of procedure. These two 

readings may be discordant when rectal pressure 
increases above 15  mmHg and no flow of CO2 can 
occur. Orange arrow indicates volume of CO2 in the cyl-
inder. (e) 2D coronal view shows sigmoid colon in left 
inguinal region (white arrows). Note the pacemaker 
wires (white circle). (f) Colon-map showing air in small 
bowel (open white arrows). S stomach. (g) (i). Air in 
stomach (closed white arrow). Note excessive air in 
small bowel (open white arrow). (g) (ii) 2D axial view 
of stomach distension (arrow)
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is used by some radiologists after completion of 
the supine scan by emptying the rectum of air and 
then re-inflating for the prone scan; this reduces 
the incidence of pain [13]. From time to time, it 
may not be possible for some patients to turn into 
the prone position: a lateral decubitus view will 
be required instead. Ensure when scanning in the 
prone position that a pillow, which is placed 
under the patient’s chest, does not impinge on the 
abdomen [11].

Before introducing CO2 the balloon is deflated 
when the patient is in the prone position. This is 
done for two reasons: to obtain a full scan series 
without an inflated balloon, as it may obscure 
good visualisation of the distal rectum, and to 
better visualise internal haemorrhoids, if present 
(see Chap. 13). When the balloon is deflated, the 
CO2 insufflator is switched on. The patient is 
positioned for scanning. A scout film is taken on 
exhalation and breath hold of about 5  s. The 
abdominal scan usually takes 10  s. When the 
prone scan is completed, the insufflator is 
switched off. The patient is turned into the RLD 
position whilst the images are examined by either 
a radiologist or appropriately trained radiogra-
pher. The reason for placing the patient in this 
position is because an RLD series may be 
required. On average, the acquisition and assess-
ment of a two-view CTC study takes no more 
than 5  min. A CTC study requires on average 
between 15 and 20  min’ room time. Note that 
extracolonic structures are also imaged during 
scanning. If a patient is poorly prepared, and 
there is a lot of faecal material in the large bowel 
which is felt to make the study non-diagnostic 
(C0), then the radiologist/radiographer has not 
completed the examination unless a full report is 
given on any extracolonic findings that may be 
present.

Adequate distension does not imply com-
plete distension of all segments in all cases. 
Should areas of poor distension be identified in 
the same areas in both the supine and prone 
positions, in particular the sigmoid colon in 
cases of diverticular disease, then the patient is 
ready to be scanned in the RLD position. The 
main reason for an additional view is because 
moderate or severe diverticular disease (see 

Chap. 16) usually results in inadequate disten-
sion of the sigmoid colon. Scanning on breath 
hold can recommence. Whilst waiting for the 
images to be processed, the CO2 is switched off. 
In a rare case where the RLD is unable to dis-
tend the appropriate area, the patient is turned 
into the left lateral decubitus (LLD) position. 
The CO2 is switched on and the patient re-
scanned. Occasionally, it may happen that a 
four-view series fails to distend the colon ade-
quately. The author then takes another supine 
scan because the bowel may have relaxed to 
allow for adequate distension.

Pain is not a feature of CTC. In the event of a 
patient complaining of pain early on in the proce-
dure, it is important to immediately check the 
inguinal regions for possible bowel herniation 
(Fig. 10.2e) [11]. If no herniation is evident, then 
the most likely cause of pain is underlying diver-
ticular disease (see Chap. 16). As stated previ-
ously, it is essential in female patients to check 
that the catheter is in the rectum and not the 
vagina.

If a spasmolytic is used, it may relax the ICV 
and result in the small bowel filling with air 
(Fig.  10.2f). Occasionally, the valve may be 
incompetent without the use of a spasmolytic. 
Carbon dioxide refluxes into the small bowel, and 
it may rapidly reach the stomach (Fig.  10.2g(i) 
and (ii)). When this occurs, the patient usually 
complains of nausea and often breaks into a 
sweat. It is essential to instruct the patient to burp 
as this causes immediate relief [11].

10.5  Evaluation of Polypoidal 
Lesions

There are clues that allow differentiation between 
a polypoidal lesion and stool: 2D and 3D (three- 
dimensional) views are complementary. The for-
mer is the most useful method for making the 
distinction. When a polypoidal lesion is observed 
on 3D endoluminal fly-through, it is important to 
ascertain whether it is a polyp or stool. The latter 
can mimic a polyp; particularly in patients with 
sub-optimal bowel preparation. The following 
steps should be performed.
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• Evaluate the lesion using 2D viewing and 
check for the presence of air within the lesion. 
If air is present, it is stool and not a polyp.

• Note the position of the lesion during postural 
change. Does it move or not?

• Use translucent display (TD) software, if 
available. TD enables one to evaluate below 
the surface of the mucosa.

It is important to evaluate a polypoidal lesion 
by performing 2D viewing with multiplanar 
views. The position of a polypoidal lesion, in 
both the supine and prone views, must be 
checked. If there is movement due to postural 
change, then this favours stool rather than polyp. 
Most typically, stool will move to the opposite 
wall when a patient is turned from the supine to 
the prone position. Beware of the pedunculated 
polyp on a long stalk which may move with pos-
tural change [11]. A sessile polyp does not move 
with postural change; sessile polyps are fixed to 
the colon wall or haustral folds thus they do not 
shift in position. However, a paper by Laks et al. 
[14] showed that 27% of polyps moved from an 
anterior location to a posterior one relative to the 
colonic surface when a patient turned from the 
supine to prone position. In other words, the pol-
yps appeared to be mobile, but the polyp mobility 
was related to positional changes of the colon due 
to lax mesentery. Therefore, the shift in polyp 
location is not true mobility of the polyp. A fur-
ther caveat to this is that occasionally a polyp is 
noted to move in position. It is not the polyp that 
moves, but the segment of the colon in which it 
lies. Bowel segments that may move are the sig-
moid colon, which may be redundant, the trans-
verse colon, and the ascending colon (see Chap. 
11). The structure would favour stool and not a 
polyp if movement is detected. In most cases, 
stool moves, but occasionally it may be adherent 
to the colon wall.

To distinguish between stool and polyp on 2D 
viewing the following observations can be 
made
• Areas of internal gas, or areas of high attenua-

tion, indicate the lesion is residual faecal mat-
ter and not a polyp.

• Polyps are homogenous in attenuation.
• Morphology of a lesion. Small polyps and 

cancers may have lobulated rounded borders.
• Residual faecal material may look similar. 

However, if it shows irregular angulated bor-
ders or geometric pattern it is residual faecal 
material.

• Mobility of a lesion. Stool tends to move to 
the dependent surface of the mucosa in 180° 
postural change. Pedunculated polyps, and 
occasionally soft tissue polyps, may move 
depending on what section of the colon they 
are present in.

The colon is not a fixed structure; positional 
abnormalities are common [15]. The sigmoid 
colon, transverse colon, and caecum are located 
in the peritoneal cavity. These bowel segments 
may be on a long mesentery, which allows them 
to rotate on the mesentery. The rectum, descend-
ing colon, and ascending colon are located in the 
extra-peritoneal space. Portions of the ascending 
colon, however, are frequently mobile.

It is important during 2D viewing to check for 
the presence of air within the lesion (Fig. 10.3a). 
If air is evident this would confirm that stool is 
the cause of the lesion. Stool is favoured if there 
is mixed heterogeneity within the polypoidal 
lesion. Stool is a potential CTC pitfall in image 
interpretation; hence, it is covered in greater 
detail in Chap. 12.

A 3D TD is a Viatronix software tool. It pro-
vides a semi-transparent view in different colours 
beneath the surface [16]. The software’s different 
colour attenuation values are: red indicates soft 
tissue; white indicates high attenuation values, 
such as barium; green indicates negative values 
in the fat attenuation range; and blue indicates 
negative values, such as air [17]. The use of TD 
allows for visualisation of the composition of a 
polypoidal lesion. On TD a polyp will have a 
high intensity (red) centre, surrounded by a thin 
layer of green (fatty tissue) and a blue layer 
which is air as shown in Fig.  10.3b(i). If the 
lesion is stool, the high intensity is usually of 
mixed density. As discussed in Chap. 9, barium 
tags stool in the colon. In most cases, if barium 
makes up the entire polypoidal lesion, then this 
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a b(i)

b(ii) b(iii)

Fig. 10.3 (a) 2D view shows air in stool (white arrow). 
(b) (i) Translucent display (TD) of a pedunculated polyp 
showing high intensity red centre (open white arrow) as 
well as high intensity stalk (closed white arrow). 

Blue = air. Green = fatty tissue. (b) (ii) TD shows barium 
covered stool which simulates a polyp on 3D (open black 
arrow). (b) (iii) TD showing stool covered with barium 
(open black arrow)

indicates stool as shown in Fig. 10.3b(ii) and (iii). 
A TD image that shows a white interior is bar-
ium/stool. Barium tends to coat a polyp superfi-
cially, making it more conspicuous. Barium 
cannot get into the centre of a lesion.

The above process may seem to be compli-
cated, but in fact it is an easy one. It can be per-
formed in less than a minute. Measurement of 
polyps is described in detail in Chap. 14.

10.6  Diagnostic CTC Following 
Incomplete OC

Failure to reach the caecum during OC represents 
an incomplete or failed examination. The per-
centage of OC studies which may be incomplete 

shows a wide variation from 0.4 to 15% [18, 19]. 
Reasons for a failed OC might include older 
patients, female gender, colon length, number of 
acute angle bends and flexures, advanced diver-
ticular disease, prior abdominal surgery, occlu-
sive cancers, benign strictures, colon containing 
hernias, intestinal malrotation, and poor bowel 
preparation (see Chap. 20). From a CTC perspec-
tive, this group of patients is the most challenging 
[11]. They would have predominantly been pre-
pared for an OC using a ‘wet’ preparation, such 
as PEG, which results in a large amount of resid-
ual colonic fluid, as discussed in Chap. 9. These 
patients would not have been given pre- procedural 
contrast or fluid tagging, making it more chal-
lenging to exclude false positives, such as stool 
adherent to the wall.
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CTC has been the procedure of choice fol-
lowing an incomplete study as it could be per-
formed as a same-day study on patients who had 
a failed or incomplete OC. This meant that there 
was no need for two separate bowel prepara-
tions. Patients were referred for a same-day 
CTC when they were fully conscious. In the 
absence of tagging agents (barium and 
Omnipaque), it was  necessary to consider a 
compromise [11]. Recommendations for the use 
of CTC and bowel preparation steps in failed or 
incomplete OC cases are discussed in detail in 
Chap. 20.

Before commencing with patient preparation, 
it is important to establish whether a recent pol-
ypectomy or biopsy (superficial or deep) has 
been performed. Occasionally, with superficial 
biopsies, the CO2 may track submucosally and 
result in pneumatosis coli [11]. If a deep biopsy 
or polypectomy has recently been performed, it is 
advisable to wait at least 4–6 weeks for proper 
healing of the mucosa before proceeding with the 
CTC to allow the mucosa to heal (see Table 10.1). 
Before beginning a CTC study, a pre-procedure 
low-dose CT scan is taken to assess whether free 
air is or is not present. It is important to first 
exclude the possibility of an OC-caused colonic 
perforation.

There have been rare reports of colonic perfo-
ration at CTC, especially in patients with obstruc-
tive lesions [20]. A retrospective clinical audit of 
17,067 CTC examinations was conducted to 
determine the incidence of potentially serious 
adverse events; there were nine perforations 

(0.052%): four were asymptomatic and five 
symptomatic [20]. Figure 10.4a(i) to (iii) shows a 
CTC perforation. The 2021 joint guidance for 
CTC standards of practice of the British Society 
of Gastrointestinal and Abdominal Radiology 
(BSGAR) and The Royal College of Radiology 
recommends that perforation rate should be a 
continuous auditable outcome [21] (see Chap. 
27).

Approximately 50% of patients with colonic 
perforations do not have symptoms. The author 
performs a low-dose CT scan, comprising 10 mm 
slice thickness at 10 mm intervals, before insert-
ing a rectal catheter [2]. The images are viewed 
and, if any extra-luminal air is present, a CTC is 
not performed. Figure 10.4b shows colonic per-
foration following an incomplete OC. The refer-
ring clinician must be immediately informed of 
this CT finding. If no free air is identified to sug-
gest perforation, the scanning protocol in 
Fig. 10.2b is implemented.

Hough et  al. [22] reported a total effective 
dose of 0.9 mSv for men and 1.2 mSv for women 
in low-dose abdomino-pelvic CT to exclude per-
foration. Alternative techniques may be used, 
such as a slice through the upper, middle, and 
lower abdomen. These increased gaps may be a 
trade-off for sensitivity. Professor Pickhardt (per-
sonal email correspondence, May 2014) stated 
that low-dose CT is preferred to erect plain-film 
radiographs. According to him, the latter only 
excludes free air whereas most perforations have 
contained extra-luminal gas, retroperitoneally or 
intramural [11].
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a(i)

a(ii)

a(iii)

b

Fig. 10.4 (a) (i) Sagittal view showing tube/catheter tip 
(red arrow) exiting wall of rectum which is surrounded by 
air (green arrows). No intraperitoneal air noted. (a) (ii) 
Prone sagittal view showing rectum perforated by tube 
(red arrow). Air is surrounding the rectum anteriorly and 

posteriorly. (a) (iii) Prone sagittal view 1 h after removal 
of the tube. Far less air compared to (i). (b) 2D axial view 
shows extra-luminal air indicating colonic perforation fol-
lowing an optical colonoscopy
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10.7  Diagnostic CTC Versus Colon 
Capsule Endoscopy 
Following Incomplete OC

In 2011, colon capsule endoscopy (CCE) was 
introduced, and a second-generation capsule has 
been available since 2014. The angle of view of 
images was increased from 156° to 172°. Two 
cameras are present and a full mucosal view is 
therefore obtained. The PillCam Colon 2 (Given 
Imaging Inc., Yoqneam, Israel) can photograph 4 
FPS (frames per second) when stationary, and 35 
FPS when moving. A 2015 study reported that 
CCE’s sensitivity and specificity was 88% and 
82%, respectively, in terms of identifying con-
ventional adenomas 6  mm or larger [18]. The 
conclusion of another study, which compared 
CCE and CTC in patients with incomplete colo-
noscopy, was that both tools were of comparable 
efficacy in terms of colon evaluation [23]. A com-
parative study of the preference of patients who 
had undergone both an OC and CCE study found 
that they far preferred CCE [24]. Battery life is a 
disadvantage in CCE and a possible solution 
could be video compression [25]. Use of artificial 
intelligence (AI) algorithms in CCE may increase 
visualisation of complete colon mucosa [26]. 
Detection of lesions outside of the colon is a 
main advantage of CTC: this is not possible with 
CCE and OC. Chapter 20 includes patient prepa-
ration and a description of second-generation 
PillCam for CCE.

10.8  Tattooing to Identify Polyps 
and CRC Lesions During 
Endoscopy

Tattooing is the technique whereby lesions in the 
colon lumen can be marked during OC by inject-
ing Indian ink into the submucosa of lesions [27]. 
It can be used to indicate the position of a lesion 
in any part of the colon for visualisation during 
laparoscopic surgery. It is useful for minimally 
invasive surgery [28]; it is a safe and relatively 
easy technique which helps to identify lesions 
that cannot be felt manually during laparoscopic 
surgery [27]. It is being used more frequently 

during OC when it is not possible to completely 
remove an identified polyp [27]: tattooing thus 
indicates the location of remnants when a follow-
 up OC is performed. Literature recommends that 
CRC lesions should be tattooed during a patient’s 
first endoscopy [29]. The benefit of tattooing is 
that it has an accuracy rate of between 70 and 
100% [30]. Tattooing is part of best practice in 
terms of patient outcomes [29].

10.9  Extracolonic Findings

CTC screening is usually performed in healthy 
asymptomatic individuals using supine and prone 
scans without intravenous (IV) contrast [1]. As a 
result of the scan views, extracolonic structures 
are visualised. An advantage of CTC, compared 
with other CRC screening tools, such as OC and 
CCE, is that it is able to detect incidental lesions 
external to the colon [1]. An automatic retrospec-
tive reconstruction of the supine series of all 
patients is performed for evaluation of extraco-
lonic findings (ECFs). This consists of 5 mm sec-
tions at 3  mm intervals. It is important to 
remember that, when performing the prone 
series, there is often more coverage and certain 
lesions, such as those from lung cancer, may only 
be detected on prone imaging. ECFs are covered 
in Chap. 18 and examples of ECFs in incomplete 
and failed OC cases are presented in Chap. 20.

10.10  Interpretation

A successful CTC is not difficult to perform if the 
bowel is clean and the colon is well distended. 
There are two methods available to read the 
scans: 2D and 3D. Some proponents prefer using 
2D as a primary approach with 3D reserved for 
problem-solving, whereas others prefer 3D as the 
primary method, with 2D for problem-solving [1, 
31]. Readers need to be skilled in both interpreta-
tion methods. For 2D polyp detection, the win-
dow setting should be at a window width of 2000 
and centred at 0 to −200 [16]. Soft tissue win-
dows are set at 400 with a centre of 50. Sessile 
polyps have a round or ovoid morphology and are 
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of soft-tissue density. These should be visualised 
in both prone and supine scans as their position is 
not affected by postural change, except possibly 
the previously mentioned portions of the bowel 
which may be mobile. Stool, on the other hand, 
does move as previously discussed. Air is often 
visible in the stool, giving it a heterogeneous 
appearance. One must beware the pedunculated 
polyp on a long stalk in terms of postural change 
as evident in Fig. 10.5a(i) and (ii) [11].

According to Pickhardt et al. [31] primary 3D 
evaluation is preferable; they advocate the use of 

2D for evaluation of polyp/stool differentiation. 
They maintain that this approach is easy, quick 
and extremely accurate. They conducted research 
on the accuracy of readers when using 2D com-
pared with 3D [31]. Primary 2D CTC, according 
to them, is less sensitive than primary 3D CTC 
for polyp detection in low-prevalence screening 
cohorts.

All current systems allow improved 3D fly- 
through. The author’s preference is a primary 3D 
system, such as the Viatronix V3D system 
(Stonybrook, New  York), but there are other 

Fig. 10.5 (a) (i) 2D supine view shows pedunculated 
polyp on medial wall of colon (arrow). (a) (ii) 2D prone 
view shows movement of pedunculated polyp to the lat-

eral wall of colon (arrow). (b) (i) 3D showing circular  
fold in descending colon (arrows). (b) (ii) 3D view  
showing triangular fold of ascending colon (arrows).  

a(i) a(ii)

b(i) b(ii)
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Fig. 10.5

c(i)

c(ii) c(iii)

(c) (i) Viatronix V3D workstation showing all 
the icons. Spray can icon (black arrow). Green 
arrow = location of total number of missed areas and their 
distance from anal verge (Image courtesy of Viatronix, 
Stony Brook, New  York). (c) (ii) Colon view showing 

three missed areas (arrows): caecum, ascending colon and 
distal transverse colon. (c) (iii) 3D endoluminal view. 
Pink (arrows) indicates region not visualised (missed 
regions). 
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options. The author’s standard protocol is to per-
form supine and prone scans; additional views in 
the RLD and LLD may be required. Changing a 
patient’s position by 180° allows shifting of 
pooled liquid, as well as movement of stool, from 
one wall to the opposite wall [11]. A retrograde 
fly-through from the rectum to the caecum covers 
only a maximum of 90% of colonic mucosa. This 

is the maximum percentage of mucosa visualised 
at OC on withdrawal of the scope. In CTC the 
total bowel mucosa is visualised four times: from 
the rectum to the caecum (retrograde navigation) 
and back from caecum to the rectum (antegrade 
navigation) in the supine position, and again in 
the prone series. This means that 100% of colonic 
mucosa is visualised.

d e

f(i) f(ii)

(d) Black arrow points to a sessile polyp on 
posterior haustral fold. White arrow points to a smaller 
sessile polyp on anterior haustral fold. Open green arrow 
indicates flight from rectum to caecum. (e) Colon-map 
with a ‘bookmark’ red dot indicating site of lesion (open 

black arrow). Note green centreline. (f) (i) Pedunculated 
polyp (head = a–b). Long stalk (open black arrow). (f) (ii) 
3D view of a small sessile polyp (diameter  =  7.5  mm). 
Base of polyp (open black arrows)

Fig. 10.5
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For CTC interpretation the 3D surface- 
rendered image (colon-map) and automated cen-
treline are essential for effective 3D evaluation. 
The centreline allows for an automated fly- 
through. The 3D map provides precise location in 
real-time, and allows for bookmarks to be placed 
indicating site of lesion. It also indicates relevant 
anatomy, such as an excessively tortuous portion 
of bowel (see Chap. 20). A centreline is automati-
cally generated and continues in a retrograde 
fashion to the caecum and ICV. An icon is then 
clicked which reverses the fly-through from the 
caecum to the rectum [11]. The same is done in 
the prone study. It takes less than 2 min to per-
form this bidirectional flight.

The field-of-view (FOV) setting for Viatronix 
is 120° as this provides a good field of evaluation 
with no geometric distortion. Using a FOV of 
120° allows for approximately 90% coverage for 
a single one-way fly-through. A second complete 
fly-through in the opposite direction allows for 
coverage of approximately 96%. The folds in the 
left colon (anal verge to splenic flexure) are usu-
ally circular; in the right colon (caecum to 
splenic flexure) they become triangular 
(Fig. 10.5b(i) and (ii)).

A ‘missed region’ tool is available on Viatronix 
whereby the operator can quickly flip through the 
unseen areas by clicking on an icon (Fig. 10.5c(i)). 
By doing this adds about an extra 30 s per study. 
To detect any lesions, which may have been 
missed, a click on the spray can icon colours the 
visualised areas of the bowel green (Fig. 10.5c(ii)). 
The regions that have not been visualised are 
pink (Fig.  10.5c(iii)). Clicking on the detect 
missed region icon takes the viewer automati-
cally to the different missed regions until 100% 
of the bowel is visualised. Note that flying unidi-
rectional only results in about 90% coverage of 
the colon.

A colour-density map is used to assess the 
density of any protrusions suggestive of polyps 
or stool that are encountered on the way. Polyps 
appear as red, barium appears white, and lipomas 
display as green coloration. The anterior surface 
of a colon fold faces the rectum and anus; the 
posterior surface of the fold faces the caecum and 
ICV (Fig. 10.5d). The anterior folds are seen on a 

retrograde fly-through from the rectum; the pos-
terior ones are seen on the reverse fly-through 
from the caecum. A ‘bookmark’ or red dot can be 
placed on the colon outline to indicate the site of 
a polyp or carcinoma. The bookmark is useful if 
a subsequent OC needs to be done [11]. The red 
dot indicates the site of the lesion as well as the 
distance from the anal verge (Fig.  10.5e). The 
green line indicates the automated centreline.

How to manage polyps is important. 
Radiologists, and appropriately trained radiogra-
phers, need to have a working knowledge of 
polyp morphology and how to measure polyps, 
[21] as well as what recommendations to make 
when polyps are present. It is advisable to include 
the following disclaimer in all CTC reports: 
‘CTC is not intended for detection of diminutive 
polyps (≤5 mm), the presence or absence of 
which will not change the clinical management 
of the patient’ [11]. A reporting template is 
included in Chap. 21.

Some software allows one to decide which 
view is best to measure polyps, and is covered in 
Chap. 14. The head of a pedunculated polyp is 
measured; the length of its stalk is not measured 
(Fig. 10.5f(i)). The largest diameter of a sessile 
polyp is measured (Fig.  10.5f(ii)). Polyps of 
6–9  mm are termed small (see Table  10.2). A 
study is considered positive when a lesion 
≥6  mm is detected. If there are three or more 
polyps in the 6–9  mm range, OC is recom-
mended on the same day (see Table 10.2). If the 
polyp burden is one or two (i.e. <3 polyps), an 
option is a 3 year surveillance (see Table 10.2). If 
after three years there is an increase in polyp 
size, the patient can be referred for an OC. Most 
polyps, however, tend to regress in size. Polyps 
≥10 mm are routinely removed. The chance of 
malignancy is <1% in an asymptomatic low-risk 
individual [32, 33].

A 2015 study, which involved 9336 adults, 
reported interesting results in terms of OC’s sta-
tus as the gold standard colon test [34]. The find-
ings underscore that lesions are missed at 
OC. The study included discordant lesions (find-
ings that were not confirmed with initial OC) and 
nonblinded lesions (endoscopist provided with 
advanced knowledge of specific polyp size, loca-
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tion, and morphological appearance at CTC). 
The findings revealed that 144 patients (21.5%) 
of all discordant lesions were confirmed as false 
negative at OC, and that these were on average 
8.5  mm  ±  3  mm in diameter, and were more 
likely to be in the right colon. In summary, 21.5% 
of discordant polyps 6  mm or greater were 
detected at CTC, but not confirmed at subsequent 
OC [34]. These polyps were later proved to be 
true positives on CTC, even though the endosco-
pists had full advanced knowledge prior to the 
OC of the respective size, location, and CTC 
morphological appearance of the polyp. 
Furthermore, of the discordant lesions subse-
quent follow-up by OC, 40% proved to be CTC 
true-positive findings. The remaining balances 
were considered to be CTC false-positive find-
ings as they were not detected at OC.  A small 
percentage had follow-up CTC studies, and the 
lesions were again identified, which suggested 
that OC diagnosis of false positives was wrong. 
In terms of the false-negative findings at OC, 
81% were subsequently found to be neoplastic 
(adenomas or serrated lesions); 43% were 
advanced lesions, and 89% of advanced lesions 
were located in the right colon [34]. In a nutshell 
the findings show that OC is not infallible nor the 
final arbiter. If a lesion ≥6  mm is detected at 
CTC, but not at OC, this does not always mean 
that CTC is wrong. Patient management should 
be a 3-year surveillance programme, or redo 
CTC in 3 years to check whether the lesion is still 
evident; if not present it was probably a false- 
positive CTC lesion. However, if the lesion is 
again identified, or if it has grown, then repeat 
OC is indicated. The characteristics of advanced 
adenomas should be known (see Table 10.3) [16, 
33, 35].

10.11  Methods and Software 
to View CTC Images

CTC interpretation is underpinned by knowledge 
of both normal and abnormal anatomical varia-
tions. CTC produces 2D images comprising 
axial, multiplanar reformations (MPR) coronal, 
sagittal, and oblique views, and 3D endoluminal 
views. What is the best method to analyse data? 
There is consensus that readers need to be skilled 
in both 2D and 3D interpretation methods. Given 
the ongoing technological advances in imaging, 
there are new CTC display techniques also 
 available, such as the ‘filet’ dissection’ views 
where the colon is opened up to view for polyps, 
or the band view [36]. Virtual dissection (filet) 
view is an alternative 3D Viatronix software tool 
(Fig. 10.6). The colon is dissected open and flat-
tened. A filet view’s appearance is that of a pinned 
pathology specimen. These specimen type 
images suffer from geometric distortions thus 
polyps, especially in the flexure regions, become 
more difficult to identify. These new techniques 
speed up interpretation time, but there is distor-
tion of the mucosal folds sometimes making 
polyp visualisation difficult.

It is important to evaluate polyps in terms of 
postural change (see Chap. 14). There is a range 
of available software. All systems today allow for 
an improved 3D fly-through. Available 3D soft-
ware systems do not always produce comparative 
images. The software of independent manufac-
turers is often superior to that of CT manufactur-
ers. A 2003 comparative study, which was 
undertaken to directly compare 3D endoluminal 
capabilities of three commercial systems, found 
that Viatronix V3D-Colon was the best in terms 
of an effective time-efficiency primary 3D evalu-
ation [10]. However, technological advances in 
software over the years have improved and have 
resulted in several good options. Which is the 
best method for evaluation of polyps? The acid 
test is the one that furnishes the best specificity 
and sensitivity for detection of polyps <6  mm. 
Pickhardt et al. [2] analysed 1233 asymptomatic 
patients with 3D and 2D readings. Tagging was 
employed. Their results of detection of polyps 
were:

Table 10.3 Criteria of advanced adenoma

   •  Any adenoma that is large (≥10 mm) and of any 
histological subtype, namely tubular, 
tubulovillous, or villous

   •  Any adenoma of any size that harbours 
high-grade dysplasia

   •  Any adenoma of any size that contains a 
significant villous component (≥25% of 
tubulovillous or villous histology)

Adapted [35]
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Fig. 10.6 Filet view. Its appearance resembles a pinned pathology specimen

• ≥6 mm 86% sensitivity
• ≥8 mm 93% sensitivity
• ≥10 mm 92% sensitivity.

Computer-aided detection (CAD) systems 
have become available [37, 38]. These systems 
are designed primarily to identify lesions that 
have been missed by the reader [39]. Reading 
time using CAD, especially by inexperienced 
readers, is usually longer [40]. CAD does have a 
role as either a primary or secondary reader 
depending on a reader’s experience. Literature 
reports on the effectiveness of AI in accurate 
diagnosis of polyps in CTC examinations [41]. A 
pilot study using 3D deep learning in CTC for 
detection of serrated polyps produced a compa-
rable performance to that of conventional CAD 
systems [42]. A detailed discussion of AI, 
machine learning and deep learning in imaging is 
presented in Chap. 25.

Key Messages
• Check volume of CO2 in the cylinder before 

commencing the study.
• Patient must be sent to the restroom/lavatory 

to empty rectum of fluid before the CTC study 
commences.

• Patient preparation includes cathartic and tag-
ging agents.

• If a patient complains of abdominal pain, 
check inguinal regions for possible bowel 
herniation.

• If a patient complains of nausea and breaks 
into a sweat this usually is due to air in the 
stomach: instruct the patient to burp as this 
causes immediate relief.

• The balloon is deflated when the patient is in 
the prone position to obtain a full scan series 
without an inflated balloon, as it may obscure 
good visualisation of the distal rectum, and to 
better visualise internal haemorrhoids, if 
present.

• Most centres do not undertake a same-day 
CTC study following incomplete OC. Protocol 
is to schedule for the next day. Patient remains 
on liquid diet for 24 h and tagging agents are 
administered.

• Before beginning a CTC study following a 
failed OC, a pre-procedure low-dose CT scan 
must be taken to assess whether free air is, or 
is not present. It is important to first exclude 
the possibility of an OC-caused colonic 
perforation.

• Image interpretation requires both 2D and 3D 
viewing.

• Areas of internal gas, or areas of high attenua-
tion, indicate the lesion is residual faecal mat-
ter and not a polyp.
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• Polyps are homogenous in attenuation.
• Residual faecal material may look similar. 

However, if it shows irregular angulated bor-
ders or geometric pattern it is residual faecal 
material.

• Mobility of a lesion. Stool tends to move to 
the dependent surface of the mucosa in 180° 
postural change. Pedunculated polyps, and 
occasionally soft tissue polyps, may move 
depending on what section of the colon they 
are present in.

10.12  Summary

Most CTC studies comprise a two-view series: 
supine and prone. A non-diagnostic study 
requires reporting of any extracolonic findings. 
Both 2D and 3D viewing is required to evaluate 
the colon. Software may include translucent dis-
play, checking missed colon regions, and virtual 
dissection options. CAD systems do have a role 
as either a primary or secondary reader, and AI 
has a role in interpretation of CTC images.

Acknowledgements Viatronix V3D workstation image 
courtesy of Viatronix, Stony Brook, New York.
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11Anatomy of the Colon: Rectum 
to Ileocaecal Valve

Joel H. Bortz

11.1  Introduction

Most colon cancers, apart from inherited genetic 
disorders, such as hereditary non-polyposis 
colorectal cancer, arise from a pre-existing polyp 
which develops over a period of 10–15 years into 
a cancer [1]. The primary aim of CTC screening 
is therefore to detect potentially suspicious 
lesions, such as polyps, to reduce the risk of them 
developing into colorectal cancer [2–5]. In order 
to interpret CTC images, a reader must know the 
normal anatomy of the colon and normal variants 
and malrotation of the bowel. CTC studies are 
part of the management of asymptomatic and 
symptomatic patients, it is essential that a gener-
ated report includes identified normal anatomy 
and, if present, normal variants, extrinsic impres-
sions on the colon lumen, and all identified 
pathology. This is important for clinical audits in 
terms of best practice (see Chap. 27). Both 2D 
and 3D images are used to interpret the scans per-
formed. Computer-aided diagnosis (CAD) soft-
ware systems could also be used by readers [4, 6, 
7] (see Chap. 10). Artificial intelligence (AI) 
could also be used (see Chap. 25).

The following abbreviations are used in this 
chapter.

• CTC: CT colonography
• ICV: ileocaecal valve
• MPR: multiplanar reformation
• 3D: three-dimensional
• 2D: two-dimensional

11.2  Anatomy of the Bowel Wall

There are four layers of the wall of colon: (1) 
mucosa (epithelial/innermost) layer comprising 
connective tissue and a thin muscle layer (muscu-
laris); (2) submucosa comprising connective tis-
sue, nerves, and lymphatics; (3) muscularis 
propria (muscle layer) consisting of two bands, 
namely circular and longitudinal; (4) serosa is the 
outermost layer present from sigmoid to caecum.

The proximal colon develops from the midgut, 
and its blood supply is the superior mesentery 
artery (SMA). The distal colon develops from the 
hindgut; its blood supply is the inferior mesen-
tery artery (IMA). The proximal colon has a mul-
tilayered capillary network; the distal colon has a 
single layered capillary network [8]. It is impor-
tant to know the layers of the bowel wall because 
cancers confined to the mucosa, without penetra-
tion into the submucosa or muscular layer, have a 
good prognosis (see the adenocarcinoma 
sequence in Chap. 15).J. H. Bortz (*) 

LSG Imaging, Los Angeles, CA, USA
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11.3  Colon Anatomy

The colon length in adults varies from 150  cm 
(5  feet) to 180  cm (6  feet) or up to 300  cm 
(10  feet) [9]. It is divided into six segments: 
 rectum, sigmoid colon, descending colon, trans-
verse colon, ascending colon, and caecum 
(Fig. 11.1).

The right colon extends from the caecal pole 
to the splenic flexure; the left colon extends from 
splenic flexure to the ano-rectal region. Note that 
CTC reports do not include the flexure regions as 
anatomical landmarks because there is a differ-
ence between CTC localisation of polyps and 
optical colonoscopy (OC) localisation of polyps. 
It is not possible to have a mirror image of the 
two procedures because the folds are pushed and 
pulled during an OC.

11.3.1  Rectum and Valves of Houston

The rectum commences at the mid-sacral level 
and ends in the anal canal; its average length is 
15 cm, and it does not have haustral marking. The 
longitudinal taenia coli end at the rectosigmoid 
junction and continue only as a smooth muscle 

layer in the rectum [9]. The three valves of 
Houston (superior middle, and inferior) are in the 
rectum [10]. The valves are depicted as three 
semilunar folds in the rectum in a CTC study 
(Fig. 11.2 (i, ii)). In 50% of people, the superior 

Fig. 11.1 Normal colon. Colon-map showing normal six 
segments of colon: 1  =  rectum; 2  =  sigmoid colon; 
3 = descending colon; 4 = transverse colon; 5 = ascending 
colon; 6  =  caecum. SF splenic flexure, HF hepatic 
flexure

(i) (ii)

Fig. 11.2 Rectum. (i) 2D coronal view showing inferior 
valve of Houston (IVH), middle valve of Houston (MVH) 
and superior valve of Houston (SVH); (ii) 2D sagittal 

view showing the three valves of Houston in the rectum. 
IVH (white arrow); MVH (closed red arrow); SVH (open 
red arrow)

J. H. Bortz
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and inferior folds are located on the left side of 
the rectum; the middle valve is more prominent 
and is on the right. There is a reverse configura-
tion in about 33% of people. The valves may be 
more variable in the rest of people (17%). The 
middle valve demarcates the level of the 
abdominal- peritoneal reflection anteriorly. It is 
usually located 8  cm from the anal verge and 
demarcates the middle and lower rectum. On a 
3D fly-through, the haustral folds have a different 
configuration between the left and right colon. 
They have a typically rounded appearance on the 
left; on the right, their appearance is triangular.

11.3.2  Rectosigmoid Junction

This area is located anterior to the sacral promon-
tory. It is clearly identified on coronal and sagittal 
multiplanar reformation (MPR) images where 
the rectosigmoid colon moves upward and anteri-
orly. The sigmoid colon has a loosely attached 
mesentery, which allows for mobility, and in 
some people it may be particularly tortuous and 
redundant. Figure  11.3a (i)–(iii) demonstrate a 
normal sigmoid colon. Figure 11.3b (i) and (ii) 
demonstrate a displaced sigmoid colon. The sig-
moid colon is often smaller in calibre than the 

a(i) a(ii) a(iii)

b(i) b(ii)

Fig. 11.3 Rectosigmoid. (a) (1) Colon-map showing sig-
moid colon (SC) and rectum (R); (ii) 3D view shows cir-
cular folds (arrow) in sigmoid colon; (iii) 2D coronal view 
showing sigmoid colon (open white arrow). Psoas muscle 
(p); right kidney (rk); left kidney (lk). (b) (i) Supine 
colon-map showing grossly redundant sigmoid colon (S, 

SC and open white arrows). Rectum (R); descending 
colon (DC); transverse colon (TC); caecum (C); (ii) Prone 
colon-map showing grossly redundant sigmoid colon (SC 
and white arrows). Rectum (R); descending colon 
(DC);transverse colon (TC); caecum (C)

11 Anatomy of the Colon: Rectum to Ileocaecal Valve
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(i) (ii)

Fig. 11.4 Descending colon (i) 3D view of a circular fold in descending colon (open black arrows); (ii) 2D coronal 
view showing descending colon (white arrows)

rest of the colon. The sigmoid colon contains 
rounded haustral folds [3]. The junction between 
the sigmoid colon and the descending colon 
occurs when the colon assumes an upward 
course, best visualised in a coronal view.

11.3.3  Descending Colon

The descending colon is relatively fixed in posi-
tion throughout its course as it is retroperitoneal. 
Circular folds are present in this segment on 3D 
views (Fig. 11.4 (i)). The rectum, sigmoid colon, 
and descending colon comprise the left colon 
(Fig. 11.4 (ii)).

11.3.4  Splenic Flexure

The splenic flexure represents the highest seg-
ment of the left colon (see Fig. 11.1). Ligaments 
from the diaphragm help fix this segment. It is 
found where the colonic lumen changes direction 
in a downward and posterior fashion. It is the 
transition point from the intraperitoneal trans-

verse colon to the retroperitoneal descending 
colon (Fig. 11.5 (i, ii)).

11.3.5  Transverse Colon

The transverse colon extends from the splenic 
flexure to the hepatic flexure; the lumen of the 
transverse colon shows triangular folds on 3D 
(Fig. 11.6 (i)). It has a loose mesenteric attach-
ment (Fig.  11.6 (ii)–(iv)); it often changes in 
position from supine to prone. It has better dis-
tension in the supine position. Often it can be par-
tially compressed, particularly in obese patients, 
in the prone position during a CTC study; it then 
does not adequately fill with carbon dioxide. A 
right lateral decubitus view is then required 
should this occur [5].

11.3.6  Hepatic Flexure

The hepatic flexure is the highest point of the 
right colon lumen where the colon alters course 
in a downward fashion (Fig. 11.7 (i)–(iii)).

J. H. Bortz
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i ii

Fig. 11.5 Splenic flexure (i) Colon-map showing the splenic flexure (open black arrow). Rectum (r); descending colon 
(dc); caecum (c). (ii) 3D view of the splenic flexure (open black arrow)

(i) (ii)

(iii) (iv)

Fig. 11.6 Transverse colon (i) 3D view of a triangular 
fold in transverse colon (open black arrow); (ii) 2D coro-
nal view of the mid-transverse colon (mid- TC); (iii) 2D 
coronal view showing mid-transverse colon (TC) dipping 

into pelvis; (iv) 3D showing view of mid-transverse colon 
with thickened haustral fold due to angulation between 
proximal and distal transverse colon (TC)

11 Anatomy of the Colon: Rectum to Ileocaecal Valve
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(i) (ii)

(iii)

Fig. 11.7 Hepatic flexure (i) Colon-map showing hepatic 
flexure (open black arrow). Rectum (R); transverse colon 
(TC); ascending colon (AC); caecum (C); (ii) 3D showing 

triangular fold of hepatic flexure; (iii) 2D coronal view 
showing hepatic flexure (open white arrow)

11.3.7  Ascending Colon

The ascending colon is larger in diameter than 
the left colon. It is usually well distended on both 
supine and prone studies. However, there is often 
a gap between the hepatic flexure and the ascend-

ing colon (see Chap. 10). This is due to a collec-
tion of fluid in this location of the colon [3]. The 
folds have a triangular appearance (Fig. 11.8 (i)) 
and slightly thicker than those in the transverse 
colon. Figure 11.8 (ii) demonstrates a normal dis-
tended ascending colon.

J. H. Bortz
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(i) (ii)

Fig. 11.8 Ascending colon (i) 3D view of a triangular fold in ascending colon (arrows); (ii) 2D coronal view showing 
ascending colon (AC). Green arrow = appendix

11.3.8  Ileocaecal Valve (ICV)

It is easy to identify the ICV valve because its 
position is constant relative to the terminal ileum 
and caecum. It demarcates the caecum from the 
ascending colon. The appearance of an ICV var-
ies from a labial type with a slit-like elongated 
appearance to a more bulbous polypoidal or pap-
illary type (Fig. 11.9a (i) and (ii)). A bulbous or 
papillary ICV causes a prominent polypoidal 
appearance with a central depression. A specific 
feature of the ICV is a depression or ‘pit’ orifice 
[3] where the terminal ileum empties into the 

right colon. This orifice may be visualised on 
both 2D and 3D views as shown in Fig.  11.9a 
(iii). An ICV on a CTC study may be open (pat-
ent) or closed. Figure  11.9b demonstrates a 
closed IVC.  If it is open, then reflux of carbon 
dioxide may occur (Fig. 11.9c (i)–(iv)). The ICV 
is located postero-medially where the terminal 
ileum enters the caecum. An ICV may be com-
pletely replaced with fat (Fig. 11.9d (i) and (ii)). 
It may have a high intensity (red) on translucent 
display (TD) as shown in Fig. 11.9 (iii). Polyps or 
adenocarcinoma may occur on the surface of the 
ICV because it is covered by mucosa.

11 Anatomy of the Colon: Rectum to Ileocaecal Valve
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a(i) a(ii)

a(iii) b(i)

c(i)b(ii)

Fig. 11.9 Ileocaecal valve. (a) (i) 3D view shows labial 
ICV (open black arrow); (ii) 3D view of a bulbous ileo-
caecal valve (black arrow). Appendiceal orifice (circle); 
(iii) 3D view of ICV showing depression or ‘pit’ orifice 
(open black arrow) where the terminal ileum empties into 
right colon. Closed arrow  =  triangular folds. (b) (i) 2D 

coronal view of a closed ICV. Terminal ileum (TI); cae-
cum (C); ascending colon (AC); descending colon (DC); 
(ii) 2D axial view of a closed ICV (red circle). (c) (i) 3D 
view showing patent ICV (closed black arrow) and trian-
gular folds (open black arrows); 
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c(ii) c(iii)

c(iv) c(v)

(ii) 2D coronal view of a patent ICV (white 
arrow) with air in the terminal ileum (TI). Caecum (C); 
descending colon (DC); (iii) 2D axial supine view show-
ing patent ICV (green circle); (iv) Colon- map showing 

reflux of gas into small bowel (SB grey) due to patent ICV 
(blue arrow); (v) 2D coronal view showing small bowel 
valvulae conniventes (open white arrows) and gas in 
stomach (S). 

Fig. 11.9
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d(i) d(ii)

d(iii)

(d) (i) 2D soft tissue axial view of a fatty ICV (white arrows); (ii) TD (translucent display) shows predomi-
nantly fatty ICV (green, open black arrow); (iii) TD shows high intensity ICV (red, open white arrow)
Fig. 11.9

11.3.9  Caecum

This colon segment is proximal to the ICV; its 
configuration and position may change as shown 
in Fig. 11.10(i) and (ii). This occurs because 10% 

of people have no peritoneal fixation of the 
ascending colon thereby allowing for caecal 
mobility (Fig. 11.10 (iii) and (iv)). The caecum is 
more capacious than the ascending colon.

J. H. Bortz
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(i) (ii)

(iii) (iv)

Fig. 11.10 Caecum (i) 3D view of ICV (closed black 
arrow), caecum, proximal ascending colon (AC), and 
appendiceal orifice (open black arrow); (ii) 2D coronal 
view: ascending colon (AC); ileocaecal valve (ICV); cae-
cum (C); descending colon (DC); (iii) Supine colon-map 

showing abnormal position of caecum (C) below the 
TC.  Rectum (R); sigmoid colon (S); descending colon 
(DC); transverse colon (TC); ascending colon (AC); (iv) 
Prone colon-map shows normal position of caecum (C) 
indicating mobility with postural change. Rectum (R)

11.3.10  Appendix

The vermiform appendix is part of the caecum. 
Its length varies from 2.5 to 33 cm [11]. Its aver-
age length is between 5 and 10  cm: its base is 
usually situated 2  cm below the ICV. Its intra- 
abdominal position may vary widely depending 
on the peritoneal fold which represents the mes-
entery of the appendix [11, 12]. The convergence 
of the three taeniae coli in the caecum form two 

prominent folds called the crow’s feet that flank 
the appendiceal orifice and is shown on the 3D 
endoluminal view (Fig.  11.11a (i)) [3]. 
Figure 11.11a (ii) and (iii) demonstrate the ori-
fice of the appendix and appendiceal lumen. 
Figure 11.11b (i)–d (iv) are a range of 2D and 3D 
images of the appendix in various locations in the 
abdomen. Figure  11.11e (i) and (ii) show the 
appendix in the inguinal canal.

11 Anatomy of the Colon: Rectum to Ileocaecal Valve
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Fig. 11.11 Appendix. (a) (i) 3D view of appendiceal ori-
fice (open black arrow) and crow’s feet (closed black 
arrows); (ii) 3D view of orifice of appendix (open black 

arrow); (iii) 3D view of appendiceal lumen (open black 
arrows). (b) (i) Air in appendix (open white arrow) on 2D 
coronal view; 

a(i) a(ii)

a(iii) b(i)
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b(ii) c(i)

c(ii) d(i)

(ii) 2D sagittal view showing air in the appen-
dix (open white arrow). (c) (i) 2D coronal view showing 
malrotated caecum (C), air-filled appendix (open white 
arrow), and ileocaecal valve (ICV); (ii) 2D coronal view 

showing air in terminal ileum (open red arrow) and air in 
appendix (closed white arrow). (d) (i) 2D axial showing 
barium filled appendix (open red arrow);

Fig. 11.11 
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d(ii) d(iii)

d(iv) e(i)

Fig. 11.11 (ii) 2D axial showing retrocaecal appendix 
filled with air (open white arrow); (iii) 2D sagittal view 
showing appendix (open red arrow) adjacent to spine; (iv) 

2D coronal view showing sub-hepatic appendix (yellow 
arrow). (e) (i) 2D coronal view showing appendix (closed 
red arrow) in inguinal canal; 
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e(ii)

 (e) (ii) 2D sagittal view showing appendix 
(closed red arrow) in inguinal canal
Fig. 11.11

11.4  Malrotation of the Bowel

Malrotation is a failure during the development 
of normal rotation of any part of the intestinal 
tract. Congenital malrotation of the midgut often 
presents clinically in the first month of life; more 
commonly in the first post-natal week where the 
newborn presents with bilious vomiting [13]. 
This would be a medical emergency as the cause 
may be due to malrotation of the midgut with vol-
vulus. If an early diagnosis is not made, this 
could result in complications, such as ischaemia 
of the small bowel loops, and subsequent death. 
Most patients born with malrotation will be 
asymptomatic with a normal clinical history [14]. 
Malrotation in such patients is an incidental find-
ing when they undergo a screening CTC exami-

nation after the age of 50 years. Malrotation does 
not occur in isolation in this abnormality. With it 
comes malfixation of the mesentery, which 
results in abnormal mobility of portions of the 
bowel [15]. Figure 11.12a (i)–b are examples of 
such a pathology.

At CTC when patients with bowel malrotation 
are shown the images, they are often very sur-
prised as they were unaware and asymptomatic 
with a normal clinical history. They usually do 
not entertain the possible need for surgical inter-
vention . Some authorities advocate surgical cor-
rection (Ladd’s procedure) for all patients with 
malrotation, regardless of age [16]. Failure to 
correct the abnormality may result in an intus-
susception or volvulus, in the future. This would 
then become a surgical emergency to correct the 
underlying abnormality.

11.4.1  Mobility of Colon Segments

The sigmoid colon and transverse colon are intra-
peritoneal structures and may be mobile depend-
ing on how loosely the mesentery is attached to 
them [3]. In view of such mobility, it often 
appears as if polyps move with postural change 
(supine to prone) during a CTC study. A mobile 
lesion on CTC should not be assumed to be stool. 
The ascending colon, descending colon, and rec-
tum are retroperitoneal in position and do not 
usually change position. As shown in Fig.  11.1 
above, the caecum usually lies in the right iliac 
fossa. However, in approximately 10% of the 
population the caecum and ascending colon are 
incompletely fixed which allows for a wide range 
of mobility. Although displacement of the cae-
cum and ascending colon does not cause 
 symptoms, the onset of appendicitis may be dif-
ficult to diagnose clinically, especially if the dis-
placed colon lies in the left upper quadrant of the 
abdomen or is sub-hepatic in position. 
Figure 11.13 (i) and (ii) demonstrate mobility of 
the caecum.
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a(i)

b

a(ii)

Fig. 11.12 Malrotation of the bowel. (a) (i) Supine 
colon-map of a malrotated caecum.(C). Rectum (R); 
descending colon (DC); transverse colon (TC). Note the 

gap in the ascending colon (technical); (ii) 2D coronal 
view of a malrotated cecum (C). (b) Supine colon-map 
showing sub-hepatic caecum (C). Rectum (R)

J. H. Bortz
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(i) (ii)

Fig. 11.13 Mobility of segments (i) Supine colon-map. Caecum (C) and rectum (R); (ii) Prone colon-map shows dif-
ferent positions of caecum (C). Rectum (R)

11.5  Extrinsic Impressions

Any structure that lies adjacent to the colon may 
cause an extrinsic impression on the colon lumen 
[17]. An extrinsic impression may present as a 
submucosal lesion and cause problems, particu-
larly during optical colonoscopy. These impres-
sions are easily identifiable when 2D MPR is 
performed. The most common sources of these 

impressions include the kidneys, aorta and iliac 
arteries, uterus and adnexa, and adjacent gastro-
intestinal tract (GIT), such as the small bowel. 
The ‘continuous fold’ sign occurs when a struc-
ture, which is causing the extrinsic impression, 
displaces but does not efface the overlying 
colonic fold. Figure 11.14a (i)–g (ii) are exam-
ples of extrinsic impressions on 3D and 2D 
images.

11 Anatomy of the Colon: Rectum to Ileocaecal Valve
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Fig. 11.14 Extrinsic impressions. (a) (i) 3D view of an 
extrinsic impression (circle) on bowel caused by the aorta; 
(a) (ii) 2D axial view shows aorta causing external impres-
sion on colon (open white arrow). (b) (i) 3D view of 

spleen (circle) causing an extrinsic impression on colon; 
(b) (ii) 2D axial view shows an extrinsic impression (open 
white arrow) on colon caused by the spleen (S). Aorta (A); 
right and left kidneys (RK and LK). 

a(i) a(ii)

b(i) b(ii)
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c(i)

d(i)

c(ii)

c(iii)

Fig. 11.14 (c) (i) 3D view showing extrinsic impression 
on colon due to a renal cyst (circle); (c) (ii) 2D sagittal 
view shows renal cyst in lower pole of right kidney 
impinging on the caecum (C); (c) (iii) 2D coronal view 

shows extrinsic impression of lower pole of kidneys (open 
white arrows) on colon. RK right kidney, LK left kidney, L 
liver, S stomach. (d) (i) 3D view shows psoas muscle 
extrinsic impression (open black arrows) on colon; 
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d(ii) e(i)

e(ii) f(i)

(d) (ii) Prone 2D axial view showing psoas 
muscles (P) indenting bowel (open white arrows). (e) (i) 
3D view showing extrinsic impression by small bowel 
(circle); (e) (ii) 2D axial view shows extrinsic impression 

of small bowel (open white arrow) on colon. (f) (i) 3D 
view shows extrinsic impression of uterine fibroid 
(arrows). Rectal catheter (C); 

Fig. 11.14 
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11.6  Salient Points of CTC 
Anatomy

The following needs to be considered when inter-
preting CTC images.

• The position of the rectum and valves of 
Houston and normal variants.

• The rectosigmoid junction has a loosely 
attached mesentery which allows for mobility; 
it may be redundant in some people.

• The descending colon is relatively fixed; its 
folds are circular in appearance.

• The transverse colon’s folds are triangular in 
appearance; it has a loose mesenteric attach-

ment and it often changes in position with 
postural change during a 2-view CTC study.

• The ascending colon has triangular folds.
• The ileocaecal valve (ICV) is constant relative 

to the terminal ileum and caecum; its 
 appearance varies from a labial type to a more 
bulbous polypoidal/papillary type; it may be 
open or closed during a CTC study; it has a 
central depression or ‘pit’ orifice where the 
terminal ileum empties into the right colon.

• The caecum is proximal to the ICV; it may be 
mobile and displaced.

• The vermiform appendix is part of the cae-
cum; its intra-abdominal position may vary 
widely due to mobility of the caecum.

f(ii) g(i)

g(ii)

Fig. 11.14 (f) (ii) 2D axial view of a pedunculated uterine 
fibroid (F) causing narrowing of rectum (open white 
arrow). (g) (i) 3D view shows a rib causing extrinsic 

impression (circle); (g) (ii) 2D axial view of a rib causing 
extrinsic impression (open red arrow)
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• Extrinsic impressions (caused by structures 
adjacent to the bowel) may be present on the 
colon lumen.

11.7  Summary

Knowledge of normal anatomy of the colon, its 
variants, and extrinsic impressions on it, is essen-
tial for correct interpretation of 2D and 3D CTC 
images. Malrotation and mobility of some seg-
ments of the colon may be evident in CTC stud-
ies. Mobile segments may change position during 
a standard 2-view CTC study: supine and prone 
scans.
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12CTC Traps and Artefacts

Joel H. Bortz

12.1  Introduction

It is important when interpreting both intracolonic 
and extracolonic images to be familiar with the 
normal appearance of all structures. We need to be 
familiar with normal CTC images in order to rec-
ognise potential traps (pitfalls) that could impact 
on image interpretation [1, 2]; at times one can be 
misled by artefacts [3] that could be mistaken for 
pathology. In this chapter, the importance of being 
aware of potential traps and artefacts at CTC 
interpretation is underscored with examples.

12.2  General Principles

Prominent folds and shifting of pedunculated 
polyps present more of a problem on 2D than 3D 
interpretation. Figure 12.1 (i–iv) is an example of 
complex folds. Submucosal lesions and stool 
filled diverticula become more of an issue on 
3D.  However, the complementary nature of 2D 
(two-dimensional) and 3D (three-dimensional) 
evaluation usually resolves these issues. The 
below 12 broad groups of potential traps, includ-
ing artefacts, are the focus of this chapter.

• cathartic preparation and tagging solutions
• sigmoid diverticular disease
• polyp morphology
• anatomical locations and structures
• external impressions of organs and bony 

 structures on the colon
• position of the catheter
• movement artefacts
• beam hardening artefacts
• ingested artefacts
• electronic cleansing
• mucus strand
• tampon and vaginal pessary

Artefacts are unwanted features on a CTC 
image that may obscure or simulate pathology 
[3]. The above groups are discussed with exam-
ples. The following abbreviations are used in this 
chapter.

• 2D: two-dimensional
• 3D: three-dimensional
• ICV: ileocaecal valve
• MDCT: multidetector CT
• OC: optical colonoscopy
• RLD: right lateral decubitus

J. H. Bortz (*) 
LSG Imaging, Los Angeles, CA, USA
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(i) (ii)

(iii) (iv)

Fig. 12.1 (i) Bifid fold (arrow). (ii) Two folds (a and b) joining to form a single fold (c). (iii) Mild twisting of haustral 
fold (arrows). (iv) Shortened and thickened fold (arrow)

12.2.1  Cathartic Preparation 
and the Use of Tagging 
Solutions

Bowel preparation and the use of tagging solu-
tions are discussed in Chap. 9. We need to be 
aware of potential traps that may be caused by 
poor bowel preparation in terms of

 1. retained stool
 2. different appearances of stool and its 

characteristics

 3. movement of stool during postural change, for 
example, supine to RLD or prone positions 
[4]

In order to differentiate a polypoidal lesion 
from stool there are clues available: 2D and 3D 
viewing are complementary [4]. The former is 
the most useful method to make the distinction. 
Stool may be covered by barium and frequently 
contains small bubbles of air giving it a heteroge-
neous appearance (Fig. 12.2a). Air within stool is 
not identified on 3D viewing. Most typically 
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a

b(i)

b(ii)

Fig. 12.2 (a) 2D axial view showing air in stool. (b) (i) 2D axial supine showing stool (open red arrow). (ii). 2D RLD 
view showing movement of stool (red arrow)

stool will move to the opposing wall when the 
patient is turned from the supine to the prone, or 
RLD position. Figure  12.2b (i) and (ii) shows 
movement of stool between supine and RLD 
position.

