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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 wife, 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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   Foreword   

 I am delighted to contribute to this book, written by highly experienced 
radiographers and radiologists, keen to pass on their knowledge and skills to 
others who would like to perform and interpret CT colonography 
examinations. 

 CT colonography has come of age and in many centres complements con-
ventional colonoscopy as a fi rst-line investigation for symptoms suggestive 
of bowel cancer or for bowel cancer screening. Consistent, accurate CT colo-
nography interpretation demands excellent quality examination technique 
and patient co-operation. This book informs the reader on how best to prepare 
a patient for CT colonography and then how to undertake an effi cient exami-
nation whereby colonic distension and patient experience are optimised, 
ensuring a high quality, safe technique. 

 Radiographers are well placed to lead the CT colonography service, par-
ticularly in high volume centres where dedicated teams support routine CT 
colonography lists each day. In this environment, experienced radiographers 
carefully co-ordinate the entire patient pathway from request form vetting 
and appointment scheduling through to delivery of high quality examinations 
and analysis of routine audit data. This book deals with each of the pathway 
steps in a logical sequence which is easy to follow. 

 CT colonography interpretation has been undertaken almost exclusively 
by radiologists since its introduction, with the knowledge and skills aligned 
to radiology training. However, rapid analysis of CT colonography images by 
radiographers at the time of examination has become routine in many centres: 
identifying cancer and facilitating same visit CT staging and endoscopy. It 
would seem a natural evolution for a subset of dedicated and talented radiog-
raphers to hone these skills further and contribute their interpretation more 
formally to the fi nal report. This book provides guidance on interpretation 
which will no doubt encourage radiographers to explore this role further. 

 Whilst the primary target readership for this book are radiographers, its 
content will also appeal to radiologists and radiology trainees who are learn-
ing CT colonography and will likely share leadership of CT colonography 
services in the future. 

 Finally, I would like to congratulate the contributing authors and editorial 
team for providing this valuable addition to the CT colonography literature.  

         Harrow ,  UK        David     Burling    
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  Pref ace    

 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 examinations. 
Those radiographers who have received advanced training are providing a 
preliminary descriptive report of the images, thus being involved in image 
interpretation and reporting of CTC images. 

 There are currently no textbooks on CTC performance and image interpre-
tation aimed at supporting radiographers in this extended role, and this text 
fi lls the gap in this market. The aim of this text therefore is to provide radiog-
raphers 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 referring to diagnostic radiographers/radiation technologists/medical 
radiation technologists. 

 The editors and authors are leaders in the fi eld of radiography practice and 
education. Dr Joel H. Bortz, gastrointestinal (GI) radiologist and lead author, 
has performed more than 6000 CTC examinations over the past decade. 
Collectively the authors have put together these chapters, which serve as both 
a learning package and a toolkit in CTC performance and image 
interpretation. 

 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 benefi t 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 key teaching points and 
authors have focused on the essential elements that pertain to CTC. Each 
chapter includes a list of references which adds to the learning aspects for 
readers. The text opens with an introduction which sets the scene, for the 
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chapters to follow, as a guide which meets the needs of radiographers with 
regard to role extension. 

 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 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 communication 
before, during and following the CTC examination. 

 It is the responsibility of the radiographer performing CTC examinations 
to ensure that patients have been provided with the necessary information, 
including related risks, to enable informed consent to be established. The 
chapter on informed consent discusses duty of care and the role and respon-
sibilities of the radiographer in the information-giving and consent-gaining 
process. 

 A chapter on the principles of computed tomography and types of scanners 
is included for knowledge and understanding of the technology behind the 
face of computed tomography imaging. Student radiographers would study 
this subject as part of their undergraduate course of study and may be familiar 
with the concepts discussed. Radiographers with years of experience would 
be gently reminded about the science behind the technology. Keeping radia-
tion dose as low as reasonably achievable (ALARA) forms the basis of radio-
graphic practice, and it is therefore essential for radiographers to be mindful 
of the application of the three principles of the International Commission on 
Radiological Protection (ICRP), viz, justifi cation, optimisation and dose limi-
tation, as well as be cognisant with the latest publications of the International 
Atomic Energy Agency (IAEA), among others. Chapter   5     introduces the con-
cepts of effective dose and dose reference levels in computed tomography 
imaging, and Chapter   6     describes various options for dose optimisation in 
CTC. 

 Evidence-based practice requires that any new technique introduced into 
clinical practice be audited and reviewed leading to the development of 
guidelines for future implementation. Chapter   7     reviews the development of 
CTC as a diagnostic tool, evaluates current guidance and discusses the future 
of CTC. As CTC is an interventional procedure, which involves the adminis-
tration of air, intravenous injections and contrast media, patient safety must 
be considered fi rst 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 
successful study, it is important that a clean bowel is well distended and that 
residual fl uid is tagged. Chapter   9     focuses on patient preparation, including 
bowel preparation, the role of tagging and methods of colonic insuffl ation. 
Over the years there have been several changes to the technique used in per-
forming CTC examinations, and Chapter   10     is focused towards providing 
detailed step-by-step guidance on conducting a CTC examination as seen 
currently as best practice. 
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 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 fi rst. 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 
pitfalls and artefacts are discussed in Chapter   12    . 

 An extensive range of images demonstrating pathologies can be 
seen in Chapters   13    ,   14    ,   15    ,   16    ,   17     and   18     which cover internal haem-
orrhoids and other anorectal lesions; the different types of polyps; the 
 adenoma- carcinoma sequence; management and treatment of colon can-
cer; diverticular  disease; lipomas and extracolonic fi ndings. 

 Chapter   19     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. Chapter   20     
evaluates the role of ultrasound, magnetic resonance imaging and positron 
emission tomography in the management of colorectal pathology. 

 Chapter   21     explores the responsibility and accountability of the radiogra-
pher within a practice framework and the possible consequences of failing to 
provide a duty of care, and practice, at the required standard. 

 In keeping with the ethos of learning and applying knowledge and under-
standing of the information presented within the text, Chapter   22     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 fi nd this text a helpful and useful resource 
in your learning and practice.  

    Los Angeles ,  CA ,  USA      Joel     H.     Bortz    
   Hertfordshire ,  UK      Aarthi     Ramlaul     
   Durban ,  South Africa      Leonie     Munro   
     July 2016 
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      Introduction                     

     Joel     H.     Bortz    

    Abstract 

   The aim of this book is to provide a guide which addresses the needs of 
radiographers. Computed tomographic colonography (CTC) books are 
aimed at radiologists. There are none specifi cally for radiographers and 
students. Given an already worldwide burdened radiology workload it 
could be argued that there is a need for radiographers to be trained in pre-
liminary reading of CTC images.  CTC is a minimally invasive, fast, safe 
and  accurate screening examination for colorectal cancer screening. It also 
allows evaluation of structures outside the colon. When compared with 
optical colonoscopy the risk of perforation at CTC is virtually zero. 
Screening CTC versus optical colonoscopy is  discussed. Some associated 
risks of optical colonoscopy are discussed. Imaging examples of perfora-
tions due to colonoscopy are presented. This introductory chapter serves 
as a link to the other chapters in this guide.   

  There were several reasons that led to writing this 
guide for radiographers on computed tomographic 
colonography (CTC) performance and image 
interpretation. Over the past decade, various stud-
ies were undertaken to evaluate radiographers’ 
competencies in interpreting CTC images [ 1 – 4 ]. 
In 2014 the British Society of Gastrointestinal and 
Abdominal Radiology (BSGAR) and The Royal 
College of Radiologists, in their publication on 
the guidance on the use of CTC for suspected can-
cer [ 5 ], stated that barium enema should be 
replaced by CTC as the imaging modality of 

choice for patients with suspected colorectal can-
cer. According to them, the number of CTC 
examinations has increased, which has added to 
an already heavy-laden radiology workload. 
Hence in many United Kingdom centres, radiog-
raphers are responsible for patient pre-assess-
ment, informed consent, and performing CTC 
examinations; those who have received training 
make a preliminary reading of the images. In view 
of these respective publications, we realised that 
CTC books are aimed at radiologists and that 
there are none specifi cally for radiographers and 
students. Our aim is to provide a guide which 
addresses the needs of radiographers in terms of 
role extension. The basics of CTC are addressed 
together with images: a range of normal images of 
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the colon and images of the most common pathol-
ogy seen at CTC. 

 In 1993 the fi rst 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 fl y-through study took 8 h [ 6 ]. 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 optical 
colonoscopy (OC). The 2003 groundbreaking 
publication by Pickhardt et al. [ 7 ] resulted in 
CTC being brought into mainstream colorectal 
cancer (CRC) screening [ 8 ]. 

 During that timeframe, several changes were 
made to bowel preparation, tagging, air insuffl a-
tion, and radiation risks, respectively. Magnesium 
citrate has replaced sodium phosphate. The latter 
was withdrawn from the market due to reports of 
phosphate nephropathy. Faecal and residual fl uid 
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 fl at lesions [ 9 ]. Tagging of fl uid is accom-
plished by using 60 mL diatrizoate meglumine 
(Gastrografi n), which tags residual fl uid white. 
This allows for easier observation of any sub-
merged lesions. The use of automated pressure-
controlled carbon dioxide (CO 2 ) insuffl ation, 
instead of room air, has resulted in better disten-
sion of the colon. Furthermore, CO 2  is more com-
fortable for patients: there is less post-procedure 
distension and pain compared to the use of room 
air [ 10 ,  11 ]. Carbon dioxide is rapidly absorbed 
across the intestinal mucosa, which results in 
rapid decompression of the colon without the 
passing of fl atus. 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 [ 12 ]. 

 CRC is a leading cause of death worldwide. 
According to the World Health Organisation, 
CRC was the fi fth most common site of cancer in 
both men and women in 2012 [ 13 ]. An estimated 
93,090 cases of colon cancer and 39,610 cases of 
rectal cancer are expected to be diagnosed in 
2015. The latest CRC statistics for new cases in 
the United States of America (USA) is expected 
to decrease to 136,830 from the previous esti-
mate of more than 143,000 cases in 2012 [ 14 –
 16 ]. The number of deaths in 2015 is expected to 
decrease to 49,700 from the previous fi gure of 
more than 50,000 deaths per year [ 14 – 17 ]. There 
has been a gradual decline in the incidence of 
cancer as well as the number of deaths in the 
United States. These declines have been attrib-
uted to CRC screening and removal of potentially 
harmful polyps [ 17 ]. 

 When a new screening test is assessed, the fol-
lowing criteria are used: diagnostic performance, 
procedural risk, patient acceptability, and cost-
effectiveness. Optical colonoscopy (OC) has for 
many years been considered the gold standard in 
CRC screening. Recent publications have cast 
doubt on this statement [ 18 ,  19 ]. For CTC an 
argument can be made that in terms of these cri-
teria it meets or exceeds OC as a CRC screening 
test [ 19 ]. CTC has shown high sensitivity for 
clinically relevant polyps, either comparable to 
or superior to OC. Its sensitivity may exceed that 
of OC, possibly due in part to improved detection 
of right-sided lesions [ 19 ]. The high specifi city of 
CTC has resulted in a high positive predictive 
value (PPV) [ 20 ]. Advanced neoplasia yield is 
equivalent to primary OC even though less than 
10 % of cases are referred to polypectomy [ 21 ]. 
CTC is effective for the diagnosis of relevant fl at 
lesions [ 22 ]. 

 Optical colonoscopy is used for screening of 
CRC and for diagnostic and therapeutic proce-
dures. Patients may be referred for CTC follow-
ing 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 [ 23 ]. Even though the 
overall rate of serious OC-related complications 
remains low, namely, 0.1–0.3 % (1 in a thousand 
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to 3 in a thousand), the number of individuals 
affected is considerable [ 24 ]. For example, the 
OC perforation rate for screening CRC is 0.1 % 
which translates into 14,000 cases per year. For 
diagnostic or therapeutic 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. Figures  1.1a ,  b  
are of an OC-related complication.

   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 [ 25 ]. 
Perforation of the colon may be intraperitoneal 
and/or extraperitoneal. Perforation is most com-
mon in the sigmoid colon due to acute angula-
tion at the rectosigmoid junction. Figures  1.1c–e  
show air in the abdomen. Intraperitoneal air 
results from perforation of the transverse colon, 
sigmoid colon, or caecum. Occasionally the gas 
leakage may be confi ned 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 retroperito-
neal location of these colonic segments. Large 
extraperitoneal gas leaks may spread to the sub-
cutaneous tissues, leading to subcutaneous 
emphysema, and into the thorax, which may 
lead to pneumomediastinum, pneumopericar-
dium, and pneumothorax. Figure  1.1f  is an 
example of free air in the abdomen, thorax, and 
neck. Supine and erect radiographs of the abdo-
men may be negative if the gas is subtle or locu-
lated within the mesentery or is extraperitoneal 
[ 26 ,  27 ]. 

 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 [ 27 ]. 
Polypectomy may cause haemorrhage in 2.7 % of 
patients [ 28 ]. Bleeding may result from a haema-
toma in the wall of the colon or haemorrhage into 
the lumen of the colon. 

 Polypectomy syndromes may be subdivided 
into the postpolypectomy distension syndrome 
and the 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 
[ 29 ]. This syndrome is only seen in 1 % of cases. 
Patients develop severe abdominal pain with 
peritoneal signs and fever, usually 1–5 days after 
the procedure. Abdominal radiographs are usu-
ally negative. This syndrome is usually self-lim-
ited. It is treated conservatively with bowel rest 
and antibiotics. 

 Splenic injury, in the form of laceration or 
rupture, is a serious complication [ 30 ] and is 
probably a lot more common than has been 
reported [ 31 ]. There may be direct trauma to the 
spleen leading to capsular avulsion. In patients 
with an acutely angled splenic fl exure, 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 fi ndings 
are typical with colonic wall thickening, pericolic 
infl ammatory change, and fatty infi ltration. 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 (i.v.) benzodiazepine 
(midazolam) and an intravenous (i.v.) narcotic 
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  Fig. 1.1    ( a ) 3D view of contained perforation of the rectum 
( open black arrows ). Calcifi ed  enterolith ( open white arrow ). 
( b ) 2D axial view shows contained perforation and calcifi ed 
 faecalith ( white arrow ) and rectal catheter ( white circle ). ( c – e ) 
Unsuspected colonic perforation at incomplete optical colo-
noscopy diagnosed at same-day diagnostic CTC. Extra-
luminal gas ( open white arrows ) extending along the sigmoid 
mesentery and superiorly along the retroperitoneal 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 the neck ( open white arrows ), shallow 
pneumothorax on the right ( closed white arrow ), pneumome-
diastinum ( closed blue arrow ), pneumopericardium ( white 
and blue arrow ), air under the diaphragm ( open yellow 
arrow ), and air around the right kidney ( closed black arrow )       
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pain medication (fentanyl) may depress cardio-
pulmonary movement. Of fairly recent origin is 
the transmission of infection via incompletely 
sterilised colonoscopes. Incomplete cleaning and 
sterilisation of the colonoscope may cause infec-
tions, such as hepatitis B and C and HIV [ 32 ,  33 ]. 

 CTC is a minimally invasive, fast, safe, and 
accurate screening examination for CRC [ 34 ]. 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-fl exible colonoscope is used for OC stud-
ies, whereas a small rectal catheter, which is 
connected to an insuffl ator, is used in CTC. CTC 
does not have a bleeding complication. No seda-
tion is required; thus, there are no complications 
of sedation- related events. Costs related to CTC 
are signifi cantly less than for OC, even after 
costs of investigation of extracolonic fi ndings 
are factored in [ 35 ]. A paper published in 
September 2015 underscores that CTC is a cost-
effective screening test for CRC compared to OC 
[ 36 ]. According to Pyenson et al. [ 36 ], CTC was 
29 % less expensive than OC for the Medicare 
population in the United States in terms of 
screening for CRC. Another important point per-
tains to the maximum age for screening. There is 
general consensus that CRC screening should 
commence at age 50 years. However, the 
American College of Gastroenterologists (ACG) 
recommends screening should commence at age 
45 years for African Americans. At what age 
should CRC screening stop? Pyenson et al. [ 36 ] 
set the start age of CRC screening at 50 years 
and the stop age at 85 years. The US Preventive 
Services Task Force recommends screening 
should be done until the age of 74 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 [ 37 ]. 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 
screening’ [ 38 ]. 

 The bulk of the book comprises performance of 
a CTC, normal anatomy including extrinsic 
impressions on the colon lumen, common 

pathologies, for example, internal haemorrhoids 
and diverticular disease, extracolonic fi ndings, 
potential pitfalls, artefacts, and self-assessment 
questions. As with all imaging examinations, 
patient compliance is pivotal in CTC. Patients must 
thus fully understand the bowel preparation instruc-
tions and how it should be done. They must fur-
thermore be informed of their role during the 
examination including the benefi ts and risks so that 
an informed decision is reached. For this reason, 
topics such as patient-centred communication, 
informed consent, radiation dose, and dose optimi-
sation in CTC are addressed by experts in their 
fi elds. Furthermore, experts in their respective 
fi elds cover the principles of CT, 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-
fl uoro-deoxy-glucose positron emission tomogra-
phy (FDG-PET), are included. CTC, with 
intravenous contrast media, is discussed in terms of 
preoperative evaluation of CRC, as well as for 
tumour, node, and metastases (TNM) staging. 

 Some readers may question the need for CTC 
because the barium enema is still performed in a 
few countries for investigation of colon pathol-
ogy. 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 fi bre-optic colonos-
copy had gained ground [ 39 ,  40 ]. The literature 
on this topic shows that BE could not match the 
sensitivity of colonoscopy for detection of pol-
yps. Two hundred and seventy-six double-con-
trast barium enema (DCBE) radiology and 
pathology reports were reviewed in 2006 to 
determine the number of patients who had polyp-
oid 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 neoplas-
tic lesions 10 mm or larger and 6.2 % for advanced 
neoplastic lesions, regardless of size [ 41 ]. Since 
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2003 CTC has steadily proven to be the preferred 
imaging modality for the diagnosis of colon can-
cer. In a multicentre randomised study on symp-
tomatic patients for the diagnosis of polyps and 
CRC, the fi ndings were that CTC detected more 
polyps and cancer than DCBE [ 42 ]. This led the 
researchers to recommend that CTC should 
replace DCBE as the preferred radiological test 
for a patient with symptoms suggestive of 
CRC. In light of the evidence of a multicentre 
study [ 42 ,  43 ], 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 [ 5 ]. 
The performance of DCBE is inadequate for the 
exclusion of CRC. As such it should now be 
abandoned as a fi rst-line test in patients at risk of 
CRC: its place to be taken by CTC [ 44 ]. In addi-
tion, the radiation dose of DCBE is almost dou-
ble than that of CTC [ 45 ]. 

 Given an already worldwide burdened radiol-
ogy workload, it could be argued that there is a 
need for radiographers to be trained in prelimi-
nary reading of CTC images. A chapter on report-
ing CTC studies, including pertinent medicolegal 
issues, should address radiographers’ needs in 
terms of role extension on this topic. It is there-
fore our wish that this book will contribute in a 
profound manner to the role extension needs of 
radiographers.    
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      Patient-Centered Communication                     

     Leonie     Munro    

    Abstract 

   A successful CT colonography (CTC) procedure is underpinned by effective 
communication between healthcare practitioners and patients. Communication 
should be a straightforward process, but language and culture barriers often 
present challenges. Patient-centered communication is an interactive process 
in which patients are treated with respect and dignity. Verbal and nonverbal 
communications are both important when providing patients with informa-
tion. Suitable communication material, such as brochures, videos, e-commu-
nication, and mobile technology, should be used to ensure that patients 
understand their role and responsibilities in adhering to patient preparation 
instructions. A CTC procedure is not limited to the study but includes all fac-
tors that may impact on a patient’s perception of the entire experience, such 
as seating, wheelchair access, and being treated as a person and not an object. 
It is the responsibility of health professionals to create a positive communica-
tion climate to ensure patient compliance. The overarching aim of patient-
centered communication should be to create a positive experience for patients 
to ensure they would be willing to return for further imaging studies. It is 
important to speak slowly and to face patients when providing them with 
information.  