12.2.1.1  Retained Faecal Matter
In order to visualise colon anatomy, it is neces-
sary for the bowel to be clean [4, 5]. This entails 
the use of a cleansing regimen that patients must 
follow prior to the study to eliminate bulky stool 
from the colon (see Chap. 9). Most cathartic 
agents enable bowel cleansing to occur. However, 
small particles of adherent stools may remain on 
the colon wall and may mimic a sessile polyp. It 
is easier to identify large bulky stool that some-
times remain. The shape may be polypoidal, 

squared, or faceted in appearance; it may occa-
sionally be confused with a large villous lesion. 
Bulky stools are usually mobile and on translu-
cent display (TD) may reveal mottled low- density 
lesions. Figure 12.3a (i)–d (ii) shows a range of 
examples of stool being a potential interpretation 
trap.

Tagging is an integral part of colonic prepa-
ration [4]. Barium tags any remaining stool 
adherent to the bowel lumen which usually 
allows for easy distinction between stool and 
polyps [6]. Software systems that include a TD 
function (such as Viatronix) display barium as 
white [4].

Tagging agents Gastrografin and Omnipaque 
(see Chap. 9) have a dual action. They stain the 
residual fluid white thus aiding in 2D evaluation 
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Fig. 12.3 (a) (i) 3D endoluminal view showing lobulated 
polypoidal lesion (circle). (ii) TD confirming stool (open 
black arrow) and not a polyp. (b) (i) 3D view showing 
polypoidal lesion on haustral fold (open black arrow). (ii) 

2D axial showing stool (open white arrow). RK right kid-
ney, LK left kidney, A aorta. Small amount of atheroscle-
rotic calcification on posterior wall of aorta (black arrow).

a(i) a(ii)

b(i) b(ii)

of submerged polyps as well as emulsifying the 
stool adherent to the bowel wall thus causing a 
secondary catharsis [6]. They provide further 
internal tagging of solid debris. In a small per-
centage of cases, the mucosa, particularly in the 
caecum and ascending colon, may have adherent 
stool on the surface. We use 2D to evaluate adher-
ent stool seen in this area of the colon: it is 
quicker and more accurate than 3D. Figure 12.3e 
shows adherent stool.

12.2.2  Electronic Cleansing

During a CTC examination, faecal matter may 
obscure lesions. Electronic cleansing marks the 
stool that has been tagged. The stool is then 
removed electronically [7]. This method does 
produce cleansing artefacts. Figure 12.4a (i) and 
(ii) illustrates before and after electronic cleans-
ing of the colon. As described in Chap. 9, bowel 
preparation includes the use of tagging.
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c(i)

d(i)

c(ii)

c(iii)

d(ii) e

 (c) (i) 3D view showing thickened haustral fold 
(arrow). (ii) Axial 2D showing barium surrounding haus-
tral fold (white arrow). (iii) TD confirming barium (black 
arrow) and not a polyp. (d) (i) 3D endoluminal view 

showing a sessile lobulated polypoidal lesion (arrow). (ii) 
TD showing stool (arrow) and not polyp. (e) Adherent 
non- opacified stool having indentations similar to the 
appearance of the surface of a golf ball (arrows)

Fig. 12.3
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a(i) a(ii)

Fig. 12.4 (a) (i) 3D view showing stool (arrow) that may be obscuring lesions. (Courtesy of Viatronix, Stony Brook, 
NY). (ii) 3D view showing artefacts (arrows) caused by electronic cleansing. (Courtesy of Viatronix, Stony Brook, NY)

Same-day CTC examinations, after an incom-
plete or failed optical colonoscopy (OC), tend to 
be sub-optimal as tagging has not been performed 
(see Chaps. 10 and 20) [4]. Untagged stool is a 
huge problem. Electronic cleansing is available 
on most software systems, which allows for visu-
alisation of mucosa covered by fluid and/or stool. 
On the other hand, electronic cleansing creates 
subtraction artefacts that present interpretation 
problems. This is counterproductive as the pro-
duced artefacts are unwanted and impact on 
image evaluation. Electronic cleansing is not rou-
tinely performed because it may cause a large 
number of artefacts which may make interpreta-
tion difficult. In addition, part of the surface 
mucosa may be electronically removed and this 
could result in missed lesions [4]. The author 
does not use electronic cleansing because it 
causes artefacts. Pickhardt and Kim (personal 
communication) advise against using electronic 
cleansing in CTC studies.

12.2.3  Sigmoid Diverticular Disease

This disease is covered in more detail in Chap. 
16. For the purpose of discussion, the following 
potential traps are presented. Poor or incomplete 
luminal distension and thickened folds 
(Fig.  12.5a), underpin potential pitfalls in this 

group. How can this potential pitfall be over-
come? The use of spasmolytics enables improved 
bowel distension [4]. In Europe, and South 
Africa, Buscopan is often used to relax the bowel 
for good distension (see Chap. 8).

Another potential trap is that of stool-filled 
diverticula. On 3D, it may produce an appearance 
of a polyp. The complementary role of 2D identi-
fies stool-filled diverticula as discussed in Chap. 
16. Figure 12.5b is an example of 2D showing an 
impacted diverticulum.

12.2.4  Morphology of Polyps

The shape and form of flat lesions and carpet 
lesions are potential pitfalls. Polyp measurements 
can be a potential interpretation trap. It is impor-
tant to ensure measurements are accurate as dis-
cussed in Chap. 14. Shifting pedunculated polyps 
can be potential interpretation traps. It is impor-
tant to use a 2-view scan for 3D and 2D evalua-
tion as evident in Fig. 12.6 (i) and (ii).

12.2.5  Anatomical Locations 
and Structures

Both the location and structure of the appendix, 
and the ileocaecal valve (ICV) are potential inter-
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a b

Fig. 12.5 (a) Axial 2D showing very poor distension of 
the colon (open black arrows) and multiple diverticula. (b) 
2D axial view shows stool (white arrow) and impacted 

diverticulum (green arrow). Yellow arrow shows divertic-
ulum filled with air

(i) (ii)

Fig. 12.6 (i) 3D endoluminal view showing pedunculated polyp (black arrow) on a short stalk (open black arrow). (ii) 
Axial 2D view shows pedunculated polyp (white arrow)

pretation traps when evaluating CTC images. The 
vermiform appendix is part of the caecum. Its 
length varies from 2.5 to 33  cm [8]. Its average 
length is between 5 and 10 cm and its base is usu-
ally situated 2  cm below the ICV.  Its intra- 
abdominal position may vary widely depending on 
the peritoneal fold which represents the mesentery 
of the appendix [8]. Figure  12.7a and b shows 
varying abdominal positions of an appendix. 
Examples of different anatomical locations of both 
the appendix and ICV are presented in Chap. 11.

12.2.6  External Impressions 
of Organs and Bony 
Structures on the Colon

As discussed in Chap. 11, we need to be aware of 
extrinsic impressions on the colon lumen due to 
structures that lie adjacent to the colon. 
Figure 12.8 (i) and (ii) shows an extrinsic impres-
sion on the colon lumen caused by spondylolis-
thesis. A range of extrinsic impressions on the 
colon are presented in Chap. 11.

12 CTC Traps and Artefacts
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a b

Fig. 12.7 (a) Sagittal 2D view showing pre-vertebral appendix (white arrow). (b) Coronal 2D showing malrotated 
caecum (C) with appendix (white arrow)

(i) (ii)

Fig. 12.8 (i) 3D view of sigmoid colon showing extrinsic soft tissue bulge (arrows) due to spinal spondylolisthesis. (ii). 
Sagittal 2D grade 2 spondylolisthesis of L5 on S1. This is associated with disc degenerative disease between L5 and S1

12.2.7  Position of the Catheter

The position of the rectal catheter can impact on 
evaluating the anorectal region [9]. Occasionally, 
the rectal catheter may be inserted too far into the 
rectum with the result the tip then projects beyond 

the superior valve of Houston. Although this is 
easily identified, sometimes when flying from the 
caecum to the rectum the catheter’s tip may 
assume the shape of a polyp as shown in 
Fig.  12.9a (i) and (ii). Another example of this 
pitfall is when the tip of the catheter comes into 
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a(i) a(ii)

b(i) b(ii)

c

Fig. 12.9 (a) (i) 3D view showing catheter tip simulating 
a polyp (arrows). (ii) 3D view showing catheter tip simu-
lating a polyp (arrow). (b) (i) 3D view showing catheter 
tip distorting fold (open black arrow). Rectal catheter = C. 

(ii) Sagittal 2D view showing tip of catheter (C) extending 
beyond the middle valve of Houston (green arrow). 
Superior valve of Houston (yellow arrow). (c) Meniscus 
sign (arrow)

12 CTC Traps and Artefacts
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contact with the superior valve of Houston and 
causes an extrinsic impression on the mucosa as 
evident in Fig. 12.9b (i) and (ii).

The author’s standard technique is to perform 
a 360° fly around the rectal catheter to ensure 
adequate visualisation of all surrounding fea-
tures. This technique also reduces the chances of 
a polyp being missed due to it being obscured by 
the rectal catheter as discussed in Chap. 13.

To keep the catheter in position in the rectum, 
it is essential to inflate the balloon, but as dis-
cussed in Chap. 13 pathologies, such as internal 
haemorrhoids, may be obscured. To visualise 
compressed haemorrhoids, it is essential that the 
balloon is deflated when the patient is in the 
prone position (see Chap. 13). Furthermore, an 
inflated balloon may cause a defect called the 
meniscus sign [1]. Figure 12.9c demonstrates this 
defect. The meniscus sign is also discussed in 
Chap. 13.

12.2.8  Movement Artefacts

It is essential that patients co-operate during CTC 
examinations (see Chap. 2). Adequate breath 
holding during scanning is essential [4]. For all 
scans, instruct the patient to inhale, then exhale, 
and suspend breathing during scanning. Breathing 
during scanning causes artefacts as evident in 
Fig. 12.10(i)–(iii). Technological advances in CT 
imaging have resulted in very short scanning 
times which also reduce risk of movement arte-
facts. Patients should not move during scanning 
to prevent movement artefacts.

12.2.8.1  ‘Dense Waterfall’ Sign
The ‘dense waterfall’ sign is an artefact that is 
not related to voluntary patient movement or 
breathing. It was first described by Boyce et al. 
[10] in 2012. It is a luminal artefact, which 
occurs when opacified luminal fluid flows from a 
higher to a lower level relative to the patient 
position on the scanner table. It is caused by the 
CT scanner catching the movement of the opaci-
fied fluid at a moment in time. A distinctive arci-
form artefact, which is not due to patient 

breathing, patient movement, spasm, or beam 
hardening, is created. It is best seen on 2D views 
where the artefact is most prominent [11]. It may 
occur in the sigmoid colon, descending colon, 
transverse colon, ascending colon, and caecum 
(Fig.  12.11a–g (ii)). This artefact may also be 
seen on abdominal multidetector CT (MDCT) 
studies [10]. It occurs in approximately 25% of 
studies but does not usually obscure pathology. 
It may however potentially obscure pertinent 
CTC findings [10].

12.2.9  Beam Hardening Artefacts

Dark streaks are produced by beam hardening as 
well as scatter. Both produce dark streaks. These 
streaks are between two high attenuation objects, 
for example, metal or bone, with surrounding 
bright streaks [3]. Examples include unilateral or 
bilateral hip replacements, and surgical clip arte-
facts. Examples of beam hardening artefacts are 
presented in Fig. 12.12a (i)–e.

12.2.10  Ingested Artefacts

It is important for patients to follow instructions 
as discussed in Chap. 2. Bowel preparation com-
mences the day before the scheduled examina-
tion and a 24 h liquid diet is required (see Chap. 
9). An ingested vitamin tablet may resemble a 
polyp (Fig. 12.13a). Oil capsules (e.g., omega 3) 
do not always dissolve; they may remain intact in 
the gastrointestinal tract for a period of time. The 
same applies to softgel long-acting cold and flu 
capsules. Both types of capsules may resemble a 
polyp particularly on a 3D display. 
Figure  12.13b(i)–(iii) presents examples of an 
ingested fish oil capsule. These foreign objects 
do not adhere to the bowel mucosa and move 
with postural change. Furthermore, the internal 
attenuation of these ingested artefacts is very dif-
ferent from a polyp. According to Yee [2], we 
must also be aware of ingested vegetable matter, 
such as corn and seeds, as they too can be con-
fused with polyps.
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(i) (ii)

(iii)

Fig. 12.10 (i) 2D axial view showing focal motion arte-
fact in the descending colon (arrow). Rest of colon is nor-
mal. (ii) Example of a breathing stepped artefact (arrows). 

(iii) Sagittal 2D showing breathing artefact on skin sur-
face (arrows)

12 CTC Traps and Artefacts
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Fig. 12.11 (a) 2D axial view showing the arciform arte-
fact of the ‘dense waterfall’ sign (DWS) in the sigmoid 
colon (open green arrows). (b) 2D axial view showing the 
arciform artefact from the DWS in the sigmoid colon. (c) 
(i) 2D axial showing the DWS in the sigmoid colon (open 

black arrows). (ii) 3D endoluminal view showing the arte-
fact caused by the DWS (open black arrows). (d) (i) 2D 
axial view showing the DWS (black arrows). (ii) 3D endo-
luminal view showing the artefact caused by the DWS 
(open black arrows). 

a b

c(i) c(ii)

d(i) d(ii)

J. H. Bortz



163

d(iii) e

f(i) f(ii)

g(i) g(ii)

(iii) Translucent display showing contrast fluid 
artefact (white and open black arrows). (e) 2D axial view 
showing the alternating dark and light appearance of the 
DWS artefact in the transverse colon (open black arrows). 
(f) (i) 2D axial showing DWS (open black arrows) in the 
ascending colon. K kidneys, A aorta. (ii) 3D endoluminal 

view showing the artefact caused by the DWS (open black 
arrow). (g) (i) 2D axial showing the DWS artefact in the 
ascending colon (open black arrow). K kidneys, A aorta. 
(ii) 3D endoluminal view showing the artefact caused by 
the DWS (open black arrow)

Fig. 12.11
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Fig. 12.12 (a) (i) Beam hardening artefact (arrows) due 
to right hip prosthesis. (ii) Axial 2D showing streak arte-
fact (arrows) due to right hip prosthesis. (b) Axial 2D 

showing streak artefact (arrows) due to bilateral hip pros-
theses. (c) (i) Streaks due to beam hardening artefact 
(arrows). 

a(i) a(ii)

b c(i)
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c(ii) d(i)

d(ii) e

Fig. 12.12 (ii) 2D view streaks from surgical clip (white 
arrows). (d) (i) Streaks due to beam hardening artefact 
from surgical clips (arrows). (ii) 2D coronal view shows 

surgical clip (red arrow) in appendiceal region. (e) 2D 
axial view showing streak artefact (open white arrows) 
from an intrauterine device (green arrow)
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a b(i)

b(ii) b(iii)

Fig. 12.13 (a) 2D sagittal view shows multivitamin capsule (arrow). (b) (i) 3D view shows density due to fish oil 
capsule (arrows). (ii) 2D axial view shows oil capsule (arrow). (iii) 2D sagittal view shows oil ‘fat’ centrally (arrow)

12.2.11  Mucus Strand

A mucus strand may sometimes be confused with 
a pedunculated polyp. It has a thin linear strand 
which extends across normal haustral folds as 
shown in Fig. 12.14 (i) and (ii). Occasionally, the 
tagging agent (barium) may be incorporated into 
the strand and will show as a high density of TD.

12.2.12  Tampon and Vaginal Pessary

Figure 12.15a (i) and (ii) is an example of a tam-
pon visualised on 2D.  Figure  12.15b shows a 
vaginal pessary. A vaginal pessary is a remov-
able device that is used to support pelvic organ 
prolapse, such as the bladder, uterus, and/or 
rectum.
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(i) (ii)

Fig. 12.14 (i) Arrow points to mucus strand between two haustral folds. (ii) 2D axial view shows mucus strand 
between folds (green arrow)

a(i)

a(ii)

b

Fig. 12.15 (a) (i) Axial 2D showing vaginal tampon (white arrow). (ii) Sagittal 2D showing vaginal tampon (white 
arrow). (b) Axial 2D showing curvilinear density (arrow) in keeping with vaginal pessary supporting uterus

12 CTC Traps and Artefacts
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Key Messages
• Poor bowel preparation could be a potential 

pitfall as adherent stool may obscure polyps.
• Poor bowel distension could result in non- 

visualisation of lesions.
• Extrinsic impressions on the colon lumen 

could result in misdiagnosis.
• Lack of knowledge of colon anatomy, and 

normal variants, could be a potential pitfall in 
terms of anatomical location of structures.

• Incorrect positioning of the rectal catheter 
could be a potential pitfall.

• Movement and breathing artefacts could pres-
ent confusing images.

• The ‘dense waterfall’ sign is a luminal 
artefact.

• Ingested artefacts could be misinterpreted as 
polyps.

• Beam hardening artefacts could obscure 
lesions.

• Electronic cleansing could introduce 
artefacts.

• 2D and 3D views are complementary for 
interpreting CTC images.

12.3  Summary

There are many potential traps that may cause an 
unwary person performing and reading CTC 
studies to ‘trip up’. An adequately cleansed bowel 
and good distension of the colon with CO2 mini-
mises most potential pitfalls. For example, a 
well-prepared colon minimises the potential pit-
fall of the presence of stool in the colon; good 
bowel distension using a CO2 insufflator enables 
good visualisation of all segments of the colon. 
Beam hardening artefacts, caused by metal hip 
prosthesis, for example, may be present on both 
2D and 3D images. Movement and breathing 
artefacts should not be evident if there is good 
patient co-operation. By using combined 2D-3D 

interpretation methods, a vast majority of these 
potential pitfalls should be recognised and han-
dled in the appropriate manner. Electronic cleans-
ing of the colon is not recommended at this stage 
as it produces artefacts.
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13Internal Haemorrhoids, Anal 
Papilla, and Other Anorectal 
Lesions

Joel H. Bortz

13.1  Introduction

During a CTC study, haemorrhoids are the most 
frequently seen and diagnosed condition affect-
ing the anorectal region [1]. Most anorectal con-
ditions are benign; they may often be diagnosed 
clinically by a rectal examination or anosocopy 
without the need for a full endoscopic examina-
tion. During a CTC study, it is important to check 
structures around the catheter. The structures 
could be internal haemorrhoids, anal papillae, 
polyps, or tumours.

As discussed in Chap. 10 when a patient is in 
the prone position, the sterile disposable cathe-
ter’s balloon is deflated in order to visualise inter-
nal haemorrhoids, if present [2]. The correct 
placement of the catheter is important in 
CTC.  This chapter focuses on internal haemor-
rhoids. It is therefore important to describe their 
causes and anatomical location [3]. In addition, 
we need to consider anal papillae and tumours 
[4].

The following abbreviations are used in this 
chapter.

• 2D: two-dimensional
• 3D: three-dimensional
• CO2: carbon dioxide

13.2  Rectal Tube Position

According to Pickhardt [4], we need to bear the 
position of the rectal catheter in mind when evalu-
ating the anorectal region. The catheter tip may 
cause extrinsic impression of an adjacent rectal 
fold, for example, or the tip itself may appear pol-
ypoidal at three-dimensional (3D) images. When 
the author examines this region, his standard tech-
nique is to fly 360° around the catheter to check 
that there are no polyps being obscured by the bal-
loon. This technique is also described in Chap. 14.

There are several catheters available. For 
example, the Vimap catheter, which is available 
in Europe can withstand 100 cc air inflation. A 
3-way connection has a separate drainage con-
nection for any residual fluid in the rectum. By 
having this drainage connection there is no con-
tamination of incoming CO2 because the latter 
has its own connection. The 3-way connection 
catheter is no longer available in the United 
States. The author now uses a 2-way connection 
(see Fig. 10.2c in Chap. 10); maximum air infla-
tion is 50 cc.

Distension of the balloon catheter may pro-
duce a ‘pseudolesion’ or ‘filling defect’ on the 
3D study. Figure 13.1a (i, ii) depicts a meniscal 
defect, which is visualised on the supine studies, 
and presents as a pseudolesion caused by the 
inflated balloon abutting on the rectal mucosa. 
Occasionally, a meniscal defect will be to the side 
of the catheter. Deflating the balloon when the J. H. Bortz (*) 
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Fig. 13.1 (a) (i) 3D supine view shows meniscal defect (open black arrows) due to inflated balloon. (ii) 3D supine 
image shows inflated balloon to the side of the catheter causing a meniscal defect (open black arrows). 

a(i) a(ii)

patient is in the prone position usually eliminates 
such interpretation problems. Figure  13.1a (iii) 
shows a 3-way connection catheter and inflated 
balloon. Figure 13.1a (iv) shows an inflated bal-
loon defect and residual rectal stained fluid. To 
minimise visualisation of the latter, the patient 
should be sent to the restroom/lavatory as the rec-
tum must be emptied of any residual fluid before 
commencing the CTC study (see Chap. 10).

Occasionally, the catheter may be inserted too 
far into the rectum as shown in Fig.  13.1b (i). 
This may then cause the tip of catheter to pro-
trude beyond the valve of Houston; this may sim-
ulate a polyp in appearance. It may also push 
against the valve of Houston causing an extrinsic 
impression as shown in Fig.  13.1b (ii). Correct 
placement of the catheter is essential to avoid 
interpretation problems.
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a(iii) a(iv)

b(i)

b(ii)

(iii) Vimap 3-way connection catheter. 
Connection to inflate balloon with 35  cc air (red open 
arrow). Insufflator connection (closed black arrow). 
Connection for drainage bag (closed red arrow/orange 
ring on tube). Inflated balloon = open black arrows. (iv) 
2D axial image shows inflated balloon (open black arrow) 

and residual rectal stained fluid (open white arrow). (b) (i) 
3D image shows the catheter incorrectly placed. Its tip 
(open white arrow) extends beyond the valve of Houston. 
(ii) 3D image shows tip of catheter projecting beyond the 
valve of Houston simulating a polyp (open white arrows)

Fig. 13.1
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13.3  Definition and Causes 
of Haemorrhoids

Haemorrhoids are vascular structures in the anal 
canal. They are the result of varicose dilatations 
of the rectal veins [4]. They are very common in 
both males and females, and most patients are 
asymptomatic. Haemorrhoid frequency increases 
with age. Causes of haemorrhoids include vigor-
ous straining, chronic constipation, and preg-
nancy. They are often complicated by 
inflammation, thrombosis, and bleeding. There 
are four types of haemorrhoids: internal, external 
[5], prolapsed, and thrombosed.

13.4  Anatomical Location 
of Internal and External 
Haemorrhoids

There are two types of haemorrhoids based on their 
location: internal and external haemorrhoids [5]. An 
external haemorrhoid is one that is in a vein of the 
inferior haemorrhoidal plexus. It is below the den-
tate line which divides the squamous epithelium of 
the anus from the columnar epithelium of the rectum 
[1, 3]. An internal haemorrhoid is above this line. 
Figure 13.2 (i, ii) demonstrates the anatomy of rec-
tum as well as location of internal and external 
haemorrhoids. Haemorrhoids are vascular structures 

a(i) a(ii)

Fig. 13.2 (i) Anatomy of rectum. Middle rectal fold of 
valve of Houston (MRV). Internal rectal fold of valve of 
Houston (IRV). 1 = submucosal space and internal hemor-
rhoidal plexus. 2 = external hemorrhoidal plexus in peri- 

anal spaceϕ. (ϕ Adapted from [5]). (ii) Internal haemorrhoid 
above the dentate line (top). External haemorrhoids 
(bottom)ϕ. (ϕ Adapted from [5])
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in the anal canal. They may become pathological 
when swollen and/or inflamed, and in such a situa-
tion there may be bleeding associated with pain. 
Internal haemorrhoids may grow in size and become 
large. This may occasionally result in large haemor-
rhoids prolapsing externally; most times they retract 
spontaneously. However, some may not retract; 
when this happens they are referred to as ‘prolapsed 
piles’. Care has to be taken when inserting the rectal 
catheter in a patient with ‘prolapsed piles’.

13.4.1  2D and 3D Architecture 
of Internal Haemorrhoids

On CTC scans, internal haemorrhoids appear 
as small protrusions in the rectal vault at the 

dentate line [3]. They have a smooth contour 
and are located in a concentric manner around 
the rectal tube. An inflated balloon can obscure 
the presence of internal haemorrhoids; the 
prone position with the balloon deflated shows 
the internal haemorrhoid as evident in 
Fig.  13.3a (i, ii). Both two-dimensional (2D) 
and 3D views may visualise internal haemor-
rhoids: on 2D they present as small protru-
sions, whereas on 3D they may be raised linear 
defects or polypoidal in shape. Figure  13.3b 
(i)–f (ii) illustrates 2D and 3D views of internal 
haemorrhoids.

Fig. 13.3 (a) (i) 3D view of inflated balloon. Internal haemorrhoid (open white arrow). (ii) 3D prone view with deflated 
balloon shows internal haemorrhoids more prominently (open black arrows). 

a(i) a(ii)
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c(i) c(ii)

d(i) d(ii)

b(i) b(ii)

(b) (i) 3D image shows polypoidal internal 
haemorrhoid (open black arrows). (ii) 2D axial view 
shows internal haemorrhoid (h). C = rectal catheter (open 
white arrow). (c) (i) 3D image of four internal haemor-
rhoids. Closed black arrow  =  polypoidal form defect. 
Open white arrows = linear internal haemorrhoids. (ii) 2D 

axial of polypoidal internal haemorrhoids (h). C = rectal 
catheter (open white arrow). (d) (i) 3D supine image of 
large polypoidal internal haemorrhoids (open white 
arrows). (ii) 2D axial image showing internal haemor-
rhoids (h). C = rectal catheter (open white arrow). 

Fig. 13.3
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e(i) e(ii)

e(iii) e(iv)

f(i) f(ii)

(e) (i) 3D endoluminal supine view showing 
artefact (arrows) caused by inflated balloon of rectal cath-
eter. No pathology noted. (ii) Prone view with balloon 
deflated. Open black arrows depict a large linear haemor-
rhoid. Closed black arrow depicts polypoidal haemor-
rhoid. These haemorrhoids were not visualised on the 
supine view with inflated balloon. (iii) Prone view with 

balloon deflated. A different angle of the same patient 
showing three linear haemorrhoids (open black arrows) as 
well as the polypoidal haemorrhoid (closed black arrow). 
(iv) 2D axial view showing haemorrhoids (h). C = rectal 
catheter. (f) (i) 3D endoluminal view showing large inter-
nal haemorrhoids (arrows). (ii) 2D axial view showing 
internal haemorrhoids (h). C = rectal catheter

Fig. 13.3
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13.5  Other Anorectal Pathology

13.5.1  Anal Papilla

Internal haemorrhoids may be confused with an 
hypertrophied anal papilla, which is a benign 
condition. An anal papilla represents focal fibrous 
prominence of tissue at the dentate line. An anal 
papilla is essentially internal skin tags. These 
tags are in response to chronic irritation or anal 
fissuring [4]. Anal papillae are small, usually 
<6 mm in size. The diagnosis of an anal papilla is 
made by its consistent anatomic position at the 
anorectal junction. In the vast majority of cases, 
the papilla is in contact with the rectal tube at its 
lowest visualised point (Fig. 13.4).

13.5.2  Difference Between an Anal 
Papilla and a Rectal Polyp

Can we distinguish an anal papilla from a rectal 
polyp? We can because a polyp would be a short 
distance from the catheter (Fig. 13.5). Compared 
with previously used large catheters, the small 
ones that are now used should not obscure visu-
alisation of rectal polyps [2].

13.5.3  Rectal Tumours

When evaluating anorectal CTC images, we 
need to consider the possibility of a malignant 
lesion. A lesion with irregular polypoidal defects 
is a cancer. Figure 13.6 a (i)–(iii) shows rectal 

Fig. 13.5 3D image shows polyp (p and open white 
arrows) away from the catheter

Fig. 13.4 3D image showing linear internal haemor-
rhoids (open black arrows) and anal papilla (circle)

J. H. Bortz
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a(i) a(ii)

a(iii)

Fig. 13.6 (a) (i) Prone colon-map showing left rectal 
wall lesion (open black arrow). Rectal catheter (open red 
arrow). (ii) 3D view of an irregular polypoidal lesion in 

rectum in keeping with cancer (open black arrows). (iii) 
2D axial image shows catheter (white circle) and lesion 
left rectal wall in keeping with cancer (open white arrow)

cancer. The majority of tumours (80%) are squa-
mous cancer; the rest are adenocarcinomas [4]. 
Rectal tumours may be aggressive in immuno-
compromised patients, particularly those who 
have the acquired immunodeficiency syndrome 
(AIDS) [4].

13.6  Valves of Houston

As discussed in Chap. 11, the three valves of 
Houston are located in the rectum. They are 
transverse folds [6]. During a CTC study, it is 
important that they are carefully assessed in a fly- 
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(i) (ii)

(iii)

Fig. 13.7 (i) 2D coronal view showing the valves of 
Houston. Green arrow = inferior valve. Red arrow = mid-
dle valve. White arrow = superior valve. (ii) 2D sagittal 
view showing the valves of Houston. Green arrow = infe-

rior valve. Red arrow = middle valve. White arrow = supe-
rior valve. (iii) 3D view showing a 3 mm polyp on valve 
of Houston

through by looking behind them to check for hid-
den lesions [7]. Figure 13.7 (i, ii) shows the three 
valves of Houston. Figure  13.7 (iii) shows a 
polyp on a valve.

13.7  Rectal Varices

Rectal varices are collateral vessels between the 
portal circulation and systemic circulation as a 
result of portal hypertension from underlying cir-
rhosis of the liver [8, 9]. See Chap. 19 for causes 
of the latter. Literature reports that rectal varices 

in the submucosa become large and tortuous [10, 
11]. Although uncommon bleeding may occur in 
patients with rectal varices [12]. Rectal varices 
extend proximal to the dentate line into the rec-
tum [9]; usually 4 cm above the anal verge [13]. 
In view of their location, it is important to not 
confuse them with internal haemorrhoids at CTC 
(see dentate line in Fig. 13.2 (i, ii)). Their tortu-
ous impression on the submucosa flattens when a 
patient is in the prone position in a CTC study [7, 
11]. Figure  13.8 (i–iii) is an example of rectal 
varices courtesy of Prof D Kim Wisconsin 
University.

J. H. Bortz
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(i) (ii)

(iii)

Fig. 13.8 (i) Supine 3D image showing elevated polyp-
oidal mass (arrows) in the rectum in keeping with rectal 
varices. (ii) 2D supine axial view showing soft tissue 

prominence (green circle). (iii) Polypoidal mass (arrows) 
confirmed as rectal varices at optical colonoscopy

Key Messages
There are several points to consider when inter-
preting CTC images in the anorectal region.

• It is important to check structures around the 
rectal catheter.

• Haemorrhoids are the most frequently seen 
and diagnosed condition affecting the anorec-
tal region.

• To best visualise internal haemorrhoids, the 
balloon must be deflated when the patient is in 
the prone position.

• Internal haemorrhoids appear as small protru-
sions in the rectal vault at the dentate line; 
they have a smooth contour and are located in 
a concentric manner around the rectal tube.

• Both 2D and 3D views may visualise internal 
haemorrhoids: on 2D they present as small 

13 Internal Haemorrhoids, Anal Papilla, and Other Anorectal Lesions
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protrusions, whereas on 3D they may be raised 
linear defects or polypoidal in shape.

• In the majority of cases, an anal papilla is in 
contact with the rectal tube at its lowest visu-
alised point.

• A rectal polyp would be a short distance from 
the catheter.

• Important to assess the valves of Houston on 
fly-through.

• Important to not misdiagnose rectal varices as 
internal haemorrhoids.

13.8  Summary

Haemorrhoids are easily recognised on both 2D 
and 3D images. On 2D they present as small pro-
trusions, whereas on 3D they may be raised linear 
defects or polypoidal in shape and lie in close 
proximity to the rectal catheter. Both anal papilla 
and rectal tumours need to also be considered 
when evaluating structures in close proximity to 
the rectal catheter. Malpositioning of the tube 
may cause confusion as well. It is important to 
carefully check the valves of Houston to exclude 
pathology. Rectal varices should not be misdiag-
nosed as internal haemorrhoids.
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14Polyps: Types and Sizes

Joel H. Bortz

14.1  Introduction

The primary aim of a screening CT colonography 
(CTC) study is to detect and identify lesions in 
the colon. Readers of CTC images need to have a 
working knowledge of polyp morphology and 
how to measure polyps, [1] as well as what rec-
ommendations to make when polyps are present. 
It is advisable to include the following disclaimer 
in all CTC reports: CTC is not intended for detec-
tion of diminutive polyps (≤5 mm), the presence 
or absence of which will not change the clinical 
management of the patient [2] (see Table 21.2). 
The head of a pedunculated polyp only is mea-
sured; the length of its stalk is not measured. 
There are three sizes of polyps: diminutive 
≤5 mm; small 6–9 mm; and advanced adenoma 
≥10 mm (large polyp).

When a lesion ≥6 mm is detected, this indi-
cates that a study is positive. Polyps ≥10 mm are 
routinely removed. The chance of malignancy is 
<1% in an asymptomatic low-risk individual [3]. 
Polyps may be sessile, pedunculated, or flat. A 
variation of the flat polyp is a laterally spreading 
lesion known as a carpet lesion. Fifty percent 
(50%) of adults older than 50 years will harbour 
at least one colorectal polyp [4]. Fourteen percent 

(14%) of asymptomatic individuals will have 
polyps >6 mm. The prevalence rate of large pol-
yps (>10 mm, advanced adenoma) and small pol-
yps (6  mm–9  mm) is 6% and 8%, respectively 
[1]. Prevalence rate is defined as the number of 
people in a population who have a specific dis-
ease at a given time [5]. It should not be confused 
with incidence, which measures the number of 
new cases of the disease in a population, during a 
specified period, such as months or years [6]. 
Incidence indicates how many people within a 
specified time newly acquire this disease.

CTC came of age in 2003 with the ground- 
breaking article by Pickhardt et al. [7]: the find-
ings of their study of 1233 asymptomatic adults 
showed that CTC was as effective as optical colo-
noscopy (OC) in the diagnosis of small and large 
polyps. They were the first to use barium sulphate 
to tag stool and Gastrografin to tag residual fluid.

Colorectal cancer (CRC) is the second leading 
cause of death worldwide. According to the 
World Health Organisation [8], in 2020 the third 
most common site of cancer was CRC. It is the 
third most common cancer diagnosed in both 
women and men in the United States [9]. 
Therefore, the value of screening lies in the abil-
ity of CTC to detect and prevent CRC rather than 
CRC detection alone; in 2008, the American 
Cancer Society endorsed CTC as a recommended 
screening test [9].

CTC is not a replacement for OC; it is an alter-
native and complementary screening option. J. H. Bortz (*) 
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What are its main advantages compared with 
OC? There are several.

• It is safer: It is a minimally invasive study with 
an extremely low risk of perforation.

• No risk of introduction of infection as the ster-
ile rectal catheter is discarded after each study.

• It is cheaper and more cost-effective.
• It is a quicker screening test with an average 

room time of 20 min.
• No anaesthesia required, thus no related risks.
• More sensitive than OC in cancer detection.
• Extracolonic organs are visualised (see Chaps. 

18 and 20).

There are four main disadvantages of CTC.

• It is a non-therapeutic test as it is a non- 
invasive study.

• Significant polyps cannot be removed or 
biopsied.

• Cannot be used in patients with ulcerative 
colitis or Crohn’s disease.

• Patients are exposed to ionising radiation.

There is consensus in the literature that all 
large polyps (≥10 mm) detected at CTC should 
be referred for polypectomy [10, 11]. Diminutive 
polyps (≤5 mm) generally do not warrant polyp-
ectomy. There is however a difference of opinion 
for management of small polyps (6–9 mm) [12]. 
It is uncertain whether the benefits of polypec-
tomy outweigh the risks and cost associated with 
the OC procedure. In 1997, the reported miss 
rates of small lesions at OC was 13% [13], 
whereas later studies report higher miss rates, 
namely 22–28% for polyps, and 20–24% for ade-
nomas [14]. The miss rate of polyps at CTC, 
compared to those missed with OC despite previ-
ous detection and localisation, is reported as 
21.5% [15]. Put differently, 21.5% of discordant 
polyps 6  mm or greater were detected at CTC, 
but not confirmed at subsequent OC [15]. This 
indicated a false-negative finding at OC.

The following abbreviations are used in this 
chapter.

• 2D: two-dimensional
• 3D: three-dimensional

• AI: artificial intelligence
• CAD: computer-assisted diagnosis
• CRC: colorectal cancer
• DECT: dual-energy computed tomography
• DL: deep learning
• GIST: gastrointestinal stromal tumour
• HP: hyperplastic polyp
• ML: machine learning
• OC: optical colonoscopy
• SSP: sessile serrated polyp
• TD: translucent display
• TSA: traditional serrated adenoma

14.2  Definition of Colon Polyps, 
Adenoma, and Lesion

A polyp is a growth of tissue that extends from 
the colonic mucosa (inner lining of the colon) 
into the colonic lumen (hollow centre). It is a 
structure that arises from the colonic mucosa; it 
has homogenous soft-tissue attenuation and dem-
onstrates a fixed point of attachment to the bowel 
wall, and projects into the colonic lumen [16]. An 
adenoma is a benign epithelial tumour of glandu-
lar tissue. A lesion is a pathological abnormality 
of a structure [17].

Polyps vary in size from 1 to 30 mm or more. 
They are classified according to their morphol-
ogy: sessile, pedunculated or flat; size (diminu-
tive ≤5 mm; small 6–9 mm; large ≥10 mm); and 
histology.

14.3  Polyp Morphology, 
Prevalence Range, and Need 
for Accurate Measurements

Polyps ≥30 mm are generally termed masses or 
tumours. Those that are ≤30  mm are usually 
divided into three morphologic categories: sessile; 
pedunculated; and flat. Sessile polyps have a broad 
base of attachment as shown in Fig. 14.1a whereas 
pedunculated polyps have a well-defined head and 
stalk as shown in Fig. 14.1b. Polypoid structures 
refer to both of these polyp types, and they account 
for the majority of polyps visualised at CTC.

A flat polyp is a subset of sessile structures 
that has plaque-like morphology and is not pol-
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a b

c(i) c(ii)

d

Fig. 14.1 (a) 3D endoluminal view showing small 
(7.5  mm) sessile polyp on posterior aspect of haustral 
fold. Broad base of attachment (arrows). (b) 3D endolu-
minal view showing pedunculated polyp. Head = circle. 
Stalk = arrows. (c) (i) 3D view shows a flat, mildly lobu-
lated interhaustral lesion (open green arrows). (ii) 2D 
axial view shows a minimally raised soft-tissue density 

with a small amount of barium on surface (open green 
arrow). Histology tubulovillous adenoma. (d) 3D endolu-
minal view of rectum showing rectal catheter (C) and car-
pet lesion extending for 40  mm (open black arrows). 
Histology confirmed tubulovillous adenoma (Courtesy of 
Prof Kim, Wisconsin University)
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ypoid in appearance as shown in Fig. 14.1c (i, ii). 
Usually, the polyp height is less than half its 
width. A better description is polyp elevation 
above the surrounding mucosal surface, which is 
typically 3 mm or less if the polyp is less than 
30 mm [18]. Flat polyps tend to be large in cross- 
sectional imaging (≥30  mm), but they are not 
bulky [19]. A carpet lesion is a subset of flat 
lesions; it is a laterally spreading, or superficially 
spreading tumour, which occurs mainly in the 
caecum and rectum (Fig. 14.1d). Carpet lesions 
are discussed in more detail in Sect. 14.11.

Flat adenomas have been shown to be less 
likely to harbour high-grade dysplasia compared 
with sessile or pedunculated adenomas [20]. 
Patients with flat adenomas were not found to be 
at greater risk for advanced adenomas at subse-
quent colonoscopy. In fact, flat lesions <30 mm 
are not a major concern compared with polypoid 
lesions of similar size.

Management of CTC patients with polyps is 
dependent on polyp size: measurements of colon 
polyps therefore must be as accurate and exact as 
possible. For example, a deviation of 1 mm in a 
small polyp’s measurement (6–9 mm) could result 
in a change of diagnosis. To underscore this if a 
small 6 mm polyp is under-measured by 1 mm, it 
would then fall within the diminutive polyp range 
of ≤5  mm, whereas an over measurement of a 
9 mm polyp by 1 mm would mean a patient could 
be diagnosed as having an advanced adenoma 
(≥10 mm, large polyp). Why is this critical? Small 
polyps differ from diminutive ones; the histology 
changes to adenomatous in 66% of cases and non-
adenomatous for the rest. An advanced adenoma 
is at a higher risk for cancer progression; thus, 
polyps ≥10 mm are routinely removed. An over 
measurement would cause a patient to undergo an 
unnecessary polypectomy. To obtain the closest 
exact size of polyps means that two-dimensional 
(2D) and three- dimensional (3D) measurements 
of multiplanar images are essential to avoid under/ 
over measurements.

14.4  Polyp Measurement

The purpose of screening CTC is to detect polyps 
and to measure their size accurately because lin-
ear measurements are used in patient manage-
ment decisions. Both 2D and 3D images are 
required to accurately measure polyps. As a gen-
eral rule, 3D measurement may overestimate size 
whilst 2D usually underestimates size. An aver-
age of both measurements is therefore needed to 
obtain the most accurate size measurement of a 
polyp. Software that can do the measurements 
quickly and accurately should be used; failure to 
do this task will hamper 3D endoluminal 
measurements.

Literature shows a strong relationship between 
the size of a polyp and the likelihood of a malig-
nancy [21]. A CTC study is considered to be 
abnormal when a polyp that is 6 mm or greater is 
detected. Diminutive polyps (≤5 mm) are usually 
ignored, particularly when diagnosed by CTC 
(Fig. 14.2a (i–iii)). When diagnosed by OC, they 
are usually removed in most patients.

Polyps 6–9  mm are termed small polyps. A 
range of examples of small polyps is presented in 
Fig. 14.2b (i)–e (iii). There is considerable debate 
as to whether all small polyps should be removed 
on the same day or left in situ for a surveillance 
period of 3  years before a repeat CTC is per-
formed [1]. The polyp size is re-assessed for any 
volume or linear growth [22]. This alternative 
was accepted by the Working Group on Virtual 
Colonoscopy as a non-invasive and acceptable 
strategy [16].

There is consensus that large lesions >10 mm 
should be removed by OC. The features of large 
lesions at CTC are demonstrated in Fig. 14.2f (i)–
h(iii) The incidence of cancer in a lesion 10 mm 
in size in an asymptomatic screening patient is 
only 1%. It is therefore clear that polyps in a 
patient who is under a 3-year surveillance pro-
gramme must have measurements as accurate as 
possible on a base-line study. This is because a 
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1 mm or more increase in a polyp’s size will indi-
cate growth and may tip the patient into the 
10  mm range where an OC then becomes 
necessary.

Linear polyp size is defined by the longest 
dimension among the three orthogonal 2D multi-
planar reconstruction views: axial, sagittal, and 
coronal. Electronic calipers are used for linear 
measurements of polyps. Volume measurement is 
a newer and more promising technique; a small 
change in polyp diameter corresponds to a much 
larger proportional change in polyp volume. 
Figure  14.2i (i–iii) illustrates volume measure-
ment. Volume measurement’s margin of error is 
more relaxed than that of linear measurement 
[23].

The Viatronix V3D System, which the author 
uses, is able to provide automated measurements, 
but there tends to be some ‘overflow’ of the cor-
rect borders of a polyp as shown in Fig. 14.2i (i–
ii). This software does however allow for a 
semi-automated method of volume determination 
using 2D images; currently, it is more accurate 
than the automated method.

For accurate measurement of polyps in 2D, 
the following window settings are used: W 2000 
HU, L 0 HU. In the 3D setting, accurate measure-
ment is dependent on positioning the polyp in a 
head-on (en face) position, and not looking down 
the colon lumen to measure. When in the correct 
3D endoluminal position, the electronic callipers 
are placed at the edge of the polyp. Care must be 
taken to not include the penumbra or polyp 
shadow.

The real importance of accurate measurement 
occurs at a critical threshold. This is between a 
diminutive polyp at 5 mm and a small polyp at 

6 mm, as well as between a small polyp at 9 mm 
and an advanced adenoma at 10 mm. The signifi-
cance of the latter is discussed in Chap. 15. 
Should a polyp be covered by barium then an 
oversizing would occur if only 3D measurements 
were to be taken. This is because on 3D viewing 
barium is not observed unless translucent display 
(TD) is used; this allows visualisation of the 
internal architecture of the polyp. By switching 
to 2D measurement, ‘downsizing’ of the polyp 
would occur with the barium coating being 
excluded from the measurement.

When measuring in 2D, the orthogonal plane 
that most closely aligns to the long axis of the 
polyp is selected. In the 3D endoluminal view, 
the line (red = 2D axial view; green = 2D sagittal 
view; blue = 2D coronal view) must pass through 
the long axis of the polyp as shown in Fig. 14.2j 
(i–iii). In these figures, the red line corresponds 
to the 2D axial view, and the line runs through the 
short axis (middle) of the polyp. If we use this 
measurement, the polyp will be incorrectly mea-
sured, and the polyp will be undersized. If we use 
the green line on the 3D endoluminal view, it also 
passes through the short axis of the polyp. It 
would not be the correct one to choose as it also 
under-measures true polyp size. If we look at the 
3D endoluminal view with the blue line, corre-
sponding to the 2D coronal view (Fig. 14.2j (iv)), 
it passes through the long axis of the polyp and 
will be the most correct measurement.

Clinical audits of polyp measurements in CTC 
studies should be performed regularly as part of 
the quality improvement process that focuses on 
patient care, management, treatment, and out-
comes. The principles of clinical audit are dis-
cussed in Chap. 27.
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a(i) a(ii)

a(iii) b(i)

b(ii) b(iii)

Fig. 14.2 (a) (i) 3D endoluminal view showing 4  mm 
haustral fold polyp (arrow). (ii) 2D view showing density 
on haustral fold (arrow = polyp). (iii) 3D view showing a 
3.4  mm sessile polyp on posterior haustral fold (green 
arrow). Anterior fold (open white arrow) and direction of 
flight = open black arrow. (b) (i) 3D view showing small 

(7.5 mm) sessile polyp on posterior aspect of h. (ii) 2D 
coronal view showing sessile polyp arising from posterior 
fold (arrow). (iii) TD showing typical features of a polyp: 
high intensity centrally (red) surrounded by light green 
and blue. 
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(c) (i) 3D view showing small polyp (6.5 mm) 
on haustral fold. (ii) Sagittal 2D view showing polypoidal 
density on end of fold (blue arrow). (d) (i) Rectal catheter 
(C). Small sessile polyp on valve of Houston (white 
arrows). (ii) 2D sagittal view showing small density on 
inferior haustral fold (white arrow). (iii) Typical features 

of a polyp on a TD view. High intensity centrally (red) 
surrounded by light green and blue (open white arrow). 
Rectal catheter (C). (e) (i) 3D view of a 9  mm sessile 
polyp (open white arrows) on posterior haustral fold. 
Polyps on posterior folds are frequently missed on optical 
colonoscopy. 

c(i) c(ii)

d(i) d(ii)

d(iii) e(i)

Fig. 14.2
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e(ii) e(iii)

f(i) f(ii)

f(iii) g(i)

(ii) 2D sagittal view showing soft- tissue polyp 
on posterior wall of caecum (open white arrow). 
RK = right kidney. Right rib (green arrow). (iii) Typical 
features of a polyp (open white arrow) on a TD view. High 
intensity centrally (red). (f) (i) Large pedunculated polyp 
on a thick stalk. (ii). 2D axial view showing pedunculated 
polyp on stalk (white arrow) with barium surrounding the 

polyp head (open white arrow). Note adjacent soft-tissue 
sessile polyp (open green arrow). (iii) TD showing high 
intensity (red) of polyp head. (g) (i) 3D endoluminal view 
showing 12 mm advanced adenoma. Note the broad-base 
sessile polyp attachment (open black arrows) on haustral 
fold with lobulated outline. 

Fig. 14.2
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(ii) 2D sagittal view showing 12  mm sessile 
polyp on anterior sigmoid fold. Note the small amount of 
barium at the base and side. (iii). TD showing classical 
features of a polyp (open black arrow). Note large central 
area of high intensity (red) surrounded by light green and 
blue colouration. (h) (i) 3D view showing a triangular 
shaped 11.6 mm sessile polyp (open black arrow mm) on 

haustral fold. (ii) 2D axial view showing an elongated 
density in relation to haustral fold (open green arrow). (iii) 
TD showing features of a sessile polyp (open black 
arrow). Note high intensity centrally (red) surrounded by 
light green and blue. (i) (i) 3D endoluminal volume mea-
surement of a sessile polyp. Note the slight overflow of 
purple at the base (open black arrow). 

h(i)

g(ii) g(iii)

h(ii)

h(iii) i(i)

Fig. 14.2
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i(ii) i(iii)

j(i) j(ii)

j(iv)j(iii)

(ii). 3D endoluminal head-on view of the polyp 
(purple). (iii). 2D view of the polyp that is coloured red for 
volume measurement. (j) (i) 3D endoluminal with a red 
line (corresponding to 2D axial view) passing through the 
short axis of the polyp. Measurement in this view will 
undersize the polyp. (ii) 3D endoluminal view with a 
green line (corresponding to 2D sagittal view) passing 
through the short axis of the polyp. Measurement in this 

view will undersize the polyp. (iii) 3D endoluminal view 
with a blue line (corresponding to 2D coronal view) pass-
ing through the long axis of the polyp. This indicates the 
correct measurement of the endoluminal view. The mea-
surement on 2D coronal will be the correct measurement 
of the polyp. (iv) 2D coronal view shows linear measure-
ment through the long axis of the polyp

Fig. 14.2
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14.5  Reporting Polyps: C 
Classification

A C1 to C4 classification is used when reporting 
CTC findings (Table 14.1). For example, normal 
colon or a benign lesion would be classified as 
C1. If a polyp or possibly advanced adenomas 
were noted in the study, the classification would 
be C3 [16].

• C0 = non-diagnostic study.
• CI = routine screening every 5 years because 

no visible abnormalities of the colon and no 
polyp ≥6 mm.

• C2  =  colonoscopy or surveillance recom-
mended if there are 2 or less 6–9 mm polyps 
present. If 3 or more polyps present, then only 
option is OC and polypectomy.

• C3  =  colonoscopy and polypectomy recom-
mended if more than 2 polyps 6–9 mm present 
(↑ risk of developing advanced adenoma). 
Any polyp ≥10  mm represents an advanced 
adenoma; OC and polypectomy 
recommended.

• C4 = A malignant appearing colonic mass is 
detected, which may compromise bowel 
lumen or demonstrate extracolonic invasion, 
such as lymphadenopathy or distant metasta-
ses. Surgical consultation recommended.

A revised C-Rad classification is work in 
progress and should be published in the near 
future.

14.6  Natural History of Polyps 
According to Lesion Size

In nearly all cases, the largest lesion will be 
diminutive (≤5 mm). By design, most large CTC 
trials have not reported diminutive lesions. 
Invasive cancer in this group is so rare that it can 
be assumed to be non-existent in terms of popula-
tion screening [24]. A CTC study without polyps 
6 mm or larger would be considered a negative 
study and would be classified C1 (normal).

According to van Dam et  al. [25], a future 
trends report, published by the American 
Gastroenterological Association in 2004, noted 
that ‘polyps ≤5 mm in size do not appear to be a 
compelling reason for colonoscopy and polypec-
tomy’. Ransohoff [26] concurred by stating ‘few 
clinicians would likely argue that colonoscopy is 
justified’ for these lesions and added ‘the over-
whelming majority cannot possibly represent an 
important near-term health threat’.

Bond [27] is of the opinion that scientific data 
indicated that clinicians should shift their 
 attention away from simply finding and harvest-
ing all diminutive colorectal polyps. Their atten-
tion should rather focus on strategies that allow 
for reliable detection of the much less common, 
but more dangerous advanced adenoma. One 
third of diminutive polyps are adenomas; mainly 
tubular adenomas. The remainder are nonadeno-
mas; hyperplastic polyps and mucosal tags, for 
example.

Lesion size is the most important factor of 
clinical significance. A CTC study is considered 
negative if no polyps are identified, or if there are 
polyps present that are all diminutive (≤5 mm) in 
size. The majority of diminutive lesions are 
hyperplastic or tubular adenomas and are of little 
or no clinical significance [27]. According to 
Schoenfeld [28], it is not necessary to report 
diminutive polyps. The chance of these lesions 

Table 14.1 Colonic classificationsa

C1 Normal colon or benign lesion
C2 Small polyps
C3 Polyp: advanced adenoma possibly
C4 A likely colonic mass

a Adapted from Zalis et al. [16]
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being malignant or containing high-grade dyspla-
sia at the time of detection is estimated to be far 
less than 1% [29]. Others maintain that it is nei-
ther clinically wise nor cost-effective for diminu-
tive polyps to be referred for polypectomy [12].

It is only the extremely rare diminutive 
advanced adenoma that will likely grow over a 
period of 5 years and will then require removal. 
Invasive cancer in the diminutive size range is 
very rare hence can be assumed to be non- existent 
in terms of screening population. OC detection of 
diminutive lesions, and matching with CTC find-
ings can be problematic: additional time and 
costs are incurred, as well as potential complica-
tions [24].

The prevalence range for polyps >6 mm in an 
asymptomatic screening population is 14% [1]. 
This means that 8% of individuals will have a 
polyp in the 6–9 mm range, and 6% will have a 
polyp ≥10 mm. For polyps larger than 6 mm, the 
ratio of adenomatous polyps to nonadenomatous 
polyps reverses; two-thirds of polyps >6 mm will 
have adenomatous tissue.

The screening prevalence of small polyps is 
about 8%, and the frequency of advanced ade-
noma in them is 4% [26]. The presence of high- 
grade dysplasia in small polyps is 0.05%, i.e. 5 in 
10,000 cases. The chance of a small polyp har-
bouring an invasive cancer is 0.2%, i.e. 2 in 1000 
cases [27, 29]. Small polyps are usually benign; 
two-thirds are adenomatous polyps, and the 
remainder are nonadenomas.

CTC studies, from the National Naval Medical 
Center in America, and the University of 
Wisconsin screening programme, have shown 
that for small polyps the sensitivity is in excess of 
90%, and the positive predictive value (PPV) for 
them is more than 90% [30]. Hofstad et al. [31] 
are of the opinion that leaving small polyps for 
3 years was a safe practice. Pickhardt and Kim 
[1] concur; many studies have shown that leaving 
small polyps in place is not a harmful practice.

A same-day OC or a 3-year surveillance 
period is the clinical management of visualisa-
tion of one or two small polyps at CTC (see 
Table 14.1 as well as Table 10.2 in Chap. 10). The 
working group on CTC (virtual colonoscopy) 
underscore that 3-year CTC surveillance for 

patients with one or two small polyps represents 
a reasonable approach [16]. If three or more pol-
yps are seen at CTC, then OC is recommended; 
there is a greater likelihood that such polyps con-
tain adenomatous tissue. Figure 14.3 shows three 
lesions in the right side of the colon.

14.7  Small Lesions (6–9 mm)

According to Pickhardt et al. [32], polyps that are 
between 6 and 9  mm are usually benign, and 
approximately 30% of such polyps are not ade-
nomas. Of the small polyp group (6–9 mm), 96% 
lack high-grade dysplasia [33]; the probability of 
a 6–9  mm polyp not representing an advanced 
adenoma is approximately 96%. In other words, 
the likelihood of a lesion this size harbouring an 
invasive carcinoma is <1% [27]. It is reasonable 
to recommend interval surveillance in 3  years 
when one or two 6–9 mm polyps are detected in 
patients who do not have increased risk factors, 
such as no first-degree relative with a history of 
CRC, or no personal history of CRC or advanced 
adenoma. If a patient has three or more synchro-
nous adenomatous polyps, then there is an 

Fig. 14.3 Colon-map showing three lesions. The three 
red dots indicate site of pathology
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increased risk of developing advanced adenomas 
[34]. When three or more synchronous 6–9 mm 
polyps are detected at CTC, referral to OC and 
polypectomy is recommended. Note that lesions 
10 mm or larger, and colonic masses ≥30 mm, 
are referred for OC.

14.8  Advanced Adenoma

An advanced adenoma (>10 mm, large polyp) is 
at higher risk for cancer progression. It represents 
the key target sign for CRC screening and pre-
vention (Fig. 14.4) [35]. Between 90 and 95% of 
advanced adenomas are 10 mm or larger in size 
[10]. Only adenomas and serrated polyps have 
the possibility of future transformation into can-
cers [36]. Despite the overall preponderance of 
subcentimetre lesions, only a small minority of 
advanced adenomas are present; the vast majority 

of them have a villous component rather than 
high-grade dysplasia [10]. It is believed that if an 
advanced adenoma has a tubulovillous or villous 
component then there is a slow progression to 
cancer conversion [37].

There are three criteria of an advanced ade-
noma [10].

• Any adenoma that is large (≥10 mm) and of 
any histological subtype, namely tubular, 
tubulovillous, or villous.

• Any adenoma of any size that harbours high- 
grade dysplasia.

• Any adenoma of any size that contains a sig-
nificant villous component (≥25% of tubulo-
villous or villous histology).

Advanced adenomas are located throughout 
the colon; proximal and distal distribution is 
almost equal. The cancer rate for large adenomas 

Fig. 14.4 The target is 
an advanced adenoma
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Table 14.2 Comparison of CTC vs OC for detection of 
advanced adenoma a

Primary CTC cases (n = 3120)
Primary OC cases 
(n = 3163)

• Patients referred for OC 
(n = 246/8%)
• Polyps removed at OC 
(n = 561)

• NA
• Polyps removed 
(n = 2434)

Invasive cancer (n = 14) Invasive cancer 
(n = 4)

Perforations (n = 0) Perforations 
(n = 7/0.2%)

a Adapted from Kim et al. [10]

(10–20  mm) is only about 1%. Approximately 
30–40% of large polyps are nonadenomatous 
[32]. A comparison of CTC versus OC for detec-
tion of advanced adenoma is presented in 
Table 14.2.

The number of advanced adenomas ≥10 mm 
was identical in both groups; the total number of 
advanced neoplasia (i.e., all advanced adenomas 
and carcinoids was almost identical [10]. As 
shown in Table  14.2, only 8% of patients who 
had CTC examinations were referred to OC and 
out of these patients 561 polyps were removed 
compared with 2434 removed at OC. This indi-
cates a four-fold increase in the number of polyps 
removed during OC.  This is indicative of the 
unnecessary removal of a large number of benign 
lesions.

Of significance there were seven perforations 
at OC and nil in the CTC group. The major find-
ing in the study being that in an almost identical 
number of patients, 14 cancers were detected in 
the CTC group (n = 3120) compared with 4 can-
cers detected in the OC group (n = 3163).

14.9  Adenomatous Polyps

These are benign neoplastic lesions. However, 
over time change may occur with the gland com-
ponent of a polyp: a condition known as dyspla-
sia (abnormal growth/development of tissue, for 
example). The latter is graded from mild through 
to severe then to advanced. When this occurs, the 
polyp is then called an advanced adenoma. When 
the cancer penetrates the muscular layer of the 

bowel wall, it is termed an ‘invasive’ cancer. 
Based on their glandular architecture, there are 
three subsets of adenomatous polyps. These sub-
sets and their prevalence percentages are listed 
below.

• Tubular adenoma (80–85%)
• Tubulovillous adenoma (10–15%)
• Villous adenoma (<5%)

Adenomatous polyps usually contain both 
glandular and villous components. The percent-
age of villous components in the histology indi-
cates which subset classification is applicable 
and also its malignancy potential.

• Tubular adenomas usually contain less than 
25% villous architecture.

• Tubulovillous adenomas contain between 25 
and 75% villous component.

• Villous adenomas usually have >75% villous 
component.

The risk of malignant change increases with a 
high villous component. Although villous ade-
noma are uncommon, their incidence increases 
with advancing age. The most common sites for 
these polyps are the caecum and rectum. 
Adenomatous polyps have the potential to grow 
into cancer: approximately 3% will develop into 
cancer. On average, as a result of genetic 
 mutations, it may take between 10 and 15 years 
for a benign polyp to convert to a malignant one. 
Such an occurrence is called the adenoma-carci-
noma sequence or pathway (see Chap. 15). This 
sequence occurs in 85% of sporadic rectal can-
cers: small → large ones >10 mm → non- invasive 
carcinoma → invasive carcinoma [36].

An adenoma with high-grade dysplasia has the 
greatest risk of progressing to cancer [37]. High-
grade dysplasia is now the preferred terminology 
and not carcinoma in situ. An invasive carcinoma 
refers to cancer that spreads beyond the muscula-
ris mucosa into the submucosa. When this occurs, 
the cancer can potentially spread further. A malig-
nant polyp is an adenoma with invasive carci-
noma: the polyp has invaded past the muscularis 
mucosa into the submucosa, and metastasis may 
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then occur. It must be remembered that a histo-
logical diagnosis cannot be made at CTC.

14.9.1  Tubular Adenomas

This histological class is based on its glandular 
architecture: tubular, tubulovillous, and villous. 
Tubular adenomas’ important points are as follows.

• They comprise 80–85% of adenomatous 
polyps.

• They are almost always sessile in nature.

• They contain < than 25% of villous 
architecture.

• They are usually <10 mm in size.
• They typically have mild dysplasia.
• They account for one third of all diminutive 

lesions (<5 mm) and two thirds of small pol-
yps (6–9 mm).

• A >10 mm tubular adenoma may progress into 
cancer.

Figure 14.5i–iv shows a 9 mm sessile lesion. 
Histology confirmed tubular adenoma with no 
evidence of high-grade dysplasia.

(i) (ii)

(iii) (iv)

Fig. 14.5 (i) 3D endoluminal view of sessile lesion 
(black arrows). (ii) Blue line passes through long axis of 
lesion. (iii) Typical features of a polyp (open black arrows) 

on a TD view. High intensity centrally (red). (iv) 2D coro-
nal view of sessile lesion (open white arrow)
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14.9.2  Tubulovillous Adenomas

Their important points are presented below.

• They constitute 10–15% of all adenomatous 
lesions.

• They contain between 25 and 75% of villous 
architecture.

• They are larger than tubular adenomas, often 
10 mm or greater.

• Their morphology is usually pedunculated.
• They tend to demonstrate a higher degree of 

dysplasia on histology.

• They are the more important target for colorec-
tal screening and cancer prevention.

Figure 14.6i–iv shows a large lesion (26 mm) 
on a haustral fold. Histology confirmed a tubulo-
villous adenoma with no high-grade dysplasia.

14.9.3  Villous Adenomas

Their five important points are presented below.

• They comprise less than 5% of all colorectal 
neoplasms.

(i) (ii)

(iii) (iv)

Fig. 14.6 (i) Thickened, lobulated haustral fold (open 
black arrows). (ii) Red line (open black arrows) passes 
through long axis measurement, i.e. axial on 2D. (iii) 2D 

axial view shows thickened, lobulated fold (open white 
arrows). (iv) Thickened, lobulated fold with high intensity 
(open black arrows) and covered in barium on TD
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• They contain >75% villous architecture.
• They are larger in size (20–30 mm or more).
• They have a lobulated appearance on CTC.
• They have an increased risk for malignancy.

14.10  Hyperplastic Polyps

The main points of these polyps [38, 39] are pre-
sented below.

• Mainly benign non-neoplastic growth.
• Prevalence from 10 to 35%.
• No correlation with advancing age.
• Common and are usually diminutive.
• Sessile.
• Soft lesions that may flatten with colonic 

insufflation.
• Vast majority have no malignant potential.
• Hyperplastic group occurs more commonly in 

distal colon.
• Small minority can progress to carcinoma 

through serrated polyp pathway (see Chap. 15).
• Serrated polyps may progress to a carcinoma 

over 10–20 years and occur more commonly 
in proximal colon.

14.11  Carpet Lesions

Carpet lesions are uncommon. They are seen in 
about one in every 500 cases of CTC in an asymp-
tomatic screening population [40]. This inci-
dence is similar to the prevalence of unsuspected 
invasive cancers detected at screening colonogra-
phy, which is also one in 500 studies. If tagging 

of stool and retained liquid has been performed, 
then these lesions are not difficult to diagnose. 
Tagging provides a thin coating of positive con-
trast material on a portion of the mucosal surface, 
which is best identified in a soft-tissue window. 
The coating material is usually barium. 
Figure 14.7i–iv is an example of a carpet lesion 
courtesy of Professor D Kim from Wisconsin 
University. The lesion is usually ≥30 mm in size. 
It is a flat laterally spreading colorectal mass. It 
will display a surface coating of contrast medium, 
which acts as a marker for detection. Although 
termed ‘flat’ the lesion typically has a superfi-
cially elevated mucosa which can reach a height 
of 4–14 mm. The edges tend to be superficially 
elevated from the surrounding mucosa. Untagged 
residual faecal material may however obscure, or 
even mimic a carpet lesion. To avoid misdiagno-
sis, it is essential to use a cathartic agent as well 
as tagging [41]. These lesions are not difficult to 
diagnose provided that both tagging of stool and 
residual liquid has been performed.

Carpet lesions will maintain a flat, plaque-like 
morphology without evidence of luminal 
 compromise or narrowing [42]. The most com-
mon sites are in the right and left colon: the rec-
tum, caecum, sigmoid colon, and ascending 
colon. The sex distribution is more equal, whereas 
colorectal neoplasia has a male predominance. 
Carpet lesions tend to occur in older patients, 
usually 65 years or older. Most carpet lesions are 
not malignant, but almost all of them require 
some form of surgical resection. An important 
point is that superficially elevated lesions are 
generally less aggressive than polypoidal lesions 
of a similar size [43].
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(i) (ii)

(iii) (iv)

Fig. 14.7 (i) 3D endoluminal view of rectum showing 
rectal catheter (C) and carpet lesion extending for 40 mm 
(open green arrows). Histology confirmed tubulovillous 
adenoma. (ii) TD view showing rectal catheter (C) and 
lobulated high intensity regions (black arrows) covered 
with a thin layer of barium (white). (iii) 2D axial view of 

rectum with rectal catheter (white circle). Polyp view 
showing flat soft-tissue lesion (green arrows). Note the 
etching of positive contrast material on the surface of the 
lesion. (iv) Optical colonoscopy view confirms CTC find-
ing of a minimally raised somewhat lobulated carpet 
lesion in the rectum (arrows)
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14.12  Serrated Lesions 
of the Colon and Rectum

Serrated lesions are believed to be the precursor 
of about 30% of CRCs (see Sect. 15.3.2 in Chap. 
15). There are two major classes of precancerous 
colorectal lesions [44–46].

 1. Adenoma, which consists of tubular, tubulo-
villous, and villous histology.

 2. Serrated polyps which have three subclasses 
[47, 48].

• Hyperplastic polyp (HP).
• Traditional serrated adenoma (TSA).
• Sessile serrated polyp (SSP). More than 

90% of SSPs have no dysplastic compo-
nent, whilst the rest of them do contain a 
dysplastic component.
 – Hyperplastic polyps (HPs) are as follows.

Typically small and predominantly 
in the left colon.
Considered to have almost no malig-
nant potential.

 – Traditional serrated adenomas (TSA) 
are as follows.

Predominantly left sided, often 
bulky, and easy to detect 
endoscopically.
Dysplastic and precancerous.

 – Sessile serrated polyp (SSP) character-
istics are as follows.

They are the most important lesion 
in the serrated class.
They are common and 
premalignant.
20% of SSPs are located proximal to 
the sigmoid colon.
When seen endoscopically in the 
proximal colon, the larger size 
favours SSP over HP [46, 49].

Clinicians treat a proximal colon serrated 
lesion ≥10 mm as an SSP even if the histological 
report states hyperplastic polyp. SSP detection 
can be extremely challenging. An SSP may have 
a flat or sessile shape, and its colour may be simi-
lar to the surrounding mucosa. Endoscopic fea-
tures of SSP that may help in making the correct 
diagnosis include the following:

• pale colour
• flat or sessile shape
• mucus cap
• debris on edges or centre
• no surface vessels
• unusual ‘pits’ on surface

Histologically serrated polyps have a serrated, 
or saw tooth appearance from the in folding in the 
crypt epithelium. The clinical features of conven-
tional adenomas and the serrated class are 
depicted in Table 14.3.
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14.13  Non-neoplastic Mucosal 
Lesions

Eighty percent of non-neoplastic mucosal lesions are 
diminutive; they have no malignant potential. Non-
neoplastic lesions account for 40% of polyps ≥6 mm 
in an asymptomatic screening population [32].

There are several lesions that fall under the 
non-neoplastic group:

• hyperplastic polyp (HP)
• ‘mucosal’ polyp
• juvenile polyp
• inflammatory polyp
• inflammatory pseudo polyp

Their salient points are presented below.

• Hyperplastic polyps (HPs)
 – They are the most common non-neoplastic 

polyp.
 – They are mostly diminutive in size (5 mm).
 – They are located in the distal colon and 

rectum.
 – Larger lesions (≥10 mm) are more proxi-

mal and are related to the serrated polyp 
pathway.

 – 25% or less of HPs measure more than 
6 mm.

• ‘Mucosal’ polyp
 – Normal epithelium in a ‘raised’ polypoid 

appearance.
 – Second most frequent nonadenomatous 

lesion.
 – 90% are diminutive (≤5 mm).

• Juvenile polyp [32, 50]
 – Hamartomatous (benign focal 

malformation)
 – Composed of tissue element normally 

found at the site, but are growing in a disor-
ganised mass.

 – Occurs between ages of one and 7 years.
 – Tends to be solitary, pedunculated, and 

occurs in the rectosigmoid region.
 – Most regress or slough off.

 – May occur in isolation or be associated 
with polyposis conditions, such as Peutz- 
Jeghers Syndrome or Cowden Syndrome.

 – Occasionally seen in adults.

• Inflammatory polyps
 – May occasionally be seen as an isolated 

finding in adults.
• Inflammatory pseudo polyps

 – Usually seen in patients with inflammatory 
bowel disease, such as ulcerative colitis or 
Crohn’s disease. Due to risk of perforation 
of the bowel CTC is contraindicated in 
patients with these diseases (see Table 10.1 
in Chap. 10).

 – Pseudo polyps represent islands of inflamed 
mucosa surrounded by areas of denuded 
epithelium.

 – Inflammatory pseudo polyps should not be 
confused with post-inflammatory polyps; 
the latter are seen in the chronic regenera-
tive phase of inflammatory bowel disease.

14.14  Submucosal Lesions

A submucosal lesion is a ‘mass-like’ protrusion 
into the lumen of the colon. It originates deep to 
the mucosa and manifests as smooth broad-based 
abnormality. This allows for submucosal lesions 
to be more easily detected on OC than on 
CTC. This limits the efficacy of OC in the biopsy 
of submucosal lesions. The diagnostic yield is 
relatively low; OC may thus be responsible for 
patient referral to CTC for suspected submucosal 
lesions, which in fact represent extrinsic impres-
sions from extracolonic structures at 
CTC. Examples of CTC images of extracolonic 
structures are presented in Sect. 11.5 in Chap. 11.

Submucosal lesions classically present with a 
smooth broad-based bulge that forms obtuse 
angles with the surrounding mucosal surface. 
Submucosal lesions involving colon and rectum 
are presented in Table 14.4 [51].

• Intramural neoplastic causes include lym-
phoma, lipoma, carcinoid tumour, gastrointes-
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Table 14.4 Neoplastic and non-neoplastic causes of submucosal lesions involving colon and rectuma

Neoplastic causes Non-neoplastic causes
Intramural 
origin

e.g. secondary deposits Intramural origin e.g. cystic and vascular lesions

Extramural 
origin

e.g. extracolonic tumour penetration Extramural origin e.g. extrinsic impression of uterus

a Adapted from Pickhardt and Kim [51]

tinal stromal tumour, and haemangioma; 
extramural causes include invasion of tumour 
outside of colon [51].

• Non-neoplastic intramural causes include hae-
matoma, cystic lesions, and vascular lesions; 
extramural causes include endometriosis and 
extrinsic impressions (examples of the latter 
are in Chap. 11) [51].

14.14.1  Neoplastic Intramural 
Submucosal Lesions

 1. Lipoma is an intramural lesion of the gastro-
intestinal tract; its most common site is the 
colon, particularly the right side [52]. 
Occasionally, a lipoma lesion may evolve into 
a pedunculated lesion and as it grows it may 
become the lead point for intussusception. On 
2D soft-tissue windowing, the fat attenuation 
is clearly visible. Figure  14.8a (i, ii) shows 
typical fatty features of a lipoma. As discussed 
in Chap. 17, lipomas are usually smooth, 
broad-based lesions.

 2. Carcinoid tumour is uncommon and is usually 
located in the rectum. When it is small, it may 
be indistinguishable from a mucosal-based 
lesion. As these tumours grow, they may 
ulcerate and be a cause of gastrointestinal 
bleeding. Proximal carcinoid tumours are 
most frequently seen in the caecum and 
ascending colon. Carcinoids that involve the 
appendix are relatively common subcentime-
tre lesions. They rarely cause symptoms and 
are usually in the distal appendix [53]. Figure 
14.8b shows a  carcinoid tumour.

 3. Lymphoma of the colon is rare compared with 
gastric or small intestinal involvement. If 

present in the large bowel, it is usually a non- 
Hodgkin’s B-cell lymphoma [54]. The ileo- 
caecal region is most often involved, followed 
by the rectosigmoid region. Associated 
abdominal lymphadenopathy may be present. 
Polypoid lesions may predispose to intussus-
ception [55].

 4. Haemangiomas are rare benign vascular 
tumours that most often affect the rectosig-
moid region. Rectal bleeding is the most com-
mon symptom. The presence of multiple 
phleboliths at imaging is very suggestive of 
underlying haemangioma.

 5. GIST (gastrointestinal stromal tumour) typically 
arises in the muscularis propria layer. These 
tumours are most common in the stomach, fol-
lowed by the small intestine, anorectal area, and 
oesophagus. They tend to grow outwards (exo-
enteric). They may reach a large size, with only 
subtle changes on the bowel lumen, simulating 
an extrinsic impression. If malignant, it tends to 
spread to the liver and peritoneal cavity. A GIST 
tumour enhances strongly following iv contrast 
on CT scanning [56].

14.14.2  Non-neoplastic Submucosal 
Lesions

Non-neoplastic submucosal lesions of intramural 
origin arise from the wall of the intestine, deep to 
the mucosa. The most common is vascular 
causes; internal haemorrhoids (see Chap. 13), 
rectal varices, and venous malformation, for 
example. Examples of internal haemorrhoids are 
presented in Fig. 14.9a (i, ii).

Non-neoplastic causes of extramural origin 
include endometriosis, and extrinsic impressions. 
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a(i)

b

a(ii)

Fig. 14.8 (a) (i) Axial 2D soft-tissue window view show-
ing tip of barium (open white arrow) on lipoma. (ii) 
Translucent display of lipoma (green  =  fat). Barium 
(white arrow) on tip of lipoma. (b) 3D view of distal ileum 

showing a lobulated mass (arrows) on endoluminal flyth-
rough. Histology showed a malignant carcinoid with 
lymph node involvement

An extrinsic impression, without mural invasion, 
may be caused by an abnormal extracolonic 
lesion.

Endometriosis usually occurs in the rectosig-
moid region. It is uncommon, but when it does 
occur there is some serosal implantation with 
intramural extension. A penetrating lesion may 
mimic invasive carcinoma. Peritoneal carcino-
mas may be mimicked if there are soft-tissue 
masses infiltrating the peritoneum [57].

An extrinsic impression is any structure, which 
may lie adjacent to the colon, and may cause an 
extrinsic impression on the lumen. One is able to 
readily differentiate intramural lesions from extra-
colonic lesions by means of 2D multiplanar refor-
matting. Common examples of the latter include 
aorta, uterus, small intestine, and kidneys [58, 59]. 
Examples of an extrinsic impression on the colon 
are presented in Fig. 14.9b (i, ii). More examples 
are presented in Chap. 11.
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a(i) a(ii)

b(i) b(ii)

Fig. 14.9 (a) (i) Internal haemorrhoids (open black 
arrow). (ii) 2D axial prone view showing internal haemor-
rhoid (h). Rectal catheter (white circle). (b) (i) 3D endolu-
minal view showing an external impression from L5 

(open black arrows). (ii) 2D sagittal view showing mild 
spondylolisthesis of L5 on S1 causing posterior extrinsic 
impression on sigmoid colon (blue arrow)

14.15  Dual-Energy CT for Polyp 
Detection

Recent advances in CT technology have led to 
the use of dual-energy CT (DECT) in CTC stud-
ies [60, 61]. The combination of DECT in CTC 
studies allows for the differentiation of stool and 
retained fluid from polypoid lesions [60]. The 
combined use of DECTC with computer-aided 
diagnosis (CAD) could be a promising applica-
tion for detection of polyps [62]. The principles 
of DECT are discussed in Chap. 26.

14.16  Artificial Intelligence 
for Polyp Detection

Over the past few years, the role of artificial intel-
ligence (AI), and its subsets machine learning 
(ML), and deep learning (DL) in CTC, has been 
underscored in terms of aiding in malignant and 
benign polyps differentiation [63, 64]. Grosu 
et al. [64] are of the opinion that ML image anal-
ysis, together with conventional imaging reading, 
could in the future be used as a second reader in 
all CTC studies. The role of AI for diagnosis and 
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staging of CRC is discussed in Chap. 15 (see 
Sect. 15.9). A detailed discussion of AI and 
machine learning in imaging is presented in 
Chap. 25.

Key Messages

• Accuracy in detecting and measuring polyp is 
essential.

• Diminutive polyps ≤5  mm are not reported 
on.

• If there are more than three small polyps 
(6–9  mm) diagnosed at CTC, then they are 
treated with same-day OC, if available, or as 
soon as possible.

• If there are two or less small polyps (6–9 mm) 
diagnosed at CTC, then the option of a 3-year 
surveillance may be offered.

• Advanced adenoma (≥10  mm) are sent for 
same-day OC.

• Beware of right-sided colonic lesions as they 
may be of the serrated variety.

• Artificial intelligence is being used to differ-
entiate malignant and benign polyps.

• Clinical audits of polyp measurements and 
reporting should be done regularly.

14.17  Summary

Being able to readily identify the different types 
of polyps on a CTC study is important in terms of 
patient management. Both 2D and 3D images are 
required to accurately measure polyps. Readers 
must have a working knowledge of polyp mor-
phology and how to measure polyps, as well as 
what recommendations to make when polyps are 
present. A study is considered positive when a 
lesion ≥6 mm is detected. An advanced adenoma 
(>10 mm, large polyp) is at higher risk for cancer 
progression. It represents the key target sign for 
CRC screening and prevention. Advanced adeno-
mas are sent for same-day OC.  CTC is not a 
replacement for OC; it is an alternative and com-
plementary screening option.
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15The Adenoma-Carcinoma 
Sequence, Management, 
and Treatment of Colon Cancer

Joel H. Bortz and Hesta Friedrich-Nel

15.1  Introduction

Colorectal cancer (CRC) remains a major 
health problem around the world. According to 
the World Health Organisation (WHO) [1], 
CRC was the third most common site of cancer 
in both men and women in 2020. The target 
date, for an overall 25% reduction of mortality 
in the WHO’s roadmap for its global action 
plan for the prevention and control of noncom-
municable diseases (e.g., cancer), is 2025 [2]. 
The WHO promotes screening programmes for 
early detection of CRC [1]. CRC in adults in 
2022  in the United States of America (USA) 
has been estimated to be 151,030 [3]. Globally, 
an estimated 1,880,725 people were diagnosed 
with CRC in 2020 [3]. Younger people are pre-
senting with CRC [4–8]; hence, the recommen-
dation that screening in average risks people 
should commence at 45 years and no longer at 
50 years [9, 10].

There has been gradual decline in the inci-
dence of cancer as well as the number of deaths 

in the USA; these declines have been attributed to 
CRC screening and removal of potentially harm-
ful polyps [11]. Most colon cancers, apart from 
inherited genetic disorders, such as hereditary 
non-polyposis CRC, arise from a pre-existing 
polyp which develops over a period of 
10–15 years into a cancer [12]. It is important to 
detect and remove a polyp, which will ultimately 
grow, and become an underlying cancer [13]. 
Knowledge of the adenoma-carcinoma sequence, 
and the serrated polyp sequence is important for 
reporting of polyps detected during CTC studies 
[14–16].

The following abbreviations are used in this 
chapter.

• 3D: three-dimensional
• AI: artificial intelligence
• CRC: colorectal cancer
• DECT: dual-energy computed tomography
• DL: deep learning
• FAP: familial adenomatous polyposis
• IO: iterative optimisation
• ML: machine learning
• MRI: magnetic resonance imaging
• MSI: microsatellite instability
• OC: optical colonoscopy
• PET/CT: positron emission-computed 

tomography
• TNM: tumour, nodes, metastases
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• USA: United States of America
• WHO: World Health Organisation

15.2  Benign Colorectal Polyps, 
Precursor Lesions, 
and Histology

A benign colorectal polyp is the core of CRC 
screening. Screening for CRC focusses not on 
early detection of cancer, but rather on the 
removal of a benign precursor lesion, which, if 
left unattended, will eventually transform into an 
underlying cancer [13, 14]. This has been the 
principle of optical colonoscopy (OC) screening; 
remove all polyps irrespective of size because 
only histology will be able to prove which polyp 
has a high-grade villous component, or a high- 
grade dysplasia, which will ultimately progress 
to an underlying carcinoma.

15.3  Colorectal Cancer Pathways

Most sporadic cancers arise from an adenoma-
tous polyp. A few cancers are known to arise 
from a different precursor, the hyperplastic 
polyp. Cancer, which arises from an adenoma-
tous polyp, goes through a pathway known as 
the adenoma- carcinoma pathway [12, 13]. 
Cancer from a hyperplastic polyp develops 
along a different pathway: the serrated polyp-
carcinoma sequence [15]. There is another less 
common pathway: hereditary colorectal cancer 
syndromes [17].

15.3.1  Adenoma-Carcinoma Pathway

The adenoma-carcinoma pathway is that of a 
cancer that arises from an adenomatous polyp 
[12]. This pathway sequence is also termed the 
‘suppressor’ or ‘chromosomal mobility’ path-
way. It is characterised by loss or inactivation of 
large portions of chromosomes. The precursor 
lesion is the adenoma; this route accounts for 

80% of CRCs [18]. It takes between 10 and 
15 years for an adenoma to develop into a carci-
noma [12, 19]. Over time an adenoma becomes 
increasingly dysplastic, which is an indication 
of an early neoplastic process, eventually lead-
ing to the formation of underlying cancer. 
Adenomas grow to a fairly large size before 
converting into cancer [13]. An advanced ade-
noma is most likely to undergo progression to 
cancer. As evident in Fig. 15.1, the main aim of 
screening CTC is to target lesions which are 
classified as advanced adenomas. What is an 
advanced adenoma? There are three criteria of 
advanced adenoma [13].

• Any adenoma that is large (≥10 mm) and of 
any histological subtype, namely tubular, 
tubulovillous, or villous.

• Any adenoma of any size that harbours high- 
grade dysplasia.

• Any adenoma of any size that contains a sig-
nificant villous component (≥25% of tubulo-
villous or villous histology).

A simplified version of the adenoma- 
carcinoma sequence is basically the conversion 
of normal colonic mucosa  →  benign ade-
noma  →  advanced adenoma  →  an invasive 
 cancer. This sequence is due to a number of 
genetic mutations that cause inactivation of 
tumour suppressor genes and activation of vari-
ous oncogenes, which promote tumour growth. 
Figure 15.1(a) i–f present a range of examples of 
polypoidal lesions and CRC, as well as an exam-
ple of metastatic lymph nodes.

15.3.2  Serrated Polyp-Carcinoma 
Pathway Sequence

Cancer from a hyperplastic polyp develops along 
a different pathway: the serrated polyp- carcinoma 
sequence [15, 20] and forms between 15 and 
20% of CRCs. It is termed the ‘mutator’ pathway 
[21]. It is characterised by microsatellite instabil-
ity (MS1) due to uncorrected replication errors. 
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There is a second minor pathway within the ser-
rated polyp-carcinoma sequence, that of low 
MS1 cancers. This is a newly recognised path-
way, and it accounts for 15–20% of sporadic 
CRC [22]. The precursor lesion is the hyperplas-
tic polyp, which has been considered a non- 
neoplastic lesion without any malignant potential. 
A small percentage of them are now believed to 
have the ability to undergo malignant change 
over a long period of time. The progression is 

from a hyperplastic polyp to a polyp with archi-
tectural disorganisation: sessile serrated polyp 
(SSP). As a result of genetic events, the serrated 
polyp becomes increasingly dysplastic and even-
tually evolves into a carcinoma. These carcino-
mas demonstrate microsatellite instability (MS1) 
and are termed MS1-H tumours. A minority of 
cancers are MS1-L thus are more stable. There 
are two pathways: MS1-H (75%) and MS1-L 
(25%).

Fig. 15.1 An advanced adenoma is the target lesion. 
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a(i) a(ii)

b(i) b(ii)

c(i) c(ii)

(a) (i) 3D view of a 10.8 mm polypoidal lesion 
(open black arrow) close to rectal catheter (C). (ii) 2D 
coronal soft tissue window showing polyp (open white 
arrow). (b) (i) 3D endoluminal view showing an almost 
complete annular carcinoma in the sigmoid colon (open 

black arrows). (ii) 2D sagittal soft tissue view showing the 
‘apple core’ lesion (arrows) in the sigmoid colon. (c) (i) 
3D endoluminal view showing annular cancer (arrows). 
(ii) 2D axial soft tissue view showing annular carcinoma 
with marked narrowing of lumen (arrows). 

Fig. 15.1
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15.4  Hereditary Colorectal Cancer 
Syndromes

The majority of CRCs (95%) arise from pre- 
existing polyps; the rest (5%) represent heredi-
tary colorectal cancer syndromes [17]. The most 
classic being familial adenomatous polyposis 
(FAP), which is inherited in an autosomal domi-
nant fashion with high penetration. Individuals 
with FAP have hundreds of adenomas that carpet 
the colon with polyps. The disease tends to occur 

in persons in their 20s (third decade) and 30s 
(fourth decade). CRC is inevitable in people with 
FAP thus total colectomy is recommended. 
Patients with FAP also suffer from gastric polyps, 
and small bowel polyps, particularly in the duo-
denum. Extracolonic tumours, in the thyroid, 
biliary tree, liver and adrenals, may occur in these 
patients. Intra-abdominal desmoid tumours will 
develop in about 33% of patients with FAP. They 
are related but separate syndromes which are 
considered under the umbrella of FAP. Gardners’ 

d(i) d(ii)

e f

(d) (i) 3D endoluminal view showing semi-
annular carcinoma (arrows). (ii) 2D sagittal soft tissue 
view revealing cancer in the sigmoid colon (arrow). (e) 3D 
view showing large fungating caecal pole mass carcinoma 

(arrows). (f) Coronal 2D soft tissue view showing a large 
ileal carcinoid (red arrows) and metastatic lymph nodes 
(white arrows)

Fig. 15.1
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syndrome: intestinal polyposis and benign bone 
lesions, such as osteoma of the mandible, and 
Turcot’s syndrome: colonic polyps and central 
nervous system tumours.

Lynch syndrome (hereditary non-polyposis 
colorectal cancer) [23] constitutes 3–5% of 
CRC. Cancer occurs at an early age because this 
syndrome is inherited as autosomal dominant. 
There is also a risk during the lifetime of some-
one with Lynch syndrome of developing multi-
ple cancers. The estimated cancer risks 
associated with this syndrome are: CRC (80%); 
stomach cancer (11–19%); hepatobiliary tract 
cancer (2–7%); urinary tract cancer (4–5%); 
small bowel cancer (1–4%); and brain and cen-
tral nervous system (1–3%). The cancer risks 
for women with the syndrome are: endometrial 
cancer (20–60%); ovarian cancer (9–12%). 
There are also higher risks of other cancers, 
namely pancreatic cancer, kidney cancer, pros-
tate cancer, and breast cancer [23].

15.5  Preoperative CTC in CRC 
Patients

In order to prepare an effective therapy plan for 
the treatment of patients diagnosed with CRC, 
an accurate evaluation preoperatively is essen-
tial. This is mainly done for the following rea-
sons: to exclude synchronous cancers; to detect 
metastases (i.e., nodal and distant) (see Chap. 
18); to evaluate local invasion; and for precise 
localisation of the tumour [24]. The latter is 
essential because laparoscopic surgery is 
largely replacing previous abdominal laparot-
omy. This requires accurate localisation of the 
tumour lesion [24]. This is where CTC is most 
useful compared to localisation of the tumour 
lesion by OC.  Literature reports that approxi-
mately 6% of CTC cases with CRC have syn-
chronous lesions [25]. In a patient with CRC, 
there is a wide range of diagnostic tests which 
may also be used: OC; CTC using intravenous 
(IV) contrast; magnetic resonance imaging as 
discussed in Chap. 22; ultrasound as discussed 
in Chap. 22; and positron emission tomography 
as discussed in Chap. 23. CTC is useful in both 
pre- and post-surgical evaluation of CRC [26]. 

Evaluation of the entire colon is possible with 
CTC [24]. It is no longer acceptable for double-
contrast barium enema screening to be used in 
this setting [27].

15.6  Imaging Modalities in 
Preoperative Evaluation of CRC

CTC can play a role in preoperative evaluation of 
CRC [28]. Kijima et al. [29] compared the effec-
tiveness of different modalities, namely CTC, 
magnetic resonance imaging (MRI), and positron 
emission tomography-computed tomography 
(PET/CT) colonography. These modalities were 
used to assess the TNM (tumour, node, metasta-
ses) staging of colorectal tumours (see Sects. 
15.7 and 15.7.2). In terms of CTC, they state that 
it provides important information for preopera-
tive assessment of tumour surgery.

• Wall deformities usually are indicative of 
muscular or subserosal metastases.

• Calcification of lymph nodes may occur from 
CRC; these are best detected by CT.

• Laparoscopic surgery is facilitated by 3DCT 
(three-dimensional CT) of vascular 
structures.

• It is useful in the detection of liver metastases, 
but MRI has a higher accuracy rate.

• It is useful in cases of preoperative colonos-
copy. CTC can evaluate the colon proximal to 
the obstructing tumour, which cannot be seen 
by OC.

• CRC patients usually have synchronous 
lesions in 5–11% of cases [30]. These lesions 
usually occur in different segments of the 
bowel. They need to be diagnosed at the same 
time as the original tumour as surgical inter-
vention will be required.

• CRC may be imaged on CTC as a probable 
mass lesion, usually larger than 10 mm. The 
tumour may have already infiltrated into the 
subserosa if there is increased density in the 
adjacent fatty tissue.

The accuracy of CTC in TNM staging is as fol-
lows [29]. Tumour staging (T staging) varies 
between 73 and 83%. In terms of detection of met-

J. H. Bortz and H. Friedrich-Nel



215

astatic lymph nodes (N staging) diagnostic CTC, 
which includes IV contrast media, has an accuracy 
varying between 50 and 71%. It can demonstrate 
liver metastases, pulmonary metastases (M stag-
ing), and other extracolonic findings (see Chap. 
18). Its accuracy for liver metastases is 85%. IV 
contrast media are not used in screening 
CTC.  However, administration of IV contrast 
medium is mandatory for staging by CT 
scanning.

MRI is used mainly for staging of rectal cancer 
(see Chap. 22) and in the evaluation of liver metas-
tases. According to Kijima et  al. [29], PET/CT 
colonography seems a useful tool (1) for evalua-
tion of CRC in pre-surgical staging and (2) identi-
fying occult metastatic disease and recurrent 
disease. The therapy of almost a third of patients 
with advanced primary cancer was changed with 
the use of PET/CT colonography [31].

15.7  Treatment of CRC

The treatment protocol for CRC depends on 
aspects such as the stage of the cancer, the perfor-
mance status of the patient, and the type of 
tumour. The staging can be done according to, 
example, the Union for International Cancer 
Control (UICC), or the TNM classification, or 
Duke staging [32]. The treatment protocol 
includes surgery, radiation therapy, chemother-
apy, and targeted therapy, such as ablation or 
embolisation techniques for advanced cancers. 
Diagnostic imaging (e.g., CT) plays a vital role to 
stage the disease. For example, whether the dis-
ease is local (Stages 0–1), locally advanced 
(Stages II and III), and/or has spread to distant 
organs (Stage IV). Local CRC (Stages I–III) can 
have a high, moderate, or low risk of local recur-
rence. This information assists in determining the 
treatment protocol of the patient.

15.7.1  Surgery

Surgery is the most common treatment option 
but depends on the location of the tumour and is 
recommended if the tumour is resectable [33]. 
Polypectomy is a local excision of a polyp by a 

gastroenterologist during a colonoscopy. If the 
histopathological evidence indicates that the 
removal of the polyp was complete, no further 
treatment may be required. A colectomy is done 
to remove a part of the colon and surrounding or 
nearby lymph nodes. This procedure can be 
done via a laparoscopy (laparoscopic-assisted 
colectomy) or during open surgery. A mesorec-
tal excision is recommended for a patient fit for 
surgery and for a tumour in the middle and 
lower third rectum. Should there be a high risk 
of local recurrence of the tumour, preoperative 
chemotherapy is recommended to allow the 
tumour to shrink before surgery. This option 
also reduces the risk of local recurrence with an 
improved survival rate of the patient. Surgery 
for advanced local, recurrent or metastatic dis-
ease includes palliative intraluminal procedures, 
resection or ablation of metastases in the liver 
and/or lungs [34].

15.7.2  Chemotherapy and 
Radiotherapy

Adjuvant chemotherapy and radiotherapy are 
prescribed for Stage II (T1–4 N0M0) and Stage 
III (T1–4  N1,2 M0) CRC.  Chemoradiotherapy 
before surgery is indicated for locally advanced 
and unresectable tumours or tumours that appear 
as borderline cases to allow the tumour to shrink 
for an improved tumour response [33].

15.7.2.1  Chemotherapy
Chemotherapy can be used at different times dur-
ing the treatment process. For a resectable 
tumour, neoadjuvant multidrug chemotherapy is 
used before surgery to shrink the tumour. 
Adjuvant chemotherapy is used after surgery to 
inhibit tumour recurrence in Stage II and III can-
cers. Combination chemotherapy is used to 
improve the survival of patients with metastatic 
colorectal cancer with good organ function and 
performance status. Chemotherapy can be admin-
istered systemically or regionally. Systemic che-
motherapy is injected in a vein or given orally 
while regional chemotherapy is injected into an 
artery leading directly to the tumour area. This is 
done to concentrate the dose of chemotherapy to 
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the tumour and minimise the exposure of chemo-
therapy to the normal surrounding tissue.

Chemotherapy may cause side effects such as 
vomiting, nausea, diarrhoea, neuropathy, or 
mouth sores. A patient may also feel tired, with 
an increased risk of infection. Other side effects 
include neuropathy, tingling, or numbness in feet 
or hands. Side effects are drug dependent and can 
be treated with prescribed medication [34].

15.8  Radiation Therapy

External-beam radiation therapy is commonly 
used for patients with CRC and can take various 
forms [34]. Endocavitary therapy is applied via 
the anus and is sometimes used in combination 
with external-beam radiation therapy. 
Brachytherapy uses small sources of radioactive 
material inserted in a tube and placed in or next to 
the tumour. The advantage of brachytherapy is 
the high dose to the tumour while the radiation 
dose to the normal surrounding healthy tissues is 
minimised. A last radiation therapy treatment 
option is radioembolisation which is radiation 
therapy during an embolisation procedure. 
Preoperative pelvic radiotherapy, with a biologi-
cally effective dose of 30 Gy or higher, in combi-
nation with surgery has shown to improve the 
local control of the tumour. A short course of pre-
operative radiotherapy (e.g., 25 Gy in 5 fractions) 
can reduce the risk of local recurrence.

Side effects from radiation therapy depend on 
the size of the area being treated as well as the 
dose. The effects may include fatigue, mild skin 
reactions, an upset stomach, and loose bowel 
movements. Bloody stools from bleeding through 
the rectum or a blockage of the bowel may also 
be present. Most of the side effects will disappear 
as soon as the radiation therapy stops [34].

15.8.1  Treatment of CRC by Stage

There are four stages of CRC [34]. Each stage is 
briefly described. A stage 0 cancer means that the 

cancer has not grown beyond the inner lining of 
the bowel. The cancer is local and does not 
involve surrounding or nearby lymph tissue. 
Surgery includes any of the following: polypec-
tomy, local excision through colonoscope, or 
colectomy.

• For stage I tumours, surgery remains the main 
treatment option. No other treatment is 
required if the polyp or tumour is completely 
removed as indicated by the histopathology 
report.

• Stage II cancers have grown through the walls 
of the bowel and may extend into the sur-
rounding tissue but may not be present in the 
nearby lymph nodes. Recommended therapy 
includes surgery with adjuvant chemotherapy, 
specifically for those tumours with a moderate 
to high risk of local recurrence. Radiation 
therapy may also be an option if there is a risk 
of local recurrence.

• Stage III cancer has spread to the nearby 
lymph nodes but not yet to distant sites such as 
the liver and the lungs. Surgery is done to 
remove the tumour, a section of the colon/rec-
tum as well as the surrounding lymph nodes. 
Surgery is then followed by adjuvant chemo-
therapy. In some cases, the patient may receive 
chemotherapy before the surgery. If there is a 
suspicion of local recurrence, radiation ther-
apy may also be used. Radiation therapy and/
or chemotherapy remain a favourable treat-
ment option for a patient who is not strong 
enough for surgery.

• Stage IV CRC disease has spread to distant 
organs and tissue such as the liver, perito-
neum, lungs, and distant lymph nodes. These 
patients will receive chemotherapy and/or tar-
geted therapy to control the cancer. Radiation 
therapy may be used to help relieve symptoms 
such as pain.

Local or distant recurrence of the tumour is 
treated with surgery, chemotherapy, and /or 
 radiation therapy as it depends on the site and 
extent of the recurrence.
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15.9  Dual-Energy Computed 
Tomography

The principle of dual-energy computed tomogra-
phy (DECT) is based on the photo-electric effect 
(low energy photon interactions) and Compton 
effect (high energy photon interactions). These 
phenomena facilitate the analysis of soft tissue, 
calcium, and iodine [35]. Single or dual detectors 
and single or double X-ray tube sources assist to 
obtain data at two different energy levels, often 
between 80 and 120 kVp [35]. This results in qual-
itative and quantitative data of the tissue composi-
tion which facilitates the grouping of different 
pathologies based on photon absorption and 
Compton scattering at different energy levels [35]. 
The principles of DECT are discussed in Chap. 26.

The advantage of DECT is tissue differentia-
tion, identification, and quantification. For exam-
ple, iodine, calcium, or barium can be separated 
from other tissues using one acquisition scan 
[36]. Tissue identification and quantification 
refer to assessment and the presence and amount 
of, for example, iodine in a specific anatomical 
region. The measurement of iodine content in tis-
sue, for example, helps to differentiate between 
benign and aggressive CRCs [37]. As such DECT 
can also distinguish between stool and a polyp 
without compromising the sensitivity and speci-
ficity of the examination [35, 38]. Additionally, 
the iodine density measurements can also assist 
in assessing treatment responses such as deter-
mining the size of the tumour in response to treat-
ment. These features make DECT useful in 
oncology imaging without an increase in the 
radiation dose to the patient [36] (see Chap. 26). 
Although CTC is regarded as a reliable screening 
tool [39] and as a gold standard procedure 
because of the high sensitivity, DECT has the 
advantage that bowel preparation and/or bowel 
distention of the patient is not required [35]. This 
option is therefore pleasant for a patient and pro-
vides a positive patient experience [36].

Although DECT is unable to distinguish 
between an adenoma and carcinoma, it is how-
ever useful for preoperative screening for CRCs. 

Successful differentiation between metastatic 
and non-metastatic lymph nodes of rectal cancer 
was also reported [40, 41]. This is due to the 
lower iodine concentration in metastatic lymph 
nodes. DECT is useful for CRC grading [42].

15.10  Artificial Intelligence for 
Diagnosis and Staging of CRC

A limitation of CTC is that a reader is not able to 
differentiate benign and malignant lesions. Over 
the past few years, the role of artificial intelli-
gence (AI) in medicine has been underscored. 
For example, according to Yu and Helwig [43] AI 
has a role for epidemiology of CRC as well as an 
imaging tool for diagnosis of CRC.  Literature 
reports on the role of AI (machine learning/deep 
learning) for polyp detection and differentiation 
in imaging [44, 45]. In addition, literature 
describes the use of AI in the diagnosis, staging, 
and treatment of CRC [46, 47]. Kacew et al. [48] 
are of the opinion that AI can contribute to cut-
ting costs in CRC genotyping. A detailed discus-
sion of AI and machine learning in imaging is 
presented in Chap. 25.

15.11  AI Applications in Radiation 
Therapy

Developments in the use of AI in radiation ther-
apy were published recently in a review paper 
[49]. Santoro et al. [49] retrieved 71 papers of 
AI applications in radiation therapy planning. 
These included three papers on iterative optimi-
sation (IO), 25 papers on machine learning 
(ML), and 43 papers on deep learning (DL). 
The ML technique is used to identify patient 
specific dose- volume constraints and custom 
design radiation therapy options and solutions. 
As these approaches may be time consuming 
when done manually, utilising IO procedures 
and auto- planning techniques can reduce the 
treatment planning time. The advantage of this 
approach is that there is a consistent production 
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of quality plans with minimal inter-planning 
variations [49].

Another application is for patient positioning 
and monitoring, thus to verify that the patient 
remains in the simulated treatment position. 
DL-based methods are used that enable accurate 
patient positioning. As such AI can be used for 
dynamic motion management models to improve 
tumour tracking. Irradiation can be interrupted if 
there is patient motion, or inadequate target posi-
tioning. Such algorithms can track and accom-
modate real-time breathing motion to track the 
tumour position in advance, adding to the accu-
racy and custom delivery of the radiation therapy 
[49]. Santoro et  al. [49] concluded that more 
research is required to explore the use of AI, such 
as auto-planning techniques and its application in 
the clinical environment. Also, there is a need to 
develop and implement reliable and trustworthy 
AI tools as well as looking into the ethical prin-
ciples implementing AI in the radiation therapy 
environment. The WHO [50] underscores the 
importance of key ethical principles of AI in 
health.

Key Messages
• Most sporadic cancers arise from an adeno-

matous polyp.
• It takes between 10 and 15 years for an ade-

noma to develop into a carcinoma.
• The adenoma-carcinoma pathway is of a can-

cer that arises from an adenomatous polyp.
• The serrated polyp-carcinoma sequence forms 

between 15 and 20% of CRCs.
• The onset of CRC is increasing in younger 

people.
• Treatment options for CRC include surgery, 

chemotherapy, radiation therapy, and targeted 
therapy that is usually offered in 
combination.

• The treatment protocol depends on the stage 
of the CRC and the performance status of the 
patient.

• Chemotherapy and radiation therapy have side 
effects. These symptoms can be treated with 
prescribed medication.

• DECT may be useful for CRC grading.

• Diagnostic CTC, MRI, and PET/CT play a 
role in TNM staging of CRC.

• Artificial intelligence is playing an important 
role in the diagnosis, treatment, and prognosis 
of CRC.

15.12  Summary

Colorectal cancer (CRC) remains a major health 
problem around the world. Apart from inherited 
genetic disorders, such as hereditary non- 
polyposis colorectal cancer, most CRCs arise 
from a pre-existing polyp which develops over a 
period of 10–15 years into a cancer. Knowledge 
of CRC pathways is important for reporting of 
polyps detected during CTC studies. 
Understanding treatment and management of 
CRC underscore that concerted efforts should be 
made to reduce persons developing CRC by cor-
rectly identifying and reporting advanced adeno-
mas on CTC studies.
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16Colonic Diverticular Disease

Joel H. Bortz

16.1  Introduction

Diverticular disease (DD) is the most common 
benign colonic abnormality in patients over the 
age of 50 years, who present for initial screening 
studies. The disease is endemic in Western popu-
lations; it is therefore considered to be a normal 
finding on CTC. It is a common gastrointestinal 
(GIT) disorder largely due to dietary factors. 
Hence, 50% of all screening adults will show 
moderate or severe DD, predominantly in the sig-
moid colon, and to a lesser extent in the descend-
ing colon and right side of the colon [1]. The 
incidence of DD increases with age with equal 
prevalence in men and women [2]. Over the last 
few decades, the prevalence of DD has increased. 
Approximately 40% of adults below the age of 
40 years have the disease. This rises to 50–70% 
in adults up to age of 70 years and reaches 85% 
in persons 80 years or older [1]. Asians are more 
prone to develop colonic DD on the right side of 
the colon [3].

The following abbreviations are used in the 
chapter.

• 2D: two-dimensional
• 3D: three-dimensional
• CO2: carbon dioxide
• CRC: colorectal cancer

• DD: diverticular disease
• DDSS: diverticular disease severity score
• FDA: Food and Drug Administration of the 

US
• GIT: gastrointestinal tract
• LLD: left lateral decubitus
• OC: optical colonoscopy
• RLD: right lateral decubitus
• USA: United States of America

16.2  Acute Diverticulitis Is 
Contraindicated in a CTC Study

Acute diverticulitis is an absolute contraindica-
tion for performance of a CTC study [4] because 
it means that a perforation of a diverticulum has 
occurred. It may be extremely small. A perfora-
tion causes an inflammatory reaction in surround-
ing mesentery due to a leak of faecal material. If 
the perforation is larger, this means that greater 
amounts of faecal material may leak into the peri-
toneal cavity causing abscess formation. This is a 
serious situation which requires use of antibiot-
ics. If there is a large volume of fluid in the 
abscess cavity, percutaneous drainage may be 
required. Abscess formation may result in loops 
of small and large bowel sticking together; this 
may eventually result in a fistula between them 
(colo-enteric) or a fistula between colon and 
colon (colo-colic) and also between colon and 
bladder (colo-vesical) as well as between uterus 
and colon (colo-uterine).
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16.3  Pathogenesis and Cause 
of Colonic Diverticular 
Disease

What is pathogenesis? It is the biologic mecha-
nisms that lead to a disease state. A diverticulum 
forms as a result of herniation of the mucus 
membrane lining through a defect in the muscu-
lar portion of the bowel wall. DD pathogenesis is 
thus acquired by herniation (out- pouching) of 
mucosa and submucosa through the muscularis 
propria in an area of weakness where the nutrient 
arteries extend through the submucosa [5]. 
Figure  16.1 shows outpouching of multiple 
diverticula.

The cause of colonic DD is not well under-
stood. Several theories have been mooted [2, 6, 
7]. Low fibre diets that are high in refined carbo-
hydrates and low in dietary fibre result in less 
bulky stools that retain less water [5]. This may 
alter the GIT transit time and may increase intra-
colonic pressure. Other causes include disordered 
colonic mobility [2], high red meat and low fat 
consumption, and frequent use of anti- 
inflammatory drugs [7].

16.4  Chronic Diverticular Disease 
Pathological Features

There are several features of the disease [6].

• Myochosis (muscle thickening) and elastin 
deposition

• Thickening of the circular muscle
• Shortening of the taeniae
• Decreased compliance
• Luminal narrowing.

16.5  Severity Score of Diverticular 
Disease

Literature does include a GDD severity score 
(DDSS) from 1 to 4 for CTC studies [8]. The 
score is based on the maximum wall thickness 
and minimum lumen diameter. For example, 
DDSS 1 = maximum wall thickness of <3 mm 
and minimum lumen diameter of ≥15  mm and 
DDSS 4 = ≥8 mm and <5 mm, respectively [8]. 
However, to determine a DDSS requires intrave-
nous administration of 100 ml of non-ionic con-
trast media followed by a 50  ml saline flush 
immediately after the standard CTC study in 
order to obtain images during the portal venous 
stage [8].

16.6  CTC in Patients 
with Diverticular Disease

Patients with DD are usually asymptomatic 
when presenting for CTC screening for detec-
tion of colorectal cancer (CRC). Moderate or 
advanced severity DD is diagnosed in at least 
50% of patients who are 50 years or older [9]. 
The sigmoid colon, followed by the descending 
colon, and then the ascending colon, are mainly 
the areas of involvement. According to 
Pickhardt and Kim [10] in view of its high prev-
alence, it is not surprising that the disease rep-
resents the leading cause of non-diagnostic 
segmental evaluation at CTC.  Diverticula are 

Fig. 16.1 Example of outpouching of diverticula (open 
white arrows) on supine colon-map view
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not problematic in terms of a reader being able 
to diagnose the disease on CTC studies (see 
Fig.  16.2a (i) and (ii)). However, inadequate 
lumen distension, as discussed in Sect. 16.9, 
and thickened folds may cause possible pitfalls, 
as discussed in Sect. 12.2.3. Diverticula may 

become filled with inspissated stool and/or bar-
ium. When this happens, the diverticula may 
then bulge into the colonic lumen causing a pol-
ypoidal defect on 3D endoluminal views. 
Figure 16.2b (i)–d (ii) are examples of impacted 
diverticula.

Fig. 16.2 (a) (i) 3D view of multiple diverticula filled 
with barium and air (open black arrows). (ii) 2D axial 
view of multiple diverticula (red circle). (b) (i) 3D view 
showing diverticulum (black arrow) and impacted diver-

ticulum (green arrow). Polypoidal defect due to stool 
(white arrow). (ii) 2D axial view shows stool (white 
arrow) and impacted diverticulum (green arrow). Yellow 
arrow shows diverticulum. 

a(i) a(ii)

b(i) b(ii)
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d(i)c(ii)

d(ii)

c(i)b(iii)

Fig. 16.2 (iii) 2D coronal view shows multiple divertic-
ula filled with barium (open red arrow). (c) (i) 3D view of 
polypoidal lesion due to polyp (open black arrows) and 
uncomplicated diverticula (open white arrows). (ii) 2 D 
axial showing impacted diverticulum (green arrow) and 

an air-filled diverticulum (red arrow). (d) (i) 3D endolu-
minal view of impacted diverticulum (white arrow) and 
diverticulum (black arrow). (ii) 2D axial shows impacted 
diverticula (green arrows) and air-filled diverticulum (red 
arrow)
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16.7  Visualisation of Diverticula 
on 2D and 3D CTC Images

Most sigmoid diverticula are associated with 
thickening of the circular muscle layer and short-
ened taeniae (myochosis). This may result in 
luminal narrowing and an ‘accordion-like appear-
ance’ [11]. The thickening of the folds as well as 
luminal narrowing, due to muscular hypertrophy 
from DD, can cause a confusing picture on both 
2D (two-dimensional) as well as 3D (three- 
dimensional) visualisation. Thick folds may be 
interpreted as polyps or even possible masses on 

both 2D and 3D endoluminal views [12]. If in 
doubt, an additional view in the right lateral 
decubitus (RLD) position, may resolve the image 
interpretation issue. The presence of mucosal 
prolapse may also prevent a correct diagnosis 
being made. Such a prolapse results in a thick-
ened redundant fold which may be impossible to 
distinguish from a true polyp.

Diverticula are easily diagnosed in both 2D 
and 3D endoluminal views. On 3D views, the ori-
fices are surrounded by a recognisable black ring 
(Fig.  16.3a (i)). On 2D views, the diverticulum 
extends beyond the colon wall and is usually 

a(i) a(ii)

a(iii)

Fig. 16.3 (a) (i) 3D view shows orifice of diverticulum as a black ring (open white arrow). (ii) 3D view of a narrow 
neck diverticulum (open black arrows). (iii) 3D view of a wide neck diverticulum (open black arrows)
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filled with air. Size of diverticula may vary; usu-
ally between 5 and 10 mm. The ostium (opening) 
of a diverticulum may vary in size, from a narrow 
neck to a wide orifice. See Fig. 16.3a (ii) and (iii).

A diverticulum may become filled with stool 
or barium; it may appear as a ‘polyp’ on a 3D 
endoluminal view; on a 2D view it is easily rec-
ognised for what it is. An impacted diverticulum 
is one that is filled with stool or barium.

16.8  Role of Antispasmodics

CTC procedures are not complicated in countries 
where Buscopan (hyoscine butylbromide) is 
available [13] (see Chap. 8), but it does have side 
effects and can cause hypotension in patients. It 
can cause urinary retention in elderly males with 
enlarged prostates. It is contraindicated in 
patients with glaucoma. Furthermore, it may 
induce glaucoma in patients who are unaware 
that they may have this condition as the glaucoma 
could be still in its early stages with no clinical 
signs.

Buscopan does not have FDA (Food and Drug 
Administration of the USA) approval in the 
United States of America (USA) [13]; this pro-
longs the duration of the procedure and makes it 
more difficult to perform. If spasm prevents the 
colon from being adequately distended during 
insufflation, this could result in additional views, 
such as RLD and LLD (left lateral decubitus) 
projections, being performed to distend the sig-
moid. Glucagon is available in the USA, but it 
has been found not to be a suitable substitute for 
Buscopan. It is known to cause nausea and vom-
iting and does not allow good bowel distention.

16.9  Inadequate Luminal 
Distension

A fairly recent publication by Nagata et al. [14] 
compared the effects of automated carbon diox-
ide (CO2) insufflation, with and without the 
administration of intravenous (IV) Buscopan, on 
colonic distension at CTC.  Their findings were 

interesting because colonic distension was statis-
tically significantly improved by automated CO2 
insufflation on its own, but not by administration 
of Buscopan.