2.1       Introduction 

 There are three stages in CT colonography 
(CTC). The fi rst pertains to patient preparation; 
the second focuses on performing the study; and 
the third covers interpretation and reporting of 

the study [ 1 ,  2 ]. Although all three stages involve 
patients, it is the fi rst two that are critical because 
patient compliance is pivotal in CTC [ 2 ,  3 ]. 
Patients need to be informed of their responsibili-
ties before and during a CTC study. Informed 
consent is essential and is covered in Chap.   3    . 
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 

  2
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entails patient-centered communication [ 4 ]. 
which may be defi ned as ensuring that each CTC 
patient, regardless of socioeconomic environ-
ments, cultures, and other differences including 
disabilities, is communicated with and not at 
[ 4 – 6 ]. 

 Communication is interactive; it should not be 
a top-down model [ 7 ]. For example, patients are 
required to adhere to all steps in patient prepara-
tion in the fi rst stage, and they must understand 
the importance of breath hold and not to move 
during the second stage of the CTC study. We 
have to communicate with patients in both of 
these stages. This seems straight forward, but 
according to Munn and Jordan [ 8 ], radiographers 
need to appreciate patients may experience high 
levels of anxiety when undergoing high technol-
ogy imaging, such as CT examinations. They 
undertook a systematic review of literature per-
taining to patients’ perceptions of advanced 
imaging studies. According to them, negative 
experiences during previous CT examinations 
can contribute to patients’ apprehension when 
booked for other imaging studies. They found 
that in many instances patients were objectifi ed, 
which in turn resulted in lack of patient-centered 
communication. 

 Most patients who undergo CTC examina-
tions are 50 years or older. Some may therefore 
be hard of hearing or visually impaired, and some 
may have mobility problems. Each of these pres-
ents communication challenges. In the United 
Kingdom (UK), there are over six million people 
aged 65 years or older who have hearing loss [ 9 ]. 
In the United States of America (US), approxi-
mately one in three people between the ages of 
65 and 74 years has loss of hearing [ 10 ]. Hearing 
problems are an important communication chal-
lenge when performing a CTC. A patient and 
CTC radiographer cannot participate in face-to-
face communication during scanning. There are 
over two million people in the United Kingdom 
who have loss of vision; the majority are 65 years 
or older [ 11 ]. It is important that patients with 
loss of vision are able to identify all items in the 
bowel preparation kit, for example. These statis-
tics are important in view of the age of CTC 
patients, i.e, 50 years or older. 

 Another barrier that can infl uence patient per-
ception is seating. Many elderly people experi-
ence diffi culty 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 [ 12 ]. 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. 

 Another communication challenge is lan-
guage barriers; some patients may not understand 
English, for example. Many countries in the 
developed and developing world have progressed 
to multicultural societies, mainly due to rapid 
migration. The result is that there are two com-
munication scenarios. When a common language 
is shared, face-to-face interpersonal exchanges 
are not problematic as there is a two-way com-
munication between a CTC radiographer and a 
patient (dyadic exchange). The second scenario 
is a triadic exchange in which an additional par-
ticipant, an interpreter, is present because the 
patient does not share nor understand the lan-
guage of the CTC radiographer [ 13 ]. A point to 
consider is that there could be ethical issues in 
terms of a patient’s right to confi dentiality when 
an interpreter is used in a triadic exchange [ 14 ]. 
Research shows that it is preferable to use a pro-
fessional interpreter for interventional studies 
and contrast-enhanced imaging studies so that 
the benefi ts and risks are clearly conveyed to the 
patient [ 15 ]. 

 It is up to healthcare professionals to use dif-
ferent communication media and materials to 
ensure patient-centered communication is suc-
cessful. Each patient must be treated in a digni-
fi ed 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 [ 8 ], patient perceptions of 
imaging procedures may be positive or negative. 
Anecdotal reports in social media may contribute 
to patients’ perceptions of CTC. Each challenge 
encountered by a patient contributes to the over-
all perception of a CTC experience. The bottom 
line is that patients should be willing to return for 
surveillance or screening CTC studies as our aim 
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is to prevent colorectal cancer. In other words, 
imaging procedures are not limited to the study 
but include all factors that may impact on a 
patient’s perception of the entire experience. It is 
the responsibility of diagnostic imaging health-
care practitioners to create a positive communi-
cation climate to ensure patient compliance.  

2.2     What Is Communication? 

 There is no agreed universal defi nition of com-
munication [ 4 ]. It has been defi ned within spe-
cifi c contexts by some authors [ 16 – 18 ]. 
Discussions of communication frameworks have 
been presented in terms of communication inter-
action, people, and the process itself [ 4 ]. 
According to Weissman [ 19 ], 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 con-
text, Riuz-Moral et al. [ 20 ] state communication 
is being able to grasp a patient’s communicative 
style and then to adjust one’s own style to improve 
effi ciency and satisfaction for both. It has also 
been described as the tool of information 
exchange, which is necessary (i) to solve health 
problems and (ii) to create a therapeutic relation-
ship, which is necessary to manage health prob-
lems and gain a patient’s confi dence [ 21 ]. 

 Several models are used to describe human 
communication. The simplest is the Shannon 
and Weaver model: sender→message→channel→
noise→receiver [ 22 ]. We need to ensure each 
patient fully understands what is required to 
achieve a successful CTC study, which means 
that all bowel preparation instructions, and diet, 
are followed. Patients need to fully understand 
that a clean bowel and well- distended colon are 
necessary in a CTC study. Patients also 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-centered 
communication. Lasswell’s model moved 

towards the social process of communication: 
who communicated, what was communicated, 
where was it communicated (context), when did 
the communication happen, and why was there a 
need for communication [ 23 ]. In terms of this 
model, we need to question how the information 
was transmitted. This brings us to types of com-
munication: 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 fi rst two 
stages in CTC. 

 Booth and Manning [ 24 ] 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 personal-
ity comprises three ego states: the parent, the adult, 
and the child. There are two divisions in the par-
ent–ego state: controlling parent (CP) and nurtur-
ing parent (NP). The adult state does not include 
subdivisions. There are two subdivisions in the 
child: The free child (FC) and the adaptive child 
(AD). How do these ego states apply to interac-
tions with patients? A CP interaction is judgmen-
tal, critical, and prejudicial, for example, a type of 
top-down interaction with patients. A NP is sup-
portive and nurturing. Patients are encouraged dur-
ing imaging procedures. Adult interactions are 
reality-orientated, organized, and objective and 
show adaptability. Child interactions range from 
rebellious to manipulative. Within a radiography 
context, patients associate styles of communica-
tion with professional and interpersonal compe-
tence. Good interpersonal competence 
encompasses informing, explaining, instructing, 
teaching, and being friendly. Such a scenario 
bodes well if applied in pre-CTC communication 
with patients, as well as during the study.  

2.3     Verbal and Nonverbal 
Communication 

 We use verbal and nonverbal communication 
[ 25 ] in formal and informal interactions. Our 
vocal cords produce sound and spoken words. 
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We need to interpret the meaning of words. This 
requires sharing the same language and internal 
references as the speaker. A successful CTC 
requires that the rectum must be emptied of any 
residual fl uid. Therefore, before commencing a 
CTC study, this must be conveyed to a patient. 
Would all patients understand what a restroom 
means if instructed to go there? Restroom is used 
in America, whereas in South Africa, a patient 
would be instructed to go to the toilet or lavatory. 
Language is not always verbal and can be also be 
sign language or written forms of communica-
tion. This is important when dealing with patients 
who are hard of hearing. At times it may be nec-
essary to use mime to communicate with hard of 
hearing patients [ 26 ]. However, this may not be 
feasible during CT scanning. Other communica-
tion methods are needed for patients who remove 
hearing aids during scanning [ 6 ]. Prior to com-
mencing the CTC procedure, an agreed alternate 
method needs to be practiced with the patient, for 
example, a raised arm to indicate the patient must 
not move and must stop breathing during 
scanning. 

 Gestures, facial expressions, tone of voice, 
dress code, and posture are forms of nonverbal 
communication [ 27 ]. Meaning in communication 
is a combination of verbal and nonverbal infor-
mation. What is important to realize is that ges-
tures may be interpreted differently. According to 
literature, there is controversy whether some ges-
tures are truly pancultural [ 28 ] or cultural spe-
cifi c [ 25 ,  29 ] and also whether gestures, for 
example, are learned or innate behavior [ 25 ]. In 
complex, adult communication, there is much 
which remains unknown [ 4 ]. This is further com-
plicated by any impairment to normal communi-
cation, such as deafness, blindness, or mental 
incapacity [ 5 ,  6 ]. Patients who are deaf reported 
they encountered communication diffi culties and 
that health professionals should take time to learn 
more about the sociocultural aspects of deafness 
[ 30 ]. 

 When communicating with patients, verbal 
and nonverbal communications are in play. What 
is signifi cant 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 behavior 
[ 31 ]. 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. The 
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 
two meters to your right.” In patient-centered 
communication, a conscious effort is required by 
CTC radiographers to use mainly spoken lan-
guage 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” [ 6 ]. The height of 
a chair should also be considered, as many older 
people experience diffi culties attempting to rise 
from a soft low seat [ 12 ]. We need to ensure that 
chairs of suitable heights are available for elderly 
CTC patients.  

2.4     Sign, Symbols, and Codes 

 Although some authors do not make a distinction 
between the meaning of signs and symbols [ 32 ], 
they are usually taken to mean different things 
[ 32 ,  33 ]. All communication involves using 
signs. A sign can be anything: a gesture or punc-
tuation mark, for example. A sign does not have 
meaning because it stands for something else [ 32 , 
 34 ]. Let’s consider the color red, which com-
prises 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 traffi c signal, 
it is the color that indicates when a driver must 
stop; it could be a fi gure of speech to indicate 
being angry. According to Danesi [ 34 ], semiotics 
in its oldest usage referred to a medical diagno-
sis, whereas it now means a science that seeks to 
establish the meaning of a sign. He cites the 
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respective works of de Saussure, a Swiss linguist, 
and Peirce, an American philosopher, as under-
pinning modern day defi nition of semiotics. The 
former described a sign as a binary structure: a 
physical part (the signifi er) and a conceptual part 
(the signifi ed); the link between them is arbitrary. 
If we return to ‘red’ as a sign, then according to 
him the English names for colors in the visible 
spectrum are a result of a social process to distin-
guish each color. The Peircean model, according 
to Danesi [ 34 ], comprises three relationships: a 
sign; concepts, things, gestures, etc., which refer 
to the object; and the interpretant is the meaning 
we get from the sign. Peirce identifi ed three types 
of signs: icons, indexes, and symbols. A photo-
graph 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 fi nger pointing to a 
place on a map or the use of pronouns to refer to 
specifi c persons, such as me, you, and them [ 26 , 
 34 ]. A sign is an index when there is causal con-
nection between the signifi er and signifi ed which 
means that a radiologist, for example, could on 
clinical examination of a CT patient, who pres-
ents with a right-sided abdominal pain (signifi er), 
interpret this as possible appendicitis (signifi ed). 
A sign is a symbol when it can be encoded based 
on agreement or convention. If we consider ‘red,’ 
then according to Peirce’s sign classifi cation, it is 
a symbol; its meaning can be encoded in terms of 
its use in the English language, namely, a color in 
the visible spectrum or a fi gure of speech to rep-
resent anger, or on Valentine’s day, it may be 
used as a symbol for love and romance. For some, 
red may remind them of bleeding. Signs do not 
function in a vacuum: they require a system to be 
encoded and decoded. Communication requires 
encoding; thus, codes are necessary to create and 
interpret messages. 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 specifi c order for encoding and decod-
ing 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 chal-
lenge. A patient and a CTC radiographer could 

be from different cultures. Even if both are from 
a shared culture, there could be challenges com-
municating with patients who have hearing or 
visual disabilities.  

2.5     Denotative and Connotative 
Meanings 

 Littlejohn and Foss [ 35 ] caution that shared mean-
ing is not guaranteed in communication between 
people with common backgrounds and cultures. 
Patient- centered communication needs to be 
unambiguous [ 36 ]. Not all messages are under-
stood by all members of a shared social or cultural 
group even though they share common back-
grounds [ 35 ] as each person has personal mean-
ings 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 con-
ventional relationship between a sign and its refer-
ent [ 34 ]. When discussing bowel preparation with 
a patient, we could refer to cathartic agents, instead 
of using the word laxative. Let’s pause and con-
sider 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 misunderstanding, simple words, and not 
medical jargon, should be used to achieve success-
ful patient-centered communication. 

 We also interpret communication subjectively; 
we ascribe connotative (subjective) meanings, 
such as feelings, implications, and associations, 
to a denotative meaning [ 34 ]. Each participant 
attributes denotative and connotative meanings to 
messages based on life experiences. Patient-
centered communication is a dynamic complex 
process [ 4 ], which must be adapted to meet the 
needs of each patient. The underlying message is 
that simple, unambiguous language should 
underpin patient-centered communication [ 37 ].  

2 Patient-Centered Communication
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2.6     Suggested Communication 
Materials to Inform Patients 
of Their Responsibilities 
to Ensure a Successful 
CTC Study  

 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 prepa-
ration 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 [ 38 ,  39 ]. Most people 
have access to smartphones or tablets; thus, infor-
mation in a range of software options, such as 
power point presentations, could be used to 
explain each step in bowel preparation. Mobile 
phone messaging reminders could be used espe-
cially for hard of hearing patients [ 40 ,  41 ].  

2.7     Patient Feedback Regarding 
CTC Examinations 

 Studies of CTC versus colonoscopy indicate that 
patients prefer CTC [ 42 ]. Conversely, a study by 
von Wagner et al [ 43 ] focused on patients’ expec-
tations and experiences of barium enema, colo-
noscopy, and CT colonography. Their research 
tool was a semistructured questionnaire. 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. Based on the results of the study, CTC 
could benefi t from patient-centered communica-
tion during and immediately after the study. 
Similar fi ndings were reported by Plumb et al. 
[ 44 ]. Their recommendations include the need 
for clear communication of risks, benefi ts, proce-
dural experience, and results of CTC. Patients 
must be encouraged to ask questions so that they 
understand what their role will be during a CTC 
procedure. They should be informed that addi-
tional tests may be needed. The patients in their 
study were well informed in terms of risks and 
benefi ts of colonoscopy. Feedback from patients 
of their perceptions and experiences of the CTC 
procedure should be encouraged.  

2.8     Key Messages 

•     Patient-centered 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 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 rectifi ed.  

•   Communication material should meet the 
needs of every patient.     
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2.9     Summary 

 Patient-centered communication should cover 
risks, benefi ts, and procedural experiences. 
Different communication material should be 
used to meet the needs of patients. Patients should 
be fully informed of their responsibilities to 
ensure a successful CTC study is achieved. 
Effective communications are the core of suc-
cessful CTC studies.     
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      Informed Consent                     

     Aarthi     Ramlaul     and     Tracey     Gregory    

    Abstract 

   All medical and healthcare practitioners have a duty of care to their 
patients. As part of this duty of care, practitioners are required to give suf-
fi cient information about all aspects of the examination, including the 
risks involved. It is the responsibility of the radiographer performing CTC 
examinations, therefore, to ensure that patients have been provided with 
the necessary information, including related risks, to enable informed con-
sent to be established. Radiographers must work within the scope of their 
practice and the expectations set by the professional and regulatory bodies 
of the country in which they practise.  

3.1       Introduction 

 Consent occupies a central position within medi-
cal law and is essential prior to medical treat-
ment. Valid consent, therefore, must be obtained 
from the person who is to receive that treatment 
prior to any such treatment being given. 

 The key ethical perspective underpinning con-
sent is the principle of autonomy. The Department 

of Health (2001) states that ‘patients have a funda-
mental legal and ethical right to determine what 
happens to their own bodies’ [ 1 ]. In other words, 
this means that patients have a right to decide 
whether or not to receive treatment, even if the deci-
sion that they make would appear to be unwise and 
has the potential to, or may even result in, harm. In 
essence, therefore, the autonomous decisions given 
over to patients with regard to consent to treatment 
respect patient choice and self- determination. 
Ensuring that consent is informed plays a pivotal 
role in enabling patients to exercise 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 
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about the different types of consent and when 
consent is considered to be valid or ‘real’. 

 Consent can be either expressed or implied. 
Express consent requires patients to be given suf-
fi cient 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 the healthcare 
practitioner (e.g. doctor, radiologist, radiographer, 
nurse), in a way that the patient understands, 
enables the patient to make an informed decision 
about whether or not to receive treatment, that is, 
whether or not to give informed express consent. 
Express consent may be either written, whereby a 
patient signs a consent form following receipt of 
all necessary information, or oral, whereby the 
patient verbally confi rms his/her willingness to 
undergo the examination or procedure. 

 Implied consent also requires an explanation of 
any examination or procedure to be given. 
However, it differs from express consent in that 
written or verbal confi rmation does not have to be 
received by the medical or healthcare practitioner 
prior to proceeding with the examination or proce-
dure. Instead, the voluntary actions of the patient 
following receipt of the requisite information (e.g. 
holding out an arm for a blood pressure cuff to be 
applied or placing a body part on the image recep-
tor when asked to do so for an X-ray examination) 
implies that the patient is happy to go ahead. 

3.2.1     Valid Consent 

 Consent given by the patient prior to any exami-
nation or procedure must be valid. 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 the 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 consent 
is not considered to be valid.  

•   The 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, a 

patient is assumed to have capacity unless 
proved otherwise.  

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

3.3     Why Informed Consent 
in CTC? 

 In the UK, the role of the GI radiographer has 
expanded considerably over the last two decades 
fi rstly by taking on the double-contrast barium 
enema (BCBE) examination and now in CTC 
examinations. CTC is, although minimally so, an 
invasive procedure. The examination is used both 
as a diagnostic imaging tool as well as a screen-
ing 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 signifi cant risk and/or side effects [ 2 ]. 

 As radiographers, we cannot assume that our 
patients know what radiation is and what the risks 
of radiation are. A false assumption could nega-
tively affect the healthcare decision the 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 
experience. Providing information to patients to 
enable them to make an informed choice is an ethi-
cal obligation. No examination may be carried out 
on patients without their permission 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 exami-
nation or not, with the decision culminating in 
their informed consent to go ahead with the exami-
nation. Although CTC is a minimally invasive, 
safe study, there could be some potential risks.  

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 
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one person on another being considered a civil 
wrong rather than a legal matter. 

 The fi rst aspect to consider is that of the patient 
actually giving their consent to the examination or 
procedure. Should any examination or procedure 
go ahead without the patients giving their consent, 
then they 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 the patient apprehends 
a touching of his person) or battery (whereby the 
patient was actually touched). A patient who has 
suffered trespass to the 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 interfer-
ence with him/her. There is no legal obligation for 
the patient to prove that harm has occurred [ 3 ,  4 ]. 

 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 suffi cient information 
about all aspects of the procedure, including the 
risks involved. Failure on the part of the practitio-
ner to give suffi cient information could result in 
the bringing of an action for negligence. 

 In order to establish that the practitioner has 
been negligent, the patient has to prove a number 
of key elements; fi rstly, that he/she was owed a 
duty of care by the healthcare practitioner, that 
this duty of care was breached by way of failure 
to give suffi cient information, that this breach of 
duty of care resulted in the patient agreeing to the 
examination or procedure, and that in doing so, 
the patient suffered harm as a result.  

3.5     Patient Information 

 There are twelve standards that have been 
approved by the SCoR [ 5 ] in liaison with the 
National Health Service Bowel Cancer Screening 
Programme (NHSBCSP) and the British Society 
of Gastrointestinal and Abdominal Radiology 
(BSGAR). The fi rst standard is ‘patient informa-
tion and consent’. In addition, the guidance 
makes reference to the National Institute for 

Health and Clinical Excellence (NICE) guide-
lines on CTC which radiographers should also 
refer to. The standard on patient information and 
consent sets out the following minimum accept-
able practice and best practice which are still rel-
evant today [ 6 ].

•    The process of providing patient information 
must follow an established pathway.  