In a well-performed study where CO2 is used 
for insufflation, it is very uncommon to encoun-
ter poor distension in a patient who is able to 
retain the gas, and who does not suffer from 
chronic DD. If adequate distension is not achieved 
with use of standard two view study, then addi-
tional views may be required: RLD and possibly 
LLD.  On occasion, distension may not be ade-
quate even with the use of all four views; the 
author then performs an additional supine scan 
approximately 10  min after commencement of 
the study. This delayed scan is often successful as 
the bowel has had time to relax and satisfactory 
distension attained. If a stricture is the underlying 
cause of poor bowel distension, it may then be 
necessary to refer the patient for endoscopy. 
Figure  16.4 (i) shows poor bowel distension. 
Figure 16.4 (ii) shows a thick colon wall and a 
bowel stricture.

16.9.1  Possible Causes of Inadequate 
or No Luminal Distension 
in the Presence of Pain

As discussed in Chap. 10, pain is not a feature of 
a CTC examination. Some patients do occasion-
ally experience discomfort, but not pain after 
insufflation of 2  litres (L) of CO2 [13]. It is 
important to therefore re-emphasise what must 
be done if a patient complains of severe pain at 
the commencement of a CTC study. The gas 
must be immediately switched off. The inguinal 
regions are then inspected and palpated. The 
rationale being that herniation of the sigmoid 
colon into the inguinal canal may be present. A 
scout view and full supine study must then be 
performed. If bowel is seen distended in the 
inguinal region, this indicates the presence of a 
hernia as shown in Fig.  16.5 (i) and (ii). The 
examination must be abandoned. The referring 
clinician must immediately be informed of this 
CT finding [13].
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(i) (ii)

Fig. 16.4 (i) 2D axial view shows poor distension of sigmoid colon (white arrows). (ii) 2D left lateral decubitus view 
shows stricture (closed yellow arrows) and thick colon wall (open yellow arrow)

(i) (ii)

Fig. 16.5 (i) 2D axial view of left inguinal hernia containing sigmoid colon (open white arrow). (ii) 2D sagittal view 
shows left inguinal hernia of sigmoid colon (red arrow)

As discussed in Chap. 10, it is important 
before commencing insufflation in female 
patients to always check the position of the rectal 
catheter. Non-distension in female patients could 
be that the rectal catheter may have been 
 inadvertently inserted into the vagina. Such a 
scenario could have potential medico-legal 
ramifications.

16.10  Complications 
of Diverticular Disease

The most usual complication of DD is diverticu-
litis. It affects between 10 and 25% of patients 
[15]. How does this inflammation begin? It is 
similar to that of appendiceal inflammation. A 
diverticulum becomes obstructed in its neck by 
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an inspissated stool [16].The faecalith (the hard 
mass inspissated stool) abrades the mucosa of the 
sac. This then results in the following.

 1. Inflammation of the mucosa
 2. Increase in bacterial flora
 3. Localised ischaemia

This may lead to a perforation, which may be 
a ‘micro-perforation’ and may be contained by 
the pericolic fat and mesentery; this may cause a 
small pericolic abscess. If the perforation is large 
in size, it may cause an extensive abscess, which 
could continue around the bowel wall and form a 
large inflammatory mass (phlegmon). The 
inflammatory mass could also extend to other 
organs, and ultimately result in fistulous commu-
nications. For example, colo-colic fistula (com-
munication between two parts of bowel); 
colo-enteral fistula (communication between 
colon and small bowel), and colo-vesical fistula 
or colo-uterine fistula if there is communication 
with the bladder or uterus. Figure 16.6 (i) and (ii) 
are of a colo-vesical fistula. If the perforation is 
extremely large, it could spread into the perito-
neum causing frank peritonitis, but this would be 
a rare occurrence [6].

16.10.1  Clinical Features 
of Diverticulitis

Diverticulitis most commonly occurs in the sig-
moid colon. People who develop diverticulitis 
usually present with pain in the left lower quad-
rant. The sigmoid colon could be redundant, thus 
the location of pain may be supra-pubic or even 
right sided. Lower right-sided pain, particularly 
in the Asian population, may be due to right- 
sided diverticula [17]. Pain may be constant or 
intermittent; it is usually a feature of diverticuli-
tis. Fever (pyrexia) is a constant feature. Anorexia, 
nausea, and vomiting may also occur. Rectal 
examination may reveal a tender mass if a pelvic 
abscess is present. Blood may be present in the 
stool. With right-sided symptoms underlying 
appendicitis needs to be excluded, and on the left 
side underlying carcinoma must be excluded.

16.10.2  Chronic Diverticulitis

At CTC, the features favouring chronic diverticu-
litis include: a long segment (≥10 cm) of involve-
ment; a thick fascia sign (75%) without evidence 
of lymphadenopathy; bowel wall which is usu-

(i) (ii)

Fig. 16.6 (i) 2D soft tissue axial view shows small 
amount of air in bladder (white arrow) due to colo-vesical 
fistula (Image courtesy of Professor D Kim, University of 
Wisconsin). (ii) 2D sagittal view shows contrast in sig-

moid colon (SC) in close apposition to bladder (B). 
(Image courtesy of Professor D Kim, University of 
Wisconsin)
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(i) (ii)

Fig. 16.7 (i) Supine right side raised colon-map showing 
non-filling of the proximal sigmoid (red rectangle). White 
arrows  =  diverticula in sigmoid. R rectum, S sigmoid 
colon, C caecum, AC ascending colon, TC transverse 
colon, DC descending colon. (ii) Colon-map of left lateral 
decubitus with the patient slightly oblique demonstrates 

the entire sigmoid area (green square). S sigmoid colon. 
Narrowed region of sigmoid (green arrow). Red 
arrows = diverticula in transverse colon (TC) and in the 
sigmoid. C caecum, AC ascending colon, HF hepatic 
flexure

ally mildly thickened; tapered margins; distorted 
mucosal folds that are preserved; pericolonic 
infiltration (75% of cases); diverticula in the 
affected segment or adjacent to it; and abscesses 
or fistulae [8]. Figure 16.7 (i) and (ii) are colon- 
maps showing a narrowed segment of sigmoid 
colon.

16.11  Diagnostic Modalities 
for Acute Diverticulitis

The choice of diagnostic modalities changed sig-
nificantly over the last 25 years [6]. There is only 
very limited value to plain-film chest and abdo-
men radiographs. Small amounts of free air will 
not be detected on an abdominal series. If there is 
enough free air it may be visualised beneath the 
diaphragm on an erect chest radiograph [6]. 
Literature includes the use of ultrasound and CT 

for the diagnosis of acute diverticulitis [4]. The 
imaging modality of choice is a CT scan of the 
abdomen with or without the use of an intrave-
nous contrast medium, as well as oral and rectal 
contrast media [6]. Overall CT interpretation has 
a sensitivity of 99%; a specificity of 99%; a nega-
tive predictive value (NPN) of 99%; and an over-
all accuracy of 99% [18].

Diagnosis is made by the following being 
visualised on the CT scans.

• Pericolic infiltration of fatty tissue
• Thickening of the colonic wall >4 mm
• Possible abscess formation
• Fat stranding
• Thick fascia sign
• Free air
• Air in the peritoneal cavity outside the bowel
• Intramural sinus tract
• Free fluid
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(i) (ii)

Fig. 16.8 (i) 2D axial view showing thick wall (white arrows) and thick fascia line (red arrows). (ii) 2D axial view 
showing thick fascia line (white arrow). Psoas muscle (P)

Figure 16.8 (i) and (ii) are CT images of acute 
diverticulitis showing thick fascia lines and thick-
ening of the bowel wall.

16.11.1  Contrast Enemas

Barium enema was once the diagnostic gold 
standard in the investigation of suspected diver-
ticulitis [6]. However, contrast-enhanced CT 
scanning is now the gold standard, with both 
CTC and optical colonoscopy (OC) positively 
contraindicated. Diverticulitis is primarily an 
extraluminal process. Colonoscopy is contrain-
dicated while the infection is present due to risk 
of perforation. This risk also applies to insuffla-
tion during a barium enema. Furthermore, the 
use of barium sulphate is contraindicated; water-
soluble contrast should be used if an enema is 
undertaken. The following are positive findings 
of diverticulitis.

• Extravasated contrast media outlining an 
abscess cavity.

• Fistulas: Although barium enema has been 
phased out as an imaging modality, water -sol-
uble contrast studies may be useful in defining 
fistulae and intramural sinus tracts [19].

16.11.2  Imaging and Treatment 
Options for Complicated 
Diverticulitis

Abscess occurs with perforation of a diverticu-
lum. It may remain localised or it can spread fur-
ther to form a large local abscess or distant 
abscesses. The clinical symptoms are pyrexia and 
a tender palpable mass. CT is the modality of 
choice; it can be used to monitor the course of an 
abscess. Most abscesses resolve with the use of 
antibiotics, and a liquid diet, to give the bowel a 
rest. Percutaneous drainage is preferred to sur-
gery if further treatment is required. There are 
three complications: fistulas, haemorrhage, and 
obstruction.

• Fistulas can arise if an abscess or phlegmon 
extends or ruptures into an adjacent organ. 
Males are affected two times more commonly 
than females. Colo-colic and colo-vaginal fis-
tulas are most common.

• Haemorrhage can be due to a variety of causes 
of lower GIT bleeding; colitis or neoplasm, 
for example. DD is responsible for 40% of 
lower GIT bleeding [20].

• Obstruction can occur. Partial obstruction is 
not uncommon because of luminal narrow-
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ing caused by pericolic inflammation or 
compression of the bowel lumen by abscess 
formation. Small bowel obstruction or ileus 
may occur if a loop of small intestine 
becomes incorporated into the inflammatory 
mass.

In addition recurrent attacks of diverticulitis, 
which can occur in up to 30% of cases, can result 
in progressive fibrosis and stricturing of the 
bowel wall. Surgery will eventually be required if 
this occurs.

16.12  Differentiation of Chronic 
Diverticular Disease 
from an Underlying  
Tumour

Chronic DD may cause a diagnostic dilemma in 
distinguishing between an underlying carcinoma 
versus a chronic DD mass. What are the distin-
guishing features at CTC between chronic DD 
and tumour? Literature includes criteria to enable 
a CTC reader to differentiate between chronic 
DD and an underlying carcinoma [21, 22]. A 
summary of the main distinguishing features are 
presented in Table 16.1. However, we must bear 
in mind that problem cases will still be present at 
CTC, and OC with biopsy then becomes 
mandatory.

There are four important features.

• A thick fascia sign is a good discriminator as 
this is evident in 77% of patients with chronic 
DD, compared with 10% of patients with 
tumours.

• Larger lymph nodes favour tumours: 7–10 mm 
nodes are found in 60% of patients, whereas 

2–10 mm nodes are found in 38% of patients 
with chronic DD.

• Bowel wall thickening is more pronounced in 
patients with tumours >20 mm;

• Tapered margins are found in 67% of chronic 
DD and none in tumour disease.

The most important morphological sign to 
distinguish the two diseases is the presence or 
absence of diverticula within the affected seg-
ment; there is 93% accuracy for diagnosis of can-
cer in the absence of diverticula within an affected 
segment. The features of an adenocarcinoma are 
depicted in Fig.  16.9 (i) and (ii). There are no 
malignant features in Fig. 16.9 (iii) and (iv).

Table 16.1 Differential diagnosis: chronic diverticulitis 
vs adenocarcinoma

Chronic diverticulitis Adenocarcinoma
Presence of diverticula
Tapered margins 
(67%) of patients

Absence of diverticula
Shoulder phenomenon
*These two signs have 
diagnostic accuracy of 93% 
for cancer

Long segment of 
disease usually 
≥10 mm 100% 
specificity

Short segment usually 
<3.5 cm

Wall thickening (mild) Wall thickening ++≥20 mm 
(found in 30% of cases)

Pericolic infiltration: 
85% of cases

Pericolic infiltration ± 60% 
of cases

Thick fascia sign 
(77%)

Thick fascia sign (10%)

Preserved fold (76% of 
cases)

Distorted and destroyed 
folds

Curvature of bowel 
preserved

Straightened growth pattern 
due to scirrhous nature of 
tumour

Lymph nodes smaller
2–10 mm in 40% of 
cases

Larger lymph nodes found 
in 60% of cases

Adapted from [21, 22]
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(i) (ii)

(iii) (iv)

Fig. 16.9 (i) 2D axial view shows features of adenocarci-
noma. Diverticula not present. Lesion with shoulder phe-
nomenon involves a short segment of bowel (white 
arrows). (ii) 2D axial shows small nodes (orange lines) 
and a lesion with shoulder phenomenon in the sigmoid 
colon (orange arrows). (iii) 2D supine sagittal view show-
ing diverticula in the sigmoid with distortion of the folds 
(red hexagon) and small air-filled diverticula (green 

arrows). Red circle = barium filled diverticula. (iv) 2D left 
lateral decubitus view showing sigmoid colon to the best 
effect (red square). Note thickening of colon with multiple 
diverticula throughout the sigmoid colon (red arrows). 
Yellow arrow  =  presence of an intramural sinus tract 
which indicates a linear collection of fluid within the 
thickened wall

Key Messages
Diverticular disease has several potential 
complications.

• Abscess formation.
• Presence of diverticulitis.

• Formation of a cancer within a segment of 
chronic diverticular disease.

• Fistula formation between colon and colon; 
colon and bladder; colon and vagina; colon 
and uterus; and skin and colon.

• Bleeding.
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• Stricture formation: May be partial or severe 
with repeated attacks of diverticulitis.

16.13  Summary

Diverticular disease might be visualised on 
screening CTC examinations. 3D and 2D views 
demonstrate the extent and site of the diverticu-
lar in the colon. CTC is contraindicated in acute 
diverticulitis. CT is useful for examination of 
the abdomen and to monitor the course of an 
abscess.
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17Lipomas of the Colon

Joel H. Bortz

17.1  Introduction

Lipoma is the most common of the non-epithelial 
tumours of the gastrointestinal tract (GIT). On 
the other hand, an adenomatous polyp, which 
may be sessile, pedunculated, or flat, is the most 
common benign epithelial tumour as discussed in 
Chap. 14. The highest incidence of lipoma is in 
the colon. According to Zhang et al. [1], despite 
the technological advances in imaging, colon 
lipoma is still underemphasised and misdiag-
nosed. Colon lipoma is usually clinically silent or 
mildly symptomatic [1, 2]. Complications of 
large lipoma include haemorrhage, obstruction, 
intussusception, or prolapse [3].

Barium examinations played a major role in 
the investigation of suspected lipomas in the GIT 
before the advent of CT studies [4]. The upper 
GIT and small bowel were visualised by barium 
meal studies; barium enema studies visualised 
the lower GIT. Endoscopy gradually replaced 
barium enema as the method of choice following 
the advent of the colonoscope in the mid-1970s 
[5, 6]. In the early 1980s, there was a shift from 
endoscopy to CT for visualisation of lipoma. 
Compared with endoscopy, CT does not require 
anaesthesia; it is non-invasive; there is no risk of 

perforation or bleeding [4]. On CT images, the 
appearance of a lipoma is uniform, with a fat 
equivalent density range between −80 and −120 
Hounsfield units (HU) [7]. CT is also of value 
when a lipoma grows to >35 mm (3.5 cm) and 
starts to cause symptoms, such as change in 
bowel habits, abdominal pain, diarrhoea, rectal 
bleeding, and melaena [3]. The greatest value of 
CT is to visualise intussusception or perforation. 
The latter is a complication of lipoma removal 
during endoscopy and small amounts of intra-
peritoneal air can be readily observed on CT 
scans [8]. Three-dimensional (3D) and two- 
dimensional (2D) views are used to evaluate a 
lipoma during a CTC study. Treatment options 
are endoscopic removal of lesions <30  mm, or 
surgical resection for benign larger tumours or 
those that result in intussusception [9].

The following abbreviations are used in this 
chapter.

• 2D: two-dimensional
• 3D: three-dimensional
• GIT: gastrointestinal tract
• HU: Hounsfield unit
• ICV: ileocaecal valve
• TD: translucent display
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17.2  Lipoma Symptoms and Sites 
in the Colon

The majority of lipomas arise from submucosa. 
These lesions can protrude into the lumen [9]. 
Symptoms of colonic lipomas are rare despite 
them being the most common non-epithelial lesion 
in the GIT. Although lipomas are found in the GIT, 
their highest incidence is in the colon [8]. Lipomas 
usually remain clinically silent [7]. When there are 
symptoms, they are not specific to a lipoma. A 
lipoma may cause abdominal pain, increasing con-
stipation, and bleeding [3]. When a lipoma is >30–
35 mm, the symptoms become more prominent; 
the patient may present with massive haemor-
rhage, obstruction, intussusception, or prolapse 
[3]. Bleeding may be the result of ulceration of the 
overlying mucosa; colicky abdominal pain may be 
due to intermittent intussusception [10].

17.3  Gender Prevalence 
and Incidence

Lipomas are more common in females compared to 
males [11]. Lipomas occur particularly in the sixth 
decade (50–60  years of age) [12]. There are no 
associated epidemiological factors for lipomas in 
the colon nor are there specific predisposing factors 
According to Vagholkar and Bendre [13], lipoma 
incidence has been reported between 0.2 and 4.4%.

17.4  Anatomical Sites 
and Morphology of Lipomas

Table 17.1 presents the morphology and loca-
tion of colon lipomas. As evident in Table 17.1, 
most lipomas occur in the ascending colon. In 

90% of cases, lipomas arise from the submuco-
sal layer [1]; the remainder arise from the 
intermuscular layer and subserosal layer [12]. 
Lipomas may be sessile or pedunculated [11] 
as shown in Table 17.1 A pedunculated lipoma 
usually occurs when it increases in size. Its 
weight then causes a pedunculated appearance. 
Lipomas are almost always asymptomatic until 
their size becomes approximately 35  mm 
(3.5 cm) [14]. Clinical symptoms are directly 
related to size. Lipomatosis of the ileocaecal 
valve (ICV) may be present. This is easily 
diagnosed on CTC using translucent display 
(TD), which shows uniform green colour indi-
cating fat. If a lipoma is present on the ICV, it 
is usually visualised as a separate ‘lump’ and 
not part of a uniform fatty infiltration of the 
valve. Figure  17.1a (i–vi) shows 2D and 3D 
views of a lipoma on a haustral fold of the 
ascending colon. Figure  17.1b (i, ii) shows 
CTC views of a lipoma on the ICV.

Table 17.1 Morphology and location of n = 59 lipomasa

Morphology Number Percent (%)
Sessile 34 58
Pedunculated 25 42
Total 59 100
Location Number Percent (%)
Ileocaecal 7 12
Caecum 7 12
Ascending colon 23 39
Transverse colon 11 19
Descending colon 6 10
Sigmoid colon 4 7
Rectum 1 1
Total 59 100

a Adapted from Roknsharifi et al. [11]
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Fig. 17.1 (a) (i) 3D endoluminal view showing polypoi-
dal lesion (closed white arrow) arising from haustral fold 
(open white arrow). (ii) 3D translucent display of lipoma. 
Green = fat (open white arrow) and barium on tip (closed 

white arrow). (iii) Axial 2D soft tissue window view 
showing tip of barium (open white arrow) on lipoma 
(closed white arrow). (iv) 3D prone image shows barium 
covering lipoma (open white arrows). 

a(i) a(ii)

a(iii) a(iv)

17 Lipomas of the Colon
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17.5  Lipoma ‘Signs’ at Optical 
Colonoscopy

During optical colonoscopy, the following signs 
of lipoma may be present.

 1. The ‘tenting’ sign means gripping the mucosa 
with forceps and ‘pulling’ or ‘tenting’ it away 
from the underlying mass [4, 11].

 2. The ‘cushion’ or ‘pillow’ sign reflects the 
spongy nature of the mass when indented with 
a closed biopsy forceps. As the forceps is 
withdrawn, the tumour will spring back to 
resume its previous original shape [15].

 3. ‘Naked fat sign’ means the adipose tissue may 
protrude through the biopsy site which reveals 
the fatty characteristic of the tumour [16].

b(i) b(ii)

a(v) a(vi)

(v) Prone 2D axial soft tissue window view 
showing filling defect lipoma (closed white arrow) in 
barium pool. (vi) Translucent display showing diffuse 
infiltration of ICV (open white arrow) indicating caecal 

lipomatosis with minimal high tissue intensity (red). (b) 
(i) 3D view shows a lipoma on ICV (open white arrow). 
(ii) Translucent display shows dense green colouration 
(closed white arrow), which is in keeping with fat (lipoma)

Fig. 17.1
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Key Messages
There are several points to bear in mind when 
evaluating CTC studies.

• Lipomas are more common in women in their 
sixth decade.

• The right colon is the most common site.
• The incidence of lipoma has been reported 

between 0.2 and 4.4%.
• There is usually a solitary colonic lipoma.
• A lipoma may be sessile or pedunculated.
• Lipoma size may vary: from <20 to >40 mm.
• Symptoms are usually related to the size of the 

lipoma: those less than 30  mm are usually 
symptom free, but if the size increases to 
>40  mm, the patient may become 
symptomatic.

17.6  Summary

CTC is useful for detecting and demonstrating 
colonic lipomas on 2D and 3D views. These 
benign lesions usually cause no symptoms until 
they reach a large size. Small lesions can be 
safely left in the colon, but as size increases 
>30 mm, symptoms may the occur. There are two 
treatment options: endoscopic removal of lesions 
<30 mm, or surgical resection for benign larger 
tumours or those that result in intussusception.
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18Extracolonic Findings, Their 
Clinical Significance, and the Role 
of Opportunistic Screening

Joel H. Bortz

18.1  Introduction

Extracolonic findings (ECFs) are not the goal of 
CT colonography (CTC). However, radiologists, 
and radiographers who have been trained to pro-
vide a preliminary report [1–3] are responsible 
for evaluating both intracolonic and extracolonic 
findings. Should a CTC study be of non- 
diagnostic quality (e.g., poor bowel preparation 
or distension or a combination of the two) we are 
still able to do a full inspection of all extracolonic 
structures. We would not report on the poor qual-
ity CTC, but we definitely must report all ECFs 
as a CT scan includes the lower chest, abdomen, 
and pelvis.

CTC is an acknowledged method of investiga-
tion of asymptomatic individuals for colorectal 
cancer (CRC) who are 45 years or older. It has 
the added ability to detect extracolonic lesions in 
the abdomen and pelvis. These lesions are classi-
fied as either clinically important or unimportant 
[4]. The definition of a clinically important find-
ing is one that necessitates further diagnostic 
studies or medical/surgical follow-up. ECFs were 
identified in 63% of patients in a study by Yee 
et al. [4]. Fourteen percent had lesions that were 
considered clinically important, and most of 
these findings had not been previously diagnosed. 

It is important to clearly balance the benefit and 
harm that comes from ECFs [5]. Findings of a 
review of 24 studies were that approximately 
20% of indeterminate renal masses detected with 
CTC were ultimately malignant [6].

Since the extracolonic abdomen and pelvis 
are screened with a low-dose technique with-
out the use of an intravenous (IV) contrast 
medium, radiologists, and appropriately 
trained radiographers, must be aware of the 
potential pitfalls [7]. The benefit of detecting 
important or significant findings in a small 
minority of patients is huge, particularly in 
finding cancers that can be treated at an early 
pre-symptomatic stage. Possible downside 
includes undue anxiety and added costs 
incurred by additional studies [8].

There is a very low rate of detected significant 
findings (usually <10%) in most CTC studies in 
asymptomatic individuals. In a study by Pickhardt 
et al. [9], the prevalence of polyps (≥10 mm) was 
7%; the prevalence of colon cancer was 0.2% (2 
per thousand); and prevalence of ECFs was 
0.35%. A disclaimer should be in CTC reports, 
namely that the lack of IV contrast material and 
low-dose technique limit the evaluation of CT 
findings outside the colon.

For many years, the costs of investigating 
ECFs have been debated. Concern has been 
expressed that if multiple benign ECFs are 
investigated, then costs will be driven-up sig-
nificantly without influencing the final outcome. J. H. Bortz (*) 
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Another debate pertains to causing unnecessary 
worry that a lesion may be malignant, but turns 
out to be benign. A study of 264 patients in 2000 
reported: (1) out of the 41% of the patients with 
ECFs, 115 were considered significant findings, 
and (2) the additional cost of the work-up of the 
ECFs was $28 per CTC examination [10]. ECFs 
were  identified in 69% of patients in a study of 
681 asymptomatic patients: 10% of the ECFs 
were highly significant findings. The additional 
cost of investigating these patients was $34.33 
per CT examination performed [11].

Extracolonic evaluation at CTC entails the 
following technique.

• Use of 1.25  mm collimation during CT 
scanning

• Exposure selection: 120 kVp and 50–75 mAs
• No IV contrast media
• Automatic reconstruction of 5 mm contiguous 

CT slices.
 – Advantage of 5 mm contiguous reconstruc-

tion include:
 (a) Fewer number of slices (<100) as 

opposed to approximately 1000 slices
 (b) Decreased image noise
 (c) Easier retrieval and archiving in a 

PACS system.

ECFs are assessed using a low-dose CT tech-
nique as well as the absence of IV contrast [7]. 
CTC screening for CRC is a low-dose examina-
tion which may compromise the detection of 
extracolonic abnormalities due to increased image 
noise. An IV contrast medium is not routinely 
used in CTC screening for several reasons.

 1. It does not increase polyp detection.
 2. It adds to cost of the examination.
 3. It extends the time of examination.
 4. It increases risk to the patient in terms of pos-

sible adverse reactions.

For viewing of ECFs, automatic reconstruction 
of the supine study to 5 mm contiguous images is 
performed in all cases. There are  several advan-
tages in making the images 5 mm thick, namely

• fewer images to review
• decreased image noise
• easier to archive and retrieve the images

However, IV contrast media are used when a 
study becomes diagnostic or when a carcinoma 
is identified, either within or outside the colon; 
an increase in tube current is then required 
which means increased dose to the patient [4]. 
CTC unavoidably targets the pelvic tissues and 
extracolonic abdominal tissues [6]. In other 
words, CTC potentially detects disease in 
organs other than the colon. For example, 20% 
of indeterminate renal masses detected at CTC 
are malignant. The majority of ECFs are not of 
clinical importance, whilst a small percentage 
(7–11%) of patients undergo further testing 
because of the initial ECF [5, 12, 13]. An 
almost equal number of extracolonic cancers 
and intracolonic cancers were identified in a 
2010 study of 2277 patients undergoing 
CTC  screening [14]. Extracolonic detections 
increased with age. Macari et al. [15] reported 
74% of patients >65  years had extracolonic 
abnormalities compared with 55.4% in younger 
patients. In a UK study, 67% of older symp-
tomatic patients had extracolonic abnormali-
ties [16].

The following abbreviations are used in this 
chapter.

• AAA: abdominal aortic aneurysm
• AAC: abdominal aortic calcification
• AI: artificial intelligence
• BMD: bone mineral density
• CRC: colorectal cancer
• DXA: dual-energy X-ray absorptiometry
• E1: not of clinical importance
• E2: low clinical importance
• E3: moderate clinical importance
• E4: high clinical importance
• ECFs: extracolonic findings
• FRAX: fracture risk assessment tool
• HU: Hounsfield unit
• ML: machine learning
• ROI: region of interest
• TBS: trabecular bone score
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18.2  Benefits of Visualising 
Extracolonic Organs and Tissues

Significant pathology may be identified in approx-
imately 10% of cases. For example, early cancers 
of the kidney and ovary, as well as abdominal or 
pelvic lymphadenopathy in underlying lymphoma. 
Abdominal aortic aneurysms >30  mm in trans-
verse diameter may be detected incidentally [11, 
14]. Visualisation of such pathology is not possible 
with other CRC screening tests. It is however 
important to balance the benefits and harms when 
ECFs are noted at CTC. In a study undertaken by 
Plumb et al. [5], it was found that patients were 
prepared to tolerate an extremely high rate 
(>99.8%) of unnecessary additional imaging or 
invasive testing to reap the potential benefits of 
finding an early stage extracolonic malignancy. 
Conversely healthcare professionals were less tol-
erant as only 40% of physicians accepted the need 
for follow-up studies, and only 5% accepted the 
need for further invasive studies. In terms of 
patient care, the false-positive rate of screening 
CTC for ECFs is highly acceptable; for both 
patients and healthcare professionals. Patients, for 
example, would tolerate over 4000 false-positive 
diagnosis to avoid a single missed CRC [17].

18.2.1  Negative Aspects of ECFs

The negative aspects of extracolonic findings 
include:

 (a) added diagnostic cost
 (b) time consuming to evaluate these findings, 

thus adding to overall reporting time
 (c) patients may be subjected to increased anxi-

ety and risks. Especially following biopsies, 
or exploratory surgery for what turns out sub-
sequently to be an insignificant finding [4].

18.3  Clinical Importance of ECFs: 
Low, Moderate, and High

It is useful to divide ECFs in asymptomatic 
patients into three categories: low, moderate, and 
high importance. Benign lesions, such as kidney 

cysts, are of low clinical importance and do not 
impact on patient management. Those that do 
impact on management, and are therefore of high 
importance, include extracolonic malignancies 
such as renal or ovarian neoplasms, and abdomi-
nal aortic aneurysms. Lesions, especially renal 
carcinoma, that are identified early tend to be 
more curable [18]. It has been shown that more 
extracolonic cancers are detected than colon can-
cers during CTC. The former are identified in 3.5 
cases/1000 whereas colon cancer is identified in 
2.1 cases/1000 cases [19]. More than half of 
patients with symptoms of CRC are found to have 
extracolonic pathologies by CTC analysis [20].

Abdominal aortic aneurysms (AAAs) are most 
commonly located in the infra-renal portion of the 
aorta. Development of an AAA usually occurs in 
males, and in patients older than 65 years with a his-
tory of smoking or hypertension. The majority of 
cases of AAA (62%) are incidental findings [4]. A 
contrast medium is not used in screening CTC stud-
ies to diagnose AAAs. In order to be diagnosed, 
they must measure at least 30 mm (3 cm) in their 
widest diameters. The risk of a rupture of an AAA 
increases as it grows in size; surgery or endovascu-
lar repair is required when an AAA is >50 mm.

18.4  Classification of ECFs

Zalis et al. [21] classified ECFs in terms of their 
clinical importance, namely

• low importance: low clinical importance thus 
no immediate impact on patient management

• moderate importance: usually benign but may 
require further work-up

• significant importance (= medically important)

ECFs may be either clinically insignificant or 
significant, depending on whether additional work-
up is required. For example, if a pleural effusion is 
visualised it would be classified as E3: moderate 
clinical importance. Visualisation of a simple renal 
cyst would be classified as E2: low clinical impor-
tance. Examples of ECFs for each level of clinical 
importance are presented in Table 18.1. A revised 
classification of ECFs is a work in progress and 
should be published within the next few months.

18 Extracolonic Findings, Their Clinical Significance, and the Role of Opportunistic Screening
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Table 18.1 E classificationb

E0 Limited examination
E1 Not of clinical importance

Normal examination or anatomic variant
No extracolonic abnormalities visible
Anatomic variant, for example, retro-aortic left renal vein, BMD 
>160 HU, air in vagina normal causes

E2 Low clinical importance
Clinically unimportant findings

No work-up indicated. Examples are presented below.
   Liver, kidney: simple cysts
   Non-obstructing renal stones
   Non-obstructing gall stones
   Gallbladder: cholelithiasis without cholecystitis
   Vertebra: haemangioma
   Arterial calcification
   Calcified granuloma
   Uncomplicated hernias (inguinal, hiatal, femoral, enterocoele)
   Various skeletal abnormalities
   Adrenal adenomas
   Renal calculi
   Fatty liver
   Lipoma
   Uterine fibroids
   BMD between 100 and 160 HU

E3 Moderate clinical importance
Likely unimportant finding and likely to 
be benign. Incompletely characterised
NB: In nearly all cases of asymptomatic 
patients, these lesions prove to be benign

Further work-up may be indicated
   Kidney: minimally complex or homogeneously hyper-

attenuating cyst
   Complicated renal cysts
   Prominent adnexal lesions in women
   Indeterminate pulmonary nodules
   Indeterminate liver lesions
   Pleural effusions
   Cardiomegaly
   Splenomegaly
   Complicated hiatus hernias
   BMD <100 HU
   Air in vagina due to pathology
   Metabolic- associated fatty liver disease (see Chap. 19)

E4 High clinical importance
Potentially important finding. 
Communicate to referring physician as 
per accepted practice guidelines
NB: Appendicitis, diverticulitis, 
pancreatitis, irreducible inguinal hernia, 
pneumothorax, pneumoperitoneum must 
be communicated to the referring 
physician/ health practitioner

   Kidney: solid renal mass
   Liver masses
   Lymphadenopathy ≥10 mm
   Vasculature: aortic aneurysms >50 mm
   Lung: non- uniformly calcified pulmonary nodule ≥10 mm
   Irreducible inguinal hernia containing large bowel

a It must be remembered that an extracolonic evaluation is limited by lack of IV contrast and the low-dose CT technique
b Adapted from Zalis et al. [21]
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Fig. 18.1 (a) 2D axial shows normal pericardium sur-
rounding the heart (yellow arrow). (b). 2D axial showing 
normal right posterior descending coronary artery (yellow 
arrow). (c) 2D axial view showing pulmonary vessels (open 

white arrows). 1  =  anterior mediastinal fat; 2  =  liver; 
3 = right ventricle; 4 = right atrium; 5 = inferior vena cava; 
6 = aorta; 7 = serratus anterior; 8 = latissimus dorsi muscle; 
9 = quadratus lumborum; 10 = erector spinae muscles.

a b

c

18.5  Examples of ECF Images

It is important that every organ and bony struc-
ture is carefully evaluated on every CTC image 
[22]. The E-classification in Table 18.1 is used to 
present examples in each classification. As evi-
dent in these examples, the majority are classified 
as being of low clinical importance (E2). Only a 

few are classified as being of significant clinical 
importance (E4).

18.5.1  E1: Not of Clinical Importance

Figure 18.1a–g are examples of ECFs that are not 
of clinical importance.

18 Extracolonic Findings, Their Clinical Significance, and the Role of Opportunistic Screening
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d(ii)

e f

g

d(i)

 (d) (i) 2D axial view showing retro-aortic left 
renal vein (open white arrow). LK = left kidney; RK = right 
kidney; A = aorta. (ii) 2D axial view showing normal renal 
vein (open white arrow). RK = right kidney; LK = left kid-
ney; A = aorta. (e) 1 = right lobe of liver; 2 = left lobe of 
liver; 3  =  aorta; 4  =  spleen; Open white arrow  =  splenic 
artery calcification. (f) 2D coronal view of a left lateral decu-
bitus study showing splenic impression on splenic flexure of 

colon (open red arrows). Open white arrow = rectal catheter; 
1 = hepatic flexure of colon; 2 = aorta; 3 = splenic flexure; 
4 = spleen; 5 = psoas muscle; 6 = sigmoid colon; 7 = ischium 
of pelvis; 8  =  greater trochanter of femur; 9  =  rectum; 
10 = contrast in ascending colon; 11 = caecum. (g) 2D axial 
shows ovary pressing on bowel (open white arrow)

Fig. 18.1 
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18.5.2  E2: Low Clinical Importance

Figure 18.2a–aZ (ii) are examples of ECFs that are of low clinical importance.

a b

c d

e f

Fig. 18.2 (a) 2D axial view. 1 = breast implant; 2 = col-
lapsed left breast prosthesis (closed white arrow); 3 = left 
ventricle; 4  =  right atrium; 5  =  distal oesophagus; 
6  =  descending aorta; 7  =  serratus anterior muscle; 
8 = latissimus dorsi muscle. Rib = open white arrow. (b) 
2D axial view of a patient who had a left mastectomy 
(open white arrow). 1 = right breast; 2 liver; 3 = left ven-
tricle; 4 = distal oesophagus; 5 = descending aorta. (c) 2D 
axial view shows artefact from pacemaker wires (open 
yellow arrows). Small hiatus hernia below the heart (open 

white arrow). (d) 2D axial view shows small pericardial 
effusion (yellow arrow). Note breast prosthesis (closed 
white arrow). Absent left breast (open white arrow). (e) 
2D axial view shows right posterior descending coronary 
artery (open white arrow) and partial calcification of leaf-
let of aortic valve (closed black arrow). (f) 2D axial view 
shows mild calcification of part of right posterior 
descending coronary artery (open black arrow) as well as 
mild calcification of the circumflex artery (closed black 
arrow).
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g h

k l

(g) 2D axial shows calcification right posterior 
descending coronary artery (open black arrow) and fatty 
liver. A = aorta. Distal oesophagus (open white arrow). (h) 
2D axial view showing pleural thickening base of lungs 
(open white arrows). 1 = liver; 2 = right ventricle; 3 = left 
ventricle; 4  =  aorta. (i) Distended gallbladder  =  1; 
Duodenum = 2; A = aorta; RK = right kidney; LK = left 

kidney. (j) 2D coronal view shows four gallstones (circle). 
C = caecum; DC = descending colon. (k) Solitary calci-
fied gallstone (open white arrow). LLL = left lobe of liver; 
RLL  =  right lobe of liver; P  =  pancreas; A  =  aorta; 
LK = left kidney; S = spleen. (l) Multiple gallstones with 
gas (circle). RLL = right lobe of liver; A = aorta.

Fig. 18.2 
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(m) Multiple calcified gallstones (circle). 
RK = right kidney; LK = left kidney; A = aorta. (n) Milk 
of calcium bile (open white arrow). Right adrenal gland 
(circle); RLL = right lobe of liver; P = pancreas; A = aorta; 
S = spleen. (o) Liver granuloma (open black arrow). Small 
pericardial effusion (open white arrow). (p) Liver cysts 

(open black arrows). A = aorta; S = spleen; 1 = stomach. 
(q) Liver cyst right lobe (open black arrow). A = aorta. (r) 
Ill-defined low density area right lobe (open white 
arrows). Differential diagnosis is metastasis versus hae-
mangioma. Proven haemangioma. A = aorta.

Fig. 18.2 
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(s) Fatty infiltration of liver. LL = left lobe of 
liver; RL =  right lobe of liver; 1 = fissure for ligament; 
P = pancreas; S = spleen; A = aorta; Right adrenal gland 
(open white arrow). (t) Fatty infiltration of liver. Note 
marked decrease in liver density compared with spleen. 
(u) (i) Normal adrenal glands E1 (circles). LK = left kid-
ney. Compare the right adrenal with the one in 

Fig.  18.2u(ii). (ii) Nodule on right adrenal gland (open 
white arrow).  Fatty liver. (v) 2D axial showing 65 mm 
cyst in right kidney (open white arrow). A  =  aorta; 
LK =  left kidney. (w) Cyst mid- pole right kidney (open 
white arrow) with calcification (open green arrow). 
A = aorta; LK = left kidney.

Fig. 18.2 
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(x) Right lower pole renal calculus (6  mm). 
A = aorta; LK = left kidney. (y) Large calculus right kid-
ney (open black arrow). (z) Lobulated cyst right kidney 
(open white arrows). LK  =  left kidney. (aA) Horseshoe 

kidney (open white arrows). (aB) Pyelonephritic scarring 
left kidney with a small focus of dystrophic calcification 
(open white arrow). RK = right kidney.

Fig. 18.2 
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aC aD

aE aF

aG aH

(aC) Atrophic left kidney (open white arrows). 
RK = right kidney. (aD) 2D axial view. 1 = crus of dia-
phragm; 2  =  left lobe of liver; 3  =  stomach; 4  =  aorta; 
5 = caudate lobe of liver; 6 = liver; 7 = peritoneal space; 
8 = spleen; 9 = granulomata. (aE) 2D axial view showing 
calcification of body of pancreas (white arrow) due to pre-
vious pancreatitis. 1 = small bowel; 2 = gas in large bowel; 
3 = air in small bowel; 4 = head of pancreas; 5 =  IVC; 

6 = aorta; 7 = right crus of diaphragm; 8 = right kidney; 
9 = spleen. (aF) 2D axial view showing cyst in tail of pan-
creas (open white arrow). 1  =  small bowel; 2  =  IVC; 
3 = crus of right diaphragm; 4 = aorta; 5 = spleen. (aG) 2 
D axial view showing an atrophic pancreas (open white 
arrow). A = aorta.  (aH) 2 D axial view shows a calcified 
fibroid (open white arrow).

Fig. 18.2 

J. H. Bortz



253

aJaI

aK aL

aM aN

(aI) 2D axial view shows three calcified fibroids 
(open white arrows) giving a ‘Mickey Mouse’ appear-
ance. (aJ) 2D sagittal view shows anterior calcified fibroid 
(open white arrow) causing narrowing of the sigmoid 
colon (closed white arrow). (aK) 2D axial view shows a 
pedunculated fibroid (open white arrow) with some calci-
fication (open green arrow). (aL) 2D sagittal view shows 

large retroverted uterus (open white arrows). White cir-
cle = spondylolisthesis L5 with defect through pars inter-
articularis (open black arrow). (aM) 2D axial shows a 
prolapsed fibroid (open white arrows). (aN) Open green 
arrow shows enlarged prostate (P) pressing on bladder 
(B). Note bladder wall thickening (open white arrow).

Fig. 18.2 
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aO aP

aQ aR

aS

(aO) Enlarged prostate (P) pressing on base of 
bladder (B). Mild dystrophic calcification noted (open 
green arrow). (aP) Enlarged prostate (open white arrows). 
(aQ) Hydrocele right (open white arrow). Left testis nor-

mal. (aR) Bochdalek hernia (red arrow). 1 = liver; 2 = DC; 
3 = stomach; 4 = aorta; 5 spleen. (aS) Bochdalek hernia 
containing fat (open white arrow). 

Fig. 18.2 
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aT(ii)

aU(i) aU(ii)

aV aW

aT(i)

 (aT) (i) Moderate hiatus hernia. (ii) Small hia-
tus hernia. (aU) (i) 2D axial showing urachal remnant 
(open white arrow). B = bladder; Rectal catheter (circle). 
(ii) 2D sagittal showing urachal tract (open white arrow) 
from bladder (B) to umbilicus (open green arrow). (aV) 

Bilateral small inguinal hernias (a and b) containing fat, 
but no loops of bowel. 1 = pectineus muscle; 2 = obturator 
externus. (aW) Small umbilicus hernia. Open white arrow 
shows margin of the hernia. Open green arrow shows 
defect in musculature. 

Fig. 18.2 
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aY(ii)aY(i)

aZ(ii)aZ(i)

aX

(aX) Calcification of right iliac artery (open 
green arrow). (aY) (i) Compression fracture T12 (arrow). 
(ii) Healed osteoporotic fractures (open black arrows). 
(aZ) (i) Spondylolisthesis L4 on L5 (closed black arrow). 
Open black arrow = ununited apophysis of L5. S = sacrum. 

Open white arrow shows calcified of L5/S1 disc Open 
green arrow shows calcification of aorta. (ii) Lesion 
sacrum (open white arrow) shows Paget’s disease. 
C = rectal catheter

Fig. 18.2 
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18.5.3  E3: Moderate Clinical 
Importance

Figure 18.3a–l are examples of ECFs of moderate clinical importance.

Fig. 18.3 (a) 2D axial view shows heavy calcification 
left anterior descending artery (open black arrow) and cir-
cumflex coronary artery (closed black arrow) and calcifi-
cation of thoracic aorta (open white arrow). (b) (i) 2D 
coronal view showing basal lung infective changes bilat-

erally (open white arrows). (ii) 2D axial showing basal 
lung changes (closed black arrows). Patient known to be 
suffering from SLE (systemic lupus erythematosus). 
1 = liver; 2 = spleen. Granules due to ingested medication 
in stomach (green arrow).

a

b(i) b(ii)
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(c) Lobular liver (1) due to cirrhosis. A = aorta. 
(d) Angiomyolipoma (open white arrow) showing a ‘rat-
eaten appearance’ due to invasion by fatty tissue, vascular 
and muscle tissue. Cyst left kidney (open black arrow). 
GB = gallbladder; P = pancreas; S = spleen; A = aorta. (e) 
Polycystic kidneys (open white arrows) with rim calcifica-
tion (1) in right kidney (RK). LK  =  left kidney. (f) 

Hydronephrotic change right kidney (1); A  =  aorta; 
LK =  left kidney. (g) Calculus in ureteropelvic junction 
(UPJ) of right kidney (open white arrow). LK = left kid-
ney. Mild hydronephrosis. (h) 2D axial view shows a der-
moid cyst of the right ovary (open black arrow) containing 
fat and soft tissue. 

Fig. 18.3 
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i(i) i(ii)

i(iii)

(i) (i) Incarcerated hiatus hernia. (ii) Large 
incarcerated hiatus hernia containing part of stomach. (iii) 
Large hiatus hernia. (j) Density inguinal canal (open 
white arrows) due to testis. (k) 2D axial showing entero-

coele (open white arrow) post hysterectomy. Rectum dis-
placed to the left. Rectal catheter (circle). (l) Femoral 
hernia (open black arrows). Rectal catheter (open white 
arrow); 1 = bladder; 2 = pectineus muscle

Fig. 18.3 

18.5.4  E4: High Clinical Importance

Figure 18.4a (i)–i (ii) are examples of ECFs of 
high clinical importance.

Potentially important (E4) ECFs of asymp-
tomatic patients (n = 7952) who underwent first 
time screening CTC for CRC from 1 April 2004 
to 30 June 2012 were analysed in a retrospective 

study [23]. The results were that only 2.5% of 
patients had a significant ECF (E4). Almost 70% 
of these findings proved to be clinically signifi-
cant and required treatment or surveillance: 
malignancies and aneurysms, for example [23]. 
Table  18.2 is a summary of the findings of the 
study.
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Fig. 18.4 (a) (i) 2D axial view showing pancreatic mass 
1  =  with calcification of part of the wall (open white 
arrow). 2  =  right lobe of liver; 3  =  inferior vena cava; 
4 =  right kidney; 5 = abdominal aorta; 6 =  left kidney; 
7 = spleen; 8 = quadratus lumborum muscle. (ii) 2D sag-
ittal view showing large pancreatic cyst 1  =  with wall 
calcification (closed white arrow). 2  =  spleen; 3  =  left 
kidney; 4 = psoas muscle; 5 = quadratus lumborum mus-

cle; 6 = anterior abdominal wall muscles. (b) Open white 
arrow  =  abdominal aortic aneurysm (AAA) measuring 
35 mm (3.5 cm). Note partial calcification (closed black 
arrow). (c) (i) AAA (open white arrow) measuring 53 mm 
(5.3 cm) with partial calcification (closed black arrows). 
(ii) Sagittal view of the AAA (open white arrows) show-
ing partial calcification (closed black arrows).

a(i)
a(ii)

b

c(i) c(ii)
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g(i) g(ii)

d

(d) Left iliac artery aneurysm (open white 
arrows) measuring 54.4 mm (5.44 cm) with slight calci-
fication (open green arrows). (e) 2D axial view showing 
pressure effect on rectus abdominis muscle (1). Dilated 
small bowel (2) trapped in a direct inguinal hernia causing 
obstruction. Green arrow  =  transition point. Granules 
from ingested tablets (3). (f) Loop of bowel in scrotum 

(open white arrow). Rectal catheter (open green arrow). 
1 = corpus cavernosum; 2 = obturator externus; 3 = glu-
teus maximus. (g) (i) No pathology evident on 2D axial 
supine view. (ii) 2D axial prone view of same patient 
showing a non-calcified lesion in left lung (open white 
arrow). This is due to greater coverage of the lung fields in 
the prone position.

Fig. 18.4 
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h(iii) h(iv)

i(i) i(ii)

h(i) h(ii)

(h) (i) This patient presented with pain in his 
right inguinal region and left kidney area. He declined an 
optical colonoscopy and chose to undergo a screening 
CTC study. 2D coronal view shows multiple cysts (1 and 
2) in polycystic kidneys. RK = right kidney. LK = left kid-
ney. (ii) 2D coronal view shows bilateral polycystic kid-
neys. RK  =  right kidney; LK  =  left kidney with a 
haemorrhagic cyst (open white arrow). Note the normal 
transplanted kidney in the right pelvic area. (iii) 2D axial 
view shows the haemorrhagic cyst (open white arrows). 
RK = right kidney. LK = left kidney. (iv) 2D sagittal view 

shows the haemorrhagic cyst (open white arrows) in the 
left kidney (LK). (i) (i) 2D axial view of liver showing 
shrunken and lobulated right lobe of liver (open white 
arrows). The lobulated appearance of the liver margin is 
secondary to infarction of the liver following selective 
catheterisation of the hepatic artery with chemotherapeu-
tic agents for hepatocellular carcinoma. (ii) 2D axial view 
shows a markedly enlarged spleen (splenomegaly) due to 
portal hypertension with associated splenic varicosities 
(open white arrows). RK = right kidney

Fig. 18.4
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Table 18.2 Main organs and systems in the E4 findingsa

System and organ
Percentage of 
n = 7952

Vascular system (e.g., abdominal aortic 
aneurysms, iliac aneurysms)

26%

Genitourinary system 18%
Liver 15%
Gastrointestinal system 10%
Lungs 9%
Gynaecologic system 7%
Pancreas, adrenal glands, and breast 4%
Others (e.g. lymphoma, sarcoidosis, 
early acute appendicitis)

11%

a Adapted from the text of Pooler et al. [23]

Table 18.3 HU range of BMD

BMD HU
Normal >160
Osteopenia >100 to <160
Osteoporosis <100

18.6  Bone Mineral Density 
Assessment

Usually opportunistic has negative connotations 
[24] (e.g., unprincipled, exploitation). In 1995, 
opportunistic screening was described as offering a 
test for an unsuspected pathology which is not 
related to the reason for the examination [25]. In 
radiology, opportunistic screening, according to 
Pickhardt [24], is the practice of maximum use of 
imaging data, unrelated to the clinical indication, 
for risk profiling and prevention of relevant disease. 
According to Boutin and Lenchik [26], the use of 
opportunistic screening for osteoporosis and sarco-
penia at CT is a value-added benefit for patients. 
Opportunistic screening at screening CTC benefits 
men and women if an early  diagnosis of osteoporo-
sis is made [26–28]. Men and women who present 
for screening CTC would benefit if an early diag-
nosis of osteoporosis is made. Osteoporosis is a 
silent disease and pathological fractures impact on 
health services and the mortality of the elderly [29]. 
Literature reports that testing and treatment rates in 
men are low despite them having high prevalence 
of osteoporosis, osteopenia, and fractures; morbid-
ity and mortality are significant in men with osteo-
porotic hip fractures [30].

Dual-energy X-ray absorptiometry (DXA or 
DEXA) is the most used modality to determine 
BMD. Two scores (i.e., T-score and Z-score) are 
usually presented. Both are used for women and 
men. A T-score indicates a comparison of the 
BMD of healthy 30 year old: −1.0 = normal, −1.0 
to −2.5 = osteopenia, and ≥−2.5 = osteoporosis; 
and a Z-score compares amount of bone present 
with that of others in the same age group, size and 

sex [31]. A trabecular bone score (TBS) is a tool 
which adds to predicting risk of fracture in per-
sons who are in the osteopenia or normal range 
[32, 33]. Furthermore, this tool may be used to 
adjust FRAX (fracture risk assessment tool) prob-
abilities of fracture [33]. Literature reports that 
novel application of artificial intelligence (AI) 
and machine learning (ML) may be useful for 
diagnosis of osteoporosis [34]. Chapter 25 pres-
ents a discussion of AI and ML in imaging.

Concurrent screening for osteoporosis and 
CRC at CTC adds to service delivery to patients. 
By using the region of interest (ROI) to measure 
trabecular bone mineral density (BMD) of L1 of 
2D CT scans does not increase radiation dose to 
a patient [24, 28]; if there is a compressed 
 fracture of LI the Hounsfield unit (HU) of L2 is 
measured. It is recommended that the HU mea-
surements are included in CTC reports (see 
Table 21.2 in Chap. 21).

The use of ROI to measure BMD provides 
information to identify fracture risk of patients 
who undergo screening CTC for CRC [35]. This 
means that more patients can be assessed for 
osteoporosis. This is important as there has been 
underutilisation of preventive osteoporosis strate-
gies [30]. CTC is a cost-effective study for 
screening of CRC [36]; hence, there are no addi-
tional costs in opportunistic screening. Table 18.3 
shows Hounsfield unit (HU) range for BMD.

The ROI must only include the trabecular bone 
of a vertebra to obtain an accurate HU reading. 
Figure 18.5a (i, ii) shows incorrect ROI placement. 
It is important that ROI placement is correct to 
obtain the HU values of trabecular bone. Correct 
ROI placement is illustrated in Fig. 18.5b (i, ii). 
Figure 18.5c (i) shows osteoporosis at CTC on a 
female patient and Fig. 18.5c (ii) shows osteoporo-
sis in a male patient. As  evident in Fig. 18.5d, the 
HU value is <100 indicating osteoporosis.

Figure 18.5e shows a grade 3 fracture of lum-
bar vertebra. There is ≥40% loss of vertebral 
height according to the Genant classification 
which is based on vertebral shape, and loss of ver-
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tebral height involving anterior, posterior, and/or 
middle vertebral body. Grade 0 = normal; grade 
1 = mild fracture (20–25%) loss of height; grade 
2  =  moderate fracture (25–40% loss of height), 

and grade 3  =  severe fracture (>40% loss of 
height). Figure 18.5f (i, ii) illustrates osteopenia, 
namely a HU reading of >100 to <160. Osteopenia 
can be a risk fracture in males and females.

a(i) a(ii)

b(i) b(ii)

c(i) c(ii)

Fig. 18.5 (a) (i) Incorrect ROI placement on coronal 2D 
image at CTC as it extends beyond trabecular bone. (ii) 
Incorrect ROI placement on sagittal 2D image at CTC as 
it extends beyond trabecular bone. (b) (i) Correct ROI 
placement to measure BMD of lumbar vertebra at 
CTC. There is a vertebral venous plexus in the posterior 
portion of the vertebral body. To ensure correct placement 
the ROI should not touch cancellous bone. Red arrow 

shows average HU reading of 203. (ii) Correct ROI place-
ment to measure BMD of L1 on sagittal 2D scan at 
CTC. Red arrow shows average HU reading of 210. (c) (i) 
HU -5 (red arrow) showing osteoporosis at CTC in a 
female patient. (ii) HU 49 (red arrow) showing osteoporo-
sis in a male patient with a history of respiratory pathol-
ogy and prolonged corticosteroid treatment. 

J. H. Bortz
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d e

f(i) f(ii)

 (d) Average HU reading 58 (red arrow) of L1 
on sagittal 2D scan at CTC showing osteoporosis. (e) 2D 
sagittal view of male patient in Fig.  18.5c (ii) showing 
grade 3 fracture of L1 (red arrow). (f) (i) 2D coronal view 

at CTC showing osteopenia in a male patient. HU 135 (red 
arrow) of L1. (ii) Sagittal view showing osteopenia in a 
female patient. HU 140 (red arrow)

Fig. 18.5 

18.7  Calcific Score: Abdominal 
Aortic Calcification

A recent prospective study over 14 years of bone 
mineral density screening and monitoring of elderly 
women focussed on abdominal aortic calcification 
(AAC) on lateral spine DXA scans [37]. The study 
measured the amount of calcium present in the wall 
of the aorta and scored the amount of calcium pres-
ent as: low, moderate, and extensive. The findings 
were that those patients with moderate and exten-
sive calcification had a higher incidence of demen-

tia and hospitalisation compared to those with a low 
score [37]. This shows that extra-coronary vascular 
calcification in patients may be a marker for late-life 
dementia. The study only included lateral spine 
DXA scans. In terms of ECFs, the abdominal aorta 
is one of the sites where calcification is seen at 
CTC: AAC is common in both men and women. 
Late-life dementia (>80 years of age) may be related 
to vascular or nonvascular causes and is a major 
global health issue. Figure 18.6a–d shows normal 
abdominal aorta and abdominal aortic calcification 
at CTC.
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a b

c d

Fig. 18.6 (a) Sagittal view showing normal abdominal 
aorta (black arrows). (b) Sagittal view showing mild cal-
cification in the abdominal aorta (black arrows). (c) 
Sagittal view showing moderate calcification in the 

abdominal aorta (black arrows). (d) Sagittal view showing 
extensive calcification in the abdominal aorta (black 
arrows)

J. H. Bortz
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18.8  Inguinal Hernias 
as Extracolonic Findings: 
An Overview, Types of Hernia, 
Complications, and Repair

Inguinal hernias are commonly present in males 
and rare in females. They often remain undiagnosed 
as many patients do not complain of symptoms or 
swelling in the groin region. Hernias at CTC are 
reported as ECFs. Abdominal herniation may be 
defined as the protrusion of part of its content from 
the abdominal cavity through a normal or abnormal 
aperture or from wall weakness [38]. Hernias may 
be reducible (i.e., can be safely pushed back into the 
abdominal cavity) or irreducible. The latter may 
then result in vascular compromise and possible 
ischaemia and ultimately gangrene [39]. A hernia 
may cause obstruction resulting in failure of intesti-
nal content to pass through the obstructed area [39].

18.8.1  Types of Hernias

Hernias may be congenital or acquired. A congeni-
tal malformation occurs in new-borns whilst in 
adults a hernia is due to stress on the abdominal 
wall, or a weakness in the elderly [40]. Indirect 
inguinal hernias are the most common and pro-
trude through the patent internal (deep) inguinal 
ring lateral to the inferior epigastric vessels. In 
men, the hernia may extend together with the sper-
matic cord into the scrotum. In women, the hernia 
may follow the course of the round ligament into 
the labia majora [41]. The peritoneal sac containing 
bowel loops may protrude through the inguinal 
canal and emerge at the external inguinal ring. 
Direct inguinal hernias behave differently: they 
extend through an acquired weakness in the poste-
rior wall of the canal, known as the Hesselbach tri-
angle, and pass medially to the inferior epigastric 
vessels. A femoral hernia on the other hand passes 
through the femoral canal, which is medial to the 
femoral vein and below the inguinal canal and lat-
eral to the pelvic tubercle. Women have a wider 
bony pelvis compared to men thus femoral hernias 
are more common in women. Figure 18.7a (i, ii) 
shows a femoral hernia in a female. Figure 18.7b 
(i)–(vi) depicts small bowel bilateral inguinal her-
nia (E4 classification). Figure 18.7c (i, ii) shows a 
large bowel inguinal hernia (E4 classification).

18.8.2  Tips to Determine Whether 
Small or Large Bowel Is 
Trapped in an Inguinal Hernia

• If valvulae conniventes are seen within the 
trapped bowel, the diagnosis is small bowel as 
shown in Fig. 18.7d. If haustral markings are 
observed, then it is large bowel.

• The most accurate way of deciding whether it 
is small or large bowel is by looking at the 
colon-map, initially with small bowel included 
and then removing the small bowel which is 
usually an automatic process.

• If the contour of the large bowel remains intact, 
then no large bowel has herniated and the con-
tent is small bowel as shown in Fig. 18.7e (i, ii).

• When large bowel herniates, it is usually sig-
moid colon. A colon-map will show displace-
ment of sigmoid colon inferiorly, making it a 
left-sided hernia entering the scrotum in the 
male (Fig. 18.7e (iii)) and possibly in the labia 
of the female.

• Colon hernias are usually left-sided.

18.8.3  Frequency of Inguinal Hernias

Inguinal hernias are 20 times more common in 
men than women [42, 43]. Dabbas et  al. [44] 
underscore that inguinal hernia repair was carried 
out almost 15 times more in men than women. 
They state that there has been a reduction in ingui-
nal hernias over time accompanied by an increase 
in the proportion of midline abdominal wall her-
nia repairs. Inguinal hernias are a more common 
cause of groin pain, and their repair is the com-
monest one for hernias. Dabbas et al. [44] report 
that 96.8% of repair cases were in men and 3.2% 
in women. Figure  18.7f (i) is an ECF of small 
bowel in a right inguinal hernia and Fig. 18.7f (ii) 
is an ECF of bilateral inguinal hernias.

18.8.4  Complications

Complications of abdominal wall hernias include 
obstruction, incarceration and strangulation, and 
clinically include abdominal pain, vomiting, and 
distension. Adhesions are the leading cause of 
bowel obstruction, followed by abdominal her-
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Fig. 18.7 (a) (i) 2D supine axial view showing left femo-
ral hernia containing loops of small bowel (Courtesy of 
Prof D Kim, Wisconsin University). E4 classification: 
high clinical importance. (ii) 2D coronal supine view 
showing a loop of small bowel in a left femoral hernia. 
Mild proximal dilation of small bowel is present indicat-

ing partial obstruction (Courtesy of Prof D Kim, 
Wisconsin University). E4 classification. (b) (i) 2D axial 
view showing the presence of small bowel hernias in both 
inguinal canals (yellow and red circles). (ii) 2D right 
supine sagittal view showing small bowel hernia (yellow 
circle). 

a(i) a(ii)

b(i) b(ii)

nias causing small bowel obstruction [39]. 
Obstruction of the colon by abdominal wall her-
nia is uncommon. Obstruction of small bowel is 
best diagnosed on multi-detector CT (MDCT) 
scans showing dilated bowel proximal to the her-
nia and normal or reduced calibre or collapsed 
bowel distal to the obstruction [39].

• Incarceration occurs when a hernia cannot be 
reduced or pushed back manually and diagnosis 
may be suggested if a hernia occurs through a 
small defect and the hernial sac has a narrow 
neck. Incarceration may predispose to obstruc-
tion, inflammation or ischaemia. The latter 
occurs due to a compromised blood supply [39].

• Strangulation may be caused by incarceration 
when there is free fluid within the hernia sac, 
bowel wall thickening is present or bowel is 
dilated. If the blood supply is compromised, 
then ischaemia or strangulation occurs. This 
happens when there is obstruction to the  afferent 
and efferent loops by the hernia defect [39].

18.8.5  Surgical Repair Procedures

Surgical procedures for abdominal wall hernias 
repair vary from open repair to laparoscopic 
suture repair with or without the use of mesh. 
Figure 18.7 g shows repair of an inguinal hernia. 

J. H. Bortz
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b(v) b(vi)

c(i) c(ii)

b(iii) b(iv)

(iii) 2D left supine sagittal view showing 
small bowel hernia (red circle). (iv) 2D right decubitus 
view showing left hernia (red square) and right hernia 
(yellow circle). (v) 2D supine coronal view showing bilat-
eral small bowel hernias (yellow and red arrows). (c) (i) 

2D supine axial view showing bowel in left inguinal her-
nia (white hexagon) and fat in right inguinal hernia (red 
hexagon). (ii) 2D supine sagittal view showing bowel in 
the scrotum (red arrow) and small area of narrowing as it 
exits the inguinal canal (green arrow). 

Fig. 18.7 (b)
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e(ii) e(iii)

d e(i)

(d) 2D axial scan of an abdominal CT study 
showing collapsed small bowel loops containing barium 
in a right direct inguinal hernia (red arrow). Left side 
shows a small direct inguinal hernia containing fat (red 
circle) with vessels displaced medially (white lines). (e) 
(i) Colon-map supine showing small bowel inguinal her-
nia (white arrow) on the right. (ii) Supine colon-map of 

large bowel with small bowel removed. (iii) Colon-map 
with small bowel removed showing herniation of sigmoid 
colon (S). R = rectum; DC = descending colon; TC = trans-
verse colon; AC  =  ascending colon; C  =  caecum. Red 
arrows indicate direction of flow of CO2 from rectum to 
sigmoid colon. 

Fig. 18.7 
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f(i) f(ii)

g

(f) (i) 2D axial supine image showing small 
bowel in right inguinal hernia (red hexagon). E4 classifi-
cation: high clinical importance. (ii) 2D axial supine view 
showing a right inguinal containing fat (red hexagon) and 

a small left inguinal hernia containing fat (yellow hexa-
gon). E3  =  moderate clinical importance. (g) 2D axial 
supine view showing repair of right inguinal hernia (red 
hexagon). Red arrow = left inguinal hernia

Fig. 18.7 

Table 18.4 Normal causes of air in vaginaa

Sexual intercourse
Insertion of objects into the vagina (e.g., pessaries or 
speculum)
Tampon insertion
Exercise or stretching (e.g., stretching in yoga)

a Adapted from Bortz [45]

The most commonly used method is ‘tension- 
free’ mesh repair and is regarded as the standard 
surgical technique for the majority of cases. 
Complications of surgical repair may involve up 
to 50% of cases. Hernia recurrence is the most 
common one irrespective whether mesh is used 
or not. Fluid collection after surgery may occur 
as well as infection [39].

18.9  Air in Vagina

Vaginal air may be seen on 2D images; thus, it is 
important to carefully examine these images to 
exclude pathology causes as an ECF [45]. Table 18.4 
lists normal causes of air in the vagina. Figure 18.8a 
(i, ii) shows no air in the vagina. Figure 18.8a (iii) 
shows air between vulva folds. Figure 18.8a (iv, v) 
shows air in the vagina due to yoga stretching.

It is important not to not mistake air between 
vulva folds as air in the vagina. If air is present it 
may be one or two bubbles that are rounded, hori-
zontal, vertical, or curvilinear (Fig.  18.8b (i)–
(v)). A cluster of bubbles may indicate an 
underlying infection or malignancy. Pathological 
conditions that show air in the vagina are pre-
sented in Table 18.5. Figure 18.8c (i)–(iii) shows 
a rectovaginal fistula at a CTC study.

18 Extracolonic Findings, Their Clinical Significance, and the Role of Opportunistic Screening
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Fig. 18.8 (a) (i) 2D axial viewing showing normal 
vagina without air (open black arrows) and rectal catheter. 
(ii) Sagittal view showing no air in the vagina (V). Rectal 
catheter (C). Rectum (R). (iii) Axial supine view showing 
air between vulval folds. White circle  =  rectal catheter. 

(iv) 2D axial view showing a large amount of air in the 
vagina (white arrow). R = rectum; circle = catheter. This 
air was caused by yoga exercises. (v) Sagittal view show-
ing a large amount of air in the vagina (white arrow) post 
yoga exercises

a(i) a(ii)

a(iii) a(iv)

a(v)
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b(iv)

b(v)

b(ii)

b(iii)

b(i)

(b) (i) 2D Axial showing solitary air bubble in 
the vagina (open white arrow). Circle = rectal catheter. (ii) 
2D axial view showing two small air bubbles in the 
vagina. Circle = rectal catheter. (iii) 2D axial view show-
ing curvilinear air in vagina (open white arrow). 

Circle = rectal catheter. (iv) 2D axial showing a triangular 
shape air bubble air (open white arrow). Circle =  rectal 
catheter. (v) 2D view showing air in the vagina (open 
white arrow)

Fig. 18.8

18 Extracolonic Findings, Their Clinical Significance, and the Role of Opportunistic Screening
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Table 18.5 Air in the vagina due to pathology

Inflammatory bowel disease, especially Crohn’s 
diseasea. CTC is not performed on patients with 
inflammatory bowel diseaseb

Pelvic malignancies arising from the cervix or uterus; 
vaginal secondaries from breast cancer or melanomac

Radiotherapy to the pelvisa

Recto or colo-vaginal fistulaa

Pelvic floor dysfunction or prolapse following 
childbirth, enterocoele, rectocoele, or vaginal prolapsed

a Das and Snyder [46]
b Bortz [47]
c Bortz [45]
d Krissi et al. [48]

Table 18.6 Total ECFs a

E classification Percentage of n = 388
E1 and E2 88.4% (n = 347)
E3 4.4% (n = 17)
E4 7.2% (n = 28)

a Adapted from the text of Taya et al. [49]

c(iii)

c(i) c(ii)

Fig. 18.8 (c) (i) Sagittal view showing air in the vagina 
(A). Rectovaginal fistula  =  bottom white line. Rectum 
(R); Uterus (U). (ii) 2D prone axial demonstrates a fistu-
lous tract (open black arrow) between the rectum (C = rec-

tal catheter) and the vagina (open white arrow).(iii) 2D 
close-up view showing the rectovaginal fistula. Open 
black arrow = fistulous tract; open white arrow = air in the 
vagina; C = rectal catheter

18.10  Comparison of ECFs 
and Clinical Outcomes at 
Screening and Diagnostic CTC

A recent comparative study was done to determine 
the distribution of ECFs and clinical outcomes in 
388 patients who underwent screening and diag-

nostic CTC studies [49]. The majority (262/68%) 
had screening CTC studies compared to the diag-
nostic CTC cohort (126/32%). The majority (84.%) 
had E1 and E2 ECFs as shown in Table 18.6. The 
distribution of ECFs distribution and clinical out-
comes showed there was no statistically significant 
difference between the screening and diagnostic 
CTC population (4.4%/4.0%) [49].

Key Messages

• Extracolonic findings are an integral part of a 
CTC examination and must be reported on even 
if the examination is considered non-diagnostic.
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• Although the number of ECFs are high, only a 
small percentage are of significant clinical 
importance.

• A low-dose technique without intravenous 
contrast is used.

• The most common findings include abdomi-
nal aortic aneurysm, renal carcinoma, lymph-
adenopathy, and ovarian tumours.

• Opportunistic screening for bone mineral den-
sity should be included in a CTC study.

• When a hernia containing bowel is visualised, 
it is important to determine whether it is 
reducible or whether obstruction, 
 incarceration, or strangulation has occurred 
and which bowel (large or small) is involved.

• A cluster of bubbles in a vagina may indicate 
an underlying infection or malignancy.

18.11  Summary

Detection of ECFs is an unavoidable responsibil-
ity of the radiologist or radiographer who inter-
prets the CTC images. Most ECFs are determined 
to be clinically inconsequential on CTC and most 
patients do not have further testing. A disclaimer 
should be in CTC reports, namely that the lack of 
intravenous contrast material and low-dose tech-
nique limit the evaluation of CT findings outside 
the colon. It is essential to report ECFs in poor 
quality non-diagnostic CTC studies to ensure that 
if the abnormalities are deemed to be clinically 
important this will result in further diagnostic 
studies or medical/surgical follow-up.

Acknowledgement Professor David Kim from 
Wisconsin University is thanked for providing examples 
of a femoral hernia.
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19Metabolic-Associated Fatty Liver 
Disease: Opportunistic Screening 
at CT Colonography

Joel H. Bortz

19.1  Introduction

In this chapter, the novel term metabolic- 
associated fatty liver disease (MAFLD) previ-
ously termed non-alcoholic fatty liver disease 
(NAFDL) [1, 2] is used. According to a group of 
experts, the term non-alcoholic fatty liver dis-
ease (NAFLD) does not reflect current knowl-
edge associated with fatty liver disease in terms 
of associated metabolic dysfunction [3]. They 
suggest the use of metabolic-associated fatty 
liver disease (MAFLD) as an overarching term 
to cover specific metabolic conditions in terms 
of inclusion criteria compared to the exclusion 
criteria of NAFLD. This suggested term is sup-
ported by many international patients because 
the term NAFLD is not acceptable in terms of 
their religious, cultural, and spiritual beliefs [4]. 
The use of alcoholic in the term to describe their 
clinical condition leads to them being stigma-
tised; they therefore support the suggested use 
of MAFLD [4].

The global prevalence of metabolic-associated 
fatty liver disease (MAFLD) has increased by 
25% [5, 6]. Such a prevalence could lead to a 
clinical and economic burden [7]. In radiology, 
opportunistic screening is the practice of maxi-
mum use of imaging data, unrelated to the clini-
cal indication, for risk profiling and prevention of 

relevant disease [8]. According to Pickhardt [8], 
opportunistic screening allows for early detection 
of, for example, liver fat content on unenhanced 
scan. AI-based CT tools or manual region of 
interest (ROI) assessment can be used in opportu-
nistic screening of the liver [8]. It is therefore 
important that the liver should be carefully 
assessed during screening CTC as it allows visu-
alisation of the colon as well as extracolonic 
structures [9, 10]. The examination includes visu-
alisation of the liver as an extracolonic organ; un- 
enhanced images of the liver and spleen are 
obtained. A reader can compare these two organs’ 
respective CT attenuation values (Hounsfield 
units/HU) [11]. This allows for differentiation 
and quantification of visceral and subcutaneous 
fat; liver fat (steatosis) can be accurately quanti-
fied [12]. Moderate steatosis is when unenhanced 
liver attenuation under 40  HU corresponds to 
15% proton fat fraction calculated from MRI [8]. 
In the absence of multiple blood transfusions, or 
amiodarone therapy, if the attenuation of unen-
hanced liver exceeds 75 HU then iron overload 
must be considered [8].

Steatosis used to be considered a self-limiting 
and relatively benign condition, but is now recog-
nised as a typical feature of MAFLD (formerly 
NAFLD), which may lead to non-alcoholic ste-
atohepatitis (NASH/MASH), and even cirrhosis 
[13, 14]. Figure  19.1a and b are examples of a 
normal liver and hepatic steatosis. MAFLD is an 
extracolonic finding (ECF) which needs to be J. H. Bortz (*) 
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a b

Fig. 19.1 (a) 2D axial view showing equal density 
between the liver and the spleen (normal liver HU is 65, 
spleen HU 55–65) [E1]. A aorta. (b) 2D axial view show-
ing hepatic steatosis in keeping with severe fatty infiltra-

tion as liver attenuation is 5 Hounsfield units (HU) 
whereas the spleen reading is 53HU [E3] (Image courtesy 
of Prof P Pickhardt, Wisconsin University)

reported in terms of the E-classification [9, 15]. 
The reasons for this are discussed further in this 
chapter.

The incidence of MAFLD has risen consider-
ably over the last few years. Its incidence has 
been linked to the rapid rise in the prevalence of 
obesity [16]. It is the most common disease 
affecting the liver in the United States of America 
(USA), and is the leading cause of abnormal liver 
functions [17]. The worldwide prevalence varies 
considerably between 20 and 31% in the general 
population, and up to 70% in patients with type 2 
diabetes mellitus [18, 19]. It has a strong associa-
tion with insulin resistance (IR) and hyperglycae-
mia and is thus closely linked to type 2 diabetes 
[20]. It begins initially with the intracellular 
accumulation of triglycerides resulting in a con-
dition known as hepatic steatosis [21]. The latter 
occurs when the fat content exceeds 5% of liver 
volume; it is the first recognisable stage of 
MAFLD [20]. At this stage, a patient is asymp-
tomatic. Furthermore, literature reports a high 

prevalence of MAFLD in the post-acute Covid 
syndrome [22].

MAFLD in asymptomatic patients is fre-
quently seen as an incidental finding at cross- 
sectional imaging studies [11]. Within a CTC 
context, this would be an ECF. Literature how-
ever shows an inter-related common fat thread 
between metabolic syndrome, hepatic steatosis, 
visceral fat, MAFLD, and cardiovascular disease 
(CVD) [12]. Literature also reports there is an 
association between cardiovascular risk factors 
and colorectal cancer (CRC) [23]. MAFLD is the 
leading cause of hepatocellular carcinoma (HCC) 
[5, 24]. In other words, patients with MAFLD 
have an increased risk of HCC.  According to 
Younossi et  al. [24], NAFLD [MAFLD] in the 
USA is becoming a major cause of HCC and is 
associated with shorter survival time and more 
advanced tumour stage. From 2004 to 2009 there 
was a 9% annual increase of NAFLD [MAFLD] 
HCC [24]. Literature has reported on identified 
genes in HCC induced by NAFLD/MAFLD [25].
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Hepatitis C virus (HCV) is also a common 
cause of chronic liver disease in North America 
[26]. It too leads to hepatic steatosis, which is 
present in ~50% of subjects with HCV. Hepatic 
steatosis, in most subjects, is related to the meta-
bolic syndrome, often accompanied by MAFLD.

Important acronyms, abbreviations, and terms, 
used in the literature and in this paper are pre-
sented in Table 19.1. Other abbreviations used in 
this chapter are listed below.

• ECFs: extracolonic findings
• E2: low clinical importance

• E3: moderate clinical importance
• E4: significant importance
• MRS: MR spectroscopy
• US: ultrasound
• USA: United States of America
• WHO: World Health Organisation

19.2  Importance of Reporting 
MAFLD Seen at CTC: 
E-Classification

Zalis et al. [15] recommended reporting extraco-
lonic findings (ECFs) in terms of their clinical 
importance, namely

• low importance: low clinical importance thus 
no immediate impact on patient management 
(E2)

• moderate importance: usually benign but may 
require further work-up (E3)

• significant importance/medically important 
(E4).

Table 19.2 shows E1 to E4 classification. 
Until recently, fatty liver was considered a com-
mon finding without a potential risk [13]. Some 
authors mention the importance of life style 
modification for fatty liver as an ECF [27, 28]. It 
is now considered to be of clinical importance 
[10]. Professor D Kim (personal communica-
tion, June 2017) stated that some radiologists 
may classify it as E2 (low clinical importance), 
and others as E3 (moderate clinical importance). 
A revised classification of ECFs is a work in 
progress and should be published within the next 
few months.

Table 19.1 Important acronyms, abbreviations and 
terms

ALT Alanine aminotransferase
AST Aspartate aminotransferase
CC Cryptogenic cirrhosis: end stage of 

chronic liver disease
CTC Computed tomographic colonography 

(a.k.a. virtual colonoscopy, CT 
pneumocolon)

CVD Cardiovascular disease
GGT Gamma-glutamyltransferase
Hepatic 
steatosis

Fat content exceeds 5% of liver 
volume

HCC Hepatocellular carcinoma
HCV Hepatitis C virus
HU Hounsfield unit
IR Insulin resistance
Metabolic 
syndrome

Risk factor that arises from IR together 
with abnormal adipose deposition and 
function

MAFLD Overarching term for all fatty liver 
disease, metabolic dysfunction

NAFLD Non-alcoholic fatty liver disease
NASH Non-alcoholic steatohepatitis
ROI Region of interest
Steatosis Build-up of fat within the liver
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Table 19.2 E classificationa

E1 Not of clinical importance
Normal examination or anatomic variant

No extracolonic abnormalities visible
Anatomic variant, for example, retro-aortic left renal vein

E2 Low clinical importance
Clinically unimportant findings

No work-up indicated, for example
   • Liver, kidney: simple cysts
   • Non-obstructing renal stones
   • Non-obstructing gall stones
   • Gallbladder: cholelithiasis without cholecystitis
   • Vertebra: haemangioma
   • Arterial calcification
   • Calcified granuloma
   • Uncomplicated hernias (inguinal, hiatal, femoral, enterocoele)
   • Various skeletal abnormalities
   • Adrenal adenomas
   • Renal calculi
   • Lipoma
   • Uterine fibroids

E3 Moderate clinical importance
Likely unimportant finding and likely to 
be benign. Incompletely characterised
NB: In nearly all cases of asymptomatic 
patients, these lesions prove to be benign

Further work-up may be indicated
   •  Kidney: minimally complex or homogeneously hyper-attenuating cyst
   • Complicated renal cysts
   • Prominent adnexal lesions in women
   • Indeterminate pulmonary nodules
   • Indeterminate liver lesions
   •  MAFLD (metabolic- associated fatty liver disease): formerly NAFLD 

(non- alcoholic fatty liver disease)
   • Pleural effusions
   • Cardiomegaly
   • Splenomegaly
   • Complicated hiatus hernia

E4 High clinical importance
Potentially important finding. 
Communicate to referring physician as 
per accepted practice guidelines
NB: Appendicitis, diverticulitis, 
pancreatitis, irreducible inguinal hernia, 
pneumothorax, pneumoperitoneum must 
be communicated to the referring 
physician/ health practitioner

• Kidney: solid renal mass
• Liver masses
• Lymphadenopathy ≥10 mm
• Vasculature: aortic aneurysms >50 mm
• Lung: non- uniformly calcified pulmonary nodule ≥10 mm
• Irreducible inguinal hernia containing large bowel

a Adapted from Zalis et al. [15]. See also Bortz [9, 10]

19.3  MAFLD and Non-alcoholic 
Steatohepatitis (NASH)

MAFLD is the most common cause of chronic 
liver disease in the general population. It occurs 
when >5% of hepatocytes are infiltrated by tri-
glycerides in the absence of an alcohol history, as 
well as without any other causes of liver disease. 
It is a slowly progressive disease ranging from 
simple steatosis through to inflammation with 
hepatocyte ballooning and necrosis to variable 
degrees of fibrosis, ultimately leading to cirrhosis 
and an increased risk of HCC [29].

NASH (non-alcoholic steatohepatitis), which is 
based on exclusion criteria, is the more advanced 

form of the disease. The term NASH refers to 
advanced liver disease that histologically mimics 
alcoholic steatohepatitis in patients without a his-
tory of excessive alcohol consumption whereas 
metabolic-associated steatohepatitis (MASH) is 
based on inclusion criteria [1]. Hence, NASH/
MASH is the combination of fat in the liver associ-
ated with inflammatory changes, which in turn 
cause a higher risk of cardiovascular disease 
(CVD) and mortality [30]. The next stage is when 
hepatic inflammation occurs and is defined as the 
presence of hepatic steatosis and inflammation 
with hepatocyte injury (ballooning) with or with-
out fibrosis [18]. Its prevalence in the general pop-
ulation is estimated at 3–5%. Patients with NASH 
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[MASH] are at a much higher risk of developing 
significant and progressive liver fibrosis, cirrhosis, 
and hepatocellular carcinoma [31].

The prevalence of MAFLD is linked to IR and 
is closely associated with the rising incidence of 
obesity and type 2 diabetes. Up to 95% of obese 
patients, and 75% of diabetics, are likely to have 
MAFLD [32]. It is a marker of pathologic ectopic 
fat accumulation combined with a low-grade 
inflammatory state [33].

19.4  Metabolic Syndrome

A combination of signs and symptoms together 
represent a syndrome. Metabolic syndrome is a 
risk factor that arises from IR together with 
abnormal adipose deposition and function. It 
increases risk of heart disease, stroke, and dia-
betes [34]. The ATP III (American Treatment 
Panel) clinical definition of metabolic syn-
drome [18] requires three or more of the fea-
tures in Table 19.3. Patients with this syndrome 
are four times more likely to have MAFLD 
than those who do not have the disease [19]. 
Those who have it have an approximate dou-
bling of cardiovascular (CV) mortality risk 
[35]. Patients with MAFLD/NAFLD have been 
shown to be at increased risk of CVD, and it 
also contributes to accelerated atherogenesis 
[30]. It is estimated that 10% of patients with 
this fatty liver disease develop liver-related 
complications [5].

19.4.1  Clinical Outcomes 
of Metabolic Syndrome

CVD [36] is the primary clinical outcome of this 
syndrome. Most people with the syndrome have 
IR.  This in turn results in an increased risk of 
type 2 diabetes. When a patient is diabetic, CVD 
risk rises sharply. In addition to CVD and type 2 
diabetes, patients with the syndrome are suscep-
tible to the following.

• Polycystic ovary syndrome in women
• Fatty liver
• Cholesterol gallstones
• Asthma
• Sleep disturbance

In addition to the ATP III guidelines in 
Table 19.3, other organisations include different 
and additional criteria. The World Health 
Organisation (WHO) [37] includes: (1) IR which 
is required for diagnosis, (2) risk factors from 
high blood pressure, and (3) raised triglycerides, 
low HDL, increased body mass index (BMI), and 
microalbuminuria (urinary albumin excretion 
rate 20  μg  min−1 or albumin creatinine ratio 
30  mg G−1). The WHO underscores that early 
management of patients may have a significant 
impact on prevention of both diabetes and 
CVD.  The syndrome can be present for up to 
10  years before detection of glycaemic 
disorders.

19.5  Cryptogenic Cirrhosis

Cryptogenic cirrhosis (CC) has a 5% prevalence 
rate and is the end stage of a chronic liver dis-
ease; the cause of it remains unknown [38]. 
Common causes of cirrhosis of the liver include: 
hepatitis A, B, and C; autoimmune hepatitis; 
toxin exposure; vascular and biliary diseases; and 
chronic alcohol abuse. In recent years, the pres-
ence of MAFLD/NASH and its progression to 
fibrosis and cirrhosis has been added as a cause. 
Metabolic causes (e.g., metabolic syndrome, 
MAFLD and NASH, type 2 diabetes, and obe-

Table 19.3 Metabolic syndrome features

•  Waist circumference: >102 cm (40.2 inch) in men 
or >88 cm (34.6 inch) in women

•  Triglyceride level 150 mgm/dL (8.2 mmol/L) or 
greater

•  High density lipoprotein (HDL): <40 mgm/dL 
(1.036 mmol/L) in men or <50 mgm/dL 
(1.295 mmol/L) in women

•  Blood pressure: systolic 130 mmHg or greater or 
diastolic 85 mmHg or greater

•  Fasting blood sugar level 110 mgm/dL 
(6.1 mmol/L) or greater
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Table 19.4 Amount of beer, spirits, and wine in terms of 
same alcohol content

Type of drink Amount
Beer or wine cooler (about 5% 
alcohol)

12 oz. (340 mL)

Table wine (about 7% alcohol) 5 oz. (147 mL)
Distilled spirits (about 40% 
alcohol); for example, a shot of 
whisky, brandy.

1.5 oz. (44 mL)

Fig. 19.2 2D axial view shows cirrhosis of liver [E3]. 
White arrow shows lobular margin of liver. A  =  aorta 
showing calcification

sity) have also become important. They have 
been increasingly identified with CC compared 
with other causes [39]. Figure 19.2 shows cirrho-
sis of the liver.

19.6  NAFLD in Terms of Alcohol 
Consumption

Diagnosis of NAFLD should only be made in 
people who consume no or only modest amounts 
of alcohol: exclusion criterion. Excessive alco-
hol consumption is ≥30 g per day for men and 
≥20 g per day for women [5]. A history of alco-
holism or alcohol abuse refers to a weekly intake 
of >21 drinks for males, and >14 drinks for 
females [21]. For the average person, without 
health problems, modest drinking will cause no 
harm. However, if there are health problems 
present, alcohol may aggravate these, even in 
small amounts. It is important to define what is 
meant by a ‘standard drink’. It is 14 g of pure 
alcohol. Beer contains about 5% alcohol, but this 
may vary and reach up to 10%. One standard 
drink of beer is 12  oz. (340  mL). On average, 
there is about 7% alcohol in table wine, but may 
exceed 17%: a standard drink is 5 oz. (147 mL), 
and there are five standard drinks in a 25  oz. 
(735  mL) bottle. A standard drink of 80-proof 

spirits (40% alcohol) is 1.5 oz. (44 mL) [40]. The 
bottom line is that one 12 oz. (340 mL) beer has 
as much alcohol as 1.5  oz. (44  mL) shot of 
whisky or 5  oz. (147  mL) glass of wine (see 
Table 19.4) [41].

19.7  Diagnosis of MAFLD

The diagnosis of MAFLD is made by imaging 
studies, as well as biochemical testing, and finally 
by liver biopsy, which is regarded as the ‘gold 
standard’. The latter is however not commonly 
performed because of its invasive nature with a 
risk of bleeding and tearing of the liver paren-
chyma. Of the imaging studies, ultrasound (US) 
is the commonest screening test. It is cheap and 
non-invasive. Its disadvantages are being opera-
tor dependent and results are variable. It can only 
detect steatosis when >30% of the liver is 
affected. Figure  19.3a and b are examples of a 
normal liver and a fatty liver US scans. It is how-
ever recommended as the first-line investigation 
to confirm the presence of a fatty liver [42].

CT scanning is frequently employed in gastro-
enterology practice for a variety of symptoms and 
signs. Diagnosis of MAFLD is easily made on CT 
screening, and screening CTC examinations, by 
noticing fat within the liver parenchyma. The liver 
density is ‘darker’ than normal, and its overall 
density is less than the spleen (Figure 19.4a–e).

At CT and CTC, measurement of the HU 
reading of the liver is an accurate method and 
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a b

Fig. 19.3 (a) Normal liver (white arrow) ultrasound scan 
showing common bile duct (black arrow). (b) Bright echo 
pattern (red arrow) in keeping with fatty infiltration of the 

liver. White open arrow  =  RK. (Courtesy of Prof P 
Pickhardt, Wisconsin University)

highly specific for assessing fatty liver infiltra-
tion. The HU reading of a healthy liver is between 
60 and 65. When fatty infiltration occurs, the 
liver becomes ‘darker’ on the scan; the HU value 
then drops to approximately 45. It is this infiltra-
tion that increases in extent when the HU value 
drops from 45 and often reaches 20–30 HU or 
less. Figure 19.5a–g show a range of HU values 
of the liver. This indicates moderate-to-severe 
hepatic steatosis: at least 30% of the liver has 
been replaced by fat. Pickhardt et al. [43]. proved 
in their study that the use of unenhanced liver CT 
attenuation measurements were accurate and pre-
cise for quantification of steatosis. An attenuation 
value of 45 HU or less was 100% specific for the 
biopsy proven moderate-to-severe steatosis [21]. 
Moderate steatosis, as stated in 19.1, is when 
unenhanced liver attenuation under 40HU corre-
sponds to 15% proton fat fraction calculated from 
MRI [8]. In the absence of multiple blood trans-
fusions, or amiodarone therapy, if the attenuation 
of unenhanced liver exceeds 75HU then iron 
overload must be considered [8].

19.7.1  Measuring Attenuation 
Values: Liver and Spleen

It is useful to compare the ROI (region of inter-
est) of the spleen when measuring the HU of the 
liver to assess for fatty filtration. Normal reading 
of the spleen is usually between 55 and 65 HU, 
which is very similar to a normal liver reading. 
With fatty infiltration of the liver, the HU 
decreases but the splenic HU remains the same 
(Figure 19.6a and b).

Using the ROI tool, a HU reading is obtained of 
the right lobe of the liver, which is far lower than 
the splenic HU reading. HU reading of 45 or less 
is diagnostic of fatty liver infiltration of the liver. 
The lower the reading, the more severe the fatty 
infiltration. MR spectroscopy (MRS) has excellent 
sensitivity in detecting and accurately quantifying 
hepatic steatosis. Inflammation  and/or NASH can 
be detected by CT or MRS. Biochemical testing 
has drawbacks. Up to 70% of MAFLD patients 
may have normal liver enzymes [44].
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a b

c d

e

Fig. 19.4 (a) 2D axial view showing equal density 
between the liver and the spleen (normal liver HU is 65, 
spleen HU 55–65). A  =  aorta [E1]. (b) 2D axial view 
shows liver is darker then the spleen [E3]. (c) 2D axial 

view shows liver is darker than the spleen [E3]. A = aorta. 
(d) 2D axial view shows liver darker than spleen [E3]. (e) 
2D axial view of the patient in Fig. 19.4d using liver set-
ting [E3]
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Fig. 19.5 (a) 2D axial view showing HU 43 in ROI right 
lower lobe (RLL) of liver. A = aorta [E3]. (b) 2D axial 
view showing HU 37 in ROI RLL of liver. 1 = left lobe of 
liver (LLL); 2  =  falciform ligament; 3  =  gallbladder; 
4 = inferior vena cava (IVC); Yellow arrow = crus of right 

diaphragm; A = aorta [E3]. (c) 2D axial view showing HU 
29 in ROI RLL of liver [E3]. (d) 2D axial view showing 
HU 21 in ROI. Note vessel prominence in liver. Compared 
to the spleen the liver is ‘darker’. A = aorta; S = stomach 
[E3]. 

a b

c d
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a b

Fig. 19.6 (a) ROI reading HU 59 for both the liver and the spleen [E1]. (b) ROI reading liver is 29 HU [E3]

e

g

f

Fig. 19.5 (e) 2D axial view showing HU 18 in ROI. Liver 
is darker compared to the spleen (yellow arrow). A = aorta; 
LLL = left lobe of liver; S = stomach [E3]. (f) 2D axial 

view showing HU 16  in ROI [E3]. (g) 2D axial view 
showing HU 8 in ROI [E3]
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19.8  Serum Liver Enzyme Tests

ALT (alanine transaminase) and AST (aspartate 
transaminase) are the two performed tests for liver 
enzymes to assess fatty infiltration. In the early 
stages of MAFLD, only mildly abnormal liver 
enzymes are the clue pointing to the disease. ALT is 
the best single test to correlate with hepatic steato-
sis. It can however not distinguish between varying 
stages of NASH. It can be normal in chronic liver 
disease [45, 46]. When AST levels are elevated, this 
is more in favour of an alcohol aetiology.

Gamma-glutamyl transferase (GGT) is a blood 
test, which is also used to determine if there is dis-
ease in the liver or bile-ducts. It is usually per-
formed in conjunction with other tests (e.g., AST, 
ALT, and bilirubin). An elevated GGT level sug-
gests there is damage to the liver from a variety of 
conditions: cardiovascular disease, hypertension, 
or certain types of drugs, for example. It is espe-
cially useful when alcohol may be a factor in causes 
of liver disease because it is usually elevated. It is 
elevated in 75% of patients who are chronic drink-
ers. It can be used to monitor patients who are in 
rehabilitation. There is a significant association 
between increased GGT and cardiovascular (CV) 
mortality in a 12 -year follow-up period [47].

19.9  Fatty Sparing in the Liver

A fatty liver as an ECF may in some patients 
show parts of the organ that have an absence of 
increased intracellular hepatic fat. It is important 
to take HU readings if this is noted. Figure 19.7 
shows fatty sparing. Literature underscores that 
nodular fatty sparing may, in error, be interpreted 
as a mass [48–50]. On an US examination, fatty 
sparing is hypoechoic or isoechoic [50].

19.10  How to Distinguish MAFLD 
from Alcoholic Liver Disease

In MAFLD, the usual biochemical pattern is that 
of an increased level of transaminases. Up to 3% 
of the general population may have elevated ALT 
[51]. ALT levels are higher than that of 
AST. When alcohol is the cause of fatty infiltra-
tion of the liver, the AST rises higher than ALT, 
resulting in a ratio of AST: ALT >1.5. Alcohol 
may also increase the HDL cholesterol as well as 
the triglycerides.

19.11  Main Points of MAFLD 
Diagnosis and Patient 
Management

MAFLD is now considered a potential risk which 
could require patient management. As evident in 
Table 19.5 there are several recommendations for 
management of MAFLD.

19.11.1  Who Should Inform Patients 
with MAFLD of Its Potential 
Risks?

Plumb et al. [52] recommend in their compara-
tive study of patients’ experiences of CTC and 
colonoscopy that patients should be informed of 
their CTC results, and whether additional tests 
may be needed. Studies on patients’ perceptions 
and experiences of CTC examinations under-
score the need to provide them with feedback 

Fig. 19.7 2D axial view. Yellow circle = an area that is 
‘brighter’ than the rest of the liver. This is focal fatty spar-
ing as the HU was 16. ROI shows HU of 8. RK = right 
kidney; LK = left kidney; Yellow arrows = right and left 
renal veins; P = pancreas; A = aorta [E3]
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Table 19.5 MAFLDa

Diagnosis Detection of liver steatosis (histology, 
non-invasive biomarkers)
In addition, at least one of three 
criteria: obesity, type 2 diabetes 
mellitus, clinical evident of metabolic 
dysfunction (e.g. ↑ waist 
circumference and abnormal lipid or 
glycaemic profile)
Imaging study (e.g. US, CT) with 
evidence of fatty content

Management The following are recommended
   •  Change in lifestyle and exercise, 

reduce dietary fat intake
   •  Metabolic risk management (e.g. 

hypertension and dyslipidaemia)
   • Pioglitazone, vitamin E

a Adapted from text of Eslam et al. [1]

[52, 53]. The author personally informs patients 
with MAFLD seen at screening CTC of its 
potential risks so that they can then discuss 
future management with their physicians [10]. 
Literature underscores that colonic findings and 
ECFs must be reported on [10, 28, 50]; hence, 
the reporting template in Chap. 21 includes 
MAFLD.

Key Messages
• 70% of patients with MAFLD may have nor-

mal liver enzymes.
• Ultrasound can only detect steatosis when 

>30% of the liver is affected.
• Liver attenuation in steatosis is always lower 

than the HU of spleen.
• Magnetic resonance spectroscopy (MRS) has 

excellent sensitivity in both detecting and 
accurately quantifying hepatic steatosis.

• Liver biopsy remains the gold standard for 
diagnosing MAFLD, staging the degree of 
MASH, and assessing histological fibrosis.

• Increased incidence of adverse CV events in 
patients with MAFLD compared to the gen-
eral population.

• MAFLD is characterised by an atherogenic 
lipid profile, namely
 – High triglyceride (TG) levels.
 – Low high-density lipoprotein (HDL) 

levels.

 – An increased level of low-density lipopro-
tein (LDL).

 – Increased very low-density lipoprotein 
(VLDL) particles.

 – Increase levels of lipoprotein B100 
concentration.

• MAFLD diagnosis includes elevated serum 
liver enzymes (ALT, AST, GGT)

• Cryptogenic cirrhosis is the end stage of a 
chronic liver disease.

• MAFDL may induce HCC.
• Fatty sparing may be present.

19.12  Summary

In recent years, the presence of MAFLD in 
asymptomatic individuals has increased signifi-
cantly, especially in those who are obese or have 
type 2 diabetes. While most will remain asymp-
tomatic in the presence of MAFLD, a small per-
centage will progress to non-alcoholic 
steatohepatitis (NASH), and, with inflammatory 
and necrotic changes will then progress to cirrho-
sis, and finally hepatocellular carcinoma.

The diagnosis of MAFLD at CTC is easily 
made on unenhanced abdominal CT scans. The 
ROI tool is placed over the right lobe of the liver 
to measure the HU readings. The liver normally 
has a HU value of approximately 60. MAFLD is 
diagnosed when the value drops below 45 HU; 
lower readings mean more fatty infiltration in the 
liver. MAFLD liver is an ECF of moderate clini-
cal importance (E3), but some radiologists clas-
sify it as E2 (low clinical importance).

Acknowledgements Prof PJ Pickhardt, Wisconsin 
University for the NAFLD hepatic steatosis image, and 
the NAFLD [MAFLD] ultrasound scan.
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20CTC for Incomplete and Failed 
Colonoscopy Cases

Joel H. Bortz

20.1  Introduction

Colorectal cancer (CRC) is a leading cause of 
death worldwide [1]. Over the past few years, 
colon cancer has been diagnosed in younger 
adults [2–7]. The American Cancer Society [6], 
as well as the US Preventive Services Task Force 
[7], recommend CRC screening should com-
mence at age 45 years and not at age 50 years. 
Screening begins at age 40 years if there is a fam-
ily history of CRC. Both computed tomography 
colonoscopy (CTC) and optical colonoscopy 
(OC) are used in screening of patients; OC is 
used for therapeutic and diagnostic procedures. 
There are a range of reasons for an incomplete or 
failed OC [8, 9]. The 2020 guideline update of 
the European Society of Gastrointestinal 
Endoscopy (ESGE) and the European Society of 
Gastrointestinal and Abdominal Radiology 
(ESGAR) includes CTC and colon capsule 
endoscopy (CCE) as alternative imaging proce-
dures in incomplete or failed OC [10]. Double 
contrast barium enema (DCBE) is not listed in 
current literature [9, 10] thus will not be dis-
cussed in this chapter (see also Chap. 1). The 
focus of this chapter is the role of CTC and its 
advantages compared to CCE.  Reasons for 
incomplete or failed OC are provided. CTC 

images are presented to illustrate some of these 
reasons.

The following abbreviations are used in this 
chapter.

• CCE: colon capsule endoscopy
• CRC: colorectal cancer
• DCBE: double contrast barium enema
• ECFs: extracolonic findings
• ESGAR: European Society of Gastrointestinal 

and Abdominal Radiology
• ESGE: European Society of Gastrointestinal 

Endoscopy
• 3D: three-dimensional
• 2D: two-dimensional
• OC: optical colonoscopy

20.2  Colon Capsule Endoscopy (CCE)

Spada et  al. [11] compared CCE and CTC in 
patients with incomplete colonoscopy (IC). They 
concluded that the two tools were of comparable 
efficacy in terms of colon evaluation. Patients 
who had undergone an OC and a CCE study indi-
cated they preferred the latter [12]. A disadvan-
tage of CCE is its battery life; video compression 
could be a possible solution [13]. It is not feasible 
to visualise organs and structures outside of the 
colon in a CCE procedure. In terms of the respec-
tive average costs of CCE and CTC, the latter is 
almost half that of CCE [14].J. H. Bortz (*) 
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20.3  Reasons for Incomplete 
and Failed Optical 
Colonoscopy

Reasons for incomplete or failed OC: operator 
factors (e.g., endoscopists’ experience, caecal 
intubation rate); patient factors (e.g., inadequate 
bowel preparation, low body mass index); techni-
cal factors (e.g., diverticular disease, previous 
surgery, previous radiotherapy in the pelvis 
region) [9]; and anatomic factors. The latter 
include tortuous or exceedingly long colon, loop-
ing of the colon especially in the sigmoid colon, 
acute flexure angle, and fixation of colon loops 
[9]. According to CTC literature, predictive fac-
tors on incomplete OC include total colon length, 
number of flexures, and advanced diverticular 
disease [15, 16].

20.4  Advantages of CTC

CTC is a fast, safe, socially distanced, minimally 
invasive, low-dose examination which does not 
require sedation [10, 17–21]. A CT scanner with 
special software produces a reconstruction of the 
carbon dioxide (CO2) filled colon. The software 
produces two-dimensional (2D) images and 
three-dimensional (3D) endoluminal views [18, 
20, 21]. The software allows video viewing of a 
3D virtual fly-through of the colon from the rec-

tum to the caecum (retrograde navigation) and 
back to the rectum (antegrade navigation). This 
process takes approximately 2  min to perform; 
one is able to stop the fly-through at any stage for 
careful scrutiny of any part of the colon that may 
have a lesion [22]. In a routine supine and prone 
CTC examination, a virtual fly-through is per-
formed four times.

The software also has a tool to produce a 3D 
surface-rendered image (colon-map) of the 
entire colon as shown in Fig. 20.1a–c. The soft-
ware generates an automated centreline for 
endoluminal navigation. The automated cen-
treline may be used for in vivo length measure-
ments. Figure  20.1d, e shows an automated 
green line.

Redundancy of colon segments is a reason for 
incomplete or failed OC [9, 15, 23]. Examples of 
redundant segments of the colon at CTC are pre-
sented in Fig. 20.1f, g. Figure 20.1h shows redun-
dancy and an acute flexural fold. Examples of 
colon pathologies seen at CTC are presented in 
Fig. 20.1i–n.

Another advantage of a CTC is that a scan 
covers the entire abdomen from the lung bases to 
below the pelvis allowing for visualisation of 
extracolonic organs and structures [24–28]. It is 
not feasible to visualise organs and structures 
outside of the colon in CCE and OC. Examples of 
extracolonic findings (ECFs) at CTC are pre-
sented in Fig. 20.2a–f.

J. H. Bortz
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a b

c d

Fig. 20.1 (a) 3D surface-rendered image (colon-map) 
showing sigmoid in a normal appearing colon. (b) An 
oblique colon-map showing an ischaemic stricture (black 
arrow). (c) Colon-map showing extensive diverticular dis-

ease involving the sigmoid and distal descending colon 
(white circle). The rest of the colon is normal. (d) Normal 
colon-map with automated centreline (green line) which 
allows for measurement of length of the colon. 
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e f

g h

Fig. 20.1 (e) Colon-map with green centreline. Red dot in 
the caecum indicates the site of a lesion observed in the 
CTC fly-through. (f) Grossly redundant transverse colon 
(TC) with loops lying low in the pelvis. (g) Colon-map 
showing a grossly redundant sigmoid colon (SC), and nor-

mal descending colon (DC), transverse colon (TC), and 
ascending colon (white arrow). R rectum. (h) Colon-map 
showing an acute flexural fold (white arrow) and 
redundancy. 
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i j

k l

m n

Fig. 20.1 (i) Colon-map of left lateral decubitus with the 
patient slightly oblique. Red arrow indicates stricture in 
sigmoid colon due to previous attacks of diverticulitis. R 
rectum, TC transverse colon, AC ascending colon, C cae-
cum. (j) 2D left lateral decubitus view of patient in (i). 
Sigmoid colon (red square). Thickening of colon with mul-
tiple diverticula throughout the sigmoid colon (red arrows). 

Yellow arrow = presence of an intramural sinus tract which 
indicates a linear collection of fluid within the thickened 
wall. (k) 3D of annular carcinoma in the sigmoid colon. (l) 
2D axial view of patient in (k). Red hexagon = ‘apple-core’ 
appearance of underlying cancer. (m) 3D showing mass at 
CTC. (n) 2D coronal view of patient in (m). A = enlarged 
mesenteric nodes. B = mass in jejunum
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a b

c d

e f

Fig. 20.2 (a) Axial 2D view showing 5.3 cm abdominal 
aortic aneurysm. Scattered calcification in wall of aorta 
(red arrows). The aneurysm constitutes an urgent referral 
for a stenting procedure. (b) 2D sagittal view showing 
large mass (red arrows) anterior to spleen and left kidney 
with partial calcification of wall. Adenocarcinoma of the 
pancreas proven on biopsy. (c) 2D axial view showing 
cyst lower pole of right kidney. An incidental finding of no 

clinical importance. (d) 2D axial view showing multiple 
gallstones containing air (red square). There is no evi-
dence of cholecystitis. (e) 2D axial view showing umbili-
cal hernia (green and white arrows) filled with fat. An 
incidental finding. (f) 2D axial view showing destruction 
of posterior margin of the vertebral body (red circle). An 
important finding indicating metastasis
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20.5  Incomplete Optical 
Colonoscopy: Role 
of Radiology Imaging

Literature underscores that CTC should be per-
formed on patients with incomplete OC [9, 29–
33]. The percentage of incomplete OC studies is 
reported to range from 0.4 to 15% [34, 35]. The 
ESGE and ESGAR 2020 guideline includes CTC 
in incomplete OC; DCBE as an imaging alterna-
tive to colonoscopy is not included [10]. The 
guideline does not list DCBE as an imaging alter-
native to colonoscopy. The diagnostic performance 
of CTC in symptomatic and asymptomatic patients 
for the detection of CRC and large polyps is simi-
lar to OC and superior to barium enema thus the 
latter examination should be discouraged [3].

ESGE and ESGAR [10] recommend a same 
day or next day CTC for incomplete OC. A same 
day CTC requires tagging of any residual stool 

and fluid. A patient is given 250 mL of 2% bar-
ium and 50 mL of non-ionic iohexol (Omnipaque) 
to drink when fully recovered after incomplete 
OC.  On average, it takes 3–4  h for the tagging 
agents to reach the colon. Before insufflation of 
CO2 commences a pre-procedure low-dose CT 
scan is performed to exclude the possibility of an 
OC caused colonic perforation [10]. Examples of 
colonic perforation in a patient referred for CTC 
following an incomplete OC are shown in 
Fig. 20.3a, b.

If free air is visualised, a CTC is not per-
formed: the referring gastroenterologist is 
informed of this complication. If a CTC is to 
be performed the next day, then the patient is 
kept on fluids only overnight and the tag-
ging agents are taken orally that night. If free 
air has been excluded on the pre-procedure CT 
scan, a CTC examination is performed the next 
day.

a b

Fig. 20.3 (a) 2D CTC coronal image shows extensive 
gas (red arrows) extending along the sigmoid mesentery 
and superiorly along the retroperitoneal fascial planes. 
Incomplete optical colonoscopy earlier on the same day 

was difficult and included sigmoid polypectomy. (b) 2D 
sagittal view of patient in (a). Red arrows show extralumi-
nal gas extending along the sigmoid mesentery and supe-
riorly along the retroperitoneal fascial planes
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Key Messages
• All cases of incomplete or failed OC must be 

completed by CTC or CCE.
• CCE is more expensive than CTC.
• CCE has a difficult and prolonged bowel 

cleansing procedure.
• CCE cannot visualise extracolonic pathology.
• Reasons for failed or incomplete OC include 

diverticular disease, long bowel loops, acute 
flexure angle.

• Essential to exclude OC caused perforation 
referred for CTC following an incomplete or 
failed OC.

20.6  Summary

CTC is recommended in the literature as the 
imaging alternative in patients with incomplete 
and failed OC.  Collaboration between radiolo-
gists and gastroenterologists is therefore impor-
tant for optimal management and imaging of 
incomplete colonoscopy patients.
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21Good Practice Reporting in CTC

Joel H. Bortz

21.1  Introduction

A reader should check both intracolonic and 
extracolonic structures when reporting on a CT 
colonography (CTC) study. A successful CTC 
examination means that the colon was well pre-
pared and adequately distended for full visualisa-
tion of the six segments of the colon. Two views 
are usually required, but additional views may be 
necessary. The report must cover all aspects of 
the study. The use of a template ensures all 
required information is reported. CTC interpreta-
tion uses a combination of a 3D-2D approach in 
which 3D is the most important. A screening 
CTC examination does not require administra-
tion of intravenous (IV) contrast. It is indicated 
when there is a known colonic or extracolonic 
malignancy; non-ionic agents should be used. As 
discussed in Chap. 8 some centres may adminis-
ter an antispasmolytic, hyoscine-N-butylbromide 
(Buscopan), for example, provided there are no 

contraindications for its use. Glucagon is not 
used because it is expensive, not effective, and it 
has side-effects.

If a study is non-diagnostic due to poor qual-
ity, it is essential to report on extracolonic find-
ings (ECFs). Figure  21.1(i–iii) shows examples 
of a non-diagnostic study due to excessive stool 
in the colon. There were multiple areas of large 
amounts of residual stool because the patient did 
not follow the bowel preparation steps correctly. 
The CTC was rescheduled. However, it is essen-
tial to report on any ECFs even if a patient is 
rescheduled for a repeat CTC.  The following 
abbreviations are used in this chapter.

• AI: artificial intelligence
• CAD: computer-aided diagnosis
• IVC: ileocaecal valve
• ECFs: extracolonic findings
• FOV: field of view
• HU: Hounsfield unit
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(i) (ii)

(iii)

Fig. 21.1 (i) 3D view showing stool (arrows). (ii) 2D view showing stool (arrows). (iii) TD view showing stool (arrows)

21.2  Reading and Interpretation 
Requirements

Accurate reading and interpretation of CTC stud-
ies should be done by a radiologist, or an appro-
priately trained radiographer. Readers of CTC 
studies should be familiar with normal colon 
anatomy and variants, such as the different 
appearances of the ileocaecal valve (ICV). 
Figure  21.2a–e depicts variations of ICVs (see 
Chap. 11 for more examples).

It is important to be able to distinguish resid-
ual stool from polyps. Potential pitfalls should be 

recognised (see Chap. 12). Reading and interpre-
tation requires knowledge of the various patholo-
gies that occur within the colon wall, as well as 
ECFs (see Chaps. 18, 19, and 20). How to mea-
sure polyps is discussed in Chap. 14, as are the 
different sizes of polyps, and polyp subsets.

In 2005, the C-Rads-CT colonography report-
ing and data system was introduced for reporting 
both asymptomatic screening studies and diag-
nostic studies. Suggested feature descriptors for 
polyps and masses are presented in Table  21.1 
[1]. In terms of Table  21.1, the following is 
important.
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a b

c d

e(i) e(ii)

Fig. 21.2 (a) Bulbous ICV (arrows). (b) Bulbous (polyp-
oidal) ICV (arrows). (c) Vulval type ICV (arrows). (d) 
Partially patent ICV (arrow). (e) (i) 3D endoluminal 

supine view showing ICV (arrows). (ii) 3D endoluminal 
prone view of the same patient shows change of shape of 
the ICV (arrows)

21 Good Practice Reporting in CTC
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Table 21.1 Suggested feature descriptors for polyps and 
massesa

Size (mm) Always measure the largest diameter 
in the correct plane, i.e. axial, sagittal 
or coronal plane

Morphology 
(form/shape)

Refers to the type of polyp present, 
namely, sessile, pedunculated, flat or 
carpet lesion

Location Polyps may be present in any part of 
the colon and may be single or 
multiple. The colon is divided into six 
segments for CTC as discussed in 
Chap. 11: rectum, sigmoid colon, 
descending colon, transverse colon, 
ascending colon, and caecum

Attenuation Refers to the density of the lesion 
being investigated

a Adapted from [1]. Zalis et al. CT colonography reporting 
and data system: a consensus proposal. Radiology 2005; 
236 (1):3–9. [https://doi.org/10.1148/radiol.2361041926]

• Measurement of polyps
• An extremely accurate measurement of a 

polyp is required. For example, a variation of 
1–2 mm may convert a normal CTC study into 
an optical colonoscopy (OC) rather than a 
3-year surveillance programme if, for exam-
ple, a 9 mm polyp is measured incorrectly.

• Size of polyps
 – Polyps may be divided into: diminutive 

polyps ≤5  mm; small polyps ≥6–9  mm; 
large polyps ≥10  mm (advanced 
adenoma).

 – A study is considered to be positive when a 
polyp size is ≥6 mm.

 – All polyps ≥10 mm are removed via opti-
cal colonoscopy.

• Morphology: the type of polyp found
 – Sessile: A broad base of attachment to the 

colonic mucosa.
 – Pedunculated: It consists of a head and 

stalk; only the head of the polyp is mea-
sured and not the length of the stalk.

 – Flat polyp: A flat lesion usually raised 
about 3 mm above the colonic mucosa; it is 
often identified on CTC by having a barium 
coating on the surface as a result of 
tagging.

 – Carpet lesion: A laterally spreading super-
ficial tumour occurring mainly in the cae-
cum and rectum.

• Location
 – A polyp may occur in any segment of the 

colon and may be multiple.
• Attenuation: Polyps and tumours measured in 

Hounsfield units (HU) to indicate the density 
of a lesion
 – HUs vary between polyps, tumours, air, 

water, and bone and show an increase in 
value following iv contrast enhancement 
[2, 3]. As an example, the HU value of air 
is −1000, water is 0  HU, dense bone is 
+2000 HU, and metal is +3000 HU.