•   If using local information leafl ets, they must 
comply with national standards.  

•   The writing of information leafl ets must be 
carried out in liaison with patient/service user 
advisory groups.  

•   National Patient Safety Guidelines (NPSA) 
must be followed during the prescribing of 
laxatives for bowel preparation.  

•   Written consent provided by the patient must 
be recorded in writing, including the date and 
designation of the person to whom consent 
was given. This should be recorded 
electronically.  

•   If not the radiographer, the healthcare pro-
fessional, in gaining consent from the 
patient, should be suffi ciently knowledge-
able and informed to answer routine ques-
tions and must be able to call upon the 
expert advice of either the radiographer or 
the radiologist prior to the appointment or 
examination.
 –    In signing consent, the patient should be 

satisfi ed that all questions have been 
answered suffi ciently and that the benefi ts, 
risks and side effects of the examination 
have been explained to him/her.        

3.6     Information Giving 

 Adequate information written in a comprehen-
sive language must include all the important ben-
efi ts and risks of the examination and whether the 
examination is being carried out as either a diag-
nostic test or a screening test. 

 If current information leafl ets given to CTC 
patients at the preparatory stage do not include 
the information, then those leafl ets need to be 
reassessed and information on benefi t and harm 
added in [ 7 ]. 

3 Informed Consent
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 The information provided to the patient should 
include the following:

•    Purpose of the procedure to primarily investi-
gate the presence of bowel cancer or precan-
cerous polyps  

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

•   Explanation of the benefi ts vs the risks of the 
examination  

•   Explanation of the risks including the 
following:
 –    Risk of perforation  
 –   Anaphylactic reaction from the use of con-

trast agents  
 –   Risk of harm from ionising radiation 

explained as a dose equivalent of a CT 
scan  

 –   In the case of patients undergoing CTC 
screening, the risk of psychological harm 
in incidence of false positives and false 
negatives  

 –   Risk of harm from an incidental fi nding 
once the examination is being carried out. 
CTC examinations also demonstrate intra-
abdominal and pelvic organs and although 
relatively small, around 10 % of cases [ 8 ] 
demonstrating signifi cant pathology, e.g. 
underlying lymphomas or early cancers of 
the kidney and ovaries may be identifi ed     

•   Explanation of side effects and discomfort, 
e.g. bloating arising from the insuffl ation 
of air  

•   Alternative options, if appropriate  
•   Names and reliable contact details of appro-

priate persons who can be approached to 
answer questions     

3.7     The Duty of Consent 
and the Role 
of the 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 [ 9 ] revealed that 
radiographers were of the opinion that the 
patient’s referring physician was responsible for 
obtaining informed consent. When an examina-
tion involves the risk of ionising radiation, only 
trained experts in the fi eld of medical ionising 
radiation are qualifi ed to inform the patients of 
the risks of the procedure and explain the benefi t 
of having the examination in lieu 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 ben-
efi ts of ionising radiation. 

 Radiographers are the experts in their fi eld, 
and using the lowest radiation dose for the best 
image quality, i.e. as low as reasonably achievable 
(ALARA), is the basis of radiography. 
Radiographers should be able to confi dently 
advise their patients of the dose of radiation they 
are receiving and how this translates to a risk 
experienced in their everyday lives. 

 The responsibility therefore lies with the 
radiographer and not the referring physician. The 
overall responsibility of obtaining informed con-
sent remains with the healthcare practitioner 
responsible for conducting the medical interven-
tion. In this case, if the procedure is being carried 
out by the radiographer, then it is the radiogra-
pher’s responsibility. If the examination is being 
carried out by the radiologist, then the radiologist 
has overall responsibility even though he/she 
chose to delegate the responsibility to the radiog-
rapher or the radiology department nurse. In the 
event of delegation, the radiologist should be 
available to answer questions that may arise or if 
the patient wishes to speak to them. 

 The radiographer is responsible for ensuring 
that the patient has been provided with suffi cient 
information on all aspects of the examination and 
that they have given their informed consent prior to 
the examination being carried out. Radiographers 
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must adhere to their employer’s local policies and 
procedures in relation 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 [ 10 ].  

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 with adequate information that 
will enable them to make an informed decision as 
to whether or not to proceed. 

 The language used in the information leafl ets 
provided needs to be comprehensive to a lay per-
son and should avoid the use of medical jargon. 
In addition, radiographers need to ensure that 
they do not present an overwhelming amount of 
information that may affect the patient’s decision-
making ability [ 2 ]. The more complex the medi-
cal imaging examination and/or the side effects, 
the greater the risks involved and the more crucial 
it is to have formal records of patient consent. 

 Information should be given in advance of the 
day of examination to enable the patient to take 
time to read and understand the information and 
ask questions before the examination. This is one 
of the key areas that enables consent to be 
informed [ 2 ]. The associated risks need to be 
defi ned in advance and clearly articulated within 
patient information leafl ets. 

 In keeping with a patient-centred care approach, 
the entire process of information giving and gain-
ing consent should be patient focussed taking into 
account the patient’s culture and beliefs and being 
able to identify when alternate methods of com-
munication may be required, e.g. in cases where 
English may not be their fi rst language or if the 
patient has special care considerations, e.g. 
dementia. (see Chap.   2     communication) 

 With regard to duty of care, the radiographer 
must inform the patient of the benefi ts of the pro-

cedure in addition to the risks. Patients must also 
be informed of what the likely alternative options 
may be as well as the risk involved with not hav-
ing the examination at all, i.e. doing nothing [ 2 ]. 

 Patients are naturally concerned about the 
harmful effects of radiation, not only to them-
selves, but also to their future offspring. Care 
should be taken to use appropriate language when 
discussing the risks and benefi ts of the examina-
tion so that the patient is able to understand the 
consequences. A key example of helping patients 
to understand the extent of the risk is to liken the 
radiation dose that they are about to receive to 
other low or acceptable risks in society which they 
can identify with on a daily basis, e.g. exposure to 
sunlight. (See  Appendix  for the NRPB broads 
 levels of risk – permission granted by Christina 
Freeman of SCoR.) 

 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 extra- 
colonic pathologies or conditions that may pres-
ent itself as incidental fi ndings during the 
screening procedure.  

3.9     Key Messages 

•     The radiographer has a duty of care to inform 
the patient of the benefi ts and risks of the CTC 
examination. Patients must also be informed of 
the likely alternative options as well as the risk 
involved with not having the examination at all.  

•   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.  

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

•   Written consent is required for invasive proce-
dures which are considered to involve signifi -
cant risk or side effects.  
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     Appendix: Broad Levels of Risk for Common X-Ray Examinations 
and Isotope Scans 

 X-Ray examination ( nuclear medicine 
or isotope scan)  

 Equivalent period of natural 
background radiation 

 Lifetime additional risk 
of cancer per examination a  

 Chest 
 Teeth 
 Arms and legs 
 Hands and feet 

 A few days   Negligible risk  
 Less than 
 1 in 1,000,000 

 Skull 
 Head 
 Neck 

 A few weeks   Minimal risk  
 1 in 1,000,000 
 to 
 1 in 100,000 

 Breast (mammography) 
 Hip 
 Spine 
 Abdomen 
 Pelvis 
 CT scan of head 
 ( Lung isotope scan)  
  (Kidney isotope scan)  

 A few months to a year   Very low risk  
 1 in 100,000 
 to 
 1 in 10,000 

 Kidneys and bladder (IVU) 
 Stomach-barium meal 
 Colon-barium enema 
 CT scan of chest 
 CT scan of abdomen  
(Bone isotope scan)  

 A few years   Low risk  
 1 in 10,000 
 to 
 1 in 1,000 

  X-Rays how safe are they? NRPB May 2001, reproduced here by kind permission of the Health Protection Agency 
  a  These risk levels represent very small additions to the 1 in 3 chance we all have of getting cancer       

•   If a patient fails to fully understand the nature of 
the examination, including the risks that it 
involves, then the consent given by the patient is 
not considered to be valid.  

•   The language used in information leafl ets 
needs to be devoid of medical jargon and must 
be written in a comprehensible style that is 
accessible to a lay person.  

•   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.     

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 giving information from practitioner 
to patient. The other is the receiving and process-
ing of information, asking of questions and then 
signing of a consent form thus providing a writ-
ten gesture of acceptance of the examination, by 
the patient. If an examination is conducted in the 
absence of consent, the patient may sue for com-
pensation on the grounds of ‘trespass to the per-
son’. All practitioners have a duty of care to their 
patients. Part of this duty of care is to provide 
suffi cient information about all aspects of a pro-
cedure. Failure to give suffi cient information 
could result in the 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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Principles of CT

Martin Vosper

Abstract

This chapter summarises the basic technical principles which underpin 
computed tomography (CT). The key advantage of CT over conventional 
radiography is its ability to obtain 2D sections and 3D volume representa-
tions of the human body, with greatly improved contrast discrimination 
between tissues. This is enabled by a rotating X-ray tube and detector array 
which obtain multiple image projections during scanning. Much CT devel-
opment occurred via a series of scanner generations, especially spiral (heli-
cal) scanning and multi-detector row designs. Imaging is based on the 
conversion of X-ray linear attenuation values to Hounsfield units which can 
be transformed to an extended greyscale of signal intensities. Windowing is 
a means of improving the visualisation of image contrast. Image resolution 
is determined by factors such as the slice width and pixel matrix. The effect 
of exposure factors such as kilovoltage peak (kVp) and milliampere seconds 
(mAs) is considered. Modern methods for CT image formation from raw 
data include back projection and iterative reconstruction.

4.1	 �Introduction

From our twenty-first century perspective, it is 
hard to imagine a diagnostic imaging world with-
out computed tomography (CT). The technique 
has truly revolutionised the two-dimensional 
(sectional) and three-dimensional (volume) 
depiction of internal human anatomy, to the 

extent that there is no hidden corner of the living 
body which cannot now be explored by it. This 
includes the colon and adjacent structures. Prior 
to the introduction of CT in the early 1970s, inter-
nal anatomy could only be explored fully by the 
surgeon’s knife or partly portrayed by ultrasound 
and radionuclide imaging. Conventional X-ray 
imaging had long been in existence, but could 
only display structures and organs in a superim-
posed state, without much discrimination between 
different soft tissues. Although magnetic reso-
nance imaging (MRI) would later surpass the soft 
tissue discrimination capabilities of CT it still 
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suffers to this day from longer scan times, poorer 
spatial resolution and a weaker ability to depict 
air-filled structures or tissue calcifications.

4.2	 �CT Principles

Computed tomography uses mathematical com-
putation to obtain imaging sections or ‘slices’ of 
the human body. Indeed its name is derived from 
the Greek word tomos meaning a cut or section. It 
allows the content of discrete body sections to be 
seen with clarity and detail, avoiding the superim-
position of structures which is such a disadvantage 
in conventional or ‘plain’ radiography. Sections 
are obtained by allowing the X-ray tube to rotate 
around the body within the axial plane during a 
procedure, thereby obtaining projections from 
many different positions rather than from just a 
single perspective. By mathematical computation, 
the huge amounts of projection data are trans-
formed into an image. Often CT is described as a 
CAT scan, which stands for computed axial 
tomography. Although the mathematical princi-
ples of obtaining a 2D slice image from a large 
number of projections were described by Radon in 
1917, the practical realisation of the technique was 
delayed until the arrival of improved computers in 
the 1970s. Only then could the large amounts of 
projection data be transformed into a viable image.

Both CT and plain radiography use X-rays emit-
ted by X-ray tubes and received by X-ray detectors. 
Both imaging modalities are affected by the proper-
ties of X-rays. The useful properties of X-rays 
include the ability to penetrate through the body in 
straight lines and cast a shadow projection of inter-
nal structures, recordable by detectors. This can pro-
vide a ‘true’ representation of these structures unless 
the X-rays become scattered from their straight line 
path or if there is ‘noise’ in the imaging system. 
Noise refers to random fluctuations in received sig-
nal which degrade an image. Another useful prop-
erty of X-rays is their ‘differential absorption’ in 
body tissues. This means that some tissues, namely, 
those that are of high density and atomic number, 
will absorb more X-rays than those that are not. 
When a lot of X-ray absorption takes place, such as 
in metal, bone or contrast media, there is a bright 

white appearance in the CT image. When very little 
absorption takes place, such as in bowel gas, there is 
a resultant black appearance in the CT image. Soft 
tissues tend to show up as intermediate shades of 
grey. It should be remembered that CT gives us 
images based on a single physical property – the 
absorption of X-rays. Different tissues will appear 
the same on CT imaging if they have the same X-ray 
absorption characteristics. This can be regarded as a 
relative disadvantage of CT compared to MRI, since 
the latter has more ways of depicting tissue proper-
ties and also has better functional imaging capabili-
ties. However, CT provides shorter scan times and 
finer image resolution than MRI, properties which 
are of particular benefit when imaging the moving 
structures of the colon.

4.2.1	 �CT Fundamentals

The key features of a modern CT scanner are as 
follows and are depicted in Fig. 4.1.

• An X-ray tube which acts as the source of an 
X-ray beam, rotating in a continuous 360° arc 
in the axial plane around a patient’s body

• Filters which modify and improve the X-ray 
beam

• Collimators which reduce the size of the X-ray 
beam, thereby reducing patient dose and 
improving image quality

• X-ray detectors, arranged in rows, rotating in 
a continuous arc and located directly opposite 
the X-ray tube

• A moving X-ray couch, on which a patient lies

As the X-ray tube and detectors rotate in a 
circular fashion around a patient’s body, a 
large number of X-ray projections are obtained. 
These can be considered as consisting of many 
‘ray’ traces, with each ray encountering differ-
ent tissues during its linear course through the 
body. It is the presence of these multiple traces 
that makes CT fundamentally different from 
conventional radiography and enables a com-
plete two-dimensional section to be obtained 
through the patient. The X-rays within each 
trace will experience attenuation, according to 
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the total amount of tissue encountered along 
their path. The amount of X-rays received in the 
detector array after the X-rays have passed 
through the patient will depend on the body 
thickness in that particular direction as well as 
the combined density and atomic number of the 
tissues present. Thus, a ray tracing through the 
body in a particular direction will encounter a 
superimposed stack or column of tissues. In CT 
and other forms of digital imaging, the body tis-
sues are considered and depicted as two-dimen-
sional squares (pixels or ‘picture elements’) or 
three-dimensional cubes (voxels or ‘volume ele-
ments’). The total X-ray attenuation in a particu-
lar direction will depend on the combined 
attenuations of the individual pixels or voxels in 
the column, as shown in Fig. 4.2. The diagram 
shows a two-dimensional slice through the 
patient, consisting of a number of pixels (picture 
elements). Each pixel has an X-ray attenuation 
value related to its atomic number and density. 
The total attenuation experienced by each ray 
will depend upon the combined attenuation of 
the pixels it encounters within its trace. In the 

example shown here, ray 2 will be the most 
attenuated (since it passes through a dense pixel) 
and ray 3 the least. Each ray here corresponds to 
an X-ray projection. The X-ray beam experi-
ences attenuation (a reduction in intensity) as it 
passes through a patient’s body, in a way that is 

X-ray tube

X-ray beam

Filters

Patient

Couch

Collimators

Collimators

Detector array

Fig. 4.1  CT scanner 
components

Ray 1

Ray 2

Ray 3

Fig. 4.2  Rays in CT.  The diagram shows a two-dimen-
sional slice through the patient, consisting of a number of 
pixels (picture elements)
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Ray 1 – transmission
and useful signal

Ray 1 – absorption and
useful signal Ray 3 – scatter and

non-useful signal

Fig. 4.3  The possible 
paths of an X-ray 
photon in CT

determined by the tissues encountered along its 
path. This process is essential to us in CT, since 
it produces a signal pattern in the X-ray detec-
tors. There are three things that can happen to an 
X-ray in CT, as shown in Fig. 4.3.

	1.	 The X-ray may pass right through the body in 
a straight line (linearly), producing a useful 
signal in the X-ray detector array.

	2.	 The X-ray may be absorbed in the body. This 
is also useful, since it produces an ‘absence of 
signal’ in the detector array, enabling an 
absorption pattern to be obtained. This 
‘shadow projection’ results in an image. The 
X-ray absorption is directly proportional to 
body tissue atomic number and density as 
well as the body thickness.

	3.	 The X-ray may be scattered in the body and 
possibly received by a detector some dis-
tance away from the X-ray’s original straight 
line path. This is definitely not useful, since 
it produces a signal in the detector array that 
does not correspond to the body anatomy. 
The X-ray scatter is directly proportional to 
body tissue electron density (which roughly 
relates to tissue density) and body 
thickness.

In CT, we want to obtain both process 1 
(signal) and process 2 (absorption) to some 
extent, whilst minimising process 3 (scatter). 
The relative amounts of these processes are 
very much affected by the X-ray exposure fac-
tors used.

4.2.2	 �CT Exposure Factors 
and the CT Image

There are two principal exposure factors that can 
be adjusted by the operator during CT scanning.

• Milliampere seconds (mAs)
This is the amount of electrical current pass-
ing through the X-ray tube during an expo-
sure. It has a simple direct effect on the 
number of X-rays produced, so that a doubling 
in mAs results in a doubling of X-rays. We 
should note that mAs does not affect the pen-
etration or energy of X-ray photons, only their 
number. An increase in the number of X-rays 
will increase the signal received in a detector 
array and improve the amount of signal rela-
tive to noise. Noise manifests itself as a ran-
dom fluctuation in image signal, giving what 
is often termed a ‘salt-and-pepper’ appearance 
on the image. X-ray detectors tend to work 
best when they are receiving sufficient 
amounts of X-rays, giving an image of high 
contrast and resolution, without appreciable 
noise. But of course this comes with an unwel-
come increase in patient radiation dose, since 
dose is directly proportional to mAs. A bal-
ance needs to be struck, wherein there is both 
acceptable image quality and dose.

• Kilovoltage peak (kVp)
This is the peak voltage in kilovolts applied 
across the X-ray tube during an exposure. 
Values used in CT may range from about 80 to 
140 kVp. An increase in kVp has a dual effect, 
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increasing both the energy of the X-ray beam 
and the number of X-rays produced. In fact the 
number of X-rays produced is proportional to 
the square of the kVp. So a simple increase in 
kVp has the effect of increasing patient radia-
tion dose if other exposure factors remain 
unchanged. It also has the effect of improving 
signal in the detectors and reducing noise and 
also has an impact on image contrast. At this 
point we should note that a high contrast image 
is one in which there are large differences in sig-
nal between different tissues or structures – in 
other words it is an image which provides good 
tissue discrimination. In general, high image 
contrast is provided by low kVp. This is because 
X-ray absorption (photoelectric absorption is 
the physics term) occurs more at low kVp and 
this absorption process emphasises atomic num-
ber differences between tissues. As a result, the 
signal difference between iodine-containing 
contrast media (high atomic number) and soft 
tissue in the bowel (low atomic number) will be 
maximised at low kVp. At high kVp values, it is 
X-ray scatter (Compton scatter) which predomi-
nates, and thus, the contrast between structures 
of different atomic number will be reduced. 
Importantly however, we should note that the 
X-ray beam must always be of sufficient energy 
to penetrate through a patient, or else no image 
will result. Also noise in the X-ray detectors will 
increase if insufficient rays are able to penetrate 
through the body and reach those detectors.

There are some other technical factors which 
affect the CT image; however, not all of them are 
within the direct control of the operator during a 
scan: focal spot, geometry, beam filtration, slice 
thickness, image matrix, detector dimensions, 
pitch and scan time.

• Focal spot. This is the source of X-rays within 
the X-ray tube. A small (‘fine’) focal spot 
improves the spatial resolution (sharpness) of 
the image, but also reduces the heat capacity of 
the X-ray tube. This is an example of the geo-
metric unsharpness (penumbra) effect which is 
also seen in conventional radiography.

• Geometry. The spatial resolution of the image 
will be maximised by a small distance between 

the patient and the detector array, together 
with a large distance between the X-ray tube 
and the patient. This is dependent on the scan-
ner design and is another aspect of the penum-
bra effect.

• Beam filtration. Metal filters, placed between 
the X-ray tube and the patient, are designed to 
remove low-energy X-rays (‘soft’ X-rays) and 
improve the penetrating capability of the beam. 
They may also be used to even out the intensity 
of the X-ray beam across the patient anatomy.

• Slice thickness. A thicker slice contains more 
signal and thus suffers less from image noise. But 
a thinner slice provides improved spatial resolu-
tion and better ability to depict small objects.

• Image matrix. An axial section in CT consists 
of a two-dimensional grid of square-shaped 
pixels (picture elements). A typical value for 
the matrix is 512 × 512 (i.e. 512 pixels in each 
of the two dimensions). For a given scan field 
of view, the size of individual pixels is 
inversely proportional to the matrix. A matrix 
of 1024 × 1024 will provide pixels that are 
half as large in each of the two dimensions and 
thus four times smaller in area. This 1024 × 
1024 matrix will allow better spatial resolu-
tion than the 512 × 512 matrix, but each pixel 
will contain less signal and thus will be more 
liable to image noise.

• Detector dimensions. The spatial resolution of 
the image will be improved when using small 
detector elements but may suffer from reduced 
signal and thus worse noise [1].

• Pitch. This adjustable technical factor 
describes the relative speed of the CT couch 
movement through the scanner during a single 
X-ray tube rotation, divided by the total width 
of any simultaneously acquired slices. A large 
pitch factor (faster couch movement) results 
in reduced signal and image quality as well as 
reduced patient radiation dose.

• Scan time. A reduced scan time provides 
improved temporal resolution, thereby reducing 
the adverse effects of patient motion on image 
quality and also permitting dynamic studies of 
the body in real time. Scan time is affected by a 
number of factors, including pitch, X-ray tube 
rotation speed, scan volume and the number of 
image slices.
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4.2.3	 �CT Image Contrast

Compared to conventional radiography, CT is 
able to amplify the image contrast that can be 
seen between different tissues [1]. Image contrast 
means the amount of signal difference that exists 
between tissues – so an image containing white 
and black shades is regarded as higher contrast 
than one consisting of intermediate shades of 
grey. How can CT amplify image contrast? There 
are four ways in which it achieves this.

	1.	 Removal of overlying structures. Conventional 
radiographic images are compromised by the 
fact that all anatomy is seen superimposed. This 
reduces image contrast. In CT, only tissues 
within a thin section or ‘slice’ are visible, and 
this tends to increase the available contrast 
between them by removing overlying image 
‘clutter’.

	2.	 Reduction of X-ray scatter. In CT the X-ray 
beam is tightly collimated (‘coned down’), 
not only before it reaches the patient but also 
before it reaches the detector array. The over-
all effect is to lower the amount of scatter 
reaching the detectors. Scattered X-rays 
reduce image contrast by raising the amount 
of background signal and consequently give 
an unwelcome image ‘greyness’ which 
reduces tissue discrimination.

	3.	 X-ray attenuation calculation. CT is able to 
detect very subtle differences between the 
X-ray attenuation values of different tissues. 
This is because it obtains large amounts of 
X-ray attenuation data, using multiple projec-
tion angles. The attenuation values are con-
verted to a range of signal intensities on the 
CT image, using a scale known as the 
Hounsfield scale [2], as shown in Table 4.1. 
This is named after Sir Godfrey Hounsfield, 
whose pioneering work resulted in the first 
clinical CT scanner at the Atkinson Morley 
Hospital in London in 1971. The Hounsfield 
scale is derived from the relative sizes of the 

X-ray attenuation coefficients of tissues com-
pared to water. Water is assigned a value of 
zero Hounsfield units (HU) on the scale, with 
air having a value of −1000 HU and dense 
bone a value of +1000 HU. It is interesting to 
note that fatty tissue has a value of about −100 
HU and other soft tissues are in the range of 
+20 to +80 HU.  Hounsfield values are con-
verted to a greyscale of image intensities in 
CT. In practice a scale of CT numbers is often 
used. This is based on the Hounsfield scale but 
extended to about +3000 to allow for the high 
X-ray attenuation values of metal implants 
which may be present in the patient.
The Hounsfield equation below indicates that 
tissue Hounsfield unit values are based on the 
relative linear X-ray attenuation coefficients μ 
of the tissue and water, multiplied by 1000. A 
Hounsfield unit difference of 5 between two 
tissues corresponds to a linear attenuation dif-
ference of 0.5 %:

	
HUvalue tissue water water= -( ) ´m m m/ 1000

	

4.	 Windowing. In CT, tissues are displayed using 
pixels or voxels, each having a given signal 
intensity value. The tissues are depicted using 
a greyscale, whose extremes are white (high 
X-ray attenuation tissues such as bone or 

Table 4.1  The Hounsfield scale

Tissue or substance type
Typical Hounsfield unit 
values

Air −1000

Lung −1000 to –500

Adipose (fatty) tissue −100 to –50

Water 0

Soft tissues +20 to +50

Liver +40 to +70

Acute haemorrhage +50 to +100

Cancellous (marrow) bone +50 to +200

Contrast media enhancement +100 to +300

Cortical (hard) bone +250 to +1000
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haemorrhage) and black (low X-ray attenua-
tion tissues such as lung or bowel gas). Soft 
tissues present as intermediate shades of grey. 
There are too many shades (too many different 
signal intensity values) contained within the 
extensive data of a CT image to be visible to 
the human eye ‘all at once’. In fact the human 
eye can only visualise about 30–40 distinct 
shades of grey within a single image. Thus, 
the data is post-processed using ‘windowing’. 
A window enables only a particular range of 
tissue attenuation values to be seen on the 
image, thereby increasing the contrast between 
them. For example, it is possible to use a bone 
window, a lung window or a soft tissue win-
dow. The user selects a window level corre-
sponding to the midpoint of the range of tissue 
X-ray attenuation values and a window width 
which prescribes the range of X-ray attenua-
tion values to be visualised in the image. A 
narrow window width results in a high con-

trast image. The process of windowing is 
shown in Fig. 4.4.
A CT image contains a wide range of X-ray 

attenuation values, converted into Hounsfield 
units. But the eye cannot visualise so many grades 
of signal within the associated greyscale. Thus, 
the range of tissue attenuations to be visualised 
on a CT image is narrowed down to a window 
width of values, centred around an attenuation 
value which is called the window level. Typical 
window levels used in practice might be about 
+50 for soft tissues, −500 for the lungs and +250 
for the bone. Windowing is especially important 
for soft tissue imaging as it amplifies the image 
contrast between tissues which have small attenu-
ation differences between them and would other-
wise not be visible as distinct entities. Tissue 
attenuation values above and below the window 
width cannot be visualised as greyscale intensi-
ties and show as very low contrast structures  – 
bright white or pitch black, respectively.

Window level

Window width

–1000 HU air 0 HU water +1000 HU dense bone

Fig. 4.4  Windowing in CT image processing

4  Principles of CT



32

4.3	 �CT Scanner Development

There have been tremendous developments in CT 
scanner technology and capabilities since the 
advent of the first system in 1971. Initially CT 
was restricted to the study of small and relatively 
motion-free body areas such as the head, but can 
now image all body contents, including the colon. 
The benefits of advances in CT include:

• Greatly reduced scan times
• Improved spatial and temporal resolution
• Volume (3D) acquisition
• Slice reconstruction in the sagittal and coronal 

planes from original axial scan data
• Enlarged scan volume coverage
• Real-time (dynamic) imaging
• Improved signal-to-noise ratios
• More accurate quantification of tissue X-ray 

attenuation
• Ability to provide some functional informa-

tion in addition to anatomical depiction
• Advanced image reconstruction techniques
• Image artefact reduction
• Radiation dose optimisation

From its inception, CT provided improved tis-
sue discrimination relative to conventional radi-
ography, due to its improved image contrast and 
sectional imaging capability, providing anatomi-
cal slices free from overlying information. 
However, even modern CT cannot compete with 
the spatial resolution capabilities of conventional 
radiography. A typical CT image matrix of 512 × 
512  pixels compares poorly with the 4096 × 
4096 pixel matrix of a digital chest radiograph. 
The real strength of CT lies in its ability to dis-
play structures which can be separated on the 
basis of their X-ray attenuation characteristics, 
such as bone, calcification, fresh haemorrhage, 
fat, air and tissue enhanced by contrast media.

CT scan times have shortened from about 
5 min for a single slice in 1971 to less than a sec-
ond for multiple slices in 2015. Volume imaging 
has been permitted by the introduction of con-
tinually rotating X-ray tubes and moving patient 
couches. X-ray detectors have progressed from 
single elements and single image slices to arrays 

of over 300 rows of detectors, permitting the 
simultaneous acquisition of data from multiple 
slices. New techniques for CT data acquisition 
and computation have improved image signal 
and reduced patient radiation dose. The real mile-
stones in CT have been the introduction of spiral 
(helical) scanners in 1989 and multi-slice scan-
ners in circa 1998.

4.3.1	 �CT Scanner Generations

There have been several generations or phases in 
CT scanner development since 1971 [2]. All 
modern CT units have many parallel rows of 
X-ray detectors, enabling them to acquire data 
from multiple imaging slices simultaneously. 
This technology is termed multi-detector CT 
(MDCT). However, the key elements of CT are 
still based on earlier third-generation designs, 
consisting of a rotating X-ray tube and a rotating 
array of X-ray detectors.

4.3.1.1	 �First-Generation (Translate-
Rotate) CT

Hounsfield’s original CT scanner involved a thin 
‘pencil’ X-ray beam of parallel rays, which 
rotated around a patient into 180 projection posi-
tions and then translated sideways across the 
patient within each position. Hence, the scanner 
was termed a ‘translate-rotate’ design. Scan time 
was exceptionally slow by modern standards, at 
5 min per slice, and the pixel matrix was coarse, 
consisting of 128 × 128  pixels in each two-
dimensional axial slice.

4.3.1.2	 �Second-Generation CT
This design was based on a translate-rotate X-ray 
beam movement but introduced a diverging ‘fan-
shaped’ X-ray beam. This enabled about 30 
detectors to receive X-rays simultaneously and 
helped to shorten the scan time.

4.3.1.3	 �Third-Generation (Rotate-
Rotate) CT

This development was introduced in circa 1977 
and laid the foundations for modern CT scanners, 
which still use its rotate-rotate configuration. 
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This consisted of a rotating X-ray tube, linked to 
a rotating arc-shaped detector array which was 
located on the opposite side of the patient from 
the X-ray tube. The detector array contained up 
to 960 elements. The X-ray tube rotated 360° 
clockwise or anticlockwise and then had to 
reverse its motion, to avoid twisting the attached 
high voltage X-ray cables. This was still a single 
slice CT (SSCT) technology. The CT couch and 
patient were moved in increments through the 
X-ray beam as each slice was acquired in turn. 
Scan time was about 5 sec per slice.

4.3.1.4	 �Fourth-Generation CT
This design from circa 1980 proved to be a dead 
end in terms of development and did not lead to 
subsequent derivatives. Here the rotating X-ray 
tube was enclosed in a fixed circular array of 
detector elements, about 4800  in total. The 
intention was to avoid some circular image arte-
facts which could be associated with a rotating 
detector array. The X-ray tube still had to rotate 
in one direction then reverse its motion, and the 
design was still single-slice CT. Disadvantages 
inherent in the design included high cost, 
increased radiation dose and increased geomet-
ric unsharpness.

4.3.1.5	 �Fifth-Generation CT
In 1983 a specialist and non-mainstream CT 
scanner was introduced, designed to assess coro-
nary artery calcification. This was a design based 
on electron beam CT (EBCT). It had a very origi-
nal configuration in which an electron beam was 
rapidly swept by electromagnetic fields around 
the patient in a circular motion. X-rays were pro-
duced when the rotating electron beam struck a 
circular target track which surrounded the patient. 
The commercial name for the system was the 
Imatron, and its main advantage was very short 
scan times, permitting the freezing of coronary 
artery motion.

4.3.1.6	 �Sixth-Generation (Spiral) CT
A revolutionary improvement in CT technology 
was pioneered in 1989 by Willi Kalender and his 
team within Siemens. This was termed spiral or 
helical CT, so-called because the X-ray beam 

now prescribed a helical (corkscrew) pattern dur-
ing the scan whilst the patient couch moved con-
tinuously through the scanner gantry. The speed 
of couch movement was referred to as the pitch 
factor. A major advantage was the possibility of 
volume scanning, enabling high-quality 3D 
images and superior scan reconstructions in other 
imaging planes from the axial scan data. This was 
enabled by the production of isotropic voxels 
(cubic voxels with sides of equal lengths in all 
three dimensions). Spiral CT required that the 
X-ray tube should be capable of continuous rota-
tion in the same direction during scanning. Slip 
ring technology was the key development which 
allowed this, replacing high voltage X-ray tube 
cables by rotating rings connected electrically by 
conductive brushes. The X-ray tube and detector 
array were still rotate-rotate in design, with a 
rotating single row of detectors aligned opposite 
the X-ray tube. The single detector row meant 
that this was still a single slice design, as in previ-
ous generations of scanners. Scan times were 
about 3 sec per slice.

4.3.1.7	 �Seventh-Generation (Multi-
slice) CT

Scan times could be further reduced if the spiral 
CT technology was coupled with multiple paral-
lel rows of detectors, enabling data for several 
image slices to be acquired simultaneously. A 
four-slice design was launched in 1998 and was 
termed multi-slice or multi-detector CT 
(MDCT). Scanners with 64 slices were available 
by 2004, and the latest units may have over 300 
slices. It is possible to combine detector ele-
ments in various ways to achieve different effec-
tive slice widths [3]. The broadening of volume 
coverage means that X-ray beams in such scan-
ners are now cone shaped rather than fan shaped. 
It should be noted that the cone beam should not 
be confused with cone beam CT, which uses a 
rotating flat panel detector and is a different type 
of scanner. Minimum scan time per slice using 
MDCT is now about 0.1 s. There has also been a 
reduction in X-ray tube rotation time, from 
about 2 sec per 360° rotation in sixth-generation 
CT to less than 0.3  s per rotation in modern 
designs.
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It should be noted that modern CT scanners 
are based on a rotate-rotate X-ray tube and detec-
tor array geometry, spiral scanning and multi-
slice detector arrays [4]. The latest units utilise 
the incremental improvements that have occurred 
in previous scanner generations.

4.3.1.8	 �Dual-Energy CT
Many of the latest CT scanners are able to pro-
duce scans based on two distinct X-ray beam 
energies [5]. The advantage of this is that very 
precise information can be obtained about pixel 
and voxel X-ray attenuation (and hence 
Hounsfield unit values). This can enable more 
effective subtraction of unwanted tissues as well 
as functional studies based on the perfusion rates 
of contrast media into tissues. The subtraction 

technique can be useful for removing unwanted 
tissue such as faeces and image artefacts from CT 
colonography studies. There are a number of 
solutions for achieving dual-energy CT.

• Dual source. This technology uses two X-rays 
tubes, each operating at a different kVp, as 
well as two separate detector arrays. The 
X-ray tube kVp determines the peak and mean 
X-ray beam energy.

• KVp switching. Here a single X-ray tube is 
used, with rapid switching between two differ-
ent kVs applied across it.

• Dual detector arrays. This solution uses a sin-
gle X-ray tube and two superimposed layers 
of detectors, each absorbing X-rays of a dif-
ferent energy range.
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4.4	 �Image Construction

In CT, a two-dimensional image matrix is obtained 
in the axial plane, typically consisting of 512 × 512 
(which totals 262,144) pixels (picture elements). 
The X-ray attenuation value of each individual pixel 
must be calculated and then converted to a 
Hounsfield unit in order that a signal intensity can 
be assigned to it within the slice image. The mathe-
matical calculations involved are huge and com-
plex, because each pixel is contained in a column of 
other pixels. Individual pixel image intensities must 
be extrapolated from total X-ray linear attenuation 
values obtained from X-ray tracings [6]. This is 
only possible with a large amount of attenuation 
data obtained from multiple directions, each direc-
tion being an individual X-ray beam projection as 
the tube rotates circularly around a patient. A simple 
representation of this problem is shown in Fig. 4.5.

Let’s look at a very simple situation based on 
only four pixels, which highlights the mathemat-
ical problems faced in producing a CT image. 
Let’s say that we are trying to find the attenuation 

value for pixel A. Ray 1 provides a total attenua-
tion value of four for pixels A and B combined. 
There could be many solutions to this  – for 
example, A = 3, B = 1, A = 2, B = 2, A = 1, B = 3 and 
so on. We cannot assign a unique correct attenu-
ation value to A on the basis of this one ray. Now 
let’s add ray 2 data, based on another projection 
angle, which gives at total attenuation value of 
ten. Once again there are many possible solu-
tions based on this data  – for example, A = 1, 
C = 9, A = 2, C = 8, A = 3, C = 7 and so on. Let’s 
add a third ray which gives a total attenuation 
value of six. Even with data from three rays, the 
attenuation value of pixel A is still unknown – it 
could be either 0, 1, 2, 3 or 4. Try inserting pos-
sible values yourself. Adding a further three 
rays, passing through pixels C-D, B-D and B-C 
would give enough data to solve the value of 
pixel A. This example is only illustrative, but it 
gives an idea of the difficulties involved in calcu-
lating pixel values using algebra. Imagine how 
much data would be needed for a 512 × 512 
matrix.

Fig. 4.5  The pixel attenuation calculation problem 

A B

C D

Ray 2 – total attenuation
value of 10

Ray 3 – total attenuation
value of 6

Ray 1 – total attenuation
value of 4
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A single X-ray transmission measurement 
through a patient’s body made by an individual 
detector at a given point in time is called a ray or 
line. A series of rays that pass through a patient 
from the same X-ray perspective or orientation is 
called a projection. Modern CT scanners might 
use 600–1200 rays taken at 800–1500 projection 
angles. This is likely to give about 1,000,000 trans-
mission measurements. This is a type of forward 
projection technique for image construction, since 
real X-ray attenuation data is linearly projected 
onto the detector array. In practice the algebraic 
calculation of pixel attenuation values is not feasi-
ble for large matrices, especially when random 
noise is present due to X-ray scatter, low X-ray 
intensity and electrical fluctuations in detectors.

4.4.1	 �Back Projection Methods

Back projection is a faster means of constructing 
the CT image from X-ray attenuation data. 
Attenuation values obtained in detectors are pro-
jected back along the ray paths into the image as 
shown schematically in Fig. 4.6. Each back-pro-
jected ray tracing uses the average value of the 
X-ray attenuation encountered along its linear 
path. The values are combined to produce sum-
mated signal where there is anatomical detail in 
the projection data. A disadvantage of the 

approach is image blurring. Attenuation informa-
tion from the detectors is projected back into the 
patient to produce image signal. Note that this 
signal is summated where the projections over-
lap, thus indicating an X-ray attenuating object in 
the patient.

A process of filtration is applied to the back-
projected image data in order to reduce blurring 
effects. This process is not the same as X-ray 
beam filtration. It involves a mathematical pro-
cess known as convolution which tidies up the 
image and enhances the edges of objects. The 
mathematical filter applied is called a kernel. Soft 
and hard filters may be applied to CT data – soft 
filtration tends to be applied when soft tissue 
information is important and hard filtration when 
edge information is required. A hard filter 
improves image sharpness but may result in an 
increase in image noise.

4.4.2	 �Iterative Image 
Reconstruction

Iterative techniques are mathematical calcula-
tions that first make an assumption that all pixels 
have the same linear attenuation value and then 
repeatedly compare the real data situation with 
that assumption, making corrections. 
Mathematical recycling refines the image solu-
tion during the process. Back projection data is 
compared with a correct data model based on a 
forward projection through the patient. The 
mathematics is constantly refined through itera-
tion until the two models agree, producing a less 
noisy image. The techniques have a lot of advan-
tages, since iteration not only reduces image 
noise but also therefore permits lower exposure 
factors to be used whilst maintaining an accept-
able noise level [7]. CT manufacturers have 
adopted slightly different techniques to achieve 
this, such as Adaptive Statistical Iterative 
Reconstruction (ASIR) by GE, iDose by Philips, 
Sinogram Affirmed Iterative Reconstruction 
(SAFIRE) by Siemens and Adaptive Iterative 
Dose Reconstruction (AIDR) by Toshiba.