 – Polyp HU values will change from pre- 
enhancement value to post-enhancement 
value [3]; unenhanced polyp 30 ± 15 HU 
and post-enhancement 90 ± 18 HU [3].

 – Colorectal cancers: Pre-enhancement 
43  ±  15  HU and post-enhancement 
124 ± 18 HU [3].

 – Solid faecal residue: 43 ± 15 HU [3].

The reporting and data system created a com-
mon language for CTC studies. It is similar to 
BI-RADS (breast imaging reporting and data 
system) that has been successfully used for mam-
mography reporting. The C-Rads system pro-
vides consistency of reports between individuals 
and institutions. An advantage of the system is 
that it allows valid comparisons of CTC data in 
clinical and research settings. Knowledge of defi-
nitions of polyps and colonic masses, for exam-
ple, is necessary to use the C-Rads system. 
Chapter 14 presents a detailed discussion of pol-
yps including definitions.

21.3  Interpretation Tools  
for CTC

A combination of a 3D-2D approach is used for 
CTC interpretation; 3D is the most important. 
Software is required to transition easily between 
3D and 2D viewing for detection and measure-
ment of polyps, other polypoidal pathology, and 
internal haemorrhoids. CAD (computer-aided 
diagnosis) may also be used [4, 5]. Artificial 
intelligence (AI) can also be used for polyp diag-
nosis [6] (see Chap. 25).
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The author has used V3D Viatronix (Stony 
Brook, New York) since 2000. It is currently the 
only CTC software in the USA with FDA 
approval. Viatronix tools allow the following.

• Segmentation and creation of 3D model
• Bookmarking
• Tracking 3D mucosal coverage
• Translucency rendering (i.e., a semi- 

transparent view in different colours beneath 
the surface): stool and polyp

• Measurement
• Volume measurement
• Electronic cleansing

These tools allow a user to segment out the 
colorectum to create the 3D model and fly- 
through. An automated centre-line allows a 
reader to focus on polyp detection without having 
to manually produce such a line. Even if there is 
a break in the colonic outline, the centre-line is 
present in the next section. The current software 
now allows for a field of view (FOV) of 120° 
which gives more coverage; a single fly-through 
from rectum to caecum may cover up to 90% of 
the colon lumen. A 90° FOV required four fly- 
throughs. The 120° FOV only requires two fly- 
throughs due to increased visualisation.

As described in Chap. 10 when the supine and 
prone scanned images have been obtained they 
are then checked. The scanned images are sent to 
PACS as well as to the Viatronix workstation 
(Fig. 21.3a). It is at this stage that a 3D model for 
the fly-through has to be created. A full air col-
umn outlining the colon may be obtained in a 
substantial number of scans. This requires access-
ing all the scanned supine and prone data. Some 

cases may present with discontinuity in the colon. 
Figure  21.3b(i–vi) shows breaks in the colon. 
Breaks in colon distension may be the result of (i) 
incomplete distension of a segment of colon or 
(ii) a column of fluid in a portion of the colon, 
which does not allow the CO2 to pass through. 
These breaks usually occur in the hepatic flexure 
region as well as the sigmoid colon as demon-
strated in Chap. 10.

In a small percentage of patients, reflux of 
CO2 into the terminal ileum may occur, and in 
some patients it may track all the way up to the 
stomach (see Fig.  21.3c(i)). These areas are 
excluded from the colon-map view in the auto-
matic centre-line creation; this results in a 3D 
map view of the colon only as shown in 
Fig. 21.3c(ii).

When a polyp is detected manual navigation is 
possible by holding down the left button on the 
mouse in order to navigate fully around the polyp. 
The Viatronix software includes a bookmarking 
tool. When a polyp is detected, its position may 
be bookmarked on the colon-map with a red dot 
as evident in Fig. 21.3d. This allows for a quick 
review of the scan. It is best to describe a polyp’s 
location according to the six segments of the 
colon (rectum; sigmoid colon; descending colon; 
transverse colon; ascending colon; caecum). 
Although the centre-line measurement from the 
anorectal region to the caecum is accurate, it sel-
dom corresponds to colonoscopic measurements. 
This is because at optical colonoscopy the bowel 
is pushed and pulled to advance the colonoscope 
forward, whereas at CTC no interference with the 
bowel occurs. Measurement of polyps is covered 
in detail in Chap. 14. It is essential to address 
ECFs in the report as underscored in Chap. 18.
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Fig. 21.3 (a) Viatronix V3D workstation showing 
images of a patient and icons. A 3D image must always be 
in the centre when we commence viewing. Right side 
shows 2D views (axial at the top; sagittal in the middle; 
and coronal at the bottom). Each 2D view can be viewed 
separately clicking the icon. Top left image shows a 
colon-map with automated green centreline. Below it is a 
2D perpendicular view of the 3D image in the centre. The 

icons at the centre of the screen below the 3D images are 
used, for example, for direction of flow and speed. (Image 
courtesy of Viatronix, Stony Brook, New  York). (b) (i) 
Supine with four breaks. R rectum; DC descending colon; 
TC transverse colon; AC ascending colon; C caecum. (ii) 
Prone view shows a break in proximal TC and gap in 
bowel. This is fully covered in the supine in (i); therefore, 
the study is complete. 

a

b(i) b(ii)
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b(iii) b(iv)

b(v) b(vi)

Fig. 21.3 (iii) Supine two breaks. R rectum; SC sigmoid 
colon; DC descending colon; TC transverse colon; C cae-
cum. (iv) Prone showing entire colon distended. R rec-
tum; DC descending colon; TC transverse colon; AC 
ascending colon; C caecum. (v) Gap proximal transverse 

colon in LLD view. C caecum; AC ascending colon; TC 
transverse colon; DC descending colon; R rectum. (vi) 
Gap proximal transverse colon covered in RLD view thus 
study complete. C caecum; AC ascending colon; TC trans-
verse colon; R rectum. 
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d

c(i) c(ii)

Fig. 21.3 (c) (i) Reflux of CO2 into the stomach (S). TC 
transverse colon; SB small bowel; C caecum; R rectum. 
(ii) Complete colon-map after automatic removal of stom-
ach and small bowel by Viatronix software. R rectum; SC 

sigmoid colon; DC descending colon; TC transverse 
colon; AC ascending colon; C caecum. (d) Colon-map 
showing two red dots indicating the site of lesions (open 
white arrows)
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21.4  Role of Artificial Intelligence 
in CTC

A limitation of CTC is that a reader is not able to 
differentiate benign and malignant lesions. Over 
the past few years, the role of AI in imaging has 
been underscored. Literature reports on the role 
of AI (machine learning/deep learning) in CTC 
for polyp detection (e.g., sessile, pedunculated, 
and serrated polyps), differentiation (benign and 
premalignant), and size of polyps [6–12]. A 

detailed discussion of AI and machine learning in 
imaging is presented in Chap. 25.

21.5  Dictation Template

A dictation template (proforma report) should be 
used to ensure that all aspects of the CTC study 
are recorded and reported. Medical terminology 
and patient-centred concepts must be used in all 
CTC and extracolonic findings reports. Table 21.2 

Table 21.2 Dictation template

Patient’s name:
Date:
Name of referring physician:
Indications    • Routine CRC screening

   • Diagnostic study, for example, bleeding or change in bowel habit
   • Study following incomplete OC

Technique For example, the day before the examination the patient undergoes bowel preparation consisting 
of oral magnesium citrate, 2% barium sulphate, and iohexol. A 16-slice GE scanner is used; 
automated CO2 insufflation via the rectum is performed; low-dose supine and prone CT images 
are obtained without iv contrast. Images are sent to the Viatronix V3D workstation for combined 
2D-3D evaluation of the colon and rectum for polyps

Contrast media If applicable state type and amount administered.
   • Adverse reactions must be reported

Antispasmolytic If applicable state type and amount administered.
   • Adverse reactions must be reported

Ionising 
radiation dosage

Dosage
For example: two sequences—typical CTDlvol = 2 mGy; total exam DLP = 215.70 mGy-cm.
Note: In some countries, it is mandatory to provide patient dose report. Recommend always 
include in the CTC report

Findings Colon
   (a) Comment on quality of bowel preparation (e.g., presence of stool)
   (b) Comment on degree of distension
   (c) Comment on presence or absence of diverticular disease
   (d)  Comment on presence of small polyps (6–9 mm) and large polyps (≥ 10 mm). Provide 

accurate measurements
   (e) Describe location of polyp
   (f) Describe morphology of polyp (sessile, flat, pedunculated).
Add disclaimer: Note that CTC is not intended for detection of diminutive polyps (≤ 5 mm), the 
presence of absence of which will not change the clinical management of the patient.
Extracolonic
Tabulate the most significant findings; comment on any additional workup needed.
MAFLDa: Comment if noted and recommend that the patient should be informed of options to 
minimise potential risks.
Add disclaimer: Note that extracolonic evaluation is limited by the low-dose CT technique and 
lack of IV contrast
Opportunistic BMD screeningb

State HU values of lumbar vertebra. Include HU ranges for normal BMD, osteopenia, and 
osteoporosis

a See Chap. 19
b See Chap. 18

21 Good Practice Reporting in CTC



310

is a recommended dictation/pro forma reporting 
template.

21.6  Clinical Audit

The focus of a CTC report is quality of patient 
care in terms of management and treatment. The 
importance of structured imaging reporting is 
underscored in the literature [13–16]. The Royal 
College of Radiologists provides recommended 
standards of reporting of imaging studies [17]. 
The data in a CTC report should be subjected to 
regular clinical audits in terms of preselected 
standards in order to improve patient care quality, 
experience, and outcomes and to implement 
change based on the results of an audit. The 2021 
joint guidance for CTC standards of practice of 
the British Society of Gastrointestinal and 
Abdominal Radiology (BSGAR) and The Royal 
College of Radiology includes accuracy of 
reporting polyps and other pathology in terms of 
recommended minimum standards and aspira-
tional targets [18]. The principles of clinical audit 
are presented in Chap. 27.

Key Messages
• A CTC report must include both intracolonic 

and extracolonic findings (ECFs).
• A CTC report should include a dose report.
• A CTC report must include two disclaimers in 

terms of detection of diminutive polyps, and 
evaluation of ECFs, respectively.

• CTC interpretation uses a combination of a 
3D-2D approach.

• If applicable, a CTC report must include use 
of intravenous contrast.

• If applicable, a CTC report must include use 
of antispasmolytic.

• If applicable a CTC report must include 
metabolic- associated fatty liver disease.

• A CTC report should include opportunistic 
screening HU values.

• A CTC report should provide information in 
terms of best practice and standards in terms 
of auditable outcomes.

• The language of a CTC report should include 
patient-centred concepts.

21.7  Summary

The size, morphology (form/shape), and location 
of lesions in the colon must be reported. 
Extracolonic findings (ECFs) must be included in 
the report, with a disclaimer that evaluation of 
ECFs is limited by the low-dose CT technique 
and lack of intravenous contrast. The report must 
include a disclaimer that CTC is not intended for 
detection of diminutive polyps (≤5  mm), the 
presence or absence of which will not change the 
clinical management of the patient. The report 
should include opportunistic screening HU 
values.

Acknowledgements Viatronix V3D workstation image 
courtesy of Viatronix, Stony Brook, New York.
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22The Role of Ultrasound 
and Magnetic Resonance Imaging 
in the Evaluation of Colon Cancer

Kalpesh Mody

22.1  Introduction

Imaging has a crucial role in all aspects of the 
management of colorectal neoplasms; namely 
screening, diagnosis, staging, and surveillance. 
Accurate and reproducible imaging is essential 
to determine the appropriate course of clinical 
management. Current staging of colorectal can-
cer (CRC) utilises the tumour, nodes, metasta-
ses (TNM) staging system which analyses 
tumour extension into the bowel wall and sur-
rounding tissue (T-stage), nodal involvement 
(N-stage), and the presence of distant metasta-
ses (M-stage) (see Chap. 15). CT colonography 
(CTC) has replaced barium enema as the first 
line alternative imaging modality to colonos-
copy [1, 2]. In this chapter, the role of ultra-
sound and MRI is discussed as alternative 
imaging techniques for screening, diagnosis, 
and staging of CRC.  New fields of research 
which may further refine the accuracy and 
importance of the imaging modalities are also 
discussed; particularly with the advent of artifi-
cial intelligence (AI) and the potential impact 
thereof.

The following abbreviations are used in this 
chapter.

• 2D: two-dimensional
• 3D: three-dimensional
• AI: artificial intelligence
• BLMRC: bright lumen MR colonography
• CEUS: contrast-enhanced ultrasonography
• CRC: colorectal cancer
• CTC: computed tomography colonography 

(aka virtual colonoscopy)
• EUS: endoscopic ultrasonography
• DL: deep learning
• DLMRC: dark lumen MR colonography
• FOV: field of view
• MRC: MR colonography
• MRE: MR elastography
• MRF: mesorectal fascia
• MRS: MR spectroscopy
• TNM: tumour, nodes, metastases
• TRUS: transrectal ultrasound
• USE: ultrasound elastography

22.2  Ultrasound

Two categories of ultrasound imaging are avail-
able for the management of CRC: transabdominal, 
and endoscopic ultrasonography (EUS). The for-
mer is not used for direct evaluation of colorectal 
neoplasms due to artefact from bowel gas shadow-
ing and limited depth of imaging. It is, however, of 
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value in the detection of visceral lesions, abdom-
ino-pelvic fluid, and lymphadenopathy which are 
markers for metastatic disease.

EUS involves the introduction of an ultra-
sound probe into a hollow organ such as the 
gastro- intestinal tract. This allows for direct visu-
alisation of the lesions, as well for assessment of 
the depth of invasion. Transrectal ultrasound 
(TRUS), as a form of EUS, provides an alterna-
tive modality in imaging of rectal tumours. It uti-
lises a high frequency (6–16  MHz) radial 
endoscopic ultrasound probe which provides a 
360° field of view (FOV) with a 2–5  cm focal 
length [3]. TRUS provides high-resolution detail 
of tumour infiltration of the rectal wall, making it 
the best imaging modality for staging of early 
rectal carcinoma, particularly if confined to the 
rectal wall [1, 3–7]. When using TRUS for assess-
ment of the depth of tumour infiltration through 
the layers of the rectal wall, studies have shown 
accuracies of between 70 and 95% [6].

TRUS also allows for assessment for local 
nodal involvement by evaluating the morphology 
of the adjacent nodes [1, 2]. This however has 
proven less reliable with accuracies of 70–75% 
[6]. As with all imaging modalities, there are 
advantages and disadvantages.

Advantages [4]

• Lack of ionising radiation.
• Less expensive.
• Shorter examination time.
• Allows for simultaneous imaging and biopsy.

Disadvantages

• Highly operator dependent.
• Stenotic lesions may limit passage of the 

probe and inhibit accurate imaging (use of 
micro probes may alleviate this) [3].

• Limited accuracy in evaluation of upper rectal 
lesions.

• Does not evaluate the remainder of the colon 
or for metastatic or distant nodal involvement 
[4].

• May overestimate tumour infiltration in the 
presence of concomitant inflammation [3, 4] 

and may not be able to depict involvement of 
the mesorectal fascia (MRF) [2, 6].

More recent advancements in EUS include 
the development of a forward-viewing radial 
echoendoscope which allows for ultrasono-
graphic evaluation of the entire colon [6]. The 
role of contrast-enhanced ultrasonography 
(CEUS), ultrasound elastography (USE) as well 
as three- dimensional (3D) EUS is still being 
evaluated, with initial data showing promise par-
ticularly in the distinction between adenomas 
and adenocarcinoma. USE may be able to distin-
guish between benign and malignant neoplasms 
as well as lymphadenopathy based on tissue 
stiffness [6, 8].

CEUS utilises perfusion quantification to indi-
rectly demonstrate important tumour biologic 
features including tumour grading and microves-
sel density. Due to the complexity, variability, 
and limited reproducibility of the measurements 
as well as no standard technical approach being 
established, CEUS is not currently recommended 
for routine clinical practice [8].

22.3  Magnetic Resonance 
Imaging, MR Colonography, 
and MRI Rectum

Magnetic resonance imaging (MRI) of the colon 
can be broadly divided into MR colonography 
(MRC) and dedicated rectal MRI. As an alterna-
tive imaging technique for screening, diagnosis, 
and staging of CRC, MRI has several advantages 
and disadvantages.

• Advantages.
 – Lack of ionising radiation.
 – Greater anatomical detail with clearer 

delineation of tumour infiltration into the 
layers of the bowel wall and beyond.

• Disadvantages of MRI.
 – Cost factor, particularly as a screening tool.
 – Limited availability.
 – Time required for imaging far greater than 

CT.
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Table 22.1 MRI request checklist

Patient information. Please indicate Yes 
or No

Yes No

Does the patient have a cardiac 
pacemaker?
Does the patient have a neurostimulator?
Does the patient have a hearing aid?
Does the patient have any metallic 
orthopaedic hardware?
Does the patient have any prosthesis (e.g. 
breast, eye)?
Does the patient have false teeth, crowns, 
or other dental work?
Does the patient have impaired renal 
function?
Does the patient have any allergies? If 
YES, please list
Has the patient had previous neurosurgery 
or cardiac surgery?
If YES, give details
Has the patient had previous MRI scan/s?
Is the patient pregnant?
Is the patient claustrophobic?

Table 22.2 Indications for MRCa

MRC: indications    • Incomplete colonoscopy
   • Colorectal cancer screening
   • Inflammatory bowel disease
   • Diverticulitis

a Adapted from [10]

 – Imaging artefacts, particularly due to 
motion, breathing, etc., may significantly 
affect imaging quality.

 – Impact of patient factors, such as claustro-
phobia and noise intolerance which may 
limit or prevent imaging.

In addition, patients for MRI also require 
extensive screening for metallic objects prior to 
entering the imaging room. Apart from the poten-
tial displacement of the object, of concern is the 
heat that will be generated by non-compatible 
metallic objects due to the magnetic field which 
will result in obvious patient discomfort and even 
severe burns. Also of concern is that metallic 
prostheses, even MRI compatible ones, create 
significant artefact which may obscure portions 
of the FOV. Table 22.1 is an example of a check-
list for screening patients prior to MRI.

Whilst there has been significant progress in 
the development of higher field strength MRI 
scanners, studies have shown that there is no sig-
nificant difference in image quality or detection 
of polyps greater than 6 mm in size between 1.5T 
and 3T machines [2, 6, 7]. Research into this 

aspect of MR imaging is however continuing 
with refinement of both software and hardware.

It is also important to remember that although 
many recently produced metallic prostheses are 
now considered MRI-safe, this compatibility 
may be dependent upon the field strength of the 
MRI scanner [9]. Objects which are deemed to be 
MRI-safe for imaging with a 1.5T scanner but 
may have questionable MRI-safety at 3T imaging 
include dental braces, cardiac metallic stents, 
sternal wires, aneurysm clips, etc. [9]. 
Compatibility of these prostheses and implants 
must be established with the manufacturer prior 
to imaging.

22.3.1  MR Colonography

Table 22.2 presents the indications for MRC. Two 
different technical approaches are used in MRC 
based primarily on the endoluminal contrast 
agent administered: bright lumen MRC 
(BLMRC), and dark lumen MRC (DLMRC).

• BLMRC
• A gadolinium chelate-spiked enema is instilled 

into the colon with dual positioning also used. 
To assess the progress of colonic filling, a 
non-section-selective gradient echo (GRE) 
sequence is used which provides sequential 
images of the bowel [10].

• For diagnostic imaging, a 3D T1-weighted 
spoiled GRE sequence is used with imaging in 
both prone and supine positions [10].

• With BLMRC, polyps and neoplasms are 
depicted as filling defects against a hyperin-
tense background. The extracolonic tissues 
are suppressed and therefore only the contrast- 
filled bowel loops stand out. Image acquisi-
tion is rapid, with the study taking 
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approximately 20  min. However, due to the 
hyperintense signal of the enema adminis-
tered, intravenous (IV) contrast cannot be 
used to identify lesions as the enhancement 
would be masked. In addition, faecal material 
and air bubbles may also be mistaken for pol-
yps as they also appear as filling defects [10].

• DLMRC
DLMRC requires administration of a nega-

tive agent such as water, air, or carbon dioxide 
via a rectal insufflation device. Air or carbon 
dioxide (CO2) are more frequently used than 
water due to a better safety profile. Bowel dis-
tension is monitored using either half-Fourier 
acquisition single-shot turbo spin echo 
(HASTE) or true fast imaging with steady- state 
precession sequences [10]. DLMRC requires 
the administration of an IV contrast agent to 
distinguish polyps or neoplasms from adherent 
stool. Polyps and neoplasms should demon-
strate post-contrast enhancement unlike adher-
ent stool. In addition, the use of iv contrast also 
allows for assessment of the extracolonic struc-
tures and abdominal viscera, which are not sup-
pressed as in BLMRC. Given the greater degree 
of information obtained via DLMRC in a single 
study as compared to BLMRC, the former has 
become the favoured imaging technique in 
recent times [10]. It is however important to 
remember that the use of iv contrast material in 
DLMRC incurs additional risks such as ana-
phylaxis and nephrogenic systemic fibrosis, a 
potentially fatal complication in the setting of 
renal failure.

As in CTC, optimal bowel preparation [10] is 
essential for MRC, particularly for detection of 
polyps and screening for early neoplasms. The 
protocols currently being used are similar to 
those of CTC (see Chap. 9). The suitability of 
stool tagging in MRC is still under investigation 
but appears promising. As in CTC, maximal 
bowel distension is essential to improve the 
diagnostic accuracy of MRC. Depending on the 
imaging technique used, contrast agent, gas or 
emulsions are introduced via a rectal catheter. In 
addition, dual positioning (supine and prone) is 

used to optimise distension and to displace 
residual faecal material. Antispasmodic agents, 
such as butylscopolamine (Buscopan) or gluca-
gon, may be administered to alleviate discom-
fort and reduce motion artefact from bowel 
peristalsis. However, Buscopan is not available 
in certain countries such as the United States of 
America (USA), and the use of glucagon may 
induce reflux through the ileocecal valve which 
will affect colonic distension [10].

22.3.2  Rectal MRI

Rectal MRI involves limited imaging of the pel-
vis utilising multiplanar fine-slice imaging to 
depict the pelvic structures. In the primary (pre- 
treatment) staging, rectal MRI is useful in the fol-
lowing circumstances.

• Identifying patients suitable for neoadjuvant 
chemoradiotherapy.

• Surgical planning.
• Identifying factors for prognostication.

In the work-up of patients with rectal carci-
noma, there are five prognostic factors that must 
be identified [11].

 1. Depth of tumour infiltration beyond the mus-
cularis propria.

 2. Nodal status.
 3. Extramural vascular infiltration.
 4. Involvement of the circumferential resection 

margin.
 5. Presence of peritoneal perforation or involve-

ment of the puborectalis sling in low rectal 
tumours.

MRI of the rectum provides accurate depic-
tion of mural invasion by the tumour as well as 
possible extension beyond the muscularis layer 
up to the mesorectal fascia (T-staging). Studies 
have shown a significant increase in the rate of 
tumour recurrence in lesions with extension of 
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more than 5 mm into the mesorectal adipose tis-
sue [11, 12]. Furthermore, tumour involvement 
of MRF is also an important prognostic factor in 
determining the correct course of therapy and for 
evaluating the risk of tumour recurrence [5, 11, 
13]. Therefore, it is essential to ensure that the 
images produced are acquired in the appropriate 
plane to ensure the most accurate measurements 
possible [14]. In particular, the axial images must 
be obtained perpendicular to the long axis of the 
rectum to accurately depict tumour extension 
into the mesorectal adipose tissue and MRF 
involvement. In addition to the T-staging, MRI 
can also identify infiltration of the neurovascular 
bundles by the tumour, as well as possible nodal 
spread.

The standard MRI protocol, as recommended 
by the Magnetic Resonance Imaging and Rectal 
Cancer European Equivalence (MERCURY) 
group [15] includes the following.

• 2D FSE T2-weighted high-resolution 
sequences obtained in oblique axial (perpen-
dicular to tumour), sagittal (longitudinal to 
tumour), and oblique coronal (parallel to the 
anal canal) planes with a small FOV and no fat 
suppression.

• FSE T2-weighted images without fat suppres-
sion in the axial plane of the pelvis with a 
wide FOV.

Localised high-resolution images of the 
tumour provide anatomic detail for local staging, 
and the wide-FOV images are used for nodal 
evaluation within the pelvis [15]. T1-weighted 
imaging with a wide FOV is not routinely per-
formed but may be useful in assessment of bone 
changes as well as for evaluation of mucinous 
tumours.

The advantage of MRI of the pelvis, particu-
larly in view of the lack of ionising radiation and 
contrast administration, is that studies can be 
repeated at short intervals to monitor patient 
progress on chemoradiotherapy as well as for 
tumour recurrence following resection. 
Figure  22.1a shows multiplanar MR images of 

the pelvis in a patient with rectal carcinoma. 
Figure 22.1b shows MR images of the liver in a 
patient with metastatic rectal carcinoma.

Apart from the basic sequences described 
above, there is no current agreement on the opti-
mal imaging technique for rectal cancer staging 
particularly with regard to the use of surface 
phased array and endoluminal coils and endolu-
minal contrast agents. The newer pelvic multi-
channel surface coils provide higher spatial 
resolution and signal-to-noise ratio as well as a 
larger FOV [7]. Endorectal coils provide greater 
spatial resolution and detail of the rectal wall. 
However the limited FOV, need for a patent rectal 
lumen, and significant patient discomfort, means 
that phased array surface coils are preferred as 
they address the shortcomings of endorectal coils 
without significant loss of anatomical resolution 
[1, 2, 5].

Current consensus indicates that the adminis-
tration of iv gadolinium-based contrast does not 
add significantly to the accuracy of primary 
tumour staging and therefore does not justify the 
added cost, imaging time and risk of NSF and 
contrast allergy [5, 13, 14]. Antispasmodic agents 
such as Buscopan may reduce motion artefact 
and improve image quality [15]. However, the 
use of such agents is not currently considered as 
routine practice.

Endorectal filling with either positive or 
negative contrast is also not routinely per-
formed as the alteration of the rectal anatomy 
may distort the accuracy of tumour staging 
[15]. Diffusion- weighted imaging has also 
shown promise in identification of the primary 
tumour as well as possible nodal involvement 
[5, 7, 14]. In addition, some studies have high-
lighted the possibility of determining tumour 
response using the apparent diffusion coeffi-
cient (ADC) value [7, 8]. Further research is 
however required to refine the technique and 
improve reliability.

MRI is also useful in the evaluation of tumour 
response and potential local recurrence. Rectal 
MRI is able to do the following in terms of 
assessing tumour response.
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a(i) a(ii)

a(iii) a(iv)

b(i) b(ii)

Fig. 22.1 (a) (i) Axial T2-weighted image demonstrating 
tumour extension to the mesorectal fascia. (ii) Axial 
T2-weighted image depicting mesorectal adenopathy. (iii) 
Sagittal T2-weighted image demonstrating tumour exten-
sion into the mesorectal tissue posteriorly. (iv) Sagittal 
T2-weighted image demonstrating tumour extension 

beyond the rectal wall. (b) (i) Coronal T2 HASTE image 
demonstrating a metastatic deposit in the left lobe of the 
liver. (ii) Axial T1 VIBE image obtained 20 min following 
administration of Primovist IV contrast. The metastatic 
deposit in the left lobe of the liver is further delineated
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• Evaluate tumour regression.
• Assess mucin response in mucinous carcinomas.
• Detect complete clinical response.
• Tailor surgical planning.
• Where the non-surgical approach has been 

taken, rectal MRI is essential for monitoring.

In restaging MRI, it is crucial to try to distin-
guish between fibrosis and residual tumour. 
Whereas tumour should demonstrate intermedi-
ate signal intensity, fibrotic change should dem-
onstrate low signal intensity on all sequences 
[15]. Diffusion-weighted imaging has shown 
value in differentiating between the two entities, 
with tumour and fibrosis showing high and low 
signal intensity, respectively, on high b-value 
sequences. However, in the presence of scarring 
and significant fibrosis, this distinction is not 
always easily appreciated [7]. In assessing for 
local recurrence, contrast-enhanced MRI has 
shown value for distinction between tumour and 
post-treatment change [15]. The below are fea-
tures of concern.

• Increase in size
• Intense and heterogeneous enhancement
• Invasive behaviour
• Asymmetric appearance

22.4  Comparison of the Accuracy 
of Imaging Modalities 
in TNM Staging of Colon 
Cancer

Table 22.3 shows the comparative accuracy in 
percentages of TRUS, MRI, CT, and CTC in 
TNM staging.

22.5  Advancements in MR 
Imaging of CRC

MR elastography (MRE) is predominantly used 
in the characterisation of hepatic lesions rather 
than for primary tumour evaluation [8]. Virtual 
colonoscopy (CTC) utilising MRC provides two- 
dimensional (2D) and 3D imaging of the colon 
following bowel distension [8]. Use of MRC has 
generally been limited in clinical practice, with 
CTC being preferred. CTC is also limited due to 
poor sensitivity for lesions that are flat or less 
than 5 mm in size [8].

MR volumetry is useful in the calculation of 
tumour burden and monitoring of response. 
Studies have shown that tumour volume reduc-
tion is a superior predictor of pathologic response 
than tumour size according to response evalua-
tion criteria in solid tumours (RECIST) [8]. 
However, distinction between residual tumour 
and fibrotic change on the T2-weighted images 
used for volumetry is difficult, therefore limiting 
the accuracy of the volumetric assessment [8].

Magnetisation transfer MR imaging is an 
evolving field of MRI. It looks at the difference in 
magnetisation interaction of free water and 
molecularly bound protons [8]. Theoretically, 
magnetisation transfer would be higher in fibrotic 
tissue which should allow for distinction between 
residual tumour and fibrosis. Magnetisation 
transfer assessment may also be of value in dis-
tinguishing between good and poor responders 
following oncologic therapy [8].

MR spectroscopy (MRS) provides informa-
tion of the metabolic composition of lesions, 
with tumours demonstrating choline and lipid 
peaks which, respectively, are indicators of high 
cellularity and tumour necrosis. Currently, MRS 
is limited in clinical use particularly due to the 
difficulty in obtaining diagnostic images as a 
result of peristalsis, spectral contamination, lim-
ited spatial resolution, magnetic field distortion, 
etc. [8].

Tumours, in particular malignant lesions, 
demonstrate significant heterogeneity which is 
not accurately reflected in single modality mea-

Table 22.3 Comparative accuracy of TRUS, CT, CTC, 
and MRIa

Modality T-stage N-stage
TRUS [3] 80–95% 70–75%
CT, MRI [3] 75–85% 55–65%
CTC [10] 73–83% 59–71%

a Adapted from [3, 13]
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surements. The relevance of multiparametric 
imaging has been explored to provide a more 
accurate analysis of the disease status [8]. 
Measurement of tumour metabolism and perfu-
sion, for example, may provide important infor-
mation for potential tumour biologic 
characterisation as well as possible predictors 
of prognosis and response to therapy. For exam-
ple, studies have shown that tumours with 
highly increased perfusion and FDG uptake fre-
quently demonstrate higher stages histopatho-
logically [8].

22.6  Evolving Role of Artificial 
Intelligence (AI) in Imaging 
of CRC

Until recently, the standard method of tumour 
characterisation, and assessment has been a fairly 
qualitative and semi-quantitative visual assess-
ment of the modalities available by a radiologist 
[16, 17]. This however is open to significant sub-
jectivity due to equipment performance, patient 
factors, experience of the reporting radiologist, 
and inter- and intra-observer reliability [16, 17]. 
Current research into the use of AI hopes to pro-
vide a more accurate and objective assessment of 
tumour characteristics, staging and potential 
prognostication. Methods of AI that are currently 
being used in CRC imaging include radiomics, 
and deep learning (DL). Radiomics, by utilising 
various computer algorithms, converts images 
into mineable data and thereafter allows for the 
extraction of investigator-defined quantitative 
parameters to provide a more detailed analysis 
of  tumour heterogeneity [16, 18]. Radiomic 
determination is a multistep process involving 
image acquisition, segmentation, and feature 
extraction [16, 17]. Radiogenomics as a further 
development attempts to show a relationship 
between quantitative imaging features and gene 
expression patterns, particularly the K-ras gene 
mutation status in CRC [8, 16]. It is important to 
note that radiomics and radiogenomics are not 
equivalent [8]. DL is a more recent advancement 
in AI; it avoids the step of extracting manually 

designed features by utilising a self-learning 
algorithm based on useful representations of 
images [17, 18].

In addition to providing greater clarity on the 
heterogeneity of the primary tumour, AI-assisted 
imaging has shown promise in the distinction 
between benign and malignant lymphadenopathy 
[18]. Furthermore with the advent of a ‘watch 
and wait’ approach being explored following 
chemoradiotherapy, AI-assisted MR imaging has 
shown the potential to predict complete clinical 
response as well as the identification of possible 
tumour recurrence [16].

At this stage, however, the clinical utilisation 
of AI-assisted imaging is limited due to several 
factors, including the variations in imaging hard-
ware, techniques, and protocols. Several different 
algorithmic models exist in the radiomic-DL pro-
gramming with no standardisation of protocol, 
data pooling, and insufficient analysis to identify 
the more proficient choices. Further research is 
needed to evaluate the added value in comparison 
with current methods, the cost-effectiveness of 
their implementation and the clinical impact 
thereof [16].

Key Messages
• Abdominal ultrasonography is performed for 

detection of visceral metastatic disease, 
abdomino-pelvic fluid and lymphadenopathy.

• Patients for MRI require extensive screening 
for metallic objects prior to entering the imag-
ing room.

• Optimal bowel preparation is essential for 
MRC, particularly for detection of polyps and 
screening for early neoplasms.

• MRI of the rectum provides accurate depic-
tion of mural invasion by the tumour as well as 
possible extension beyond the muscularis 
layer up to the mesorectal fascia (MRF) 
(T-staging).

• MRI of the rectum is of value in the primary 
staging of rectal carcinoma as well as in the 
evaluation of tumour response and determina-
tion of tumour recurrence.

• Accuracy of tumour burden evaluation is dif-
ficult in the post-treatment patient due to the 
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change in tumour characteristics as well as the 
presence of fibrosis.

• Advancements in MRI, particularly with 
regard to volumetry and magnetisation trans-
fer imaging have shown promise particularly 
in distinguishing between residual tumour 
and fibrotic change in the post-treatment 
patient.

• AI has shown promise in providing greater 
accuracy in the characterisation, staging, and 
potential prognostication of CRC.  Further 
research is however required to assess the pos-
sible impact in the clinical diagnosis and man-
agement of CRC.

22.7  Summary

In this chapter, we discuss the suitability, advan-
tages, and disadvantages of ultrasonography and 
MR imaging in the staging, restaging, and sur-
veillance of CRC. TRUS is most useful in early 
stage lesions for evaluation of depth of infiltra-
tion of the rectal wall but limited in terms of 
detection of pathologic lymphadenopathy and 
MRF involvement. CTC is preferred to MRC in 
clinical use. Rectal MRI provides the best pos-
sible imaging for local staging of rectal carci-
noma and has shown value in post-treatment and 
surveillance imaging. Advancements in MRI 
have also shown promise in providing more 
accurate assessment of tumour burden particu-
larly in the post-treatment stage and assessment 
of recurrence.

AI as a further evolution in the imaging of 
CRC has shown promise in providing more accu-
rate tumour characterisation and staging as well 
as identifying features for prognostication. 
Additional research is however required to assess 
the clinical impact thereof.
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23Role of Nuclear Medicine 
in the Evaluation of Colon Cancer

Fozy Peer

23.1  Introduction

Imaging has a crucial role in all aspects of the 
approach to colorectal neoplasms; namely 
screening, diagnosis, staging, and surveillance. 
Colorectal cancer (CRC) is the third most com-
mon cancer in the world and is the second lead-
ing cause of death from cancer [1]. Accurate and 
reproducible imaging is necessary to determine 
the appropriate course of clinical management. 
As discussed in Chap. 15 current staging of CRC 
utilises the TNM staging system which analyses 
tumour extension into the bowel wall and sur-
rounding tissue (T-stage), nodal involvement 
(N-stage), and the presence of distant metastases 
(M-stage). CTC has replaced barium enema as 
the first line alternative imaging modality to colo-
noscopy [2, 3]. The use of radiomics in artificial 
intelligence (AI) has proved valuable in the effec-
tiveness of treatment by predicting response to 
treatment in CRC patients [1]. In this chapter, 
nuclear medicine imaging using PET-CT, in 
terms of its role as an imaging technique for 
screening, diagnosis, and staging of CRC, is 
discussed.

23.2  Nuclear Medicine Imaging 
in Colon Cancer

Nuclear medicine imaging differs from other 
imaging modalities in that diagnostic tests pri-
marily show physiological function as opposed to 
traditional anatomical imaging. It is generally 
more organ- or tissue-specific than those in con-
ventional radiology imaging. Its imaging proce-
dures employ the use of radiotracers called 
radiopharmaceuticals, which are medical formu-
lations containing radioisotopes for the imaging 
of organ function and disease states; hence map-
ping physiological function and metabolic activ-
ity and thereby giving more specific information 
about the organ’s function/dysfunction [4].

Radioisotopes decay with the emission of 
electromagnetic radiation, that is, gamma, 
X-radiation, or positrons. The annihilation of a 
positron with an electron generates two gamma 
rays of 511 KeV almost immediately after the 
emission of the positron. This radiation has a 
high penetrating power and is absorbed only to a 
limited extent by tissues. The gamma radiation 
emitted after the administration of a diagnostic 
radiopharmaceutical in the body of a patient may 
be detected outside the body using a positron 
emission tomography (PET) scanner. With the 
aid of computer programmes, this information is 
converted into scintigraphic images showing the 
distribution of the radioactive compound in a 
patient’s body. If the radiopharmaceutical is 
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taken up by pathological tissue or organ to a dif-
ferent extent than by healthy tissues, the scinti-
graphic image shows the localisation and status 
of a particular disease, such as a tumour, metasta-
sis, or infection. The images can also allow the 
evaluation of, for example, the functional status 
of an organ, the density of receptors at a particu-
lar site, or the levels of metabolism in some tis-
sues [5]. The rate of decay of a radioisotope is 
known as the half-life and is peculiar to that 
radioisotope. For example, the half-life of 
Flourine-18 is 110 min.

PET scans may be used to image the whole 
body based on certain cellular receptors or func-
tions. Where PET scans are superimposed on 
images from modalities such as computed tomog-
raphy (CT) or magnetic resonance imaging 
(MRI), using software or hybrid cameras it is 
referred to as image fusion, for example, 
PET-CT. When compared to PET imaging alone, 
the fusion imaging technique offers improved 
anatomic localisation of disease and increased 
certainty in image interpretation [6].

Change in bowel habits, abdominal pain, and 
blood in the stool are some of the clinical presen-
tations of colon cancer. Patients with advanced 
stage cancers may present with subtle symptoms 
[6]. Many colon carcinomas arise from adeno-
mas, but not all adenomas result in carcinomas 
[6]. Chapter 15 deals with colon cancer and the 
adenoma-carcinoma sequence. The diagnosis 
and management of many cancers is being influ-
enced by advanced imaging techniques.

23.2.1  Radiopharmaceutical

PET-CT imaging using F-18-fluoro-deoxy-
glucose (F-18-FDG) is being increasingly used 
for evaluating colon cancers, especially CRC [6]. 
This tracer is a glucose analogue, which may be 
actively transported into the cell mediated by a 
group of structurally related glucose transport 
proteins. Once in the cell, FDG is phosphorylated 
and becomes effectively trapped. Tumour cells 
display an increased number of glucose trans-
porters, and are highly metabolically active dis-
playing high mitotic activity, and favour the more 

inefficient anaerobic pathway adding to the 
already increased glucose demands. Hence, these 
combined mechanisms allow for tumour cells to 
take up and to retain the higher levels of FDG in 
comparison to normal tissues. FDG is not cancer 
specific and accumulates in any areas with high 
levels of metabolism and glycolysis; hence, there 
is increased uptake in areas of hyperactivity, 
active inflammation, and tissue repair [7]. As a 
result, FDG-PET can be used for diagnosis, stag-
ing, and monitoring treatment of cancers.

23.2.2  PET-CT: Patient Preparation

There may be slight variations in patient prepara-
tion at the different nuclear medicine centres 
depending on their individual protocols. The fol-
lowing are recommended.

 (a) Informed consent: The procedure should be 
explained to the patient and written informed 
consent obtained prior to ordering the radio-
pharmaceutical as in centres obtaining doses 
from a remote cyclotron, individual doses 
based on patient weight are ordered. Also 
due to the relatively short half-life and the 
high cost of the radiopharmaceutical, should 
the patient refuse to have the study on the 
day of the appointment this could result in a 
financial loss.

 (b) Diet: Patient should be nil per mouth for at 
least 4–6 h prior to the scan appointment.

 (c) Exercise: Strenuous exercise should be 
avoided for at least 24 h before the scan so as 
to prevent unnecessary uptake by muscles as 
FDG is a glucose analogue which is taken up 
by muscle.

 (d) Plasma glucose level: Plasma glucose level 
should be checked prior to injection. If glu-
cose levels are greater than 10  mmol/L 
(180 mg/dL), patient can wait, recheck, and 
inject once level is below 10  mmol/L or 
rebook patient. It is necessary to advise dia-
betic patients regarding their diabetic medi-
cation (each patient is different, depending 
on the medication that they are taking). 
Rebooking a patient can be an expensive 
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option as the isotope dose may have to be 
discarded.

 (e) Dress: Patient should be comfortable, 
changed preferably into a patient gown. 
Ensure there are no metal objects. Record 
any prosthetics as these could cause artefacts 
on the final image.

 (f) Patient dose: Calculate radiopharmaceutical 
dose of 18F-FDG according to patient’s mass 
([patient mass/10] + 1), for example, 70 Kg 
adult: 70/10  =  7  +  1  =  8  mCi 18F-
FDG.  Measure F-18 FDG dose and note 
time.

23.2.3  How to Perform a PET Study

 1. Establish intravenous access.
 2. If necessary, where a patient is anxious or 

restless and will possibly not be able to lie 
still during the scan, a mild sedative may be 
administered.

 3. If protocol includes an oral contrast agent for 
the CT scan, and the patient is nauseous, an 
antiemetic drug may be administered 
intravenously.

 4. Ensure the patient is comfortable and fairly 
warm (cover with a blanket).

 5. Inject measured dose intravenously and note 
time of injection.

 6. Once injected, the patient is requested to rest 
in a quiet room for about 60 min prior to the 
scan for maximum distribution of the F-18- 
FDG. In this time, physical activity must be 
kept to a minimum, to minimise uptake of 
the F-18-FDG into muscles as this could 
cause artefacts on the final image hence 
interfering with interpretation.

 7. Measure post-injection syringe and note 
time. Subtract from pre-injection dose to get 
total injected dose.

 8. Patient to drink one cup (250  mL) water 
every 15 min until scan is performed.

 9. Immediately before the patient is taken to the 
scan room, he/she must be requested to 
empty his/her bladder as the radiopharma-
ceutical is excreted via the urinary system 
and uptake in this area could obscure pathol-

ogy on the final image. As the PET scan is 
usually approximately 20 min in duration, it 
is preferable for the patient to empty their 
bladder prior to the scan so that the patient 
will not need to request this during the scan.

 10. Position the patient on the imaging bed, usu-
ally, in the supine, head-in position with 
arms raised above the head.

Scanning begins usually 60  min following 
injection. This time lapse allows sufficient time 
for the FDG to be trapped and for adequate intra-
cellular uptake, and for its clearance from the 
blood while minimising the loss of activity due to 
decay. Some tumours may continue to concen-
trate the FDG with time and the background 
activity may continue to decrease. However, 
inflammatory lesions could wash out activity 
with increased time [7]. The time for each bed 
position and the number of bed positions depends 
on the patient size and hence the total scan time is 
approximately 30 min, but could vary from 20 to 
60 min. Normally, whole body scans are obtained 
from the base of the skull to the proximal femurs 
[7]. It is preferable to cover this entire area during 
imaging as colon cancers are known to metasta-
sise widely, mainly to the liver and lungs.

23.2.4  Interpretation

PET-CT scans are reviewed and interpreted by 
qualified imaging professionals, usually nuclear 
medicine physicians and/or radiologists who then 
share the results with the patient’s physician. In 
terms of CRC, PET-CT studies are useful for the 
following.

• The initial diagnosis and staging of the cancer 
by determining the exact location of a tumour, 
the extent of disease and whether the cancer 
has metastasised.

• Treatment plan by selecting the most effective 
therapy based on the unique molecular proper-
ties of the disease and of the patient’s genetic 
makeup.

• The evaluation of the effectiveness of treat-
ment by determining the response to specific 
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a

b

Fig. 23.1 (a) PET-CT scan of a patient following sur-
gery and chemotherapy for rectosigmoid cancer. The 
scan shows significant rectal cancer recurrence with sig-
moid involvement and mesenteric and left external nodal 
spread. Fat stranding noted in the mesorectal fascia on 
the CT component (non-FDG avid) and infiltration 
 cannot be excluded. Infective changes noted in the lungs 

bi-basally. (b) Top row: pre-chemotherapy PET-CT 
images of a patient with metastatic rectosigmoid cancer. 
These images demonstrate metabolically active rectosig-
moid cancer with hepatic and pelvic nodal secondaries. 
Bottom row: These post-chemotherapy PET-CT images 
show that the metastatic lesions have significantly 
improved significantly
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drugs and ongoing therapy (see Fig. 23.1a and 
b). Based on changes in cellular activity 
observed on PET-CT images, treatment regi-
mens may be changed.

• The detection of recurrence of disease and to 
manage ongoing care [8].

It has been reported [9] that PET-CT is supe-
rior to contrast enhanced CT (ceCT) for detection 
of recurrent intrahepatic tumours after hepatec-
tomy, extrahepatic metastases, and local recur-
rence at the site of the initial colorectal surgery 
although PET-CT and ceCT provide similar 
information regarding hepatic metastases of 
CRC. PET-CT is routinely performed on patients 
with metastatic CRC who are being evaluated for 
liver resection [9].

In a study of 62 patients by Even-Sapir et al. 
[10], it was concluded that after surgical removal 
of rectal cancer PET-CT is an accurate technique 
in the detection of pelvic recurrence. Since meta-
bolic changes under treatment are likely to pre-
cede anatomic alterations, [11] PET-CT may also 
be used to assess tumour response to chemother-
apy and radiotherapy in lymphomas, non-small 
cell lung, head and neck, and colorectal and 
breast cancers.

23.2.5  Advantages of PET Imaging 
for CRC Patients

• As PET imaging is a powerful tool for diag-
nosing and determining the stage of many 
types of cancer, including colorectal, by 
detecting whether lesions are benign or malig-
nant, the scans are able to eliminate the need 
for surgical biopsies.

• PET imaging can guide treatment options as it 
is more accurate than CT for staging of CRC; 
PET is able to confirm or rule out the presence 
of metastases in the liver or lung.

• The 5-year survival rate of patients who are 
screened with PET prior to undergoing the 
surgery is higher than for patients who are not 
imaged with PET prior to surgery [12]; hence, 
PET-CT is recommended for CRC patients 

with liver metastases who opt for surgery to 
remove the affected areas of the liver.

• Changes in the treatment of more than one- 
third of patients registered in the National 
Oncologic PET Registry have been influenced 
by PET-CT scans [8].

• PET imaging is most effective in the detection 
of cancer recurrence.

• PET-CT imaging is not only helpful for nearly 
all aspects of diagnosis and treatment of CRC, 
but also for identifying incidental cancers in 
the colon.

• The difference between cancer recurrences 
and post-therapy scarring in the colon may be 
distinguished on PET images.

• PET imaging is useful in detecting cancer 
recurrence, in patients who demonstrate 
increased values of the blood protein known 
as carcinoembryonic antigen (CEA) [8].

23.3  The Role of Artificial 
Intelligence (AI) in PET-CT

The incorporation of AI into medical imaging is 
fast changing the imaging landscape [13]. Recent 
studies have employed AI using machine learn-
ing (ML) and deep learning (DL) to provide 
computer- assisted methods to screen, diagnose 
and treat cancer, and to assist in prognosis in 
CRC [1]. An imaging workflow in nuclear medi-
cine usually comprises planning, image acquisi-
tion, interpretation, and reporting [14, 15]. So as 
to improve patient survival rates, early detection 
and or diagnosis, response to treatment and prog-
nosis are of primary importance [1]. Although 
prediction of response to treatment is challeng-
ing, research in ML and radiomics has shown 
great potential for the use of AI in CRC [1]. 
Modern PET-scanner technology already makes 
increasing use of ML [14]. The use of radiomics 
has allowed for more information to be obtained 
from a single medical image, as hundreds of 
imaging features may be extracted and analysed 
[15]. Radiomics is an advanced method to extract 
imaging features and thereby quantify tumour 
phenotype from medical images.
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In patients with gastrointestinal cancer, 
radiomics is being increasingly used to predict 
treatment response [15]. Existing AI systems 
may provide great results as regards detection of 
pathologies, but human supervision remains 
prime [14]. A detailed discussion of AI and 
machine learning is presented in Chap. 25.

23.4  Clinical Audits for Good 
Practice

There needs to be standardisation of clinical 
practice so as to ensure quality, safety, and effec-
tiveness as variability in practice could affect 
patients’ results [16]. Monitoring systems and 
quality control measures need to be standard 
practice especially as regards clinical appropri-
ateness, patient and staff/public safety and the 
use of ionising radiation. Clinical audits of the 
processes involved are essential to evaluate the 
service and to detect deviations from standard 
clinical practice. Routine clinical audits are rec-
ommended and considered good practice by most 
scientific organisations [16]. Clinical audit prin-
ciples are presented in Chap. 27.

Key Messages
• Nuclear medicine imaging differs from other 

imaging modalities in that diagnostic tests pri-
marily show physiological function as 
opposed to traditional anatomical imaging.

• Patient preparation with respect to diet and 
lack of strenuous exercise is important.

• PET-CT imaging using F-18-fluoro-deoxy-
glucose (F-18-FDG) is being increasingly 
used for evaluating colon cancers, especially 
CRC.

• PET imaging can guide treatment options as it 
is more accurate than CT for staging of the 
CRC; PET is able to confirm or rule out the 
presence of metastases in the liver or lung.

• AI has proved valuable in the effectiveness of 
treatment by predicting response to 
treatment.

• Based on changes in cellular activity observed 
on PET-CT images, treatment regimens may 
be changed.

23.5  Summary

The advantages and disadvantages of PET-CT are 
discussed in terms of CRC management. Nuclear 
medicine imaging shows physiological function 
and is helpful to assess for metastatic disease. 
PET-CT modality plays a complementary role in 
imaging patients with CRC.
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24Legal and Professional 
Requirements: A Framework 
for Practice

Richard Price

24.1  Introduction

The past 50  years have witnessed dramatic 
changes in the scope of imaging. For example, 
the introduction of computed tomography (CT), 
magnetic resonance imaging (MRI), and ultra-
sound have increased the capacity and capability 
of imaging. CT colonography (CTC) is an exam-
ple of the impact of technology where radiogra-
phers’ roles have developed and extended beyond 
image acquisition and manipulation to embrace 
reporting. Indeed, reporting is the prime example 
of role extension in the modern era where radiog-
raphers are making significant contributions to 
the radiology workload which is facing an expo-
nential demand for services. Initially, most of the 
reporting undertaken by radiographers with the 
exception of ultrasound was on the appendicular 
system but over a period of just over two decades 
the scope of reporting practice has advanced 
from the musculo-skeletal system to mammo-
grams, gastro-intestinal studies, chest X-rays, 
MRI, CT, and nuclear medicine studies. What has 
not changed however is the basic premise for 
practice to be safe and effective. Where a role is 
extended, it must be in the best interests of 
patients with the requirement to meet the appro-
priate standards of patient care. In considering a 

framework for practice, there is a primary recog-
nition that radiographers owe a duty of care to 
patients and to those who are affected by their 
actions. In the first instance, the critical relation-
ship between an employer and employee will be 
considered.

24.2  Employment

It is in the context of employment that a radiogra-
pher will come into direct contact with a patient. 
Let us consider the starting point as the contract 
of employment where there are obligations 
placed on an employee and employer.

Employees are accountable for following the 
reasonable instructions of their employer; this 
will be normally through their line manager. On 
an employer’s side the obligation is to take all 
reasonable care for an employee’s safety. This 
would include ensuring a safe system of work 
and providing effective and safe equipment in 
appropriate premises.

The keyword here on both sides is reasonable. 
So, what is reasonable? Reasonableness is based 
on what is sensible to do in each situation. A 
manager and employee, by virtue of their respec-
tive education, training, and experience, should 
have the background and skills to take the right 
decisions at the right time. For a manager to ask 
an employee to perform a task for which they 
have not been trained would be unreasonable as it 
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would be for an employee to undertake the task. 
So what safeguards are in place for a member of 
staff being asked to take on a new or extended 
role task?

Guidance on extended roles was provided as 
long ago as 1977. The then Department of Health 
and Social Security [1] recognised the impor-
tance of extended roles for clinical nurses and set 
out four conditions that would have to be met by 
a nurse delivering an extended role. Applying 
those conditions in the case of a radiographer 
about to adopt a practice considered as an 
extended role would be as follows.

 1. The radiographer has been specifically and 
adequately trained for the performance of the 
new task and agrees to undertake it.

 2. The training has been recognised as satisfac-
tory by the employing authority.

 3. The new task has been recognised by the pro-
fessions and by the employing authority as a 
task which may be properly delegated to a 
radiographer.

 4. Where a task is delegated, the person delegat-
ing must be assured of the competencies of 
the individual radiographer concerned.

The conditions place clear obligations on both 
the employee and employer. Regarding training 
for CTC, firstly, it must be specific to CTC, and 
the level of education must be adequate to sup-
port the tasks to be undertaken. The threshold 
standard of education is normally specified by an 
approved course, for example, approved or 
accredited by a professional body. Employers are 
unlikely to support training if they have no inten-
tion of recognising the task as suitable for their 
employees. If an employer has sent an employee 
on a course or provides a suitable alternative, 
then the training is recognised de facto.

In the case of CTC, the UK professional body, 
the Society and College of Radiographers, 
(SCoR) publication Guidelines for the provision 
of a safe and effective CT colonography service 
[2] is implicit in the recognition of CTC, includ-
ing reporting, as a role appropriate for 
radiographers.

To consolidate the position, an employer 
should have a scheme of work or guidelines that 
cover the new task and in particular the radiog-
rapher reporting element of CTC.  Initially, it 
may be that the reporting element is delegated to 
radiographers by the employing authority prob-
ably via the clinical director. However, there is 
an interesting consequence that over time, 
task(s) initially recognised as extended do 
become integrated in the scope of radiographic 
practice and would no longer be seen as 
extended.

The conditions listed above, although initially 
set out some time ago, provide important safe-
guards for employers and employees wishing to 
adopt new or extended roles. Meeting the condi-
tions to adopt an extended role is an important 
step; continuing to practise must however also be 
taken into account and supported.

24.3  Professional Regulation

As well as a radiographer being accountable to 
their employer, accountability to the public in 
the UK is through the regulatory body the 
Health and Care Professions Council (HCPC). 
The title ‘Radiographer’ is protected in law and 
the use of the title by someone not on the HCPC 
radiographer’s register is committing a criminal 
offence. Qualifying from an HCPC approved 
programme gives eligibility to apply for regis-
tration. Once on the register, registered radiog-
raphers are recognised as practitioners with 
special skills and when in employment they are 
placed in a position of trust by an employer and 
by the general public and will be accountable 
for their actions.

Radiographers are therefore accountable and 
responsible for providing a duty of care for 
patients to the appropriate standard. The stan-
dard here is for radiographers to practise within 
their scope of practice and not attempt tasks for 
which they are not competent. The HCPC stan-
dards of proficiency for radiographers [3] set the 
threshold level for entry onto the register, but 
beyond initial registration the obligation is for 
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registrants to maintain their competence and to 
continue to develop their practice throughout 
their career, which is explicit from the HCPC 
standards of continuing professional develop-
ment [4] and to comply with the HCPC stan-
dards of conduct, performance, and ethics [5]. 
The consequence of failing to meet the stan-
dards, if proven, after due process of investiga-
tion could result in a radiographer being 
sanctioned. The ultimate sanction would be hav-
ing their name removed from the register and 
thus be prevented from practising and therefore 
employment as a radiographer.

In the UK, the SCoR’s standards and behav-
ioural norms are set out in its code of professional 
conduct [6]. The SCoR also plays a key role in 
supporting developing, for example, accredita-
tion of training, supporting research into practice 
development, supporting continuing professional 
development and hosting special interest groups. 
Important information is also set out in its docu-
ment Current and future roles of diagnostic 
radiographers [7]. On role development and role 
extension, the SCoR has a prime role and respon-
sibility in promoting safe practice.