Patient

Detector array

Fig. 4.6  Back projection in image construction. 
Attenuation information from the detectors is projected 
back into the patient to produce image signal
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4.4.3	 �Volume Rendering 
Techniques

Spiral CT brought about true volume imaging, 
since it enabled the production of isotropic vox-
els which are equal in size in all three dimen-
sions. This permitted 3D datasets which achieve 
image reconstructions in any plane, since image 
resolution is the same in any plane. There are a 
number of techniques for rendering volume 
images from CT data, all of which can be 
rotated for viewing from multiple angles as 
follows.

• Maximum intensity projection (MIP)
Anatomical structures are projected using ray 
paths from all directions. Image projection is 
based on the highest X-ray attenuation value 
that the ray encounters within its linear path. 
This is converted to an image signal intensity. 
The technique may be used when a contrast 
medium is introduced, since this will generally 
be the most attenuating material. Data are gen-
erally excluded from soft tissues which lie 
below a set cutoff value measured in 
Hounsfield units. However, high-density mate-
rial such as tissue calcification may still show 
up and may obscure detail. Overlying high 
attenuation structures such as other vessels 
may interfere with vessel visualisation. The 
MIP approach produces a series of 2D images 
from multiple projection angles, and the 3D 
relationship between structures may be diffi-
cult to visualise. A variant of MIP is termed 
minimum intensity projection (MinIP) and can 
be useful for the visualisation of air or gas.

• Surface shaded display
In this technique, the surface contours of 
structures such as vessels are displayed as if 
illuminated by an external simulated light 

source. Upper and lower Hounsfield unit 
threshold values are chosen, so that only tis-
sues within these threshold limits are visual-
ised. Each tissue type is allocated to a colour 
or transparency within the image, and surfaces 
are defined which represent boundaries 
between different tissues. The technique is 
limited by the fact that voxels with a mixed 
tissue composition cannot be properly repre-
sented since their Hounsfield value is aver-
aged out. This can cause faulty representation 
of tissue boundaries. The technique is also 
vulnerable to image noise and variable con-
trast media enhancement.

• Volume rendering
This approach provides a more accurate ana-
tomical depiction since it can allow voxels to 
be displayed in terms of their true percentage 
composition of different tissue types rather 
than a false ‘all or nothing’ composition. 
Each voxel is given a colour or transparency 
within the 3D image, so that intermediate tis-
sue compositions can be assigned values of 
hue or opacity. Simulated light rays are 
passed through the model so that it can be 
viewed. It is possible to view multiple tissue 
types such as bone, soft tissue and contrast-
filled vessels within a single rendering. Also 
unwanted tissue types can be ‘peeled away’ 
if required.

• Perspective volume rendering (pVR)
This is a novel way of displaying volume data 
and enables a virtual fly-through to be obtained 
within the hollow cavities such as the bowel 
and vessels. Internal structures and walls are 
assigned colours or transparencies for better 
visualisation, using perspective images which 
simulate the presence of the observer within 
the structure. There are applications for virtual 
colonoscopy (also called CT colonography).
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4.5	 �CT Image Resolution

Resolution can be thought of as the ability to 
resolve small objects or detail. It is affected by a 
number of factors. It should be noted that many 
of the factors which lead to increased resolution 
may also result in increased image noise. Here 
are some of the factors.

• Slice thickness
In single-detector row CT, the slice thickness 
was principally determined by the X-ray beam 
collimator aperture. But in multi-detector row 
CT, the slice thickness is affected by combining 
detector elements in the z direction (along the 
long axis of a supine patient). Effective slice 
thickness can be measured using the slice sensi-
tivity profile, which is the measured slice width 
taken at 50  % of the maximum signal value 
across the slice using a quality assurance phan-
tom. Pitch factor affects the slice sensitivity pro-
file (and thus the slice width) by widening it in 
the z-direction during table movement. It should 
be noted that a perfect slice sensitivity profile 
would be rectangular, but factors such as pitch 
and X-ray beam geometry tend to convert it to a 
bell-shaped curve as shown in Fig. 4.7. Small 
slice thicknesses provide a high spatial resolu-
tion and suffer less from ‘partial voluming’. 
This means that they are more able to accurately 
depict small objects which might otherwise 
become averaged out within thicker slices.

• Detector size
This is often a limiting factor with regard to 
resolution. It is affected by the detector ele-
ment aperture as well as the spacing between 
the detector elements. In multi-detector row 
CT, there tends to be increased X-ray scatter 
due to the width of the cone-shaped X-ray 
beam. Thus, there needs to be thicker septa 
(dividers) between the detector elements in 
order to prevent stray scatter from entering. 
The smallest detector elements tend to be 
about 0.5 mm in aperture. Detector rows may 
be combined in multi-detector row CT in 
order to provide a range of possible slice 
thicknesses.

• Geometric effects (penumbra)
These are due to the diverging nature of the 
X-ray beam. Resolution is increased by a 
small X-ray tube focal spot size, large 
X-ray tube to patient distance and a small 
patient to detector distance. In addition 
penumbra effects can cause a drop off in the 
received X-ray intensity at the beam edges. 
This is less of a problem in multi-detector 
row CT that uses more than 16 detector 
rows.

• Scan field of view and pixel matrix
Pixels of smaller physical dimensions will 
provide increased spatial resolution. This can 
be achieved via a ‘finer’ pixel matrix, such as 
a 512 × 512 array rather than 256 × 256, as 
well as a small scan field of view.

Signal An ideal slice should
have a rectangular
signal profile

In practice a profile
like this occurs, giving
reduced resolution

Distance in the z-axis

Fig. 4.7  Slice 
sensitivity profiles
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4.6	 �Key Messages

• Computed tomography (CT) utilises the atten-
uation of X-ray photons to produce sectional 
information about human body structures. 
X-ray absorption results in a useful pattern of 
information in the X-ray detector array. X-ray 
scatter results in non-useful information and 
increases image noise.

• A sectional image in CT is based on many 
X-ray attenuation measurements based on mul-
tiple projections and many ray tracings obtained 
during a rotation of the X-ray tube around the 
patient’s body. This presents a complex mathe-
matical problem which is solved via back pro-
jection and iterative image reconstruction.

• Signal intensity (brightness) values within 
individual voxel elements are obtained via the 
conversion of X-ray attenuation data to 
Hounsfield units or CT numbers. Zero on the 
Hounsfield scale corresponds to the X-ray 
attenuation value for water.

• The main advantage of CT relative to conven-
tional X-ray imaging is its ability to amplify 
image contrast between tissues. This is 
achieved via removal of overlying anatomy, 
X-ray scatter reduction and the use of an 
extended scale in which the small X-ray 
attenuation differences between anatomical 
features are amplified.

• Relative to MRI, CT provides improved spa-
tial resolution, faster scan times, poorer soft 
tissue discrimination and reduced functional 
imaging capability. Other advantages of CT 
include its ability to depict cortical bone, cal-
cification, fresh bleed and air.

• Progressive technological developments in CT 
have resulted in shorter scan times, improved 
spatial resolution, volume imaging, multipla-
nar reconstructions, improved soft tissue char-
acterisation and some functional imaging 
capability. This has enabled CT colonography 
and many other examinations which would 
not have been possible in the early days of CT.

• Modern CT scanners use a helical (spiral) 
rotation of the X-ray tube relative to a moving 
X-ray couch, together with multi-slice imag-

ing based on the presence of many parallel 
rows of X-ray detectors.

• Increase in the kVp (kilovoltage peak) setting 
results in increased X-ray photon energy and 
an increased number of photons, increased 
signal-to-noise ratio, reduced soft tissue con-
trast and increased radiation dose.

• Increase in the mAs (milliampere seconds) 
setting results in an increased number of X-ray 
photons, increased signal-to-noise ratio and 
increased radiation dose.

4.7	 �Summary

Computed tomography (CT) is a powerful tech-
nique for providing sectional ‘slices’ of the human 
body, free from the obscuring presence of overly-
ing structures. The physical principles of CT 
enable improved image contrast, by accentuating 
the differential X-ray attenuation that occurs 
within different body tissues and translating this 
into the Hounsfield scale of signal intensities. 
Progressive technical developments since the early 
1970s have resulted in sub-second scan times, 
‘freezing’ of involuntary patient motion, improved 
spatial resolution, volume acquisition and 3D dis-
play. These assets have greatly advanced the non-
invasive radiological examination of the colon.
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in Computed Tomography 
and Computed Tomography 
Colonography
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Abstract

Radiation dose in X-ray computed tomography (CT) has become a topic 
of high interest due to the increasing numbers of CT examinations per-
formed worldwide. Computed tomography has its own dose quantities, 
including the computed tomography dose index (CTDI) and its variations, 
as well as the dose-length product (DLP). The measurement and use of 
these quantities is described in this chapter. The CTDI is often substituted 
as the patient dose, but in reality it is only the dose to a particular phantom 
and not the patient dose. In addition, the latest CT scanners have scan 
widths that are wider than the scan widths that the scanners had when the 
CTDI was introduced; this potentially makes the CTDI an inaccurate dose 
measure and correction factors have to be applied. The concepts of effec-
tive dose and diagnostic reference levels (DRLs) are introduced.

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].

In CT the dose is deposited from all direc-
tions, while the X-ray tube is switched on, which 

means that the dose is deposited more evenly in 
the tissue when compared to planar radiography, 
where the entrance dose will be substantially 
higher than the exit dose because of the attenua-
tion of radiation in the body. The scanning proce-
dure uses narrow beams along the longitudinal 
axis of the patient, with a significant dose depos-
ited outside of the nominal beam width. In addi-
tion, the volume to be imaged is not irradiated 
simultaneously which can lead to confusion 
when the dose from a complete series is com-
pared to that of a single slice. As a consequence, 
dedicated dose quantities that account for these 
peculiarities in CT 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-

C. Trauernicht, MSc (Med) Medical Physics (UCT) 
Department of Medical Physics, Groote Schuur 
Hospital and University of Cape Town, Cape Town, 
South Africa
e-mail: christoph.trauernicht@uct.ac.za

5

mailto:christoph.trauernicht@uct.ac.za


42

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 gray [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 
(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 essentially 
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-
file indicating the scattered dose deposited out-
side of the nominal slice width, while Fig. 5.1 (ii) 
shows the penumbra of an X-ray beam. The pen-
umbra 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 
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Fig. 5.1  (i) Image of a slice profile. (ii) Image of the X-ray penumbra. (iii) Summation of eight slice profiles and the 
resultant MSAD
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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 
adjacent slices overlap and get added up to form 
the MSAD.

The next dose descriptor was the computed 
tomography dose index (CTDI). The CTDI was 
originally designed as an index [2], not as a direct 
dosimetry 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. The ionisation 
chamber (Fig. 5.2 (i)) 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, which for most CT scanners will not 
happen in a single gantry rotation, because the 
nominal beam width for most scanners is less 
than 100 mm. Therefore the nominal beam width 
(see Fig. 5.2 (ii)) is used to correct the chamber 
reading for the partial exposure, so that the cor-

Fig. 5.2  (i) A typical CT ionisation chamber. (ii) Illustration of the CTDI
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rected reading is given by the obtained reading 
multiplied by the length of the ionisation cham-
ber (100 mm) and divided by the nominal beam 
width [2]. The nominal beam width is given by 
the number of nonoverlapping slices x slice width 
[8] or by the width of an individual CT detector x 
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 was 
entirely concentrated to a rectangular 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 
result in the CTDI100. This is equivalent to the 
IAEA TRS 457’s CT air kerma index Ca,100 [1].

However, in order to obtain estimates of the 
doses to organs in the scan range, the CTDI gen-
erally refers to standard dosimetry phantoms 
with diameters similar to the average patient [8]. 
There are currently two CTDI dosimetry phan-
toms 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.

Body phantom

32 cm diameter

16 cm diameter

Head and
paediatric

body phantom

1 cm

a

b

iii

Fig. 5.2  (iii) (a, b) Photo of a PMMA CTDI phantom (a) and sketch of the phantom with dimensions (b)
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CTDI100 measurements are done for both the 
centre (CTDI100,centre) 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 overranging (discussed in the next 
chapter on dose optimisation). 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 vol-
ume 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, but the 
CTDIvol remains the same, regardless of the num-
ber of slices. The DLP serves as a surrogate for 
patient dose, which is very useful when compar-
ing 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 scattered 
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 and 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.

• 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 radiosensitivity of the various organs 
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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. They have been adjusted over time [16, 
17] as new evidence became available.

The measurement of effective doses in or on 
the 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, 
but has its limitations [6]. Organ doses can also be 
estimated based on pre-tabulated phantom data or 
on Monte Carlo calculations, mostly using anthro-
pomorphic phantoms [6]. A number of free or 
commercially available computer programmes 
exist that do a conversion calculation from DLP to 
effective dose. A simple web search will find the 
respective websites. The programmes differ sig-
nificantly in performance, specification and price.

The assessment and interpretation of the effec-
tive dose is very problematic when organs and tis-
sues receive only a partial exposure or a very 
heterogeneous exposure [17]. The effective dose 
should not be used as a risk estimation to an indi-
vidual patient [17]. The tissue weighting factors 
are calculated for a generic person, not an individ-
ual, 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 individuals [17]. 
However, the effective dose is useful 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 
the 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] and 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 covering the CTC scan 
parameters of 36 institutions [24]. The effective 
dose is higher for female patients, as some gen-
der-specific organs are irradiated during virtual 
colonoscopy [20].

It is quite evident that there is a considerable 
variance in effective doses, but that with the right 
dose optimisation techniques effective doses of 
less than 5 mSv can be achieved for CTC exami-
nations. Various dose optimisation options are 
discussed in the next chapter.

5.6	 �Diagnostic Reference Levels

Diagnostic reference levels (DRLs) are dose lev-
els for typical examinations of groups of stan-
dard-sized patients [25]. The ICRP states in 
Publication 105 [26] that it is inappropriate to set 
dose limits or dose constraints for patient expo-
sures, because the medical condition is more sig-
nificant than the potential for radiation harm 
arising from any justified exposure. Dose man-
agement is implicit in dose optimisation, and the 
patient doses can only be managed if the magni-
tude and range of doses encountered for a study 
are known. Diagnostic reference levels can then 
be set using this data, and local practice can be 
improved by comparing the institution’s data 
with appropriate DRLs. Radiology departments 
should set local DRLs by taking into account 
appropriate national or international DRLs [25].

There are ongoing efforts to tally the CT dose 
metrics, in particular the CTDIvol and DLP, for 
various studies for the purpose of comparing 
dose levels. In the European Union, DRLs are 
required by law [25]. 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 
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at the 75th percentile of the distribution of doses 
for a particular examination. If the typical aver-
age dose for a given procedure is consistently 
high compared to the set DRL, this could point to 
the necessity for dose optimisation and adapta-
tion of local practice [25].

Various dose optimisation tools and possible 
approaches are discussed in the following 
chapter.

5.7	 �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 the patient dose, 
but is a reasonable indicator of the dose to the 
patient.

• The effective dose is the common denomina-
tor between different imaging modalities 
using ionising radiation. Comparing the DLP 
with, e.g. 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.

• Dose reference levels are not a dose-limiting 
tool in any given patient examination, but pro-
vide a good indication that if the radiological 
practice is operating at reasonable dose 
levels.

5.8	 �Summary

All through the 1980s and 1990s, there were no 
major debates or controversies regarding the 
topic of dose in CT [6], but there have been some 
discussions and debates on the continued appro-
priateness of the CTDI [27, 28]. There have been 
some modifications to the CTDI over time, and 
there are a number of methods for computing 
dose in CT, for the purpose of technique optimi-
sation and monitoring patient dose levels. The 

effective dose or absorbed organ doses are gener-
ally estimated using the DLP multiplied with 
empirical factors or calculations using anthropo-
morphic phantoms. Various dose optimisation 
techniques have allowed for the introduction of 
low-dose CTC. This allows for diagnostic quality 
images with a significant reduction in radiation 
dose.
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      Dose Optimisation in CT 
Colonography                     

     Christoph     Trauernicht     

    Abstract 

   There is a growing awareness that radiation dose originating from medical 
diagnostic procedures in radiology is contributing an increasing propor-
tion of the total population dose, especially for examinations using com-
puted tomography (CT). In response to the heightened awareness of the 
importance of patient dose contributed by radiology procedures, there has 
been a general trend to optimise CT examinations to obtain the required 
diagnostic outcome while minimising the dose to the patient. This chapter 
describes various options for dose optimisation in CT colonography 
(CTC). These techniques are not necessarily unique to CTC and can be 
applied for optimisation of CT-scan protocols for other sites as well. Dose-
reduction tools discussed include tube current reduction and automatic 
tube current modulation, tube voltage, iterative reconstruction, fi ltration, 
active collimation, CT detectors, shielding and other factors such as pitch 
and slice thickness.  

6.1       Introduction 

 The publications 103 and 105 of the International 
Commission on Radiological Protection (ICRP) 
clearly identify two key elements in radiation pro-

tection in medicine: justifi cation 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 cosponsored by the World Health 
Organization (WHO) and the specifi c outcome 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 ben-

  6
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efi t with the least possible risk by the safe and 
appropriate use of ionising radiation in medicine, 
and to enhance the safety and quality of radio-
logical procedures in medicine. Ten main actions 
were identifi ed as being essential. They include 
enhancing the principle of justifi cation and the 
implementation of the principle of optimisation; 
strengthening radiation protection education and 
training of health professionals; increase access 
to information on medical exposure globally; and 
foster an improved radiation-risk dialogue.  

6.2     Justifi cation 

 There are three levels of justifi cation for a proce-
dure in medicine [ 1 ]. At the most general level, 
the use of radiation in medicine is accepted as 
doing more good than harm. At the second level, 
a specifi ed procedure with a specifi ed objective 
is defi ned and justifi ed, for example, a CTC 
study to detect polyps. The aim of this generic 
justifi cation is to determine whether the proce-
dure will improve the diagnosis or treatment. At 
the third level, the application of the procedure 
to an individual must be justifi ed 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 justifi ed [ 1 ]. Optimisation 
involves input from the radiologist, radiographer 
and medical physicist. It also includes the con-
cept of maximising the benefi t of the use of radia-
tion 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 paedi-
atric CT scanning [ 4 – 6 ]. The lifetime cancer mor-
tality risk for a 1-year-old patient attributable to the 
radiation exposure from an abdominal CT is esti-
mated 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 come 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 diagnosed with cancer from 
causes unrelated to radiation; a single exposure of 
100 mSv of X-ray radiation could result in approx-
imately one additional 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 exposures result in doses substantially 
smaller than that; even so some argue that the risks 
of medical radiation should form part of an 
informed consent process [ 10 ]. While the increased 
risk of a radiation-induced cancer is small for any 
one individual, the risk to the population as a whole 
is considerable, given the large number of CT 
scans performed worldwide [ 5 ]. A risk-benefi t 
analysis to estimate the ratio of cancers prevented 
to induced for CTC screening every 5 years from 
age 50–80 showed that the benefi ts from CTC 
screening outweigh the risk substantially; the esti-
mated number of radiation-related cancers from 
CTC screening every 5 years in that age bracket 
was 150 cases/100,000 individuals, while the esti-
mated number of colorectal cancers prevented 
ranged from 3580 to 5190/100,000, yielding a 
benefi t-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 
specifi cally for CTC large dose reductions are pos-
sible without losing diagnostic quality [ 13 ]. Effective 
doses from low-dose CTC are lower than those from 
a double-contrast barium enema [ 14 ,  15 ].   
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6.4     Patient Dose in CT: 
Controllable and Built-in 
Factors 

 There are a number of controllable and built-in 
factors infl uencing patient dose in CT. 

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; how-
ever, decreasing mAs will 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 maintain accu-
racy for the purposes of polyp detection in CTC.  

6.4.2     Automatic Tube Current 
Modulation 

 For most patients, the AP (anterior-posterior) 
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. This means that the tube current can be 
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 sinusoi-
dal-type function. The modulation may be fully 
preprogrammed, implemented in near real time 
using a feedback mechanism or achieved using a 
combination of preprogramming with a feedback 
loop [ 22 ]. Figure  6.1  indicates that the smaller 
patient thickness in the AP direction (and thus less 
attenuation of the X-ray beam) allows for a reduc-
tion in the tube current for those projections.

   Automatic dose modulation can occur in the 
X-Y axis as described above, but 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 mod-
ulation [ 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 signifi cantly lower (at least 33 %) 
when tube current modulation was applied with 
X-, Y- and Z-axis tube modulation, when com-
pared 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 superfi cial radiosen-
sitive organs, such as the lens of the eye, thyroid 
and breast. This is done by decreasing the tube 
current when the tube passes closest to these 
organs, but 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 fl uid tagging, using tagging agents 
such as iodine and barium, does not signifi cantly 
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 CTDI vol  (computed tomog-
raphy dose index) by about a factor of 4 [ 27 ], 

  Fig. 6.1    Tube current modulation       
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while a tube voltage reduction in CTC from 120 
kVp to 100 kVp resulted in a 20 % decrease in 
CTDI vol  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 sav-
ings. It has been shown that at a constant kVp, 
increasing the patient’s weight from 10 kg (kilo-
gramme) 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 the patient’s weight [ 16 ], 
whereas another approach takes into account the 
patient’s 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’s length axis and, on the 
basis of that information, the required tube current 
is calculated for the different kVs to obtain a spec-
ifi ed image quality. An overall dose reduction of 
over 25 % was reported for 40 patients undergo-
ing 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 and is becoming more popular 
for CT image reconstruction. The concept of iter-
ative reconstruction was used in the fi rst 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, with the fi rst CT vendor introducing 
iterative reconstruction in 2008 [ 33 ]. 

 All iterative reconstruction methods consist of 
three major steps, which are repeated iteratively. In 
the fi rst step, a set of projections from an estimated 
volumetric object is generated to create artifi cial 
raw data. This data are then compared to the real-
measured raw data in the second step and a correc-
tion term is computed, which is then applied to the 
volumetric object in the third step. This becomes 
the new estimate, and the process is repeated until 
a fi xed number of iterations are reached or until the 
updates/correction terms between the various pro-
jections are considered small enough. The initial 
guess for the volumetric object can be an empty 
image, or an image estimate that uses prior infor-
mation, a standard fi ltered back-projection image, 
for example. The iterative reconstruction methods 
differ mainly in how the actual and estimated pro-
jections are compared and how the correction 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 recon-
struction. An added benefi t of iterative reconstruc-
tion is that beam-hardening artefacts can 
potentially be reduced [ 34 ] and that incomplete or 
noisy data can still be reconstructed [ 35 – 37 ]. 

 Iterative reconstruction techniques can allow 
scanner specifi c 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 fi ltered back pro-
jection without the loss of diagnostic information 
[ 39 ,  40 ]. Iterative reconstruction allowed for a dose 
reduction of 10–24 % in abdominopelvic multi-
detector CT examinations in one study, and an aver-
age abdominal CT radiation dose decreases of 
25.1 % in another study [ 41 ] when compared to fi l-
tered back-projection image reconstruction [ 42 ], 
while another pilot study showed that the radiation 
dose during CTC can be reduced 50 % below cur-
rently accepted low-dose techniques without signifi -
cantly affecting the image quality when an adaptive 
statistical iterative reconstruction technique was 
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used for image reconstruction [ 43 ]. While there is 
some variation in the amount of dose saving, there is 
a signifi cant dose reduction in all cases.  

6.4.5     Pre-patient Beam Filter 

 Since the cross-section of patients is well approxi-
mated by an oval shape, special bowtie fi lters 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 
fi lters can be used for different fi elds of view (FOV) 
or patient sizes [ 44 ] to reduce the radiation dose to 
the patient, especially the skin dose [ 45 ].  

6.4.6     Active Collimators: 
Overranging 

 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 posi-
tions [ 46 ]. This overranging 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-overranging depends on slice width and pitch 
[ 47 ]. Z-overranging increases with increasing 
cone angle of large Z-axis coverage multi-detec-
tor CT scanners [ 48 ]. 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, tempo-
rarily blocking those parts of the X-ray beam that 
are not used for image reconstruction. Percentage 
dose reductions when using active collimation 
are larger for short scan lengths and greater for 
pitch values [ 49 ]. Figure  6.2  (i) shows the con-
cept of overranging, with the fi rst and last full 
rotation of the gantry shown in a darker shade of 
grey. Figure  6.2  (ii) explains how dose is depos-
ited outside of the planned scan length because of 

overranging. Active collimation (Fig.  6.2 (iii) ) 
reduces the dose outside of the planned scan 
length by opening and closing the collimator 
asymmetrically.

  Fig. 6.2    ( i ) & ( ii ) Overranging – 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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6.4.7        Detector Material 

 The X-ray detector is a very important determi-
nant of the dose performance of a CT system 
[ 45 ]. Two dose relevant characteristics of a 
detector are quantum detection effi ciency and 
geometrical effi ciency, 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 effi cient than the xenon gas detectors that 
were common in the 1980s [ 50 ]. To improve 
radiation dose effi ciency, advances in the detec-
tor 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 
detector had signifi cantly lower noise than 
images acquired using the conventional detector, 
which allowed for a dose reduction of approxi-
mately 20 % to result in similar levels of image 
noise [ 51 ].  

6.4.8     Shielding 

 External shielding may be useful in reducing 
radiation exposure to parts of the body that are 
not in the examination fi eld [ 52 ]. The use of 
shielding for radiation sensitive tissues and 
organs in the examination fi eld is generally not 
recommended [ 53 ] because of an increase in 
noise and beam-hardening artefacts.  

6.4.9     Pitch 

 In single slice CT scanning, pitch is defi ned as 
the patient couch movement per rotation divided 
by the slice thickness. In multislice CT, this defi -
nition is altered slightly to patient couch move-
ment per rotation divided by the beam width [ 54 ]. 
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, 
the patient dose is less, but data must be interpo-
lated to preserve spatial resolution along the 
Z-axis (like in Fig.  6.3 (ii) ) [ 55 ]. By increasing 
the pitch with a fi xed scan length and mAs, the 
radiation dose is reduced. The detectability of 
small lesions may be reduced due to a lower dose 
and an increase in image noise.

i

ii

Lower pitch

Higher pitch

  Fig. 6.3    ( i ) & ( ii ) Explanation of pitch       
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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 [ 55 ]. 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 minimise 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 fi lters work most effi -
ciently when a patient is positioned in the gantry 
isocenter. 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 [ 56 ].  

6.6     Key Messages 

•     Justifi cation means ordering the right proce-
dure for a specifi c 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 e.g. automatic tube current modula-
tion, new detectors, fi lters or iterative reconstruc-
tion algorithms. Many of the newer innovations 
come at a premium and will have to be specifi ed 
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 the 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.     

6.7     Summary 

 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 
children and adults, respectively, by providing 
information and free-educational materials. 

 Any imaging procedure that uses ionising 
radiation should be justifi ed, and once it has been 
justifi ed, it should be optimised. A good measure 
for optimisation is the use of dose reference lev-
els as discussed in the previous chapter. Optimised 
protocols are essential in any dose-reduction pro-
gramme. It does not matter how sophisticated the 
dose reduction hardware and software is if it is 
not fully utilised. Dose-reduction techniques 
often remain underused, but CTC is an imaging 
examination that can tolerate a relatively high 
level of noise compared to most other abdominal 
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CT protocols. This allows for aggressive attempts 
at dose optimisation while preserving the diag-
nostic image quality. In addition, it is essential to 
promote and facilitate the implementation of a 
quality assurance programme, which includes 
appropriate training, the 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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      Overview of CTC in Imaging 
the Colon                     

     Rachel     Baldwin-Cleland       and     Janice     Muckian     

    Abstract 

   The transition of a new technique into clinical practice involves review of 
the practice, audit and the development of standards and guidelines to sup-
port the introduction of the technique. CTC has been developed by 
gastrointestinal- focused radiologists throughout the globe, with guidelines 
issued to aid implementation and to establish best practice for centres per-
forming CTC. This chapter reviews the development of CTC and discusses 
current guidance and where CTC may be heading in the future.  

7.1       Introduction 

 Colorectal cancer (CRC) is the third most com-
mon cancer worldwide, equating to 1.4 million 
people diagnosed in 2012 [ 1 ], and the third lead-
ing cause of cancer- related death in the USA [ 2 ]. 
Associated risk factors 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 ] and 92 % [ 7 ] to 
100 % [ 8 ] is possible if the cancer is diagnosed 
early at T1 stage; however, it can drop to 8 % 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 colonoscopy, either for 
pathological reasons, such as stenosing cancer, 
or technical reasons such as a fi xed sigmoid. 
These patients would have traditionally been 
sent for a barium enema but instead were 
diverted to CTC. Therefore it was extremely 
important during the development of CTC that 
the accuracy and sensitivity for cancer were 
higher than barium enema, which has been 
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reported with a sensitivity of 86 % [ 9 ], and 
comparable to optical colonoscopy at 94.7 % 
[ 10 ]. Published CTC sensitivity for CRC 
ranges from 93 % [ 9 ], 96.1 % [ 10 ], to 100 % 
[ 11 ,  12 ]. Meta-analysis data in 2014 showed 
sensitivity of 89 % and specifi city of 75 % of 
CTC detecting >6 mm adenomas and cancers 
[ 13 ]. 

 Due to CTC’s higher sensitivity, better patient 
tolerance and published guidance recommending 
CTC, most countries have now phased out the 
use of barium enemas for the detection of CRC 
[ 14 ]. Therefore patients may now present directly 
to a CTC service, as they would have done with 
direct barium enema referrals, with symptoms 
such as altered bowel habit, abdominal pain, 
weight loss and anaemia [ 15 ]. However, some 
patients may present with no visible symptoms 
but have been identifi ed as having a risk of CRC 
by screening methods, such as a guaiac faecal 
occult blood test (gFOBt) [ 16 ], once-only fl exi-
ble sigmoidoscopy (bowel scope) [ 5 ] and multi-
target stool DNA tests such as Cologuard [ 17 ] or 
faecal immunochemical tests (FITs) [ 18 ]. These 
bowel screening methods were developed to aid 
the detection of CRC and adenomatous polyps, 
which are the precursors of CRC, and occur with-
out symptoms in 20–30 % of the population [ 5 ]. 

 In 2008, 17 countries had established or pilot 
CRC bowel screening programmes [ 19 ] none of 
which had CTC as a fi rst-line screening test. 
Evidence from bowel screening programmes has 
demonstrated a decrease in the incidence of 
CRC-related morbidity and mortality [ 3 ,  5 ,  20 , 
 21 ]. 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 specifi city of CTC for 
>6 mm polyps are reported as 82.9 % and 91.4 %, 
respectively [ 22 ], and adenomas >10 mm 87.9 
and 97.6 %. However, there are huge variations 
seen across the meta-analysis data [ 22 ] with 
some published fi ndings ranging from 59 to 86 % 
for sensitivity of polyps 6–9 mm in size [ 23 – 26 ]. 
The SIGGAR study [ 9 ,  27 ] was a large UK mul-

ticentre randomised study that compared CTC 
with barium enema and colonoscopy, respec-
tively. It showed that the detection rate of cancer 
and polyps >10 mm was signifi cantly higher in 
CTC than barium enema [ 9 ] but lower than the 
gold standard for comparison- colonoscopy’s 
100 % detection rate [ 27 ]. However, most studies 
have shown a link in accuracy with the experi-
ence of the reporting radiologists and the CTC 
technique used.  

7.3     Development of CTC 

 Traditionally barium enema was the radiology 
choice for imaging the large bowel, but, as dem-
onstrated, a poor comparator to colonoscopy in 
its sensitivity and specifi city of pathology [ 28 ]. It 
was thought of as physically taxing for both oper-
ator (radiologist or barium enema trained radiog-
rapher) as well as the patient [ 29 ]. Evidence has 
shown barium enema to be highly operator 
dependent [ 29 ], with a 4.4–5 % technical failure 
rate [ 9 ,  30 ]. Although the rate of perforation was 
less than 1 in 24,000 [ 31 ], the rate of mortality for 
barium-related perforated peritonitis patients was 
10 % [ 31 ]. Therefore the search for a less-inva-
sive, better tolerated, quicker and more accurate 
test began. 

 CTC was fi rst described in the 1980s [ 32 ], 
though most attribute Vining et al. [ 33 ] who 
described it as ‘interactive 3D medical imaging’. 
It has been known as virtual endoscopy [ 34 ], vir-
tual colonoscopy (VC) [ 35 ] 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 
[ 34 ]. Optimisation of data acquisition and dis-
play was the focus of some original research 
studies, with techniques, preparation and inter-
pretation following suit. 

7.3.1     Scanner Technology 

 It was not until the development of faster com-
puter processing that the technique and images 

R. Baldwin-Cleland and J. Muckian



63

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 
[ 36 ]. However, with further CT technology devel-
opment, multi-detector scanners can now scan 
isotropic submillimetres slices within seconds 
and then process and display them almost as fast 
[ 37 ]. 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 [ 6 ]. 

 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 minutes 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 minutes; on 
average it is however recommended a 30-min-
utes appointment slot is required for each CTC 
[ 38 ]. 

 Crucially, modern scanners have the opportu-
nity to reduce the radiation dose received by 
patients by up to 50 % during the test [ 14 ,  39 ], 
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 
fl y-through, computer-aided detection (CAD) 
processing (see Sect.  7.3.2 ). The software 
includes functions such as the ‘fi let’ or band view 
turning the colon into a fl at plane in order to aid 
review of the acquired images. However, these 
fl attening techniques may cause mucosal fold 

distortion which could make more subtle polyps 
more diffi cult to visualise [ 40 ]. Software and pro-
cessing features such as these were originally 
acquired separately to the CT scanner but now 
may come as a standard feature when a CT scan-
ner is purchased.  

7.3.2      Interpretation Methods 

 Accurate interpretation of CTC requires additional 
focussed training [ 41 ] and involves the use of spe-
cifi c dedicated CTC software [ 14 ,  15 ,  38 ,  42 ]. 

 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 fl y-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 ‘fi let’ 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 [ 43 ]. It is accepted that accurate interpre-
tation must include a combination of 2D and 3D 
review [ 14 ,  44 ,  45 ]. 

 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 
by analysis of features such as curvature, and to 
mark these fi ndings for the reader to review, in 
order to reduce interobserver variation and 
reduce interpretation time [ 46 ]. Technical devel-
opments have improved CAD over the years 
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[ 46 ,  47 ]; however its performance can be depen-
dent on the quality of scan data obtained [ 48 ]. 
Regardless it has been shown to signifi cantly 
alter polyp identifi cation in 3D review with the 
greatest positive effect seen in inexperienced 
CTC readers [ 49 ,  50 ]. However, poor bowel 
preparation can produce false-positive CAD 
fi ndings, causing some experienced readers 
choosing not to use it [ 51 ].

   Radiographers with comparable experience to 
radiologists have been shown to display similar 
ability to detect polyps [ 52 ,  53 ]. Currently in the 
UK, there is no established algorithm for radiog-
rapher interpretation, with most centres that have 
experienced reporting CTC radiographers offer-
ing a preliminary read with a radiologist review-
ing the CTC as a second reader and providing an 
extracolonic report [ 38 ].   

i

iii

ii

  Fig. 7.1    ( a ) ( i ) A supine 2D axial CTC scan visualised in 
a colon window, on which faecal tagging is seen as white 
pools of fl uid. A centrally depressed ‘jelly bean’-shaped 
cancer is demonstrated in the transverse colon ( yellow 
arrow ). ( a ) ( ii ) The same supine CTC scan is now pre-
sented as a 3D endoluminal view. The cancer with its cen-
tral depression can be seen in the middle of the picture 
( yellow arrow ). The morphology or shape of the lesion 

can now be appreciated, compared to the axial image 
which shows a section through the cancer. ( a ) ( iii ) The 
same supine CTC scan is now visualised in the fi let 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       
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  Fig. 7.2    2D axial image of a CTC performed in a poorly 
prepared bowel without faecal tagging. The CAD fi ndings 
are shown as  red dots . The inadequate bowel preparation 
resulted in a high number of CAD fi ndings. In a well-
prepared bowel, far fewer CAD fi ndings would be 
expected       

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 barium enemas, for example, 
polyethylene glycol or sodium picosulphate 
(Picolax®) [ 54 ]. Whilst these generally resulted 
in an adequate preparation, they were not always 
well tolerated by patients, having signifi cant side 
effects and disruption to normal daily activities. 
They could also leave pools of low- density fl uid 
in the colon which had the potential to hide 
pathology [ 37 ,  55 ]. As the cohort of patients 
referred to CTC are often frailer and more comor-
bid, a less vigorous bowel cleansing regime is 
preferable [ 56 ]. 

 The aim of bowel cleansing is to balance 
patient acceptability with diagnostic accuracy, 
achieving adequate cleansing and faecal tagging 
[ 55 ]. There is a range of bowel preparation 
regimes utilised in UK institutions [ 51 ], involving 
varying quantities and combinations of water-
soluble contrast media, barium and laxative. One 
UK study demonstrated that there was a signifi -
cant percentage of examinations which were 
deemed inadequate predominately due to bowel 
preparation, crucially, the absence of faecal tag-
ging in the cohort of patients having Picolax® 
alone as their preparation regime [ 55 ]. This study 
demonstrated that increased scan adequacy rate 
and positive predictive value (PPV) reporting a 
true and accurate fi nding coincided with increased 
use of faecal tagging. The increased PPV with the 
use of faecal tagging in CTC is why it is recom-
mended across many countries [ 15 ,  38 ,  44 ,  57 , 
 58 ], and the UK now has strict guidance that it 
must be utilised when performing a CTC as part 
of the national bowel cancer screening pro-
gramme (BCSP) [ 42 ]. The choice of tagging 
product is however dependent on local experience 
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and no clear guideline on preference has been 
published [ 14 ]. Figure  7.3a (i)–(v)  shows exam-
ples of the effect tagging on reader confi dence.

7.4.2        Insuffl ation 

 Good distension is essential to achieve an exami-
nation of diagnostic quality. During the develop-
ment of CTC, the colon was often insuffl ated 
with room air, via a handheld air bulb and a rigid 
rectal tube, which was a common technique used 
to insuffl ate the colon during barium enema [ 59 ]. 
This technique meant that the operator was not 
aware of the total volume of air introduced or the 

pressure achieved within the colon. Additionally, 
insuffl ation 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 fi rst insuffl a-
tor (PROTOCO 2 L®) specifi cally designed for 
CTC. A thinner latex-free, fl exible rectal tube 
replaced the rigid tube previously utilised, and 
the colon was insuffl ated with carbon dioxide 
[ 60 ]. Other manufactures have also developed 
automated insuffl ators, and automated insuffl a-
tion is now the recommended way to insuffl ate 
the colon [ 14 ,  47 ,  58 ]. The use of an automated 
pressure-controlled insuffl ator is described in 
detail in Chaps.   9     and   10    .   