24.4  Duty and Standard of Care

As discussed above, ongoing practice places a 
responsibility on radiographers to maintain their 
skills and competence. Legally the obligation is 
specific; the requirement is to exercise a duty of 
care and to provide that care to the required 
standard. The ultimate test of whether the duty 
and standard of care concerning an allegation of 
negligence would ultimately be determined 
through the civil law; there would however be 
attempts to resolve an issue at local level in the 
first instance.

Negligence is a civil wrong and due to prac-
tice that falls below the acceptable standard of 
care. It can be because of a radiographer doing 
something that ought not to have been done or 
omitting to do something that should have been 
done. A civil wrong is referred to as a ‘tort’ and 
is an unintentional violation of another person’s 

rights, usually due to negligence: ‘carelessness’ 
in other words. A claim for compensation is sub-
ject to common or case law, which has been 
developed by judicial decisions over time 
through civil courts and tribunals. Common law 
is pertinent for practice as it determines the 
rights and duties individuals have towards each 
other. The professional and the regulatory codes 
of conduct and standards have their origin in 
common law. It is important, however, to distin-
guish a tort from a crime, which is an intentional 
violation of someone’s rights and subject to the 
criminal law. Although it should be noted that 
alleged negligence due to behaviour that is con-
sidered reckless can be dealt with by the crimi-
nal courts.

Before negligence can be proven the onus is 
on the claimant to prove that:

 (a) The defendant owed the claimant a duty of 
care.

 (b) The defendant was in breach of that duty.
 (c) The breach caused a type of harm which the 

law recognises as giving rise to damages.

One important point to note is that employers 
are vicariously liable for the actions or omissions 
of their employees within their employment. This 
is a basic common law principle where an 
employer is liable for the wrongdoings commit-
ted by an employee in the course of employment. 
If a case is pursued through the courts, an 
employer would be the defendant rather than the 
individual radiographer. However, it does not 
mean that an individual employee is unaffected 
by any action as they could be subjected to a dis-
ciplinary procedure by their employer plus a 
referral to their regulatory body who would be 
bound to investigate whether there is a case to 
answer, and if so, act as deemed necessary. 
Sanctions could include conditions placed upon 
practice, temporary suspension from the register 
or, in the most serious case, removal of the per-
son’s name from the register.

In most cases, it would be relatively straight-
forward to prove that a radiographer and employer 
owed a duty of care to a patient. However, more 
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difficult to prove are (b) and (c) above. The 
Bolam test [8] is used to determine whether the 
reasonable standard of care has been given and 
hence whether a practice has been negligent. The 
patient in the Bolam case was receiving electro 
convulsive therapy. The doctor did not give any 
relaxant drugs; during the procedure, the patient 
sustained fractures and brought a claim of negli-
gence for damages against the hospital. The court 
ruled in favour of the doctor and found that the 
hospital (and therefore the doctor) was not negli-
gent. While the patient had undeniably been 
harmed, the doctor had not breached his duty of 
care as he had followed a practice followed by 
other medical practitioners and the standard of 
care was appropriate. Of course, these matters 
can only be judged at the time and not by 
hindsight.

For well over half a century, Bolam has pro-
vided an important test for the standard of care 
which a health professional must reach. It is the 
standard of the ordinary competent practitioner 
in the given specialism. Specialism is key as it is 
reasonable to assume that a practitioner in that 
field has the skill and competence to undertake 
the duties required of them.

For example, the direct implication for a 
reporting radiographer is that they must perform 
to the standard of the ordinary competent practi-
tioner in the field, i.e. radiologists or where 
radiographer reporting is established by other 
reporting radiographers. However, a question 
often asked is: ‘Does someone who is new to 
reporting or other practice have to follow the 
same standard of care as an experienced radiolo-
gist or radiographer?’ The answer is ‘yes’. There 
can be no duality of standards between profes-
sions or for someone just starting to report. These 
situations do need to be managed carefully, and it 
is important that a practitioner is supported fol-
lowing their course of training. One such 
approach is for a new practitioner to be directly 
supervised for an agreed number of procedures 
and to have a mentor for a given period. To assure 
continuing competence such a practitioner would 
be subject to audit and further training as 
appropriate.

24.5  A Framework for Practice

So far we have considered essential information 
whose origins are in common law, contract law, 
and standards set by the HCPC and the SCoR. A 
framework for practice is an integration of those 
various elements, which should provide the 
assurance that a patient is being cared for and 
treated to the appropriate standard.

Now let us consider some specifics about clin-
ical reporting as it will be recognised as a new 
task to many. For many radiographers who have 
qualified in recent years, they will have already 
acquired a number of key skills on graduation 
that provide the basis for further progression and 
ultimately lead to reporting. Threshold require-
ments are clearly set out in the HCPC standards 
of proficiency for radiographers [3]. While all the 
standards are complementary to providing the 
standard of care, two are worth considering fur-
ther [1], namely.

13.14 be able to distinguish between normal and 
abnormal appearances evident on images (p. 13)

14.35 be able to distinguish disease and trauma 
processes as they manifest on diagnostic images 
(p. 17)

While these skills may be appropriate for initial 
commenting, they are insufficient for formal clin-
ical reporting and further training would be nec-
essary. However, the standards do consolidate the 
position of a radiographer in regard to clinical 
evaluation of images and do instil a different 
mind-set from when image acquisition and tech-
nical evaluation were the prime considerations. 
However, there are further steps required before 
someone is recognised to undertake formal clini-
cal reporting. We have identified the importance 
of continuing education and training that is ade-
quate and specific to the role in question. In the 
case, CTC reporting the position of the profes-
sional body on training is via an approved or 
accredited course leading to a postgraduate quali-
fication. Such a qualification is good practice, but 
legally, in-house training is approved and under-
written by an employer within its scheme of clin-
ical governance can be viewed as adequate and 

R. Price



335

specific. From a radiographer’s perspective hav-
ing achieved a qualification from an accredited 
course would seem to be the preferred option for 
career development: it implies transferability and 
wide recognition of the qualification.

When a radiographer is at the stage to com-
mence clinical reporting, they will do so with the 
context of clinical governance. This is a framework 
through which organisations are accountable for 
continually improving the quality of their services 
and safeguarding high standards of care by creating 
an environment to assure excellence in clinical care. 
Key elements for reporting will be as follows.

• An agreed scheme of work which is unam-
biguous on the scope of practice.

• Continuing professional development.
• Ongoing clinical audit.
• Risk and information management.

In formulating practice guidelines, the follow-
ing provide the essential elements of a practice 
framework that should avoid a radiographer 
exceeding their scope of practice.

 1. You agree to undertake the task.
 2. There is responsibility with accountability.
 3. You have a duty of care to your patients.
 4. You do not need to be an expert but you must 

provide the standard of care as the ‘ordinary’ 
(average) competent practitioner in the field 
(Bolam test).

 5. You must follow the reasonable instructions 
of your employer.

 6. An extension of the role demands training.
 7. Do not exceed the scope of your practice.
 8. An understanding of what constitutes 

negligence.
 9. Recognise the need for effective self- 

management of workload and be able to 
practise accordingly.

 10. Understand the obligation to maintain fitness 
to practise and the need for career-long self- 
directed learning.

Furthermore, ongoing clinical audits cover 
CTC reporting, and all aspects the study. The 

principles of clinical audit are discussed in 
Chap. 27.

Key Messages
In considering a framework for practice, there 
has to be recognition that radiographers owe a 
duty of care to their patients and to those who are 
affected by their actions.

• Radiographer reporting is recognised by the 
SCoR as a legitimate activity for 
radiographers.

• Employers are unlikely to support training if 
they had no intention of recognising the task 
as suitable for their employees.

• The title ‘radiographer’ is protected in law and 
the use of the title by someone not on the 
HCPC register is a criminal offence.

• Negligence is a civil wrong and due to prac-
tice that falls below the acceptable standard of 
care.

• The Bolam test is used to determine whether 
the reasonable standard of care has been given 
and hence whether a practice has been 
negligent.

• Clinical governance is a framework through 
which organisations are accountable for con-
tinually improving the quality of their services 
and safeguarding high standards of care by 
creating an environment to assure excellence 
in clinical care.

• Ongoing clinical audits of reporting of CTC 
examinations should be performed.

24.6  Summary

A framework for practice is based on a contract 
of employment, common law, and regulatory and 
professional body standards. Practitioners must 
feel secure within their practice framework and 
comfortable with their scope of practice and 
know their limitations. Individual radiographers 
must be able to recognise the relationship 
between professional, statutory, and legal require-
ments that impact on practice. Given an under-
standing of the principles of practice that 
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influence it, radiographers should not have major 
concerns about adopting new tasks.
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25Artificial Intelligence and Machine 
Learning in Cross-Sectional 
Imaging

Riaan van de Venter

25.1  Introduction

Artificial intelligence (AI) has impacted our 
lives significantly and can continue to influence 
societies through many industrial revolutions. 
It has received much attention in the last decade 
owing to an increased understanding of human 
intelligence, greater computing power, as well 
as an increase in access and availability to big 
data. Developments in machine learning (ML), 
and deep learning (DL), further attributed to 
this focus on AI [1, 2]. The healthcare sector is 
not precluded from the impact of AI; it has been 
increasingly implemented as a supportive tech-
nology in healthcare services, including medi-
cal imaging [3]. In this chapter, terminology 
related to AI, ML, and DL, is explained. The 
potential impact of AI on radiography and ethi-
cal considerations pertaining to AI are dis-
cussed. An overview of AI-enabled image 
interpretation in cross-sectional imaging, in 
particular computed tomography colonoscopy 
(CTC), is also provided. See Chap. 1 for litera-
ture pertaining to AI training and protocols for 
radiographers.

The following abbreviations are used in this 
chapter.

• AI: Artificial intelligence
• ANNs: Artificial neural network
• AUC: Area under curve
• CAD: Computer-aided diagnosis
• CNNs: Convolutional neural networks
• CRC: Colorectal cancer
• CTC: Computed tomography colonoscopy
• DL: Deep learning
• DNNs: Deep neural networks
• GAN: Generative adversarial network
• HCPs: Healthcare practitioners
• ML: Machine learning
• NNs: Neural networks
• RNNs: Recurrent neural networks
• TDSNs: Tensor deep stack networks

25.2  Artificial Intelligence, Machine 
Learning, and Deep Learning

AI refers to a broad field of computer techniques 
that can imitate human intelligence and behav-
iour, for example, sensing, reasoning, decision- 
making, prediction, visual perception, speech 
recognition, learning, organisation, and planning 
[1, 2, 4–6]. It can be divided into a virtual and a 
physical branch. The former encompasses ML 
and DL [5]. Figure 25.1 provides a visual over-
view of the relationship of AI, ML, and DL.
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Artificial intelligence (AI)

Machine learning (ML)

Deep learning (DL)

Neural networks (NNs)
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Fig. 25.1 A visual overview of the relationship between AI, ML, NNs and DL. (Author’s own work)

25.2.1  Machine Learning

ML relates to a subset of AI algorithms that can 
use statistical tools to discover hidden patterns in 
data and improve or learn as more data are input-
ted in the model. ML models can further make 
predictions by adapting as new data are intro-
duced in them, even if this data were not used to 
initially train the ML model. Through this analy-
sis of input data (i.e., training), ML models 
improve the mapping of observed variables: fea-
tures and predictors to provide sets of output vari-
ables: labels and targets [1, 5–7]. With respect to 
labels, four distinct types of ML model training 
can be done.

25.2.1.1  Supervised Learning
Supervised learning is used to signify ML mod-
els that are trained with data labelled through 
human intervention (i.e., an operator). These 
models predict outcomes (i.e., predicted labels) 
relative to the true value (i.e., ground truth or 
known labels). Examples of ML techniques 
belonging to this group include support vector 
machines, linear and logistic regression, Naïve 
Bayes classification, and random forests [1, 6, 7].

25.2.1.2  Unsupervised Learning
Unsupervised learning ML models are trained 
using unlabelled input data to allow for these 
models to discover patterns, structures, and rela-
tionships based on the innate characteristics of 
the dataset without human intervention. Examples 
of ML techniques associated with unsupervised 
learning are k-means clustering, autoencoders, 
and principal component analysis [6, 7].

25.2.1.3  Semi-supervised Learning
Semi-supervised learning encompasses the use 
of both labelled and unlabelled data to train ML 
models. It is beneficial as it can use readily avail-
able unlabelled data to improve labelled tasks in 
the absence or scarcity of labelled data, for 
example, in cases of computer-aided diagnosis 
(CAD) [8].

25.2.1.4  Reinforcement Learning
Reinforcement learning is a ML technique that 
allows an intelligent agent (i.e., computer) to 
learn to perform a required task in an interactive, 
trial-and-error environment using feedback and 
unlabelled data only. The agent is not necessarily 
pre-programmed and therefore learns how to 
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behave and solve a problem based on previous 
experience to continuously improve its perfor-
mance with respect to the task to be accomplished 
[6, 7].

25.2.2  Deep Learning

Deep learning (DL) is a subset of ML. It is the 
training process used to train deep neural net-
works (DNNs) [6]. Deep in DL acts as a qualifier 
to indicate that DNNs are multi-layered neural 
networks (NNs) comprising many hidden layers 
that mimic the neuronal pathways in the human 
brain. NNs are also known as artificial NNs 
(ANNs). DNNs primarily use unsupervised 
learning to extricate features from datasets to 
make accurate predictions [1, 5, 6]. DNNs require 
large datasets for higher accuracy and longer 
training times. DNNs can provide useful infor-
mation about the intricate relationships that exist 
in a dataset of interest [1, 6, 7]. Convolutional 
neural networks (CNNs) are the most frequently 
used DNNs in medical imaging due to its high 
efficiency in image classification [5, 7, 9]. There 
are other DNNs that are used in healthcare, such 
as generative adversarial network (GAN), recur-
rent NNs (RNNs), and tensor deep stack net-
works (TDSNs), for example [9]. CNNs comprise 
convolutional layers, pooling layers, dropout lay-
ers, and an output layer. Each layer learns spe-
cific features of the input data. Each layer 
analyses and processes data coming from a previ-
ous layer until a classification label, or other eval-
uative property, is identified as an output from the 
output layer [7, 9].

From the above explanation of the different 
subsets of AI one can appreciate that this vast 
technological field has and will have significant 
influences on radiography practice and 
regulation.

25.3  Impact of AI on Radiography

Digitisation of radiography is not new: radiogra-
phers have embraced technologically enabled 
working environments for many years [4]. In the 

same vein, AI will transform the profession of 
radiography [10]. Literature confirms acceptabil-
ity of AI among radiographers; there are however 
concerns related to job security, competence to 
perform optimally in an AI-enabled work envi-
ronment, data security, and ethico-legally accept-
able practices [11].

It is envisaged that AI will impact on radio-
graphic practice with respect to patient identifica-
tion through electronic health records, vetting 
and justification of request forms, examination 
planning in terms of patient positioning, selec-
tion of appropriate imaging protocols, contrast 
medium volume, and injection rate determina-
tion, as well as auto-segmentation of tumours and 
automated AI-driven measurements: for exam-
ple, renal function or tumour size. It can therefore 
be appreciated that all imaging modalities are 
impacted by AI, from projectional radiography to 
cross-sectional imaging as well as ultrasound, 
nuclear medicine, and radiotherapy [4, 10]. The 
impact of these changes could be improved work-
flow, dose reduction to patients, greater through-
put rates due to shortened examination times and 
high resolution of images. Precision medicine 
would be possible since medical images could 
become mineable datasets to discover radiomic 
features to inform clinical decisions about 
patients’ management and treatment plans. 
Clinicians will be able to tailor healthcare inter-
ventions earlier and with cognisance of patients 
genes, lifestyle, and environment, for example [4, 
10, 12].

In view of the impact that AI-technologies 
have, and could have on radiographic practice, 
means that opportunities for radiographers may 
arise whilst at the same time taking the necessary 
steps to facilitate efficient integration of AI in 
radiography practice. There is an opportunity to 
expand and revise radiography curricula to 
include AI-related and data science content, 
which can assist in upskilling radiographers to 
mitigate the effects of over-reliance on 
AI-technology and to enable them to competently 
work with and alongside AI and to explain this 
technology’s function to patients appropriately 
[4, 13]. The importance of informing patients of 
the role of AI is covered in Chaps. 2 and 3.
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Enhanced adoption of person centred-care 
practices is another opportunity brought about by 
AI.  This allows for greater care and patient 
engagement, but also requires an increase in 
interpersonal skill development among radiogra-
phers [4]. Moreover, AI-programme developers 
need to include patients in the development 
stages to ensure the latter will address their needs 
as health service users [13]. There is an opportu-
nity to improve radiographer reporting where 
AI-tools can be harnessed to act as second read-
ers to reduce the risk of interpreter bias and miss-
ing abnormalities presented on radiographic 
images [4, 14]. Policies and ethico-legal frame-
works should also be developed and be in place 
to ensure the safe and ethical use of AI-tools in 
terms of data sharing, accountability, explainabil-
ity, reducing biases and evaluation and valida-
tion. This will facilitate the process of patient and 
practitioner acceptability of the technology, as 
well as assist in building trust among all role- 
players using and being supported by AI-enabled 
technologies [13].

25.4  Ethical Considerations 
for AI-Enabled Healthcare 
Settings and Systems

Given the healthcare transformation promise 
associated with a disruptive technology such as 
AI comes a need to ensure that AI-tools are clini-
cally applicable whilst mitigating preventable 
error and harm to users [15]. There is a need to 
consider the societal implications of AI-enabled 
healthcare environments and systems to ensure 
ethical practice and implementation [13, 16]. 
This section provides a discussion of three perti-
nent ethical considerations associated with 
AI-technologies.

25.4.1  Bias

ML models are prone to biases, as these can hap-
pen at any stage of the DL process [17]. This can 
result in unjust healthcare practices and harm 
patients. AI-tools have the power to narrow the 

existing health disparities that exist, but only if 
they are developed purposefully and involve the 
intended users at the development stage to elimi-
nate potential bias. This means datasets used for 
training and validating these models should be 
representative of target populations to ensure 
that the principle of justice is maintained [13, 15, 
17]. So, all biological sex, gender-related con-
structs, environmental factors, age, comorbidi-
ties, and environmental factors, for example, 
should be considered when developing an ML 
model. It is also necessary to mitigate bias as it 
may cause more harm to various groups if the 
datasets are skewed, or the appropriate predic-
tors are not included in the algorithmic design to 
accurately train ML models. The outputs from 
these may provide inaccurate information, make 
the model less effective regarding its purpose, 
and could lead to poor health outcomes for 
patients [16, 18]. Developers, intended users, 
and policymakers have a greater responsibility to 
ensure that this is mitigated as far as possible 
using appropriate datasets and accurate labelling 
to represent the full spectrum of the target popu-
lation equally and fairly, and not only the major-
ity [16, 17]. Doing this could also lead to greater 
generalisability of the AI-tool and enhance in 
situ performance, for example, in the case of sea-
sonal diseases. It also requires constant monitor-
ing and evaluation of the models through training 
on new datasets to ensure they are reliable and 
valid [16, 19].

25.4.2  Interpretability 
and Accountability

DNNs are complex and described as black-box 
models since their internal decision-making pro-
cesses are not well known, in many cases [6, 15]. 
This has implications for the interpretability of 
an AI-system. The interpretability (aka explain-
ability) influences how well users can make sense 
of an AI system’s decisions and procedures used 
to reach these as well as to recognise when such 
a system erred. The greater the interpretability of 
an AI-system is directly proportional to its trust-
worthiness [19]. This is because radiographers, 
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and other healthcare practitioners (HCPs), will be 
able to make informed decisions before adopting 
such technologies in a clinical setting [13]. 
Moreover, having a greater understanding of an 
AI-system’s decision-making and analytic fea-
tures will assist healthcare providers to better 
make sense and interpret the results and reports 
provided by the system [15]. These benefits are 
directly linked to the ethical principle of non- 
maleficence, i.e. doing no harm to patients and 
improving patient outcomes through provision of 
the most appropriate patient management with 
the assistance of an AI-system [13, 15]. 
Addressing the interpretability and transparency 
of AI-systems will contribute to addressing con-
cerns about accountability related to patient man-
agement and treatment decisions, as this will 
enable HCPs to provide complete explanations 
for their clinical choices and conclusions [16].

In a similar vein, medico-legal liabilities 
associated with the use of AI-technologies need 
to be discussed and agreed upon between end 
users and developers of such technologies. This 
requires regulations and legislation to be in 
place to govern these matters [16]. Hence, this 
calls for multi-stakeholder involvement in the 
development stage of AI-systems as well as 
quantification of the level of uncertainty of these 
systems [19].

25.4.3  Data Privacy and Security

To develop accurate scalable AI-systems that are 
universal and have robust big data is indispens-
able. There is a need to increase the availability 
and accessibility of data required for this pur-
pose. There is a risk of misuse of such data which 
can result in invasion of patient privacy. 
Additionally, the uncertainty about who will be 
liable and responsible for breaches and data leak-
age adds another ethico-legal dimension that 
needs consideration [13, 19]. It can therefore be 
argued that this can lead to an aversion to adop-
tion and integration of AI in a clinical environ-
ment. To overcome these concerns requires an 
organisation wide AI governance structure to 
promote data security, appropriate use of data, 

and upholding patient privacy. This would require 
integrating AI governance into an organisation’s 
governance framework and make explicit how AI 
relates to corporate, information technology, and 
data governance, with due consideration for the 
wider environmental impact such as existing leg-
islation and stakeholder requirements [20, 21]. It 
is advised that platforms that host AI-systems, 
and that will be used to transfer data between 
users, should be encrypted, access controlled, 
and subjected to continuous audits and security 
testing. Users should also receive training to use 
these systems appropriately and to enhance their 
knowledge and awareness related to data security 
and its importance [19]. Notwithstanding the 
importance of the points raised, patients should 
also be involved as their permission through 
informed consent is required to use their data for 
AI-system developments with explicit indica-
tions of how their data will be used, by who, how 
it will be stored, and what will happen if there is 
a breach of the AI-system and unwarranted access 
to their data occurs (see Chap. 3).

25.5  AI-Enabled Image 
Interpretation in Cross- 
Sectional Imaging and CTC

An overview of AI in radiography and associated 
ethical considerations were described and dis-
cussed above. This section focuses on the use of 
AI in cross-sectional imaging, in particular CTC 
and its role in image interpretation.

Colorectal cancer (CRC) is common with an 
incidence in the region of 1.9 million and 
accounting for 9.96 million cancer-related deaths 
globally, in 2020. This figure is projected to 
increase with 3.2 million new cases by 2040. 
There are also significant increases in incidence 
of earlier onset of CRC among younger patients. 
One can appreciate that this is a significant health 
concern that health systems the world over would 
need to grapple with [22]. Thus, early detection 
and screening for CRC becomes imperative to 
improve patient outcomes and to mitigate the 
effects of an overburdened health system. The 
use of AI shows promise in the screening, 
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 detection and treatment of CRC which could lead 
to improved clinical outcomes and prognoses for 
patients [5].

Literature underscores the relatively high 
accuracy of AI-based algorithms to improve ear-
lier detection and classification of CRC lesions. 
The accuracy ranged with an area under curve 
(AUC) value of between 0.75 and 0.91 [5]. Polyp 
detection and classification is one such area 
explored. Premalignant colorectal polyps have 
successfully been differentiated from benign 
ones by means of AI including identifying 
patients, with polyps between 6 and 9 mm in size, 
who would benefit from endoscopic polypec-
tomy [23]. Automatic AI-enabled segmentation 
of CRC lesions is another area where high accu-
racy has been achieved to delineate the tumours 
for analysis and diagnosis purposes [24]. 
Evidence exists that indicates that AI-tools can 
provide timely provisional information about the 
histopathology of CRC lesions, with a 91.7% 
accuracy, to support pathologists’ decision- 
making processes and inform patient manage-
ment and treatment plans [25]. Metastases due to 
CRC can also be detected by AI-enabled algo-
rithms. Liver metastases, which would be unde-
tectable using current standard protocols, can be 
detected using AI-technologies. Additionally, 
CRC lesion budding can be detected early and 
quantified, which will enable earlier intervention 
and better prognosis for patients [1]. Some 
AI-models can also identify potential lymph 
node metastases, which can influence staging of 
CRC and surgical intervention planning [26]. 
AI-based algorithms also demonstrated accuracy 
to personalise patient treatment and can assist in 
determining the best and most effective treatment 
options with the least amount of toxicity possible 
and best possible prognosis [27]. The potential to 
sub-categorise tumours into more genomic sub-
types can promote even further targeted therapy 
to improve the clinical outcomes for patients 
[28]. This demonstrates the promising role of 
precision medicine in oncology to ensure patients 
receive the most effective treatment to improve 
their outcome [5].

One can appreciate that AI-enabled technol-
ogies provide promising future directions for 

CRC screening, detection, diagnosis, and treat-
ment. However, more work is required to have a 
broader body of evidence to validate current 
results of research before translating and 
deploying these technologies into clinical set-
tings [28].

Key Messages
• The role of AI continues to increase in the 

management and treatment of CRC.
• Ethics in the use of AI in imaging must be 

adhered to.
• Informed consent must include the possible 

use of AI in CTC examinations.
• Patients are an important role-player in the 

development of AI models.

25.6  Conclusion

AI will impact the role of radiographers signifi-
cantly but will not replace them. Instead, it will 
lead to an amended, and perhaps even an extended 
role in practice such as in CTC examinations. DL 
CNNs are common AI-enabled ML algorithms 
used in image interpretation. AI has considerable 
supportive prospects in a clinical environment to 
aid in timeous and accurate detection, diagnosis, 
and management of CRC at screening or diag-
nostic CTC. However, before full integration and 
adoption into practice requires that more work 
needs to be done to address the existing ethical 
concerns as well as to increase the existing body 
of evidence in this area.

References

1. Busnatu Ş, Niculescu A-G, Bolocan A, Petrescu 
GDE, Păduraru DN, Năstasă I, Lupuşoru M, Geantă 
M, Andronic O, Grumezescu AM, Martins H. Clinical 
applications of artificial intelligence—an updated 
overview. J Clin Med. 2022;11:2265. https://doi.
org/10.3390/jcm11082265.

2. Xu Y, Liu X, Cao X, Huang C, Liu E, Qian S, Liu X, 
Wu Y, et al. Artificial intelligence: a powerful paradigm 
for scientific research. Innovation. 2021;2(4):100179. 
https://doi.org/10.1016/j.xinn.2021.100179.

3. Wiljer D, Hakim Z.  Developing an artificial 
intelligence- enabled health care practice: rewiring 

R. van de Venter

https://doi.org/10.3390/jcm11082265
https://doi.org/10.3390/jcm11082265
https://doi.org/10.1016/j.xinn.2021.100179


343

health care professions for better care. J Med Imaging 
Radiat Sci. 2019;50(4 Suppl 2):S8–S14. https://doi.
org/10.1016/j.jmir.2019.09.010.

4. Hardy M, Harvey H. Artificial intelligence in diagnos-
tic imaging: impact on the radiography profession. Br 
J Radiol. 2020;93:20190840. https://doi.org/10.1259/
bjr.20190840.

5. Mitsala A, Tsalikidis C, Pitiakoudis M, Simopoulus 
C, Tsaroucha AK.  Artificial intelligence in colorec-
tal screening, diagnosis and treatment. A new era. 
Curr Oncol. 2021;28(3):1581–607. https://doi.
org/10.3390/curroncol28030149.

6. Pramoditha R.  The relationship between AL, ML, 
NNs and DL. 2022. https://rukshanpramoditha.
medium.com/the- relationship- between- ai- ml- nns- 
and- dl- 60bd40069908.

7. Liberini V, Laudicella R, Balma M, Nicolotti DG, 
Buschiazzo A, Grimaldi S, Lorenzon L, Bianchi A, 
et al. Radiomics and artificial intelligence in pros-
tate cancer: new tools for molecular hybrid imag-
ing and theragnostics. Eur Radiol Exp. 2022;6:27. 
https://doi.org/10.1186/s41747- 022- 00282- 0.

8. van Engelen JE, Hoos HH.  A survey on semi- 
supervised learning. Mach Learn. 2020;109:373–440. 
https://doi.org/10.1007/s10994- 019- 05855- 6.

9. Pandey B, Pandey DK, Mishra BP, Rhmann W.  A 
comprehensive survey of deep learning in the field of 
medical imaging and medical natural language pro-
cessing: challenges and research directions. J King 
Saud Uni Comput Inform Sci. 2022;34:5083–99. 
https://doi.org/10.1016/j.jksuci.2021.01.007.

10. Lewis SJ, Gandomkar Z, Brennan PC. Artificial intel-
ligence in medical imaging practice: looking to the 
future. J Med Radiat Sci. 2019;66(4):292–5. https://
doi.org/10.1002/jmrs.369.

11. Antwi WK, Akudjedu TN, Botwe BO.  Artificial 
intelligence in medical imaging practice in Africa: a 
qualitative content analysis study of radiographers’ 
perspectives. Insights Imaging. 2021;12:80. https://
doi.org/10.1186/s13244- 021- 01028- z.

12. Subramanian M, Wojtusciszyn A, Favre L, Boughorbel 
S, Shan J, Letaief KB, Pitteloud N, Chouchane 
L.  Precision medicine in the era of artificial intelli-
gence: implications in chronic disease management. 
J Transl Med. 2020;18:472. https://doi.org/10.1186/
s12967- 020- 02658- 5.

13. Malamateniou C, McEntee M.  Integration of AI in 
radiography practice: ten priorities for implementa-
tion. RAD Magazine. 2022;48(567):19–20. https://
www.radmagazine.com/scientific- article/integration- 
of- ai- in- radiography- practice- ten- priorities- for- 
implementation/.

14. van de Venter R. Moving towards automated digitised 
image interpretation Friend or foe? SA Radiographer. 
2019;56(1):7–10.

15. Doyen S, Dadario NB. 12 plagues of AI in health-
care: a practical guide to current issues with using 
machine learning in a medical context. Front Digit 
Health. 2022;4:765406. https://doi.org/10.3389/
fdgth.2022.765406.

16. Goisauf M, Abadía MC.  Ethics in AI in radiology: 
a review of ethical and societal implications. Front 
Big Data. 2022;5:850383. https://doi.org/10.3389/
fdata.2022.850383.

17. Kalm CE. Hitting the mark: reducing bias in AI sys-
tems. Radiol Artif Intell. 2022;4(5):e220171. https://
doi.org/10.1148/ryai.220171.

18. Mehrabi N, Morstatter F, Saxena N, Lerman K, 
Galstyan A. A survey on bias and fairness in machine 
learning. ACM Comput Surv. 2021;54(6):1–35. 
https://doi.org/10.1145/3457607.

19. Bernal J, Mazo C.  Transparency of artificial intel-
ligence in healthcare: insights from profession-
als in computing and healthcare worldwide. Appl 
Sci. 2022;12(20):10228. https://doi.org/10.3390/
appl122010228.

20. Mäntymäki M, Minkkinen M, Birkstedt T, Viljanen 
M.  Defining organizational AI governance. AI 
Ethics. 2022;2:603–9. https://doi.org/10.1007/
s43681- 022- 00143- x.

21. Mäntymäki M, Minkkinen M, Birkstedt T, Viljanen 
M.  Putting AI ethics into practice: the hourglass 
model of organizational AI governance. 2022. https://
arxiv.org/ftp/arxiv/papers/2206/2206.00335.pdf.

22. Xi Y, Xu P.  Global colorectal cancer burden in 
2020 and projections to 2040. Transl Oncol. 
2022;14(10):101174. https://doi.org/10.1016/j.
tranon.2021.101174.

23. Wesp P, Grosu S, Graser A, Maurus S, Schulz C, 
Knösel T, Fabritius MP, Schachtner B, Yeh BM, 
Cyran CC, Ricke J, Kazmierczak PM, Ingrisch 
M.  Deep learning in CT colonography: differentiat-
ing premalignant from benign colorectal polyps. Eur 
Radiol. 2022;32:4749–59. https://doi.org/10.1007/
s00330- 021- 08532- 2.

24. Wang K-W, Dong M.  Potential applications of arti-
ficial intelligence in colorectal polyps and cancer: 
recent advances and prospects. World J Gastroenterol. 
2020;26(34):5090–100. https://doi.org/10.3748/wjg.
v26.i34.5090.

25. Ho C, Zhao Z, Chen XF, Sauer J, Saraf SA, Jialdasani 
R, Taghipour K, Sathe A, Khor K-Y, Lim K-H, Leow 
W-Q. A promising deep-learning assistive algorithm 
for histopathological screening of colorectal can-
cer. Sci Rep. 2022;12:2222. https://doi.org/10.1038/
s41598- 022- 06264- x.

26. Bedrikovetski S, Dudi-Venkata NN, Kroon HM, 
Seow W, Wather R, Carneiro G, Moore JW, Sammour 
T. Artificial intelligence for pre-operative lymph node 
staging in colorectal cancer: a systematic review and 
meta-analysis. BMC Cancer. 2021;21:1058. https://
doi.org/10.1186/s12885- 021- 08773- w.

27. Cianci P, Restini E.  Artificial intelligence in 
colorectal cancer management. Artif Intell Cancer. 
2021;2(6):79–89. https://doi.org/10.35713/aic.
v2.i6.79.

28. Cheung HMC, Rubin D. Challenges and opportuni-
ties for artificial intelligence in oncological imag-
ing. Clin Radiol. 2021;76(10):728–36. https://doi.
org/10.1016/j.crad.2021.03.009.

25 Artificial Intelligence and Machine Learning in Cross-Sectional Imaging

https://doi.org/10.1016/j.jmir.2019.09.010
https://doi.org/10.1016/j.jmir.2019.09.010
https://doi.org/10.1259/bjr.20190840
https://doi.org/10.1259/bjr.20190840
https://doi.org/10.3390/curroncol28030149
https://doi.org/10.3390/curroncol28030149
https://rukshanpramoditha.medium.com/the-relationship-between-ai-ml-nns-and-dl-60bd40069908
https://rukshanpramoditha.medium.com/the-relationship-between-ai-ml-nns-and-dl-60bd40069908
https://rukshanpramoditha.medium.com/the-relationship-between-ai-ml-nns-and-dl-60bd40069908
https://doi.org/10.1186/s41747-022-00282-0
https://doi.org/10.1007/s10994-019-05855-6
https://doi.org/10.1016/j.jksuci.2021.01.007
https://doi.org/10.1002/jmrs.369
https://doi.org/10.1002/jmrs.369
https://doi.org/10.1186/s13244-021-01028-z
https://doi.org/10.1186/s13244-021-01028-z
https://doi.org/10.1186/s12967-020-02658-5
https://doi.org/10.1186/s12967-020-02658-5
https://www.radmagazine.com/scientific-article/integration-of-ai-in-radiography-practice-ten-priorities-for-implementation/
https://www.radmagazine.com/scientific-article/integration-of-ai-in-radiography-practice-ten-priorities-for-implementation/
https://www.radmagazine.com/scientific-article/integration-of-ai-in-radiography-practice-ten-priorities-for-implementation/
https://www.radmagazine.com/scientific-article/integration-of-ai-in-radiography-practice-ten-priorities-for-implementation/
https://doi.org/10.3389/fdgth.2022.765406
https://doi.org/10.3389/fdgth.2022.765406
https://doi.org/10.3389/fdata.2022.850383
https://doi.org/10.3389/fdata.2022.850383
https://doi.org/10.1148/ryai.220171
https://doi.org/10.1148/ryai.220171
https://doi.org/10.1145/3457607
https://doi.org/10.3390/appl122010228
https://doi.org/10.3390/appl122010228
https://doi.org/10.1007/s43681-022-00143-x
https://doi.org/10.1007/s43681-022-00143-x
https://arxiv.org/ftp/arxiv/papers/2206/2206.00335.pdf
https://arxiv.org/ftp/arxiv/papers/2206/2206.00335.pdf
https://doi.org/10.1016/j.tranon.2021.101174
https://doi.org/10.1016/j.tranon.2021.101174
https://doi.org/10.1007/s00330-021-08532-2
https://doi.org/10.1007/s00330-021-08532-2
https://doi.org/10.3748/wjg.v26.i34.5090
https://doi.org/10.3748/wjg.v26.i34.5090
https://doi.org/10.1038/s41598-022-06264-x
https://doi.org/10.1038/s41598-022-06264-x
https://doi.org/10.1186/s12885-021-08773-w
https://doi.org/10.1186/s12885-021-08773-w
https://doi.org/10.35713/aic.v2.i6.79
https://doi.org/10.35713/aic.v2.i6.79
https://doi.org/10.1016/j.crad.2021.03.009
https://doi.org/10.1016/j.crad.2021.03.009


345© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
J. H. Bortz et al. (eds.), CT Colonography for Radiographers, 
https://doi.org/10.1007/978-3-031-30866-6_26

26Dual-Energy CT and Photon 
Counting CT

Christoph J. Trauernicht

26.1  Introduction

Dual-energy CT (DECT) and photon counting 
CT are fairly recent advances in CT imaging 
which have shown tremendous promise for many 
clinical applications. In DECT, two different 
X-ray spectra are used to acquire two datasets of 
the same region. It is possible for two different 
materials to have the same CT number on an CT 
image, making the differentiation of different tis-
sue types very difficult. However, imaging at a 
second energy or X-ray spectrum potentially 
allows an analysis of energy-dependent changes 
in the attenuation of different materials [1], which 
in turn enables tissue composition characterisa-
tions [2].

26.2  X-Ray Interaction 
Mechanisms

There are two relevant X-ray interaction mecha-
nisms that occur when X-rays with energies that 
are common in CT interact with the human body.

 1. Compton scatter
In Compton scatter (see Fig. 26.1), a rela-

tively high-energy photon interacts with a 

loosely bound electron in an atom’s outer 
shell. Some of the energy of the incoming 
photon knocks the electron out of the atom, 
leaving behind a positively charged ion. The 
remaining energy emerges as a new photon 
with reduced energy and a change in direction 
[3]. Compton scatter is the largest component 
of attenuation and predominates in areas of 
the human body rich in atoms with low atomic 
number (like soft tissue) [2]. Scattered pho-
tons degrade image contrast. The Compton 
effect depends on the electron density of the 
material, which in turn is proportional to the 
mass density for most materials.

 2. Photoelectric effect
In the photoelectric effect (Fig.  26.2), an 

incoming photon interacts with a tightly 
bound inner orbit electron and transfers all its 
energy to the electron, which is ejected from 
the atom. The atom is left with a positive 
charge. Immediately an electron from an outer 
shell fills this hole, bringing the atom closer to 
its ground state. When this electron falls to a 
lower orbit, photons are produced, with an 
energy equal to the energy difference between 
the electron shell levels. These photons are 
known as characteristic radiation since the 
energy differences between the different elec-
tron orbits are characteristic for each element. 
A competing process with characteristic 
X-ray production is Auger electron emission, 
which is not relevant for X-ray imaging.
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The photoelectric effect is more likely to 
occur at lower photon energies and in materi-
als with a high atomic number. The interaction 
probability is larger when the energy of the 
incoming photon is only slightly larger than 
the binding energy of the electron in its orbit.

In general, the probability of photoelectric 
interaction is roughly proportional to the cube of 
the atomic number for heavy elements, and 
slightly more than that for lighter elements. It is 
also inversely proportional to the cube of the 
incoming photon energy, meaning lower photon 
energies are more likely to interact through the 
photoelectric effect (≈Z3/E3).

26.3  Material Decomposition

Dual-energy can be defined as the use of atten-
uation measurements at different X-ray ener-
gies, together with the use of the known 
changes in attenuation between the two ener-
gies, to differentiate and quantify material 
composition [4]. It works better for materials 
with a high atomic number, like iodine con-
trast. This was already explored by Hounsfield 
in 1973, but only gained clinical traction in the 
2010s [4].

For a given energy spectrum, two materials 
can have the same attenuation μ, even if they dif-
fer in chemical composition and material density. 
In CTC, this applies, for example, to soft tissue 
that may appear very similar (in terms of the CT 
number) to unclearly tagged faecal matter and 
partial-volume mixtures with air.

The X-ray attenuation μ at a point has compo-
nents that are attributable to Compton scatter and 
to the photoelectric effect.

Therefore, μ = μCompton + μPhotoelectric.
The material decomposition of two materials 

can be performed by expressing the linear attenu-
ation coefficient of a dual-energy CT image as a 
linear combination of the two basis materials at 
two energy levels, for example, at 80 keV and at 
140 keV.

 1. μ80keV = μ80keV
Compton + μ80keV

Photoelectric

 2. μ140keV = μ140keV
Compton + μ140keV

Photoelectric

Since Compton scatter depends on the density 
of the material, and the photoelectric effect 
depends on the cube of the atomic number, one 
can now solve these two equations for the density 
and the atomic number, for example, for water 
and iodine in each image voxel. This makes use 
of the fact that the attenuation of X-rays increases 
with a decrease in energy, but that high atomic 
number materials (e.g., iodine with Z = 53) will 
show a larger change in differential absorption 
because the photoelectric effect becomes more 
dominant at lower energies and higher atomic 
number materials. This change in attenuation 
from the high to the low X-ray energy character-
ises the material.
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26.4  Different Approaches 
to DECT

There are two key requirements for multi-energy 
CT imaging:

 – The acquisition should happen simultaneously 
if possible, to avoid motion artefacts.

 – There must be sufficient energy separation 
between the high and low energy spectrum, 
which will improve the contrast to noise ratio.

There are a number of different approaches to 
dual-energy CT [5, 6].

26.4.1  Dual-Source CT

The most straightforward approach is dual- 
source CT (Fig.  26.3) with two X-ray sources 
running at different voltages, with two corre-
sponding sets of detectors, offset within the CT 
gantry at a known angle. Additional filters (e.g. 
tin filters) can be used to adjust the X-ray spec-
trum at the X-ray tube exit window to better sepa-
rate the low and high energy spectra.

Siemens implemented this approach. Scan 
parameters can be individually adjusted for both 
measurement systems and tube current modula-
tion is possible. The two perpendicular (or in later 
versions near-perpendicular) X-ray beams image 
the same slice of the patient at the same time.

The current limitations of this technique are 
that there is a smaller central scan field-of-view 
for dual-energy imaging and that cross-scattered 
radiation may affect image quality [6].

26.4.2  Twin Beam Dual-Energy

In twin beam DECT, two different filters are used 
to split the X-ray beam from a single source into 
two beams of different energies. This is achieved 
by adding either a tin (Sn) or gold (Au) filter and 
thus filtering two halves of an X-ray beam differ-
ently in the longitudinal direction (Fig.  26.4). 
This is possible because of multi-row detector 
technologies. Siemens also implemented this 

technique. The advantages are that no special 
X-ray tube requirements are necessary, that a full 
field of view is achievable, that tube current mod-
ulation is possible, and that these systems are 
more affordable. However, the spectrum separa-
tion is smaller compared to a two-kV method, 
and the substantial filtration may require a pow-
erful X-ray generator [6].

26.4.3  Rapid Tube Potential 
Switching

Two different energies can also be obtained by 
rapidly switching the tube potential back and 

Fig. 26.3 Dual-source CT

Gold Tin

Aluminium

Fig. 26.4 Two halves of a beam filtered differently to 
achieve energy separation
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forth between the high and low energy setting on 
a view-by-view basis during one scan (Fig. 26.5). 
This technique was implemented by GE. It allows 
precise temporal registration of the datasets and 
delivers a full 50 cm material decomposition scan 
field of view. The interleaved high- and low-kVp 
projections are split into low-energy and high- 
energy projections before reconstruction. 
Additionally, material decomposition can be 
done and material density images, based, for 
example, on iodine and water, can be composed 
[5]. The downside of this method is that tube cur-
rent modulation is not available, but the kVp 
switches from 80 to 140 kVp in less than 0.5 ms 
[7]. Gantries typically rotate around the patient 
around three times per second.

26.4.4  Dual-Layer Detectors

Philips Healthcare has successfully implemented 
dual-layer detector technology to achieve the 
energy separation. The dual-layer detector 
acquires single X-ray source CT data using two 
scintillation layers on top of each other, which 
are used to acquire two energy datasets simulta-
neously [5, 6].

A single CT scan is performed at a high kVp. 
The first layer of the detectors absorbs most of 
the low-energy spectrum (approximately 50% of 
the beam), while the bottom layer of the detector 
absorbs the remaining higher energy photons. 
Images are reconstructed separately from each 
layer of the detectors (Fig. 26.6). This technique 

has full spatial and temporal registration of both 
data sets and allows full field-of-view imaging. 
The top layer consists of a low-density garnet 
scintillator, while the bottom layer consists of 
Gadolinium Oxysulfide (Gd2O2S).

Every 120 and 140  kV scan provides both 
conventional images, as well as dual-energy 
images. The detector layers are optimised, both 
in terms of thickness and materials, for 120 kV 
and 140  kV, but not for lower energies. The 
energy separation is smaller than other two-kV 
methods. Detector cross-talk between layers can 
affect the acquired signal, when photon interac-
tions on one detector pixel results in scattered 
photons that interact in a different pixel.

26.5  The Use of DECT in CTC

Karcaaltincaba et al. [8] were the first group to 
describe a DECT colonography technique that 
has the potential to obviate non-contrast prone 
images from diagnostic CTC protocols. Colonic 
polyps and masses are enhanced by about 
40–50 HU on post-contrast images; iodine DECT 
images allow the enhancement of colonic masses 
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relative to faecal matter through virtual non- 
contrast images acquired by DECT. Virtual non- 
contrast imaging is a post-processing technique 
used to generate ‘non-contrast’ images of 
contrast- enhanced scans via the subtraction of 
iodine.

DECT can be used for electronic cleansing in 
CTC [9, 10]. Özdeniz et al. [10] found that it is 
possible to differentiate tumour from faecal mat-
ter with no requirement for bowel preparation or 
scanning the patient in two positions. They did 
not test the effectiveness of DECT in polyp detec-
tion. Boellard et al. [11] also found that colorec-
tal cancers are visible on the contrast-enhanced 
dual-energy CT without bowel preparation or 
insufflation. This could make it a very useful tool 
in the imaging of frail and elderly patients.

26.6  Photon Counting CT

Detector advancements have made photon count-
ing CT possible [6]. Scintillation detectors in use 
today’s CT scanners convert X-rays into visible 
light, which is detected by photodiodes coupled 
to these scintillators. The intensity of the emitted 
light is proportional to the amount of deposited 
X-ray energy.

Photon counting detectors are based on semi-
conductors like cadmium-telluride (CdTe) or 
cadmium-zinc-telluride (CdZT). The difference 
with these detectors is that X-ray energy is 
directly converted to an electrical signal, without 
the conversion of X-rays to light through a scin-
tillator first.

The absorbed X-rays create electron-hole 
pairs that are separated in a strong electric field. 
The moving electrons induce short voltage 
pulses, the height of which are approximately 
proportional to the deposited X-ray energy. These 
pulses are individually counted as soon as they 
exceed a given energy threshold. This threshold 
is set in such a way that low-level electronic noise 
below the threshold is disregarded, resulting in 
less image noise. This in turn opens the door for 
potential dose reduction.

It is also possible to set more than one thresh-
old (up to six thresholds in prototype testing), 

based on the voltages that are fed into a pulse- 
height discriminator circuit [6]. Figure 26.7 illus-
trates photon counting.

By implementing two or more energy thresh-
olds for data read-out, dual- or multi-energy data 
can be provided from standard CT scanners with-
out any modifications, other than the detector 
type. There are no limitations with regard to 
choice of scan parameters, pitch, tube current 
modulation, or similar. Data are temporally and 
spatially aligned and there is no additional scatter 
radiation that needs to be considered.

The first photon counting CT scanner was 
approved by the US Food & Drug Administration 
(FDA) in the United States in 2021. All major CT 
vendors are currently developing photon count-
ing CT systems. It is likely that photon counting 
detectors will become the next major shift in CT 
technology in the next few years.

The major benefits of photon counting CT 
include:

 – no electronic noise
 – smaller detector pixels
 – photon contributions of different energies can 

be enhanced to improve contrast
 – any scan can become a multi-energy scan

The photoelectric effect is much more likely 
to occur if the energy of the incoming X-ray only 
slightly exceeds the binding energy of the inner-
most electron in the atom. The innermost orbit is 
called the K-shell. K-edge imaging follows a 
similar argument as dual-energy imaging, with a 
sudden increase in the likelihood for a photoelec-
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Fig. 26.7 Photon counting: photons are counted in the 
respective energy bins as soon as they exceed the corre-
sponding energy threshold

26 Dual-Energy CT and Photon Counting CT



350

tric interaction in a material when the photon 
energy only just exceeds this K-edge. This can be 
used as an additional basis for material imaging. 
This can include the separation of gadolinium 
and iodine contrast agents. Muenzel et  al. [12] 
have shown that dual-contrast photon counting 
CTC with iodine-filled lumen and gadolinium- 
tagged polyps may enable ready differentiation 
between polyps and faecal material.

Multi-energy CT also allows for more robust 
beam hardening correction and metal artefact 
reduction algorithms.

Key Messages
• DECT is an innovative technology that takes 

advantage of the differential absorption differ-
ences of different materials at different ener-
gies, in order to classify materials.

• Different vendors use different methodologies 
to implement DECT, ranging from two X-ray 
sources imaging at different energies, to one 
X-ray source with different filters in the longi-
tudinal direction, to one X-ray source where 
the tube potential is rapidly switched between 
higher and lower kV, to dual layer detectors, 
where each layer preferentially absorbs either 
higher or lower energies.

• Photon counting CT makes use of detectors 
that directly convert X-ray energy to electrical 
signals. This allows electronic binning of sig-
nals in different energy bins, which means that 
any standard CT scanner can become a photon 
counting CT scanner if the correct detector is 
used.

26.7  Summary

Dual-energy CT (DECT) makes use of the fact 
that the differential absorption of X-rays changes 
with energy of the X-rays, as well as the atomic 
number of the traversed materials. This is partic-
ularly the case for high atomic number materials. 
This allows for material decomposition in a dual- 
energy scan, which in turn allows for attempts at, 
for example, electronic cleansing of the bowel in 
CTC. Different vendors implement DECT in dif-
ferent ways: either through the use of two X-ray 

tubes operating at different energies; or applying 
two different filters to split the X-ray beam from 
a single source into two beams of different ener-
gies; or by rapidly switching the kV in an X-ray 
tube during the acquisition; or by implementing 
dual-layer detectors, with one layer preferentially 
absorbing the lower energy component, and the 
other layer the higher energy component of the 
beam.

Photon counting CT was made possible by 
advancements in detector technology. The direct 
conversion from deposited X-ray energy to an 
electronic signal allows for energy discrimina-
tion, as well as electronic noise removal. In the-
ory, the application of this detector technology 
can turn any CT scanner into a dual- or multi- 
energy CT scanner.
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27Application of Clinical Audit 
Principles for Good Practice in CT 
Colonography

Leonie Munro and Aarthi Ramlaul

27.1  Introduction

Computed tomography colonography (CTC) is 
the main radiological method for diagnosis and 
exclusion of colorectal cancer (CRC) and polyps 
in asymptomatic patients, as well as in patients 
with comorbidities that preclude colonoscopy 
(see Chaps. 7 and 10). CTC is also performed for 
assessment of patients with incomplete colonos-
copy (see Chap. 20). The demand for CTC exam-
inations is increasing due to a number of factors; 
namely, greater life expectancy, improved sensi-
tivity and specificity for colorectal masses, large 
and medium polyps and excess demand on 
endoscopy departments [1]. It is important that 
all aspects of a CTC examination/procedure are 
of a consistently high standard. Appropriate 
audits to demonstrate this are required.

Audits can be used to assess all aspects of a CTC 
procedure including: the appropriateness of 
requests; bowel preparation adequacy; effectiveness 
in identifying abnormalities; and diagnostic value 
[2]. A clinical audit can also be used for assessing 
adequate distension of bowel segments; administra-
tion rates of iv hyoscine butylbromide (Buscopan) 

and use of oral faecal tagging (e.g., Gastrografin) 
[1]. In order to do this, it requires the use of a tool to 
evaluate the entire provision of a screening or diag-
nostic CTC service in terms of best practice. All of 
the imaging modalities used in CRC, as well as 
management and treatment, should be a high stan-
dard. A clinical audit is a quality improvement pro-
cess that focuses on patient care, management, 
treatment, and outcomes [3–8]. The purpose of a 
clinical audit is to improve quality of services. It 
should not be perceived as judgemental or a puni-
tive measure. Using audit data can be a powerful 
means to drive changes to improve the service pro-
vision and patient and service user experience.

27.2  The Value of Audit Data

CTC audit data can be used to bring about valu-
able changes. Implementations in practice from 
audit data should make a positive impact on 
patient experience, the quality of a CTC examina-
tion and the standard of interpretation [9]. In their 
audit Sharp et al. [9] reported that the verbal con-
sent process was changed to written consent with 
a focus on the risks especially in relation to bowel 
perforation (see Chap. 3). Another change was 
seen in using a decubitus position rather than 
supine position during a CTC procedure. This 
change resulted in improved colonic distension on 
imaging and with reduced premature colonic 
desufflation [9]. A further change was the intro-
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duction of a coding system for all BSCP (bowel 
cancer screening programmes) CTCs to differen-
tiate intracolonic from extracolonic findings 
(ECFs) to help highlight the severity of any find-
ings, and ensure appropriate follow-up investiga-
tions, if required (see Chap. 18 for a detailed 
presentation of ECFs).

A clinical audit by Tryb, Haldar, and Prezzi 
[1] reported the implementation of the following 
actions from their data: offered further support 
and training of radiographers to identify inade-
quate segments and administer further insuffla-
tion and additional views; glaucoma questions 
were removed from their patient group directive 
(PGD) and replaced with visual symptom guid-
ance. All CTC examinations should therefore 
have adequate bowel preparation and distension 
[1] (see Chap. 10).

In January 2021, the British Society of 
Gastrointestinal and Abdominal Radiology 
(BSGAR) and the Royal College of Radiologists 
(RCR) published new standards of practice for 
CTC [10, 11]. A 2018 document of the Society and 
Colleges of Radiographers (SCoR) [12] includes 
detailed guidance for radiographers for the provi-
sion of a safe and effective CTC service and 
includes audit examples and tools in relation to best 
practice guidelines. These guidelines include rec-
ommendations for best practice from BCSP [13], 
BSGAR [10], ESGAR, and RCR [14]. A clinical 
audit entails several stages and are discussed below.

27.3  Audit Cycle

A clinical audit is a systematic process. It involves 
an audit team who identify a topic for audit, pre-
pare the audit, define audit criteria and standard, 
collect data, analyse collected data and imple-
mentation of changes, check improvements and 
maintenance in terms of best practice. It is a con-
tinuous cycle to ensure that a high standard of 
service is delivered and not a one-off procedure 
[15]. Audits must be conducted periodically and, 
if changes are implemented, then a re-audit must 
take place within 6–12 months. Depending on the 
audit topic, the recommended period for an audit 
is 2 years [10].

There is consensus in the literature that a clini-
cal audit entails: identify the problem and aim of 
an audit, set standard, data collection, data analy-
sis and writing a report, implement change, and 
conduct another audit [3, 4, 16]. It is important 
that a clinical audit is transparent and is under-
taken within an ethical framework. The identity 
of patients and staff must be protected [3]. In 
other words, the principles of biomedical ethics 
must be adhered to.

27.3.1  Preparing for an Audit

This stage pertains to selecting a topic for audit 
and should include all stakeholders: a clinical 
audit is a team effort. All aspects of a CTC proce-
dure must be auditable for compliance against 
expected standards as published by BSGAR and 
Royal College of Radiologists [10] and SCoR 
[12]. In addition, there are examples of audit pro-
tocols available in the public domain that can be 
referred to when preparing your audit.

In order to get started, however, an audit ques-
tion has to be designed [3, 17]. The question must 
include objectives. For example, an audit could 
be conducted on patient compliance regarding 
diet before a CTC study (see Table 9.1).

Indicators are measurable variables and should 
be identified during the planning stage [15]. 
When undertaking a local audit that has been 
conducted before, it is advisable to use the same 
indicators so that comparisons can be drawn in a 
reliable manner.

27.3.2  Criteria and Standard 
to Be Set

All audits require standards to measure the accu-
racy of the audit [15]. The standard that is being 
measured against has to be clearly defined. It is 
important to have clear criteria to measure out-
comes [3]. Criteria underpin an audit to ensure 
that relevant data are collected. A clinical audit 
must have objectives that are specific, measur-
able, and achievable [3]. See for example the 
joint guidance for CTC standards of practice of 
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the British Society of Gastrointestinal and 
Abdominal Radiology (BSGAR) and The Royal 
College of Radiology [10], as well as a list of 
completed audits with standards which can be 
referred to for conducting local audits. See also 
the SCoR document [12] and that of ESGAR 
[14].

27.3.3  Data Collection

The size of a sample is very important in order to 
obtain an accurate result of any audit; the times-
cale used will have a direct bearing on the sample 
size [15]. During an audit, it must be ensured that 
there is a high confidence of accuracy levels in 
your results to give an honest picture of the entire 
service.