R. Baldwin-Cleland and J. Muckian

http://dx.doi.org/10.1007/978-3-319-29379-0_9
http://dx.doi.org/10.1007/978-3-319-29379-0_10


67

i

iii

v

iv

ii

  Fig. 7.3    ( a ) ( i ) 2D axial supine image of a CTC per-
formed with cathartic regime only (Picolax®). The  yellow 
arrow  indicates a soft tissue density within the sigmoid 
colon which could possibly represent a polyp or may sim-
ply be untagged residue. ( a ) ( ii ) 2D axial prone image of 
the same colonic segment. 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 confi dence that this was 
a true polyp fi nding. ( a ) ( iii ) A 2D axial supine image of 
another colonic segment in the same study. The  yellow 
arrows  indicate other faecal residue mimicking polyp can-
didates, further diminishing the confi dence of the reader. 
( a ) ( iv ) and ( v ) supine and prone images of the repeated 

examination undertaken in Fig.  7.3  ( a) (i), (a) (ii), (a) (iii ). 
This was performed with combination of catharsis 
(Picolax®) and faecal tagging (Gastrografi n®). ( a ) ( iv ) 2D 
axial supine image indicates the previously noted polyp 
candidate ( yellow arrow ) in the sigmoid, which is now 
more easily identifi able as a homogenous soft tissue polyp. 
Note the pools of tagged residue (white fl uid around it). 
( a ) ( v ) 2D prone axial image of repeat examination. The 
‘polyp candidate’ can now be confi dently identifi ed as a 
pedunculated polyp ( yellow arrow ). Note that in the prone 
position, the stalk is seen stretching across from the poste-
rior to the anterior wall, with the head of the polyp sitting 
within a pool of tagging. Endoscopy confi rmed the pres-
ence of a solitary pedunculated polyp       
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7.5     Limitations of CTC 

 In 2003, the American College of Radiology [ 59 ] 
commented that there was a lack of standards for 
CTC training, technical performance, interpreta-
tion methods and the management of extra-
colonic fi ndings. This document also highlighted 
that CTC had further limitations, namely:

•    Polyps cannot be removed during the CTC.  
•   Inadequate data on fl at adenoma detection 

rates at 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 [ 59 ] also 
commented that the cost of CTC may be higher 
than a conventional colonoscopy, comprising the 
cost of bowel preparation, the test itself (CT scan-
ner time, staffi ng) and interpretation and the pos-

sible cost of any follow-up tests or imaging for, 
e.g. subsequent endoscopy or further evaluation of 
extra-colonic fi ndings or due to incident extra-
colonic fi ndings. More recent literature published 
[ 61 ] shows that CTC is 29 % less expensive than 
optical colonoscopy in the American Medicare 
population. The complexity of the CTC test will 
affect the cost in comparison to a barium enema. In 
the UK there is currently no national specifi c tariff, 
and the price of the CTC is often locally negotiated 
[ 38 ]. America now recognises CTC as part of the 
screening algorithm [ 15 ] 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®) [ 62 ] and O-MAR (Metal 
Artefact Reduction for Orthopaedic Implants – 
Philips®) [ 63 ] by using projection-based and 
iterative methods to reduce streak artefacts, 
beam hardening, edge artefacts and photon 
starvation [ 62 ,  63 ]. Figure  7.4a (i)  and  (ii)  dem-
onstrates the effect of using metal artefact 
reduction software.

i

ii

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

 To deliver a CTC service, a team approach is vital 
[ 38 ,  47 ], with UK published CTC standards rec-
ommending local development of department 
protocols, which clearly defi ne skills and compe-
tencies for all team members [ 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 
[ 38 ]. This implementation has a training and 
workforce impact for both the team and the hos-
pital and, therefore, a fi nancial cost to any institu-
tion. Training alone does not ensure competency 
[ 38 ]. 

 Training combined with structured competen-
cies can help reduce the performance gaps 
between different institutions [ 64 ]. It has been 
shown that radiographers, having been provided 
with the appropriate training, can acquire a level 
of interpretation expertise which enables them to 
accurately evaluate the acquired images at the 
time of examination [ 52 ,  64 ]. The opportunity for 
a skilled reader to review the images at the time 
of scanning allows adaptation of technique to 
optimise distension and to adapt the patient path-
way during the test (e.g. to perform a staging 
scan where CRC is identifi ed) [ 38 ,  64 ]. This opti-
mises effi ciency and helps to ensure patients  
receive the best possible experience and 
outcome [ 38 ]. 

 Radiographers should be provided with infor-
mation and training with regard to all aspects of 
CTC including how to consent, which is covered 
in Chap.   3    , and optimising distension, luminal 
navigation and problem-solving, with a strong 
focus on the initial clinical evaluation of the 
images acquired. This enables radiographers to 
critically evaluate their images, whilst the patient 
is still on the scanner, and make decisions regard-
ing additional imaging based upon that evaluation, 
for example, the decision to administer intrave-

nous (i.v.) contrast or to perform a decubitus scan 
when the two initial scans are deemed inadequate. 
Where the responsibility 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 specifi cally aimed at radiogra-
pher training are available in the UK [ 65 – 67 ]. 
These range from ‘hands-on’ courses covering 
the practical aspects of image acquisition to those 
which are more targeted at image interpretation. 
The availability of appropriate radiographer 
training elsewhere is limited, and, when not 
available, training in some centres may be pro-
vided by the lead CTC radiologist as a minimal 
standard.  

7.7     Published Documentation 
which has Infl uenced CTC 

 The international collaboration by the UK, Europe, 
Australia and New Zealand resulted in the CT 
colonography standards [ 47 ] published in 2010. 
This paved the way for NHS national bowel cancer 
screening programme (BCSP) guidelines to be 
published in England in 2012 [ 42 ], which are due 
to be updated in early 2016. The European Society 
of Gastrointestinal and Abdominal Radiology 
(ESGAR) published a second consensus statement 
on CTC in 2013, with a further publication by the 
European Society of Gastrointestinal Endoscopy 
(ESGE) and ESGAR in 2014, which will be 
reviewed in 2019 [ 58 ]. The UK Royal College of 
Radiologists, in conjunction with the British 
Society of Gastrointestinal and Abdominal 
Radiology (BSGAR), published their own in 2014 
[ 38 ]. The American Cancer Society did not recom-
mend CTC in 2003 as a screening tool [ 59 ] but did 
state they would relook at CTC as additional data 
became available, and, in 2008 they included CTC, 
every 5 years, as an alternative CRC prevention 
test, and colonoscopy every 10 years [ 68 ]. Further 
guidance for America by the American College of 
Radiology on performance parameters was pub-
lished in 2014 [ 15 ].  
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7.8     CTC in the Future 

 The ionising radiation risk and inconsistency in 
sensitivity and specifi city results mean CTC at 
present has only been integrated into the screen-
ing programmes as an alternative test to current 
algorithms but not as a primary option in Europe 
[ 69 ]. America has seen falling incidence and 
mortality which are attributed to the screening 
work on prevention by polypectomy and early 
detection of CRC, alongside 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 guidelines issued in America in 2008 rec-
ommend full assessment of the colon by either 
optical colonoscopy or by radiology, as the pre-
ferred choice over the faecal tests such as gFOBt 
or FIT [ 6 ]; later documentation clarifi es the radi-
ology as CTC, with promotion of screening every 
5 years [ 15 ,  37 ]. 

 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 identifi ed, which could not be 
removed via endoscopy, are already emerging 
practices in America [ 15 ,  70 ]. Europe has not yet 
adopted these algorithms and they are the current 
hot topic in research literature, and the authors 
feel it will be the new developing area for 
CTC. Some studies have already proposed CTC 
as a primary screening test to look for adenomas 
and CRC directly as they believe that in compe-
tent hands CTC has shown similar detection rates 
comparable to colonoscopy [ 16 ,  35 ,  71 ,  72 ]. 
CTC’s performance, sensitivity and specifi city 
rates and cost and patients’ acceptance will need 
to be comparable for clinicians and governments 
to accept it as part of a primary screening 
pathway. 

 The English BCSP radiologists are in favour of 
accreditation for CTC interpretation [ 51 ], and the 
BCSP quality assurance committee are looking 
into accreditation schemes for English BCSP 
practices. The accreditation process would be for 
centres performing CTC and for individual radiog-

raphers and radiologists in order to perform and 
report CTC. However, to date this has not been 
formally published, but is due to be outlined in the 
updated BCSP imaging guidelines early 2016.  

7.9     Key Messages 

•     CTC is a more accurate test than barium 
enema and, therefore, has replaced the barium 
enema as the choice for radiological imaging 
of the large bowel in the diagnosis of CRC.  

•   Sensitivity and specifi city of CTC are 
variable.  

•   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 and the use of CTC in 
screening algorithms are hot topics for the 
future development of CTC.     

7.10     Summary 

 CTC has evolved considerably since its inception 
in the 1980s, with its sensitivity and specifi city 
higher than barium enema, but the literature 
shows that it is still inconsistent, perhaps due to 
variable performance throughout the world, in its 
detection of colorectal cancer and polyps in com-
parison to colonoscopy. Until the variation in 
CTC outcomes improves, CTC will have a tough 
time becoming a direct pathway in bowel screen-
ing algorithms or as a primary tool for surveil-
lance. 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.     
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     8    The Role of Contrast Media in CTC: 
Types, Usage, Allergic Reactions 
and Patient Safety                     

     Rachel     Baldwin-Cleland       and     Stephen     Wilson    

    Abstract 

   It must be remembered that CT colonography (CTC) is an interventional 
procedure, and there are many stages to produce the best results for both 
the patients and the medical teams: the referral, bowel preparation, CTC 
training and technique, patient aftercare and the fi nal report. Throughout 
these stages, patient safety must be considered by the radiographer, 
advanced practitioner and radiologist. A CTC radiographer should con-
sider whether the procedure is appropriate and will the patients cope with 
the oral medications to cleanse and tag their bowel. Consideration should 
also be given to whether the department has the correct documentation for 
the administration of carbon dioxide (CO 2 ,) for colonic distension, intra-
venous contrast and antispasmolytic injections.  

8.1       Introduction 

 Although CT colonography (CTC) has been 
described as safer than colonoscopy [ 1 ,  2 ], it still 
has the potential for adverse events [ 2 ], and depart-
ments must have appropriate training and proce-
dure guidelines to cover events such as colonic 
perforation and  vasovagal reactions. Images 
should be reviewed during and after the proce-
dure for perforation and staff must be fully trained 

in recognising the appearance of  perforation at 
CT. 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 
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optical colonoscopy [ 4 ]. There still remains no stan-
dardisation in preparations or protocols for CTC, 
and these can further differ between hospitals due to 
individual contracts, pharmacy availability and cli-
nician preferences, but recent research has shown 
that the use of sodium amidotrizoate 100 mgs/
meglumine amidotrizoate 660 mg (Gastrografi n ® ) 
as both a laxative and faecal tagging agent combined 
with an effective 24 h low residue diet can result in 
highly diagnostic images [ 5 ]. The high osmolality of 
Gastrografi n® draws fl uid into the colonic lumen 
and increases the density of the residual fl uid [ 6 ]. 
Figure  8.1a, b  shows CTC images of tagged and 
untagged bowel preparation.

   The use of oral contrast to provide faecal tag-
ging enables the 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 encour-
ages faecal tagging to help improve reader confi -
dence when reporting and reduce false positive 
fi ndings [ 3 ,  7 – 10 ]. As well as increasing the sen-
sitivity of CTC, faecal tagging decreases the 
necessity of a residual dry bowel, as required in 
endoscopy procedures [ 11 ]. Pathology within 
tagged fl uid can be clearly differentiated when 
combined with adequate distension and low fae-
cal residue preparation as shown in Fig.  8.2a–d .

   With regard to the choice of preparation regime, 
cost, image quality, reader accuracy, patient toler-
ance 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 Gastrografi n ® ) 
or an orally ingested intravenous (i.v.) contrast agent 
(such as Omnipaque ® , Visipaque ®  or Niopam ® ), can 
be effective, but high sodium preparations can result 
in signifi cant electrolyte imbalance and renal toxic-
ity, within the frail patient [ 8 ]. 

 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 medical proce-
dures [ 12 ]. The NHS National patient safety 
agency stipulates that a clinical assessment must be 
undertaken by the clinician referring and authoris-
ing the CTC (including general practitioners using 
the direct access route), which must be documented 
on the referral form to ensure that there is no con-
traindication [ 12 ]. The supply of the medicine 
must be authorised by a clinical professional, and 
each patient must receive written information 

a b

  Fig. 8.1    ( a ) Residual high-density ‘tagged’ fl uid ( red arrow ) is seen as bright white on the supine CTC image. ( b ) 
Untagged fl uid ( red arrow ) will be seen as much darker, with an almost soft tissue density       
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(including named contact) and an explanation on 
the safe use of the product [ 12 ]. This is now a com-
pulsory practice in the UK for distribution of these 
bowel preparation products. Gastrografi n® is not 
listed in the alert, but it is still best practice to 
adhere to ensure the same safety standards. 

 Patient bowel preparation instructions should 
advise patients to remain hydrated and continue 
consuming approximately 250 mLs of non-diuretic 
fl uids per hour whilst awake [ 13 ]. If this is not fol-
lowed, there is a risk of hypokalaemia (low potas-
sium) which requires prompt medical attention to 
restore the fl uid/electrolyte imbalance. If left unre-
solved hypokalaemia can be serious in the frail and 
debilitated patients [ 13 ]. A recent eGFR (estimated 

glomerular fi ltration rate) level within the past 
3 months should be obtained, and values less than 
40 mL/min/1.73 m 2  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 [ 14 ]. 

 The delivery of pharmaceuticals to patients by 
mail within the UK has been successful at specifi c 
institutions. However, not all institutions operate 
this service so the feasibility of offering a service of 
this nature must be discussed with individual depart-
ments. Careful packaging, tracking each individual 
parcel and the inclusion of the appropriate literature 
with the enclosed medication are essential, to avoid 

a c

b 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 prepa-
ration shows a very large pedunculated polyp in the trans-
verse colon lying in a pool of tagged fl uid ( red arrow )       
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ingestion 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 signifi cance.

   A patient with an iodine allergy or high sensitiv-
ity may be referred for a CTC. Historic shell fi sh or 
strawberry allergy must not be confused with a spe-
cifi c iodine allergy, and there remains no link 
between high sensitivity and iodine-based oral/intra-
venous (i.v.) contrast agents [ 14 ]. If a patient has a 
documented i.v. contrast allergy, then an untagged 
CTC or a catharsis regime with barium tagging may 

be discussed with your clinicians depending on your 
individual department’s protocols [ 15 ]. The draw-
back with untagged studies is residual faecal matter, 
which may mimic or obscure pathology, especially 
within areas of poor distension [ 11 ]. Some institu-
tions routinely use barium-based tagging, but a 
change in diet and bowel cleansing must be used in 
conjunction [ 16 ]. Perforation of barium into the 
abdominal cavity may have a higher mortality rate 
for patients than a water-soluble tagging agent (such 
as Omnipaque® or Gastrografi n®), with a 10 % 
mortality rate seen for patients who perforated dur-
ing barium enema studies [ 17 ].  

a

bii c

bi

  Fig. 8.3    ( a ) 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. ( b ) ( i ) and ( ii ). CTC images of the same patient. 
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 ) tagged and untagged faecal matter can be 

identifi ed 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 prepa-
ration instructions. This is consistent with the bowel prepa-
ration being ingested later than instructed. Such patients do 
not need emergency admission. ( c ) A large amount of tag-
ging remains within the small bowel accompanied with asci-
tes ( 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       
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8.3     Colonic Insuffl ation with CO 2  
and Perforation 

 It is recommended that low-pressure distension with 
CO 2  via an automated insuffl ator should be used for 
CTC colonic insuffl ation [ 5 ,  18 ,  19 ]. The use of CO 2  
automated insuffl ators, which have inbuilt safe-
guards to protect patients, also ensure better colonic 
distension, decreased operator dependency, result in 
lower patient discomfort, shorten procedure time 
and show quicker patient recovery post- procedure 
than room air and manual insuffl ation [ 2 ,  18 ,  20 , 
 21 ]. Due to differences in colonic volume and the 
ability of some ileocecal valves to refl ux CO 2 , the 
volume of CO 2  will vary between patients. 

 A rare but possible side effect during CTC is 
that of vasovagal episodes. The patient may 
 experience abdominal pain, blurred vision, cold 
sweat and nausea leading to bradycardia and hypo-

tension resulting in loss of consciousness [ 22 ]. 
This effect may be due to the distension of the 
colon causing pain and stretching of the mesentery 
and thereby stimulating the vagus nerve, which 
increases the outfl ow to the sinus node of the heart 
[ 23 ]. If this occurs stop insuffl ation immediately 
and defl ate the colon by releasing the tube from the 
automated insuffl ator. Medical help should be 
sought for observation of the patient (ECG and 
oxygen saturations). It may take the patient 30 min 
or more to recover from all symptoms [ 23 ]. 
However, it should be discussed with both the con-
sultant radiologist and the patient to determine 
whether the test should be restarted/completed. 

 Another rare but possible complication of insuf-
fl ation during CTC is colonic perforation, which is 
the presence of gas or luminal contents outside of 
the colon [ 24 ]. Figure  8.4a (i–iv)  shows a perfora-
tion in a patient who was referred for a CTC with 

ai

aiii aiv

aii

  Fig. 8.4    ( a ) ( i ) Supine position, during the CTC the patient 
experienced some abdominal pain similar to the pain with 
which she had been referred. ( a ) ( 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 retro-
peritoneal area ( red arrows ). ( a ) ( iii )  Red arrow  air outside 

of the colon in the retroperitoneal area. ( a ) ( iv ) Thickened 
sigmoid colon ( red arrows ), which was the likely site of 
perforation. The patient was monitored in hospital for 48 h 
and given i.v. antibiotics. A subsequent fl exible sigmoidos-
copy occurred 6 weeks later when the patient was feeling 
better in general. This showed a previously undiagnosed 
ulcerative colitis in the rectum and sigmoid colon       
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abdominal pain and change in bowel habit, as she 
was not fi t enough for a colonoscopy.

   Figure  8.5  is an image of the rectum demonstrat-
ing the importance of good technique and the pos-
sibility of perforating distal pathology. Figure  8.6  
shows a small perforation. A large perforation is 

shown in Fig.  8.7 . Figure  8.8a (i and ii)  is also an  
example of a large perforation. Studies in colonos-
copy and barium enema patients [ 25 – 27 ] revealed 
that perforation can occur if the pressure was 
greater than 140 mmHg, with the left side of the 
colon requiring higher pressures to cause perfora-
tion than the right side of the colon. The safe upper 
limit for colonic pressure in humans is estimated at 
80 mmHg [ 27 ] as the air contributes to the volume 
and expansion of the colon but has little effect on 
the pressure [ 28 ]. 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 [ 28 ]. The upper limit of most CO 2  
automated insuffl ators is 30 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.

      Sosna et al. [ 29 ,  30 ] believe that the lower 
recorded pressure at CTC compared to conven-
tional nontherapeutic colonoscopy may explain 
why the incidence of perforation at CTC is lower. 
The incidence of perforation at CTC is in the 
range of 0.005–0.9 % [ 24 ,  31 ] compared to diag-
nostic colonoscopies’ rate of 0.1 % [ 24 ] or 1 in 
1000 [ 32 ]. There have been no known patient 
deaths at CTC [ 18 ,  31 ]. Pickhardt’s [ 18 ] review of 
the published data on colonic perforation during 

  Fig. 8.5    A large rectal tumour ( red arrow ) is seen adja-
cent to the rectal catheter ( green arrow ). Trauma to distal 
pathology can be caused by the insertion of the rectal cath-
eter. 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       

  Fig. 8.6    This supine image (shown using lung window lev-
els) 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 )       
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CTC showed only one recorded perforation in a 
screening (asymptomatic) patient, with the rest 
involving symptomatic high-risk patients (such as 
active ulcerative colitis, severe diverticulosis and 
active Crohn’s disease), who were not suitable for 
or have had a previous incomplete colonoscopy. 
Nearly all of the CTC perforations had involved 
manual insuffl ation rather than distension with 
CO 2  via an automated insuffl ator [ 18 ]. The use of 
a soft, fl exible rectal tube has also decreased the 
likelihood of colonic perforation due to rectal 
trauma [ 18 ] as discussed in Chaps.   9     and   10    . 

 The sensitivity of CTC to demonstrate small vol-
umes of extracolonic gas, even in patients who are 
asymptomatic of perforation may mean that CTC 
records more perforations than recorded at colonos-
copy in asymptomatic patients [ 18 ], and therefore 
the 1 in 1000 rate for colonoscopy might actually be 
an underestimation. In the case of a perforation, 
patients may experience severe abdominal pain dur-
ing the procedure; however this is not always the 
case and they may be asymptomatic. If a perforation 
is identifi ed during the test, the insuffl ation should 
be stopped immediately and the tube disconnected 
from the insuffl ator to vent the CO 2  from the patient. 
Intravenous (i.v.) access must be established if not 
already present. A member of staff should remain 
with the patient whilst another confi rms the perfora-

tion with a consultant radiologist. The radiologist 
will then make a referral to an appropriate gastroin-
testinal (GI) team for further management. This will 
likely entail monitoring the patient for 24–48 h 
(dependent on local policies). However, manage-
ment may need to be tailored to the individual 
patient [ 33 ] with follow-up and treatment adjusted 
according to the patient’s clinical status. 