A clinical audit could be retrospective or pro-
spective. Both involve identifying source/s of 
data [3]. For example, a retrospective audit of 
CTC bowel cleansing for the past year would 
require retrieval of data from a PACS. The sam-
ple size should be specific based on the total 
number of CTC studies over the past year. 
Collection of data will depend on resources avail-
able hence the sample size should be manage-
able. The BSGAR recommends that a spreadsheet 
containing all relevant data on RIS (radiology 
information system) [nd] [18] should be used for 
clinical audit of CTC examinations.

27.3.4  Data Analysis

This stage entails comparing actual performance, 
in terms of collected data, with the set standard. 
The data are reviewed to determine whether the 
standard was met. This stage requires document-
ing possible reasons for failures in terms of the 
set standard [3]. When results do not meet the 
standards, all possible reasons for not meeting 
the standards must be examined, such as target 
level, process, technical factors and such. The 
possibility of sampling bias must also be consid-
ered before recommending any changes [15].

The process must be transparent hence the find-
ings need to be shared with relevant stakeholders. 

The NHS bowel cancer screening programme 
(BCSP) [13] recommends that audit data should 
be presented at BCSP team meetings, as well as at 
local, regional, or national BCSP audit meetings.

27.3.5  Improvements 
and Maintenance

An action plan should be developed, in terms of 
recommendations for improvements within a 
specific timeframe. An action plan should include 
who will be responsible for implementing 
changes. It is important that changes or best prac-
tice standards should be evaluated with respect to 
completing an audit cycle [3]. A review clinical 
audit should be done. An improvement in service 
can only be proved following a repeat audit and 
only if it shows an improvement in results [15].

27.4  Is a Clinical Audit the Same 
as Research?

Research is a systematic process, which contrib-
utes to the body of knowledge, because a 
researcher looks for information in terms of a gap 
in the literature or if there is no generally accepted 
evidence available [19]. As unpacked above a 
clinical audit is central to finding out whether we 
are doing what is required in terms of best prac-
tice. Research and a clinical audit are systematic 
processes. A clinical audit, however, focuses on 
the quality of a service provided to patients in 
order to improve their outcomes and experience, 
and not on contributing new knowledge.

27.5  Proposed Layout of a Clinical 
Audit Report

Based on the discussion above, it is suggested 
that a clinical audit report should include the 
following.

• Title
• Date
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• Names: lead team member and co-team 
members

• Name of department
• Re-audit date
• Introduction: reason for the audit
• Aims and objectives: criteria and standards
• Sample and methodology
• Results
• Discussion
• Recommendation
• Action plan: what requires improvements in 

terms of best practice standards; who will be 
responsible for overseeing required improve-
ments and when will this be done; date for 
re-audit

Key Messages
• All aspects of a CTC procedure or examina-

tion are potentially auditable.
• Audits are an important quality monitoring 

process.
• Audit data can be used to bring about change 

for better impact on service delivery, patient 
outcomes, and experience.

• There are a number of steps within the audit 
process; the process followed must be robust 
to validate audit findings.

• Depending on the aspect of the CTC proce-
dure being audited, audits can be repeated 
every 6 months to 2 years.

• There are a number of key documents that set 
out clear guidelines to be followed when con-
ducting an audit.

27.6  Summary

CTC is the best method for radiologically diag-
nosing colorectal cancers and extracolonic 
pathologies. Best practice guidelines have been 
produced for the safe and effective monitoring of 
quality standards when performing CTC exami-
nations for symptomatic and asymptomatic per-
sons. The guidelines recommend that departments 
monitor their CTC services and outcomes in rela-
tion to patient outcomes and experience. CTC 
audit data are valuable in driving evidence-based 

changes for implementation within CTC service 
provision. Audits are conducted through system-
atic steps. There are numerous examples of audits 
and audit templates available in the public domain 
to help in planning and conducting these valuable 
imaging studies.
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28Self-Assessment of CT 
Colonography Images

Joel H. Bortz, Aarthi Ramlaul, and Leonie Munro

28.1  Introduction

Interpretation of both colonic and extracolonic 
images is essential in all CTC studies. Fifty CTC 
images are embedded in the self-assessment ques-
tions. Our aim in these questions is to provide a 
platform for readers to assess their knowledge and 
understanding of CTC as presented in this book. It 
is important to refer to the C classification in Table 
10.3 when interpreting CTC images. A C3 classifi-
cation requires recommending colonoscopy fol-
low-up, for example. Some questions require 
knowledge of the E classification presented in 
Table 18.4. Where applicable, reference is made to 

the reporting template in Chap. 21. Sixty-four 
images with labels/arrows are embedded in the 
answers. The majority of the answers include com-
ments with additional information. In some images 
there is a small blue arrow generated by software 
discussed in Chaps. 10 and 21. Ignore these arrows 
unless specifically referred in the text.

28.2  Self-Assessment Questions

Question 1
Describe the image appearances on 
Fig. 28.1a(i–iii).
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Question 2
Describe the image appearances on Fig. 28.1b(i, ii).

b(i) b(ii)

 

Question 3
Describe the image appearances on Fig. 28.1c(i, ii). What causes these appearances?

c(i) c(ii)

 

Question 4
Describe the image appearance on Fig. 28.1d(i, ii). Does this pathology have complications?

d(i) d(ii)
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Question 5
Describe the appearances on Fig. 28.1e(i, ii) in an asymptomatic patient at a screening CTC study. 
What could be the cause of these appearances? Are they of clinical significance?

e(i) e(ii)

 

Question 6
The images in Fig. 28.1f(i, ii) are of two asymptomatic patients who had screening CTC examina-
tions. Describe your findings for each patient. Under which E classification would you list your 
findings?

f(i) f(ii)

 

Question 7
Figure 28.1g(i) is a 3D supine view. Describe your findings. Describe your findings of Fig. 28.1g(ii). 
Should further views be checked and if so provide reason for your answer.

g(i) g(ii)
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Question 8
Which region of the colon is depicted in Fig. 28.1h(i–iii)? Describe your findings of all the images.

h(i) h(ii) h(iii)

 

Question 9
Do you agree that Fig. 28.1i(i) shows a 8 mm sessile polyp? What is the appearance in Fig. 28.1i(ii)?

i(i)

 

i(ii)
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Question 10
Describe the bowel segments on the colon-map 
in Fig. 28.1j and comment on them.

j

 

Question 11
Describe the ECFs in this image (Fig. 28.1k) and 
state E classification. What could be the reason 
for the position of the pancreas and spleen?

k

 

Question 12
Describe the appearance on Fig. 28.1l. Give rea-
son for your answer and indicate E 
classification.

l

 

Question 13
Describe the appearance of this ECF on 
Fig. 28.1m. Indicate E classification.

m
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Question 14
Describe the appearances in Fig. 28.1n(i–iii). Does this pathology occur equally in males and females?

n(i) n(ii)

n(iii)
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Question 15
Describe the appearance in Fig. 28.1o. State E classification.

o

 

Question 16
Describe the appearances in Fig. 28.1p(i, ii).

p(i) p(ii)

 

28 Self-Assessment of CT Colonography Images



366

Question 17
Describe this ECF in Fig.  28.1q. State E 
classification.

q

 

Question 18
Describe the appearance in Fig. 28.1r.

r

 

Question 19
Describe the appearance in Fig.  28.1s. State E 
classification.

s

 

Question 20
Describe the ECF seen on Fig.  28.1t. State E 
classification.

t

 

Question 21
Describe the ECF seen on Fig.  28.1u. State E 
classification.

u
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Question 22
Describe the ECF seen on Fig. 28.1v(i) and state E classification. Figure 28.1v(ii) is of another patient. 
Describe the finding and state E classification.

v(i)

 

v(ii)

 

Question 23
Describe the ECF seen on Fig. 28.1w.

w
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Question 24
Describe the ECFs seen on Fig. 28.1x(i–iv). State E classification.

x(i) x(ii)

x(iii) x(iv)
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Question 25
Describe the ECFs on Fig. 28.1y(i–iii). State E classification.

y(i) y(ii) y(iii)

 

Question 26
Describe the ECFs on Fig. 28.1z(i–iii), and state E classification.

z(i) z(ii) z(iii)
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Question 27
Figure 28.1aA(i, ii) is of a patient who presented for a screening CTC. Describe the appearances of 
the images. What would be the future management of the patient?

Aa(i) Aa(ii)

 

Question 28
Define an anal papilla and state what causes it.

Question 29
Patient preparation is an essential step in a CTC study. What should be done if several patients present 
with poor bowel preparation?

Question 30
Describe the features of a colon lipoma image.

28.3  Answers

Question 1
3D fly-through (Fig. 28.2a(i)) shows a polypoidal lesion on a haustral fold suspicious for a polyp 
(black arrow). Figure (ii) is a translucent display (TD) showing the lesion is white indicating barium 
on a fold and not a polyp (black arrow). 2D axial view (Fig. 28.2a(iii)) shows barium attached to a fold 
(red arrow) and no evidence of a polyp.

a(i)

 

a(ii)

 

a(iii)

 

Comment
Colour attenuation values of TD are discussed in 10.5 in Chap. 10. Careful scrutiny of the 2D is 
required for those sites that do not have TD.
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Question 2
Figure 28.2b(i) 3D view shows a non-polypoidal lesion (black circle) corresponding to the flat lesion. 
Figure 28.2b(ii) 2D axial view of the R colon shows partial covering of a flat lesion by barium (red 
arrow). Note its position on the non- dependent portion of the bowel wall.

b(i)

 

b(ii)

 

Question 3
Figure 28.2c(i) 3D view showing an artefact (open black arrows). Figure 28.2c(ii) 2D axial view 
showing artefact (black arrows). It is a luminal artefact called the ‘dense water fall sign’ (DWS). It 
occurs when opacified luminal fluid flows from a higher to a lower level relative to the patient position 
on the scanner table.

c(i)

 

c(ii)

 

Comment
Tagging is important as 80% of flat polyps have some form of covering aiding in their visualisa-
tion. Flat polyps are responsible for 30% of colorectal cancers particularly on the R side of the 
colon. Important to take accurate measurements of polyps in terms of C classification as shown 
in Table 14.1.

Comment
The DWS is discussed in 12.2.8.1 in Chap. 12. It is a distinctive arciform artefact. It is not due 
to patient breathing, patient movement, spasm, or beam hardening. It is best seen on 2D views 
where the artefact is most prominent.
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Question 4
Figure 28.2d(i). 3D supine image showing a diverticulum (black circle). There is also a polypoidal 
lesion simulating a polyp (black arrow). Figure 28.2d(ii) 2D sagittal image shows diverticula (hexa-
gon) and an impacted diverticulum (red arrow) which is the one shown in the black circle on the 3D.

d(i)

 

d(ii)

 

Question 5
Punctate calcification seen in the liver (red circle) in Fig. 28.2e(i), and in the spleen (red circles) in 
Fig. 28.2e(ii). The latter is typical granuloma calcification. A history of an infection (e.g., TB) is a 
cause of granuloma. It is an ECF of low clinical importance (E2).

e(i)

 

e(ii)

 

Comment
Diverticular disease (DD) is the most common benign colonic abnormality in people over the 
age of 50 years. It is considered to be a normal finding as discussed in Chap. 16. However, if a 
diverticulum becomes filled with thickened or congealed stool and/or barium it may then bulge 
into the colonic lumen causing a polypoidal defect on 3D endoluminal views. DD does have 
complications as discussed in 16.10 in Chap. 16.

Comment
See Table 18.1 for E classifications. Granuloma is an E2 classification. Granulomas are usually 
caused by an infection. Most common causes are: (i) tuberculosis, (ii) sarcoidosis, (iii) histo-
plasmosis, (iv) aspergillosis, and (v) Wegener’s granulomatosis.
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Question 6
Figure 28.2f(i) is a 2D axial supine image showing a 1 cm calcified calculus in the neck of the gall-
bladder (red circle). Figure 28.2f(ii) shows a dilated gallbladder and mild calcification (red arrow) of 
part of the gallbladder wall. E2.

f(i)

 

f(ii)

 

Question 7
Figure 28.2g(i) shows polypoidal swelling (black arrows) around the rectal tube in keeping with large 
haemorrhoids on the 3D supine view. Figure 28.2g(ii) is a 2D supine axial view. Red arrow indicates 
polypoidal swelling adjacent to the tube in keeping with haemorrhoids.

g(i)

 

g(ii)

 

Comment
Haemorrhoids are best visualised in the prone position with the balloon deflated as shown in 
Fig. 28.2g(iii): numerous vessels are evident (black arrows) in keeping with haemorrhoids. As dis-
cussed in Chap. 13, it is important to deflate the balloon in the prone position to best visualise 
internal haemorrhoids. See 13.4.1 and 13.6 in Chap. 13.

g(iii)

Comment
Dilated gallbladder probably due to fasting. The small area of calcification may relate to a previ-
ous inflammation.
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Question 8
The images are of the valves of Houston in the rectum. 3D view (Fig. 28.2h(i)) shows a polypoidal 
swelling on the valve of Houston fold (black circle). TD (Fig. 28.2h(ii)) confirms that it is a polyp 
(arrows). 2D sagittal view (Fig. 28.2h(iii)) shows a soft tissue polyp (red arrow) on the inferior valve 
of Houston.

h(i)

 

h(ii)

 

h(iii)

 

Question 9
The appearance on Fig. 28.2i(i) is that of 8 mm sessile polyp on the 3D view (black circle). However, 
a small stalk (red arrows) is noted on Fig. 28.2(ii) depicting a pedunculated polyp.

i(i)

 

i(ii)

 

Comment
It is important to carefully look at the features of polyps on 2D views and to check for a stalk, 
if visualised. How to measure sessile and pedunculated polyps is described in Chap. 10.

Comment
Histology was that of a tubular adenoma. Colour attenuation values of TD are discussed in 
10.5 in Chap. 10. The anatomy of the valves of Houston is described in Chap. 11 (see 11.3.1 and 
Fig. 11.2(i, ii)).

J. H. Bortz et al.



375

Question 10
Colon-map (Fig.  28.2j) simulating a double- 
contrast barium enema image shows markedly 
redundant sigmoid colon (SC) and transverse 
colon (TC), which dips into the pelvic region. 
AC = ascending colon. DC = descending colon. 
R = rectum.

j

 

Question 11
As shown on Fig.  28.2k, there are secondary 
deposits in the liver (black circles). Gallbladder 
(GB) appears normal. The tail of the pancreas 
(green arrow) dips vertically towards the renal 
bed, and the spleen is in a horizontal position. 
Red arrows = calcification of wall of the aorta in 
keeping with atherosclerosis. E4. Patient had a 
left nephrectomy; hence, the position of the 
spleen and tail of the pancreas. Patient probably 
had cancer of the kidney in view of secondary 
deposits in the liver.

k

 

Comment
It is easy to understand how an optical 
colonoscopy may be unsuccessful in a 
patient with this bowel configuration. 
Redundancy is discussed in Chap. 20, and 
the average colon length is presented in 
11.3 in Chap. 11.
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Comment
Note the position of pancreas and spleen in Fig. 28.2l(i, ii). Most spleens are in the left upper 
quadrant. The position of the spleen usually shifts in a patient who has had a left nephrectomy. It 
shifts to the area of the left renal bed where the kidney used to be positioned. Its orientation also 
changes, and it tends to lie in a horizontal position as evident in Fig. 28.2k. The position of the 
pancreas also changes in these patients. Its body and tail tend to dip vertically towards the renal 
bed as evident in Fig. 28.2k. The splenic artery and vein accompany the pancreas in this move.

l(i)
 

l(ii)

Question 12
As shown on Fig. 28.2m, there is a right transplanted kidney containing calcification (red arrow) and 
a left transplanted kidney (green arrow). E2 classification.

m

  

Comment
Both kidneys were not functioning (failed 
transplants). The patient had a successful 
third transplant as shown in Fig. 28.2n.

n
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Comment
During foetal development the kidneys rise from the pelvic region and move into their normal 
position. However, if they become attached during this process they become ‘fused’ and take on 
a shape resembling a horseshoe. Figure 28.2p is of a different patient. The shape on each side 
resembles a kidney joined by a bar of tissue anterior to aorta (green arrow). Yellow 
arrow = IVC. Red arrow = L kidney. Purple arrow = R kidney.

Question 13
Typical kidney appearance in each renal fossa is not seen in Fig. 28.2o. The two kidneys have fused 
anteriorly (red arrow). Green arrow  =  IVC.  Red circle  =  aorta. Orange arrows  =  psoas muscle. 
Horseshoe kidney (aka renal fusion). E 2.

o

  

p
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Question 14
On the 2D axial view (Fig. 28.2q(i)), the rectum is displaced to the left. There is unopacified small 
bowel (yellow arrows) to the right of the rectum extending to the tip of the sacrum. This is in keeping 
with an enterocele. The 2D prone axial (Fig. 28.2q(ii) shows the rectum in a more central position. 
Reduction of enterocele (yellow arrow) anteriorly. There is a streak artefact from a pin in R femoral 
neck. The 2D sagittal prone view (Fig. 28.2q(iii)) shows rectum in normal position with the small 
bowel now reduced and lying anteriorly (yellow arrow) to the rectum. E2 classification.

q(i)

 

q(ii)

 

q(iii)

 

Question 15
White circle in Fig. 28.2r indicates umbilical hernia not containing colon. E2.

r

 

Comment

Streak artefacts are discussed in 12.2.9 in Chap. 12. An enterocele is uncommon in males. It is 
a prolapse of small bowel which descends into the lower part of the pelvic cavity and displaces 
the rectum usually to the left. In a sagittal view, loops of small bowel may be seen between the 
rectum and the sacrum. It is caused by weakness of the muscles and ligaments of the pelvic 
floor. It may occur after pregnancy and childbirth and is more common in women who have had 
a previous hysterectomy.

Comment
An umbilical hernia may be congenital or 
acquired. Causes of the hernia in adults 
include obesity, lifting or moving heavy 
objects, and a persistent heavy cough.
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Question 16
Supine axial 2D view of sigmoid colon (Fig. 28.2s(i)) showing marked thickening of the wall of the 
colon (red arrow). Compare it to the image more posteriorly containing a blue arrow which shows 
how thin the wall is in normal bowel. Narrowing of the lumen is also present. Green arrow = air in 
stool. The left lateral decubitus view (Fig. 28.2s(ii)) shows bowel wall thickening as well as narrowing 
in keeping with a stricture (green circle).

s(i)

 

s(ii)

 

Comment
Diverticular disease is presented in detail in Chap. 16. The value of a right lateral decubitus to 
resolve image interpretation issues is highlighted. In this case, the right lateral decubitus 
(Fig. 28.2s(iii)) confirms the stricture in the sigmoid colon (red arrow).

s(iii)

28 Self-Assessment of CT Colonography Images



380

Question 17
Figure 28.2t shows a normal left adrenal gland (red circle). It has a lambda shape and two limbs. 
A = aorta. E1.

t

 

Comment

Knowledge of the structures in the perinephric space is important. Always check the appearance 
of each adrenal gland for possible pathologies. Figure 28.2u(i) shows the normal position of the 
adrenal glands situated on top of each kidney. RK = right kidney. Black arrow = right adrenal. 
LK = left kidney. Red arrow = left adrenal. A = aorta. Figure 28.2u(ii) is an enhanced scan dem-
onstrating the right adrenal. It is an inverted y-shape with two limbs (red arrow). A = aorta.

u(i)

 

u(ii)
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Question 18
Patent ileocaecal valve (black arrow) visualised on Fig. 28.2v.

v

 

Comment
An open (patent) ICV may result in reflux of carbon dioxide. The 2D coronal view (Fig. 28.2w(i)) 
shows the terminal ileum (TI), caecum (C), and open ICV (red arrow), descending colon (DC), 
and Fig. 28.2w(ii) is a 2D supine axial view showing patent ICV (green circle). Examples of 
reflux are presented in Chap. 10: Fig. 10.2f; Fig. 10.2g(i, ii). The position of an ICV is constant 
relative to the terminal ileum and caecum (see Fig. 11.9b and Fig. 11.9c(ii, iii). Its various 
appearances are presented in 11.3.8 in Chap. 11.

w(i)

 

w(ii)
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Question 19
Figure 28.2x shows bilateral inguinal hernias 
(red arrows). Neither contain small or large 
bowel. E2.

x

 

Comment
The different types of abdominal hernias as 
well as complications are presented 18.8 in 
Chap. 18.

Comment
It is important when you see that the liver 
density is darker than that of the spleen to 
ask the patient about their alcohol con-
sumption. As discussed in Chap. 19, there 
has been a 25% increase in the global prev-
alence of metabolic-associated fatty liver 
disease/non-alcoholic fatty liver disease. 
Until recently, fatty liver was considered a 
common finding with potential risks. It is 
now considered to be of clinical impor-
tance hence opportunistic screening should 
be routinely performed at CTC by compar-
ing the respective CT attenuation values 
(Hounsfield units/HU) of the liver and 
spleen.

As stated in Chap. 21, a CTC report 
must include metabolic-associated fatty 
liver disease, if applicable, and the HU 
value. Normal HU of liver is 60 HU. Do not 
call fatty infiltration of the liver until the 
HU is between 45 and 50  HU.  This will 
equate on MRI to approximately 15% fatty 
infiltration. If increased >75 HU, think of 
iron overload.

Question 20
Figure 28.2y shows the liver density is much 
darker compared to that of the spleen. This indi-
cates fatty liver. E3.

y
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Question 21
Figure 28.2z shows spondylolisthesis of L4 on L5 (red circle). A possible defect through the pars 
interarticularis is not demonstrated at this particular level. Slight disc space narrowing is present 
between L4 and L5, and there is a calcified intervertebral disc between L5 and S1. E2.

z

 

Question 22
Figure 28.2aA(i) is a lateral 2D image showing fairly extensive abdominal aortic calcification (red 
arrows) without aneurysm formation. Extensive disc degenerative disease is seen in the lumbar spine 
(green arrows). Figure 28.2aA(ii) is a coronal view of another patient showing extensive calcification 
of abdominal aorta (red oval) and proximal iliac arteries as well as residual barium or omnipaque in 
the colon. Both are E2 classification.

aA(i)

 

aA(ii)

 

Comment
Aortic abdominal calcification as an ECF is discussed in 18.7 of Chap. 18.

Comment
Types of spondylolisthesis include: con-
genital spondylolisthesis; isthmic spondy-
lolisthesis due to spondylolysis; and 
degenerative spondylolisthesis. The latter 
is the most common type. There are two 
grades of spondylolisthesis: low grade 
(Grade 1 and 11) is usually cases of the 
degenerative type; and high grade (Grade 
111 and IV) may require surgery. 
Figure 28.2z is Grade 1.
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Question 23
Figure 28.2bB is a 2D supine view of the pelvis showing a linear cord-like structure passing from the 
anterior aspect of the bladder to the region of the umbilicus (red arrows) in keeping with an urachus. E2.

 

Comment
During foetal development, there is a channel between the bladder and umbilicus through which 
urine drains in the foetus during the first trimester of gestation. At about 12 weeks, the remnant 
channel (i.e., urachus) seals off and obliterates. A small fibrous cord remains between the blad-
der and umbilicus and is known as the median umbilical ligament. At birth, the lumen usually 
involutes. If this does not happen then urachal remnants may persist. For example, a patent 
urachus; urachal cyst; urachal-umbilical sinus; and vesicourachal diverticulum. A urachal rem-
nant may transform into an adenocarcinoma. Figure  28.2cC is of another patient showing 
enlarged prostate. A cord-like structure (red, green, yellow arrows) passes cranially from the 
anterior aspect of the bladder towards the umbilicus in keeping with an urachus. E2.

cC
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Question 24
Figure 28.2dD(i) shows a tampon in the vagina (red circle). Figure 28.2dD(ii) shows a tampon (red arrow). 
Figure 28.2dD(iii) shows a calcified fibroid (red arrows). Figure 28.2dD(iv) shows a tampon in the vagina 
(red circle); calcified fibroid (red arrows) and an intrauterine contraception device (yellow arrow). E2.

dD(i)

 

dD(ii)

 
dD(iii)

 

dD(iv)

 

Comment
Examples of vaginal tampons are presented in Chap. 12 Sect. 12.2.12. Supine sagittal view 
(Fig. 28.2eE(i)) is of another case and shows a metallic intrauterine device (IUCD) (red circle) 
and Fig. 28.2eE(ii) shows streak artefacts due to the IUCD (red circle).

eE(i)

 

eE(ii)
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Question 25
Figure 28.2fF(i) Axial view showing: aorta (1), pulmonary artery (2), low density area in keeping with 
an enlarged right hilar node (3), descending aorta (4), left pulmonary vein (red arrow), enlarged lymph 
node with overlying vessel (green arrow), and enlarged carinal node (yellow arrow). Enlarged medi-
astinal lymph nodes: E4.

Figure 28.2fF(ii) Black arrow = head of pancreas. Red arrow = body of pancreas. Yellow arrow = tail 
of pancreas. A = aorta. LK = left kidney. SV = splenic vein. Black circle = mesenteric lymph nodes. 
E4. Figure 28.2fF(iii) Dense sclerosis of the R side of the sacrum in keeping with osteoblastic second-
aries (black square). Black arrow indicates a lytic lesion just above the L acetabulum. E4.

fF(i)

 

fF(ii)

 

fF(iii)

 

Comment
As discussed in Chap. 15 grading of colorectal cancer is important in terms of tumour, node, and 
metastases(TNM classification). It is important to check for lymph nodes when reading a CTC 
study because lymph node metastasis (LNM) affects prognosis. The patient in question 25 had 
prostate cancer. Widespread lymphadenopathy was visualised on the enhanced CT images. 
Figure 28.2gG is an example of screening CTC showing lymphadenopathy (white arrows). Red 
arrows show a large ileal carcinoid (see also Fig. 15.1(e)).

gG
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Question 26
Figure 28.2hH(i) 2D axial view shows rectum (blue arrow), loop of sigmoid colon containing diver-
ticula posterior to the rectum (red circle), and diverticula (green and yellow circles). Figure 28.2hH(ii) 
2D axial view showing rectum (red arrow), loop of sigmoid colon containing diverticula behind the 
rectum and displacing it (red circle), and loop of sigmoid anterior to rectum (red rectangle). 
Figure 28.2hH(iii) is a supine sagittal view showing rectum (blue arrow) and sigmoid colon contain-
ing diverticula in the pre- rectal space displacing rectum anteriorly (red hexagon). E2.

hH(i)

 

hH(ii)

 

hH(iii)

 

Comment
The rectum as shown in Fig. 28.2il normally lies against the anterior margin of the sacral curve 
(red square).

il
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Question 27
Lobulated polypoidal lesion (black circle) noted on the 3D image (Fig. 28.2jJ(i)). Excessive stool (red 
rectangles) noted on the 2D images (Fig. 28.2jJ(ii)). The patient must be rebooked due to poor bowel 
preparation.

jJ(i)

 

jJ(ii)

 

Question 28
An anal papilla is an internal skin tag in the anus. It is caused by chronic irritation or anal fissuring.

Question 29
A clinical audit should be done to address a problem of poor patient preparation.

Question 30
The appearance of a lipoma at CT is uniform. It has a fat equivalent density range between −80 and 
−120 HU.

Comment
There are two kinds of anal papillae: a skin tag with a wide base and triangular shape (see Fig. 
13.4) or one with a narrow foot and spherical shape. An anal papilla is usually firm on digital 
examination compared to a polyp which is usually soft. An anal papilla is also called anal fibroma.

Comment
Clinical audit principles are discussed in Chap. 27.

Comment
A sessile or pedunculated lipoma is the most of the non-epithelial tumours of the GIT. Lipomas 
are more common in females compared to men. As shown in Table 17.1 in Chap. 17, most are 
in the right colon.

Comment

If a study is non-diagnostic due to poor quality, it is still essential to report on extracolonic find-
ings (ECFs).
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Glossary

Air insufflations Injection of air into the colon
Anaphylactic An acute, potentially life- 

threatening allergic reaction
Anthropomorphic phantom A phantom con-

structed from tissue-equivalent materials hav-
ing the form and characteristics of a human 
being

Autonomous To have the freedom to act 
independently

Barotrauma Injury caused to a part of the body 
as a result of a change in air pressure

Cathartic Is a purgative drug in the context of 
CTC as it is used within the text

Confidentiality Not discussing or sharing infor-
mation about people without their knowledge

Desmoid tumour Is a benign soft tissue tumour 
that arises from connective tissue

Dyadic An interaction involving a group of two 
elements, parts or persons

Electrocautery Cautery using an instrument 
heated by electricity

Extracolonic Situated outside the colon
Extraperitoneal The portion of the abdo-

men and pelvis which does not lie within the 
peritoneum

Flatus Gas produced in and expelled from the 
digestive tract

Herniation Abnormal protrusion of an organ or 
body structure through a defective or natural 
opening in the surrounding wall or covering 
of that area

Hypertonic A solution that has a higher salt 
concentration than normal body cells result-
ing in an increase in osmotic pressure

Inflammatory bowel disease A term used to 
describe conditions that cause chronic inflam-
mation in the intestines

Intracolonic Situated within the colon
Intraperitoneal Within or administered through 

the peritoneum
Intussusception Is a condition whereby a por-

tion of the intestine invaginates into another 
portion of the intestine

Melaena The passage of stools which contain 
decomposing blood giving it a black, tarry 
appearance

Morphology Having a particular shape, form, 
or structure

Myasthaenia gravis Is a chronic autoimmune 
neuromuscular disease which results in mus-
cular weakness

Myochosis Pathological change where mus-
cular thickening of the bowel wall occurs 
accompanied by a decrease in the width of 
the taenia coli sometimes seen in patients with 
diverticular disease

Negligence Failure to discharge one’s respon-
sibilities whereby the conduct of the per-
son falls below the expected standards of 
behaviour

Pancultural Relates to all cultures regardless of 
race or religion

Pedunculated polyp A mushroom shaped 
polyp that is attached to the wall of the colon 
by a thin, long stalk

Perforation A perforation in the colon refers to 
a tear or hole that develops through the wall 
of the colon
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Pneumatosis coli The presence of gas within 
the bowel wall

Pneumomediastinum The presence of air 
within the mediastinum

Pneumopericardium The presence of air or 
other gas within the pericardial cavity sur-
rounding the heart

Polyp (colon) Is an abnormal growth of tissue 
from a mucous membrane and is found on the 
inner lining of the colon

Polypectomy The removal of a polyp
Prejudicial Relates to bias and prejudice with 

the intent to cause harm
Serrated polyp A polyp which has an irregu-

lar surface with indistinct edges resembling a 
‘sawtooth’

Sessile polyp A polyp that grows flat against the 
wall of the colon and doesn’t not consist of a 
stalk

Sigmoidoscopy An examination of the distal 
portion of the colon (the sigmoid) using a thin, 
flexible tube

Tagging A means of marking faecal and fluid 
residue in the colon by the use of oral con-
trast medium, e.g. barium, thereby enabling 
a differentiation between the residue and the 
colonic structures

Tracer A substance, e.g. an element or atom that 
can be used to follow or identify the course of 
a process

Topogram Also called a ‘scanogram’ or ‘scout 
view’, e.g. as used in computed tomography

Tort Means a civil wrong and includes negli-
gence, battery, and assault among others

Triadic Refers to a group of three similar or 
closely related bodies, e.g. persons, units, or 
items

Glossary
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A
Abdominal aortic aneurysm (AAA), 243, 260–262, 296
Abdominal aortic calcification (AAC), 265
Absorbed dose, 41–43, 45, 46
Active collimation, 56
Acute diverticulitis

contraindicated in CTC study, 221
diagnostic modalities for, 229, 230

contrast enemas, 230
imaging and treatment options for, 230, 231

Adaptive child (AC), 13
Adenocarcinoma, 231
Adenoma, 181, 182, 184, 185, 192–196, 199, 206
Adenoma-carcinoma pathway, 210, 218
Adenomatous polyps, 195
Adrenal gland, 380
Advanced adenoma, 125, 181, 184, 185, 187, 192–195, 

206, 211
Affine transformations, 38
Air in Vagina, see Vaginal air
Alcohol content, 282
Alcoholic liver disease, MAFLD distinguish from, 286
Anal papilla, 176, 180, 388
Annular carcinoma, 211

in sigmoid colon, 292
Anterior calcified fibroid, 247–256
Anterior-posterior (AP) dimension, 52
Antispasmolytics, 301
Aortic abdominal calcification, 383
Appendix, 135, 140, 149
Apple core lesion, 211
Artificial intelligence (AI), 1, 6, 11, 12, 23, 25, 54, 55, 

58, 71, 72, 129, 182, 205, 206, 263, 304, 313, 
323, 337

applications in radiation therapy, 217, 218
in cross-sectional Imaging and CTC, 341, 342
in CTC, 309
definition of, 337
for diagnosis and staging of CRC, 217
ethical considerations for AI-enabled healthcare 

settings and systems, 340
biases, 340
data privacy and security, 341

interpretability and accountability, 340, 341
in imaging of CRC, 320
in PET-CT, 327
radiography, 339, 340

Artificial neural networks (ANNs), 339
Ascending colon, 135
As low as reasonably achievable (ALARA) principle, 47, 

52
Associated abdominal lymphadenopathy, 203
Atrophic left kidney, 247–256
Atrophic pancreas, 247–256
Audiovisual instructional material, 15
Audit cycle, 354

criteria and standard to set, 354
data analysis, 355
data collection, 355
improvements and maintenance, 355
preparation, 354

Automated-carbon dioxide (CO2) insufflation, 110
Automated pressure-controlled insufflation with carbon 

dioxide, 103–105, 112
Automatic tube current modulation, 52, 53

B
Backprojection, 31–36
Barium covering lipoma, 237
Barium enema (BE), 6, 63, 64, 67, 69, 230, 235
Basal lung changes, 257–259
Benign colorectal polyp, 210
Biases, 340
Bilateral polycystic kidneys, 260–262
Bilateral small bowel hernias, 268–271
Bochdalek hernia, 247–256
Bone mineral density (BMD), 263–265

assessment, 262, 263
Bowel cancer screening programmes (BSCP), 67, 70, 72, 

354
Bowel cleansing, 67
Bowel malrotation, 143, 144
Bowel preparation, 98, 100, 106, 110, 115, 152

diet, 99–102
non-cathartic options, 101–103

Index
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Bowel wall, anatomy, 129
Braking radiation, 29
Bremsstrahlung production, 29, 30
Bright lumen MRC (BLMRC), 315, 316
Buscopan®, 85, 88, 89, 226, 316

C
Cadmium-telluride (CdTe), 349
Cadmium-zinc-telluride (CdZT), 349
Caecum, 135, 139
Calcified fibroids, 247–256
Calculus in ureteropelvic junction (UPJ), 257–259
Carcinoid tumour, 203
Carpet lesions, 184, 198, 304
Cathartic bowel preparation, 97
C classification, 359
Checkerboard images, 39
Chemotherapy, 215, 216
Chronic diverticulitis, 228, 231

differentiation of, 231
pathological features, 222

Cirrhosis of liver, 281
Clinical audit, 353, 388

audit cycle, 354
criteria and standard to set, 354
data analysis, 355
data collection, 355
improvements and maintenance, 355
preparation, 354

report, proposed layout of, 355
in research, 355
value of audit data, 353, 354

CO2 insufflator, 112
Colon anatomy

appendix, 135
ascending colon, 132
caecum, 135
descending colon, 132
hepatic flexure, 132
ileocaecal valve, 134
rectosigmoid junction, 131
rectum and valves of Houston, 130, 131
splenic flexure, 132
transverse colon, 132

Colon cancer
nuclear medicine imaging in, 323, 324

artificial intelligence (AI) in PET-CT, 327
clinical audits for good practice, 328
PET for CRC Patients, 325, 327
PET-CT, 324, 325, 327
radiopharmaceutical, 324

Colon capsule endoscopy (CCE), 291
Colonic attachment, 3
Colonic distension, 85, 89, 93
Colonic diverticular disease

acute diverticulitis, diagnostic modalities, 229, 230
contrast enemas, 230
imaging and treatment options for complicated 

diverticulitis, 230, 231

antispasmodics, 226
complications of, 227, 228

chronic diverticulitis, 228
clinical features of diverticulitis, 228

CTC in patients with, 222, 223
differentiation of chronic diverticular disease, 231
inadequate luminal distension, 226

pain, 226, 227
pathogenesis and causes of, 222
severity score of, 222
visualisation of diverticula on 2D and 3D CTC 

images, 225
Colonic insufflation

bowel preparation, 98
diet, 99–102
non-cathartic options, 101–103

clinical audit, 106
colonic preparation, 98, 99
CTC

automated pressure-controlled insufflation with 
carbon dioxide, 103–105

CO2 vs. room air, 103
manual insufflation, 103

perforation risks, 106
Colonic perforation, 4, 81, 85, 87, 88, 93, 118, 126
Colonic preparation, 98, 99
Colon-map, 268–271, 292, 305, 306, 375
Colon perforation, 3
Colon polyps, 182
Colon segments, 143–145
Colorectal cancer (CRC), 1–3, 5, 6, 209, 222, 241, 291, 

313, 323, 341, 386
adenoma-carcinoma pathway, 210
artificial intelligence for diagnosis and staging, 217, 

320
associated risk factors, 63
CTC

bowel preparation, 67
clinical audits, 73
development, 64
future developments, 71
insufflation, 67
interpretation methods, 65, 66
limitations, 69
primary algorithm, 72
published documentation, 70–71
scanner technology, 65
sensitivity and specificity, 63, 64, 71
software and processing features, 65
team approach and training, 70

DECT for, 217
hereditary colorectal cancer syndromes, 213, 214
imaging modalities in preoperative evaluation of, 

214, 215
MR imaging of, 319, 320
preoperative CTC in patients, 214
serrated polyp-carcinoma pathway sequence, 210, 

211
survival rate, 63
TNM staging of, 319
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treatment of, 215
chemotherapy, 215, 216
radiation therapy, 216
by stage, 216
surgery, 215

Common bile duct, 282
Common law, 333
Communication

definition, 12
verbal and nonverbal, 13, 14

Compton scatter, 217, 345, 346
Computed tomography (CT)

advantages, 31
alternating current, 30
attenuated beam intensity, 31
continuous bremsstrahlung X-ray spectrum, 30
CT number (or Hounsfield unit), 36
direct current, 30
multiple detector arrays, 36, 37
numbers, 36
pixel map, 31
single detector arrays, 36, 37
tomographic reconstruction

backprojection, 31–34
iterative reconstruction, 34, 35

view or a projection, 31
X-ray tube, 29–31

Computed tomography colonography, 1–3, 5, 6, 241, 
331, 337, 346, 353

CO2, 111, 112, 115
vs. colon capsule endoscopy, 120
colonic classifications, 111
dual energy CT, 348, 349
extracolonic evaluation at, 120, 242
indications and contraindications, 110
interpretation, 120, 123–125
patient positioning, 111, 115
polypoidal lesion, 115, 116
self-assessment of, 360, 362, 370–378, 380, 382, 384, 

386, 388
tattooing, 120
2D and 3D interpretation methods, 125

Computed tomography colonoscopy (CTC), 241, 263, 
286, 291, 301, 316, 332

acute diverticulitis contraindicated in, 221
advantages of, 292
AI-enabled image interpretation in, 341, 342
AI in, 309
clinical audits, 48, 310
colon capsule endoscopy (CCE), 291
colonic classifications, 111
dictation template, 309
diverticular disease, 222, 223

visualisation of diverticula on 2D and 3D CTC 
images, 225, 226

incomplete optical colonoscopy, 297
indications and contraindications, 110
interpretation tools for, 304, 305
low-dose, 47

optical colonoscopy, reason for incomplete and 
failed, 292

reading and interpretation of, 302, 304
Computed tomography dose index (CTDI), 41, 42, 44, 

46, 48
limitations, 46
measurement, 44–46
MSAD, 42
typical slice profile, 42–43
X-ray penumbra, 42, 43

Computer-aided detection (CAD) systems, 65, 110, 126, 
127

Computer-aided diagnosis, 65, 338
Congenital malformation, 267
Contrast enemas, 230
Contrast-enhanced ultrasonography (CEUS), 314
Contrast media, CTC, 242

antispasmodic drugs, 88–89
clinical audit, 89
colonic insufflation with CO2 and perforation, 

85–88
intravenously administered contrast, 89–92
oral contrast within bowel preparation, 81–84

Controlling parent (CP), 13
Conventional adenomas, 201
Convolutional neural networks (CNNs), 339
Co-registration, 38
COVID-19, 71, 97, 101
C-Rads-CT colonography, 302
C-Rads system, 304
Cross-sectional imaging, AI-enabled image 

interpretation, 341, 342
Cryptogenic cirrhosis (CC), 281
Cushion or ‘pillow’ sign, 238

D
Dark lumen MRC (DLMRC), 316
Deep learning (DL), 217, 337, 339
Deep neural networks (DNNs), 339
Deformable algorithms, 38
Deformable image registration, 38
Dense water fall sign (DWS), 371
Density inguinal canal, 257–259
Descending colon, 132
Diagnostic reference levels (DRLs), 57, 58
Dilated gallbladder, 373
Diminutive lesions, 192, 193
Diminutive polyps, 182, 184, 192
Diverticular disease (DD), 2, 5, 6, 221,  

292, 372
complications of, 228
incidence of, 221
visualisation of diverticula on 2D and 3D CTC 

images, 226
See also Colonic diverticular disease

Diverticular disease severity score (DDSS), 222
Diverticulitis, 228
Diverticulum, 372

Index



394

Dose optimisation
controllable and built-in factors
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iterative reconstruction, 54
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slice thickness, 57
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diagnostic reference levels, 57, 58
dose saving approach, 57
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justification, 51
risk estimation, 52

Double contrast barium enema (DCBE), 6, 291
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Dual energy computed tomography (DECT), 30, 47–48, 

345, 347
for CRC, 217
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dual-source CT, 347
rapid tube potential switching, 347
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Dual-energy X-ray absorptiometry (DXA or DEXA), 
263

Dual-layer detector, 348
Dual-source CT, 347
Duke staging, 215
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ECFs, see Extracolonic findings (ECFs)
E classification, 244, 247, 279–280, 363, 369
E2 classification, 376
Effective dose, 46, 47
Electromagnetic navigation, 39
Electronic cleansing (EC), 109, 154, 156, 168
Electronic portal, 16
Employment, 331, 332
Endocavitary therapy, 216
Endometriosis, 203
Endoscopic ultrasonography (EUS), 313, 314
Endoscopy, 235
Enterocoele, 257–259
Equilibrium dose, 48
European Society of Gastrointestinal and Abdominal 

Radiology (ESGAR), 291, 297
European Society of Gastrointestinal Endoscopy 
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Express consent, 21
Extensive abdominal aortic calcification, 383
Extensive calcification in abdominal aorta, 266
External-beam radiation therapy, 216
External impression, 205

Extracolonic findings (ECFs), 69, 110, 120, 241, 242, 
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bone mineral density assessment, 262, 263
classification of, 243
clinical importance of, 243
and clinical outcomes at screening and diagnostic 
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high clinical importance, 257
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frequency, 267
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types of, 267
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negative aspects of, 243
not of clinical importance, 247
vaginal air, 271
visualizing extracolonic organs and tissues, benefits 

of, 243
Extracolonic organs and tissues, visualisation of, 243
Extrinsic impression, 145, 146, 203, 204

F
Faecal and residual fluid tagging, 2
Faecal immunochemical tests (FIT), 2
Faecalith, 228
Familial adenomatous polyposis (FAP), 213
Fatty infiltration of liver, 247–256
Fatty sparing in liver, 286
Femoral hernia, 257–259, 267–271
F-18-fluoro-deoxy-glucose (F-18-FDG), 324
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Flat, mildly lobulated interhaustral lesion, 183
Flat polyps, 182, 304, 371
Free child (FC), 13

G
Gamma-glutamyl transferase (GGT), 286
Gardners’ syndrome, 213
Gastrografin, 97, 99, 101, 102, 106, 107
Genant classification, 263
Generative adversarial network (GAN), 339
Generic justification, 51
GIST (gastrointestinal stromal tumour), 203
Guaiac faecal occult blood test (gFOBt), 64, 72

H
Haemangiomas, 203
Haemorrhagic cyst, 260–262
Haemorrhoids, 373

causes, 172
definition, 172
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external, 172
internal, 172, 173

Half-Fourier acquisition single-shot turbo spin echo 
(HASTE), 316

Hardcopy brochures, 15
Haustral fold polyp, 187
Healed osteoporotic fractures, 247–256
Healthcare practitioners (HCPs), 341
Hepatic flexure, 134
Hepatic steatosis, 278
Hepatitis C virus (HCV), 278
Hereditary colorectal cancer syndromes, 210, 213, 214
Hereditary non-polyposis colorectal cancer, 213
Hesselbach triangle, 267
Histology, 210
Horseshoe kidney, 247–256
Hounsfield units (HU), 235, 263, 304
Human communication, 13
Hybrid imaging, 37
Hydronephrotic change right kidney, 257–259
Hyoscine-N-butylbromide (Buscopan), 85,  
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Hyperplastic polyps (HPs), 198, 199, 202, 210

I
Ileocaecal valve (ICV), 129, 134–135, 137, 149
Impacted diverticulum, 223
Implied consent, 22
Incarcerated hiatus hernia, 257–259
Incarceration, 268
Incomplete optical colonoscopy, 297
Indirect inguinal hernias, 267
Inflammatory polyps, 202
Inflammatory pseudo polyps, 202
Information exchange, 13
Informed consent

artificial intelligence, 23
autonomy, 21
clinical audit, 26
CTC radiographer, 25
duty of consent, 25
express consent, 21
good practice, 25, 26
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legal aspects, 23, 24
patient information, 24
risks associated with CTC study, 24
valid consent, 22

Inguinal hernias, 227, 247–256, 267–271
complications, 268
frequency, 267
small or large bowel, 267
surgical repair procedures, 271
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Interactive 3D medical imaging, 64
Internal haemorrhoids, 169, 172, 173, 176,  

178–180, 205
Intravenous (IV) contrast, 84, 89–93
Iohexol, 2, 109

Iterative reconstruction, 34–36, 54

J
Juvenile polyp, 202

K
Kinetic energy released in matter (Kerma), 41
K-shell, 349

L
Language barriers, 12
Large calculus right kidney, 247–256
Large hiatus hernia, 257–259
Large pancreatic cyst, 260–262
Large pedunculated polyp, 187
Lasswell’s model, 13
Legal and professional requirements

clinical audits, 335
duty and standard of care, 333, 334
employment, 331, 332
framework for practice, 334, 335
professional regulation, 332, 333

Lesion, 182
size, 192

Linear polyp size, 185
Lipoma, 202, 203, 235–237, 388

anatomical sites and morphology of, 236
gender prevalence and incidence, 236
sign at optical colonoscopy, 238
symptoms and sites in colon, 236

Liquid diet, 97, 100, 101
Liver, 278, 283, 284, 286

cysts, 247–256
density, 382
fatty sparing in, 286
granuloma, 247–256

Lobulated cyst right kidney, 247–256
Lobulated polypoidal lesion, 388
Low-dose CT, 47
Low-fiber diet, 97, 102
Luminal narrowing, 225
Lymph node metastasis (LNM), 386
Lynch syndrome, 213

M
Machine learning (ML), 1, 217, 263, 337, 338

reinforcement learning, 338
semi-supervised learning, 338
supervised learning, 338
unsupervised learning, 338

MAFLD, see Metabolic-associated fatty liver disease 
(MAFLD)

Magnetic resonance colonography (MRC), 315
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DLMRC, 316
indications for, 315
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Magnetic resonance elastography (MRE), 319
Magnetic resonance imaging (MRI), 215, 314, 315, 319

MR Colonography, 315, 316
of CRC, 319, 320
rectal MRI, 316, 317, 319
request checklist, 315

Magnetic resonance spectroscopy (MRS), 284, 319
Magnetic resonance volumetry, 319
Magnetisation transfer MR imaging, 319
Manual insufflation, 103
Material decomposition, 346
Mesorectal adenopathy, 318
Messaging system, 16
Metabolic-associated fatty liver disease (MAFLD), 277, 

287
alcoholic liver disease, distinguish from, 286
cryptogenic cirrhosis (CC), 281
diagnosis of, 282, 284, 286
E-classification, 279, 280
fatty sparing in liver, 286
global prevalence of, 277
incidence of, 278
measuring attenuation values, 284, 286
metabolic syndrome, 280, 281

clinical outcomes, 281
and non-alcoholic steatohepatitis (NASH), 280
opportunistic screening of, 277
patient management, 286
serum liver enzyme tests, 286

Metabolic-associated steatohepatitis (MASH), 280
Metabolic syndrome, 280, 281

clinical outcomes, 281
features, 281

Metal artefacts, 69
Metastatic rectosigmoid cancer, 327
Microsatellite instability (MS1), 210, 211
Mild calcification in abdominal aorta, 266
Milk of calcium bile, 247–256
Moderate calcification in abdominal aorta, 266
Moderate hiatus hernia, 247–256
Mucosal’ polyp, 202
Multi-detector CT (MDCT), 268
Multi-energy CT imaging, 347, 350
Multiple calcified gallstones, 247–256
Multiple detector arrays, 36, 37
Multiple diverticula, 223
Multiple gallstones with gas, 247–256
Multiple scan average dose (MSAD), 43, 44

N
Naked fat sign, 238
Negligence, 333
Neoplastic intramural submucosal lesions, 203
Neural networks (NNs), 339
Non-affine transformations, 38
Non-alcoholic fatty liver disease (NAFDL), 277

of alcohol consumption, 281, 282
Non-alcoholic steatohepatitis (NASH), 280
Non-neoplastic mucosal lesions, 202

Nonneoplastic submucosal lesions, 203
Non-polypoidal lesion, 371
Normal adrenal glands, 247–256
Normal colon, 130
Nuclear medicine imaging in colon cancer, 323, 324

artificial intelligence (AI) in PET-CT, 327
clinical audits for good practice, 328
PET study, 325

for CRC Patients, 327
PET-CT, 324, 325

interpretation, 325, 327
radiopharmaceutical, 324

Nuclear medicine imaging modalities (PET or SPECT) 
image radiotracers, 38

Nurturing parent (NP), 13

O
Omnipaque, 109, 118
Opportunistic screening HU values, 310
Optical colonoscopy (OC), 2, 3, 5, 210, 230, 291, 375

incomplete and failed, reason for, 292, 297
lipoma sign at, 238

Optimisation, 51–52, 57–58
Osteopenia, 263–265
Overranging, 55, 56

P
Pancreatic mass, 260–262
Patent ileocaecal valve, 381
Patient-centered communication

audiovisual instructional material, 15
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denotative and connotative meanings, 15
patient feedback, 16
readability

imaging reports, 16
informed consent forms, 16
instructions, 16

signs and symbols and codes, 14, 15
Patient-centered concepts, 310
Patient group directive (PGD), 354
Pedunculated lipoma, 388
Pedunculated polyps, 117, 121, 182, 183, 187, 304
Pelvic radiotherapy, 216
Pericardium, 245–246
Pericolonic infiltration, 229
Photoelectric effect, 217, 345, 346, 349
Photon counting CT, 345, 349, 350
Picolax®, 67, 68
Pitch, 57
Plasma glucose level, 324
Polymethyl methacrylate (PMMA) phantom, 42
Polypectomy, 3, 215
Polypoid structures, 182
Polypoidal lesion, 115, 116, 211, 237
Polyps, 209, 302, 304, 305, 374

adenomatous polyps, 195
advanced adenoma, 194, 195
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artificial intelligence, 205
carpet lesions, 198
C classification, 192
clinical significance, 192
colonic classifications, 192
definition, 182
diminutive lesion, 192
dual-energy CT, 205
hyperplastic polyps, 198
measurements, 184, 185
morphology, 156, 182, 184
neoplastic and nonneoplastic causes, 203
non-neoplastic mucosal lesions, 202
prevalence range, 193
serrated lesions of the colon and rectum, 199, 200
small lesions (6-9 mm), 193, 194
submucosal lesion, 202

neoplastic intramural, 203
nonneoplastic, 203

surveillance period, 193
tubular adenomas, 196
tubulovillous adenomas, 197
typical features, 187, 196
villous adenomas, 197

Positron emission tomography–computed tomography 
(PET/CT), 214, 327

artificial intelligence (AI) in, 327
colonography, 38
interpretation, 325, 327
patient preparation, 324, 325

Positron emission tomography (PET) study, 324, 325
for CRC Patients, 327

Posterior descending coronary artery, 245–256
Postpolypectomy coagulation syndrome, 3
Postpolypectomy distension syndrome, 3
Precancerous colorectal lesions, 199
Precision medicine, 339
Precursor lesion, 210
Proximal carcinoid tumours, 203
Punctate calcification, 372
Pyelonephritic scarring left kidney, 247–256

Q
Quantity, 30

R
Radiation therapy, 216

AI applications in, 217, 218
Radiation units, 41, 42
Radioembolisation, 216
Radiogenomics, 320
Radiographers, 332, 335
Radiography, AI on, 339, 340
Radioisotopes decay, 323
Radiology imaging, 297
Radiomics, 320, 328
Rapid kV switching, 348
Rapid tube potential switching, 347
Ray, 29–33, 35

Readability
imaging reports, 16
informed consent forms, 16
instructions, 16

Reasonableness, 331
Rectal cancer, 176–177
Rectal magnetic resonance imaging, 316, 317, 319
Rectal polyp, 176
Rectal tube position, 169, 170
Rectal varices, 178, 180
Rectosigmoid, 131
Rectovaginal fistula, 272–273
Rectum, 130, 374, 378, 387

anatomy, 172
Redundancy of colon segments, 292
Redundant transverse colon, 292
Reinforcement learning, 338
Response evaluation criteria in solid tumors (RECIST), 

319
Retained faecal matter, 153–154

S
Semi-annular carcinoma, 211
Semi-supervised learning, 338
Serrated lesions of the colon and rectum, 199, 200
Serrated polyp-carcinoma pathway sequence, 210, 211
Serum liver enzyme tests, 286
Sessile lesion, 196
Sessile polyps, 182, 183, 187, 304
Sessile serrated polyp (SSP), 199, 200, 211
Shannon and Weaver model, 13
Sigmoid colon, 211, 227, 228, 232, 292, 375, 379
Sigmoid diverticular disease, 156
Single detector arrays, 36, 37
Sliding window technique, 39
Slip-ring technology, 37
Small bowel hernias, 268–271
Small hiatus hernia, 247–256
Small pericardial effusion, 247–256
Small polyps, 184, 187, 193, 196
Small sessile polyp, 187
Sophisticated computer graphics software, 65
Spleen, 278, 284, 286, 376
Splenomegaly, 260–262
Spondylolisthesis, 205, 247–256, 383
Steatosis, 277
‘Straight-to-test’ (STT), 64
Strangulation, 268
Streak artefacts, 378
Submucosal lesions, 202, 203

neoplastic intramural, 203
nonneoplastic, 203

Supervised learning, 338
Suprep (OSS®), 99
Surface rendering, 37

T
Tagging agents, 97, 98, 153
Tagging solutions, 152
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Tensor deep stack networks (TDSNs), 339
Tenting’ sign, 238
Thick fascia, 230
Three-dimensional (3D) data set, 36
3D fly-through, 370
3D-2D approach, 301, 304
3D virtual fly-through, 292
Tomographic reconstruction, 31–36
Traditional serrated adenoma (TSA), 199, 200
Transactional analysis (TA), 13
Transrectal ultrasound (TRUS), 314, 319
Transverse colon, 133
Traps and artefacts

anatomical locations and structures, 156
beam hardening artefacts, 160
bowel preparation, 152
catheter, position of, 158, 160
‘dense waterfall’ sign, 160
electronic cleansing, 154, 156
extrinsic impressions, 157
ingested artefacts, 160
movement artefacts, 160
mucus strand, 161
polyps, 156
sigmoid diverticular disease, 156
tagging solutions, 152, 153
Tampon and vaginal pessary, 161

TRUS, see Transrectal ultrasound (TRUS)
Tube current, 52

modulation, 53
Tube voltage, 53
Tubular adenomas, 196, 374
Tubulovillous adenomas, 183, 197
Tumour, nodes, metastases (TNM) staging system, 214, 

313, 319, 323, 386
Twin beam DECT, 347

U
Ultrasound, 38
Ultrasound elastography (USE), 314
Umbilical hernia, 247–256, 296, 378
Unsupervised learning, 338
Urachal remnant, 247–256

V
Vaginal air, 271–274
Vaginal tampons, 385
Valid consent, 21, 22
Valves of Houston, 177, 178
V3D Viatronix, 305
Verbal and nonverbal communication, 13, 14
Viatronix V3D system, 123, 185, 306
Villous adenomas, 197
Vimap 3-way connection catheter, 170
Virtual colonoscopy (VC), 2, 319

W
Warping techniques, 39
Watch and wait approach, 320
Wet preparation, 99, 117
World Health Organisation (WHO), 209, 281

X
X-ray attenuation, 346
X-ray beam, 41, 42
X-ray interaction mechanisms

Compton scatter, 345
photoelectric effect, 345, 346

X-ray photon, 29
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