 A review by Pickhardt [ 18 ] of known CTC per-
forations showed that only one cancer-related CTC 
perforation required any surgical intervention, with 
the rest managed conservatively, which may 
include rest, dietary restrictions and antibiotics. 

 During the procedure, and before a patient 
leaves the CT scanning room, all images must be 
checked for adequate distension and colonic per-
foration. This review should be performed by an 
adequately trained member of staff, which may 
be a radiologist or an experienced CTC radiogra-
pher. However, Burling et al. [ 2 ] showed that four 
out of nine patients with perforation at CTC were 
subtle and asymptomatic and were only discov-
ered 4–6 h later when the study was formally 
reported. Therefore guidance (either verbal or 
written) should be given to CTC patients before 
they leave the scan room regarding symptoms of 
perforation (severe abdominal pain, increasingly 
painful abdominal discomfort, sweating and nau-

ai aii

  Fig. 8.8    ( a ) ( 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 ). ( a ) ( ii ) Scout taken prior to the scan. 
On review, the free gas can already be seen on this image 
( red arrows )       
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sea or just generally very unwell) and what 
course of action to take should they develop these 
symptoms 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 in the appropriate management of 
patients should perforation be identifi ed.  

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 
licenced in several countries including the United 
States of America (USA). The latter previously 
used Glucagon® as an alternative [ 34 ], but due to 
its cost and side effects, it is now rarely used [ 35 ]. 
Drotaverine® has been reported as comparable to 
Buscopan® in Bulgaria [ 36 ]. Double-contrast 
barium enemas identifi ed the benefi t of the use of 
Glucagon®, but its use in CTC has not shown the 
same effect [ 37 ]. In 2001, the Joint Formulary 
Committee [ 38 ] found that Buscopan® was safer 
and cheaper than Glucagon. However, its effi cacy 
in CTC examinations has not been conclusively 
proven [ 34 ]. Some research has shown it does not 

routinely improve distension when compared to 
patients with no antispasmolytic [ 21 ] but does aid 
distension in patients with sigmoid diverticular 
disease [ 39 ]. Others have shown improved ade-
quacy rates of CTC when Buscopan® is used [ 5 ] 
and that signifi cant colonic distension is better in 
patients who had received antispasmodics com-
pared to those without [ 40 ]. 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 distur-
bance [ 38 ]. Thus it should be recommended to 
patients to be cautious with activities such as 
driving until their vision has fully restored to nor-
mal. More major side effects are precipitation of 
urinary retention, glaucoma, angina attack and 
cardiac ischemia [ 38 ]. 

 In the UK a Patient Group Directive (PGD) 
can allow named radiographers to administer 
Buscopan® during CTC, enabling a more  effi cient 
workfl ow. The staff must have had adequate train-
ing in administration (either i.v. or intramuscular), 
know the contraindications to administration 
(untreated narrow angle glaucoma, myasthaenia 
gravis, tachycardia, prostatic enlargement with 
urinary retention or paralytic ileus) [ 41 ] and 
maintain a regular audit of administration.  
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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 fi rst proposed 
[ 42 ]. European consensus statement in 2013 by 
ESGAR [ 43 ] 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 
i.v. contrast to asymptomatic individuals [ 19 ] or 
screening programme patients (imaged within 
the NHS Bowel Cancer programme), unless there 
is a specifi c indication or evidence (such as can-
cer) on the fi rst CTC position scanned [ 3 ].

   Research by Morrin et al. [ 44 ] showed the use 
of i.v. 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 i.v. contrast being used, very fl at lesions can 
still be missed. Yau et al. [ 45 ] believe that the use of 
i.v. contrast does not increase the detection rate of 
clinically signifi cant fi ndings within symptomatic 
patients. The use of i.v. contrast for symptomatic 
patients can increase the detection of incidental 
fi ndings, e.g. liver lesions such as cysts or haeman-
gioma. Unfortunately, these fi ndings often result in 
further clinic appointments and additional investi-
gations such as ultrasound or magnetic resonance 
imaging (MRI). Lung et al. [ 5 ] released audit data 
of 4355 CTC examinations, of which 26 % were 
given i.v. contrast and 46 % of patients had extraco-
lonic fi ndings with 11 % needing follow-up, of 
which only 2 % had fi ndings suggestive of extraco-
lonic cancer. Only one patient who did not receive 
i.v. contrast (a renal cancer) would have benefi tted 
from its use. Their conclusion was that i.v. contrast 
should be ‘judicious, rather than routine’, as its 
small benefi t might be offset by the associated risks 
[ 5 ]. Gross extracolonic fi ndings can be visible even 
without i.v. contrast. Subtle pathology with and 
without contrast may be visualised as shown in 
Fig.  8.9a (i and ii) . Figure  8.9a (iii)  shows the fi nd-
ings. However, patients suspected of having 
colorectal cancer on CTC images should have i.v. 
contrast for staging (if the patient has an appropri-
ate eGFR, no previous allergic reaction and no 
known iodine allergy) to identify invasion of peri-

colic fat planes and adjacent organs and for metas-
tases in sites such as the liver or lungs [ 3 ,  44 ]. 
Figures  8.10 ,  8.11 ,  8.12 ,  8.13  and  8.14a (ii)  demon-
strate colonic and extracolonic fi ndings (ECFs) 
with and without i.v. contrast.

        Nonionic i.v. contrast is thought to be almost 
completely excreted (97 %) by the kidneys within 
24 h of administration [ 46 ] and has been shown to 
have a minimal effect on renal function with some 
diabetic patients showing a small rise in creatinine 
levels postinjection [ 46 ]. Adequate hydration 
should be advised both pre and post-test. 
Manufacturers advise special consideration in the 
use of i.v. contrast in patients with pre-existing renal 
impairment, diabetes mellitus, Waldenström mac-
roglobulinemia or myelomatosis [ 46 ]. The inci-
dence of notable i.v. contrast reactions occurs in 
0.5 % of patients [ 47 ,  48 ], but some have reported 
3–4 % [ 44 ]. Most major reactions occur within the 
fi rst 15 min of the injection, so it is advised by most 
manufacturers to maintain venous access and 
observe the patient during this time. It is best prac-
tice (though not always achievable) to advise 
patients to remain within the hospital afterwards for 
a further 45 min [ 46 ]. 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 i.v. contrast and therefore may warrant 
premedication with corticosteroids prior to the CTC 
study. CT departments that make use of i.v. contrast 
should have adequate medication, equipment and a 

   Table 8.1    ESGAR statements on intravenous contrast 
use in CTC [ 43 ]   

 Intravenous (i.v.) contrast is not routinely required for 
colonic evaluation – but improves evaluation of the 
extracolonic organs 

 Oral tagging agents do not preclude the use of i.v. 
contrast 

 i.v. contrast should be administered to all patient with 
known colorectal cancer to facilitate staging 

 In symptomatic patients without known cancer, 
routine administration of i.v. contrast should be based 
on clinical indications or if pathology identifi ed on 
unenhanced scans 

 If i.v. contrast used – administer in portal venous phase 

 Full-dose scan protocol to be used with i.v. contrast 

 i.v. contrast should be preferably administered in the 
supine position 
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  Fig. 8.10    A normal well-prepared and distended colon. 
Incidental fi nding of multiple cysts ( red arrows ) in the 
kidneys meant that the patient was referred for a kidney 
ultrasound which confi rmed these to be benign cysts       

ai
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aii

  Fig. 8.9    ( a ) ( i ) A supine scan was acquired. A small amount 
of faecal tagging can be seen in the sigmoid colon. ( a ) ( 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 fl ag, which was then identifi ed 
on the previous supine image ( a ) ( i ) ( red arrow ). ( a ) ( iii ) A 

full-staging scan including chest was then performed in the 
supine position. Subsequently, the patient underwent colo-
noscopy which confi rmed the presence of a laterally spread-
ing tumour. Comparison of ( a ) ( i  and  iii ) demonstrates a 
difference in density due to the higher mAs value used, but 
the tumour does not enhance with the contrast ( red arrow )       
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a
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  Fig. 8.11    ( a ) Prone scan. Patient #1 had faecal tagging 
and i.v. 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 
i.v. contrast due to poor renal function. A centrally 

depressed lesion ( red arrow ) can also be seen in the sig-
moid colon even without i.v. 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       

ai aii

  Fig. 8.12    ( a ) ( i ) Supine image with i.v. contrast after a 
failed colonoscopy. A patient, with a known sigmoid cancer 
identifi ed 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. ( a ) ( ii ) Right decubitus position. 
The patient had been sent Gastrografi n® as bowel prepara-

tion regime, but there was limited compliance with only half 
being taken, therefore small pools of untagged fl uid can be 
seen in both ( i  and  ii ) ( blue arrows ). A sigmoid hemi-cir-
cumferential (semi-annular) cancer can be seen on both 
images ( red arrows ). Even though ( a ) ( i ) is with i.v. contrast, 
there is only a small amount of vascular enhancement, and 
the cancer does not look dissimilar in density to ( a ) ( ii )       
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protocol of what to do should a contrast reaction 
(mild or major) occur. 

 Institutions vary in the volume of i.v. con-
trast and type that should be given; therefore it 
is recommended to follow your institutional 
policy for choice of contrast, but the abdomen 
must be scanned in a portal venous phase. 
When deciding on the use of i.v. contrast in a 
CTC service, the lead CTC radiologist should 
take into consideration the cost, the risks of 
contrast use and the clinical referral reason for 
the examination.  

8.6     Key Messages 

•     Faecal tagging is proven to increase the sensi-
tivity and specifi city of the CTC examination 
and is recommended by the UK Bowel Cancer 
Screening Programme (BCSP), BSGAR 
(British Society of Gastrointestinal and 
Abdominal 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 

ai aii

  Fig. 8.13    ( a ) ( i ) Supine image of a patient presented with 
a right-sided mass and anaemia. The patient was given 
Gastrografi n® 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 i.v. contrast ( solid 
red arrow ). Pericolic fat stranding can also be seen ( thin 

red arrow ). The patient was then positioned in the prone 
position, the CO 2  gas was continued, i.v. contrast was 
given and an arterial chest and then portal venous phase 
CTC abdomen and pelvis area were taken. ( a ) ( ii ) The 
cancer enhances ( solid red arrow )       

ai aii

  Fig. 8.14    ( a ) ( 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 i.v. 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. ( a ) ( ii ) Supine image with i.v. contrast shows good 
distension 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       
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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.  

•   CO 2  is recommended to achieve colonic dis-
tension using an automated insuffl ator.  

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

•   The use of an antispasmolytic (for example 
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 fi rst instance in every 
type of CTC referral. It may have a role in 
visualising signifi cant incidental extracolonic 
pathology, and the degree of metastatic dis-
ease when intracolonic pathology is 
identifi ed.     

8.7     Summary 

 To achieve a good CTC, it is recommended to use 
faecal tagging, antispasmodics and an automated 
insuffl ator. 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 
i.v. 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 i.v. contrast reaction, a vasovagal attack due 
to the CO 2 , an angina attack due to the antispas-
modic or a colonic perforation should also be 
clearly documented. The refl ective 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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      Patient Preparation Including 
Bowel Preparation, the Role 
of Tagging and Methods of Colonic 
Insuffl ation                     

     Joel     H.     Bortz     

    Abstract 

   Cathartic bowel preparation and tagging agents are pivotal in CT colonog-
raphy. For a successful study, it is important that a clean bowel is well 
distended and that residual fl uid is tagged. Although perforation is rare, it 
is important to use a small-gauge rectal catheter and an automated pres-
sure-controlled insuffl ator to prevent risk of perforation. Patients must be 
informed of their responsibilities before and during the study. It essential 
that they adhere to a liquid diet and take the bowel preparation medication 
at the correct times. CTC images are presented of poor bowel preparation 
and tagging of residual fl uid.  

9.1       Introduction 

 There are two critical components to achieve a 
successful CTC: an adequately prepared  bowel 
and good distension of the colon [ 1 ]. To achieve 
these two components requires patient co-opera-
tion. 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 will require 
insertion of a rectal catheter to allow for disten-

sion of the colon. At the time of booking a CTC, 
each patient must be asked about known allergies 
or previous reactions to iodinated contrast 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. Patients must ensure that they are 
well hydrated. It is essential that an appropriately 
trained person explains to patients the importance 
of adhering to a liquid diet and taking the bowel 
preparation medication at the correct times.  

        J.  H.   Bortz ,  MBChB, DMRD, FRCR, FFRRCS      
  LSG Imaging ,   Los Angeles ,  CA ,  USA   
 e-mail: joelbortzmd@gmail.com; joelbortz@aol.com  

  9

mailto:joelbortzmd@gmail.com
mailto:joelbortz@aol.com


92

9.2     Bowel Preparation 

 An adequately cleansed bowel and good disten-
sion of the colon with CO 2  are essential in CTC 
examinations. There are many ways to perform 
CTC, but it is advisable to choose a method used 
at an institution 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 [ 2 ]. These practitioners have shown 
the importance of bowel preparation including 
tagging agents and the use of CO 2  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 [ 3 ,  4 ]. A primary barrier, to 
achieving optimal colorectal cancer (CRC) 
screening with either CT colonography (CTC) or 
optical colonography (OC), is many patients’ 
aversion to bowel cleansing [ 5 ,  6 ]. 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 and 60 mL diatrizoate 
(Gastrografi n/Gastroview), are used [ 1 ]. The bar-
ium tags stool in the colon; the Gastrografi n/
Gastroview (hereafter Gastrografi n) tags the 
residual fl uid in the bowel.

   Cathartic bowel preparation is still required 
for both CTC and optical colonoscopy (OC) 
with same-day polypectomy [ 7 ]. There are 
many different bowel preparations available, 
and most work well. A standard protocol is not 
available as opinions vary as to which is the best 
preparation. When CTC was fi rst introduced in 
1994, sodium phosphate (NaP) was the agent of 
choice. Patients were not adverse to its usage. 
The fi ndings of a 2007 study showed that effec-
tive bowel cleansing could be achieved using 
either 90 or 45 mL sodium phosphate [ 8 ]. There 
were reports that its usage could have contrib-
uted to isolated cases of acute phosphate 
nephropathy [ 9 ]. 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 [ 10 ]. 
Furthermore, a 2014 study undertaken to com-
pare the effi cacy of replacing sodium phosphate 
with magnesium citrate showed there had not 
been any compromise of the overall CTC exam-
ination quality [ 11 ]. Magnesium citrate thus 
remains the front-line CTC cathartic agent (see 
Fig.  9.1c ). The regimen consists of 2 × 296 mL 
bottles compared with only one bottle of sodium 
phosphate. Signifi cant clinical electrolyte 
imbalances are less likely with magnesium 
citrate compared to sodium phosphate. 
Dehydration must be avoided; thus, fl uid intake 
is essential [ 12 ]. 

 There are two types of preparation: ‘dry’ 
preparation, and ‘wet’ preparation [ 12 ]. A ‘dry’ 
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preparation for CTC means that less residual 
fl uid is present hence better visualisation of the 
colon wall [ 12 ]. It is thought that low-volume 
regimens (‘dry’ preparations) are superior to 
high-volume ones (‘wet’ preparations). An 
example of the latter is polyethylene glycol 
(PEG: Klean - Prep ® ) [ 13 ]. PEG is a ‘wet’ prepa-
ration; hence, it is an electrolyte lavage prepara-
tion. It functions as an osmolar agent by 
increasing the water content of stool and induc-
ing elimination [ 12 ]. Since many patients are 
adverse to the available agents for bowel cleans-
ing, there is continual research being undertaken 
to fi nd a cathartic agent that can (i) reduce resid-
ual fl uid in the bowel and (ii) be positively 
accepted by patients. 

 A new formulation, called Suprep (OSS ® ), 
has been introduced into the OC market [ 14 ]. 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 fl avouring agents in an aqueous liquid 
form supplied in a 177 mL plastic bottle [ 14 ]. 
Sulphate is a poorly absorbed anion, and OSS 

does not alter electrolyte balance [ 15 ]. The rec-
ommended OC regimen consists of 2 × 177 mL 
bottles in a split dose. This provides an ade-
quately cleansed colon for OC examinations. 
Bannas et al. [ 16 ] undertook a trial using a sin-
gle-bottle regime (177 mL) for colonic cleans-
ing. They were of the opinion that a single-bottle 
regime, together with an ionic iodinated oral 
contrast medium of sodium diatrizoate/meglu-
mine diatrizoate (Gastrografi n), 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 of 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.  

a b c

  Fig. 9.1    ( a ) Magnesium citrate for bowel preparation. 2 
× 296 mL bottles are required. ( b ) Readi-Cat 2 to tag 
stool. Only 250 mL is required. Remaining 200 mL is to 

be discarded by the patient. ( c ) Gastrografi n to tag resid-
ual fl uid. 2 × 30 mL bottles are required       
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•   To tag residual stool and fl uid, respectively, all 
of the patients were given 250 mL of Readi-
Cat 2 and 60 mL of Gastrografi n the evening 
before the CTC examination.    

 The authors used an automated QA software 
tool to determine volume and attenuation of 
residual colonic fl uid. The fi ndings were that 
OSS Suprep regime is superior to any other pre-
viously used cathartic agents for CTC bowel 
preparation. There was less residual fl uid com-
pared with the other agents, and the fl uid attenu-
ation value increased.  

9.4     Recommended Bowel 
Preparation 

 For a successful examination, bowel preparation 
should consist of a well-established CTC stan-
dard protocol [ 17 ]. The author’s recommended 
protocol is as follows. Bowel preparation com-
mences the day before the scheduled examina-
tion and a 24 h liquid diet is required (Table  9.1  
presents a list of permitted liquids). Nil per 
mouth from midnight. Note that if a patient has 
had breakfast in error, another CTC appointment 
must be arranged. It is important for a patient to 

      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 fl oating 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 on the 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 one 
hour before or one hour after taking the 
magnesium citrate 

 Patients who have not had bowel 
movements or could not fi nish 
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 
 Diatrizoate meglumine 
(Gastrografi n) (60 mL) to tag 
remaining fl uid 

  Step 1  
 At 11:00: Bisacodyl (Dulcolax) tablets to 
be taken with one 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 four to six 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: 60 mL of undiluted diatrizoate 
(Gastrografi n) to be swallowed OR can 
be mixed with one 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. 
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be fully briefed on all requirements when a CTC 
is booked. An appropriately 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 medi-
cation in these steps, and the tagging ones, must 
be labelled on the bottles. Patients must be 
informed that it is essential they adhere to all the 
steps for bowel preparation 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 instructions. 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 ). Patients should be warned of 
the unpleasant taste of Gastrografi n; diluting it in 
a fl avoured drink lessens the unpleasant taste. 

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 unopacifi ed fl uid ( open white arrow ) 
due to lack of Gastrografi n as a tagging agent. ( iii ) 2D 

axial view shows barium ( open black arrows ) at the bot-
tom of the non-opacifi ed fl uid due to lack of Gastrografi n. 
( iv ) 2D axial view showing visualisation of a submerged 
polyp ( open red arrow ) in opacifi ed residual fl uid       
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 Gastrografi n is a hypertonic oral contrast 
medium that has been used for decades in gastro-
intestinal radiology [ 18 ]. It is used as a tagging 
agent in CTC primarily to tag and stain residual 
fl uid white so that any submerged polyps can be 
easily identifi ed [ 1 ]. 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 Gastrografi n has 
been aspirated [ 19 ]. The main contraindications 
for its use would be known hypersensitivity to 
iodine. Asthmatic patients need to be careful as 
they may experience bronchospasm. Patients with 
hyperthyroidism should avoid Gastrografi n [ 18 ]. 
In the vast majority of patients, the contrast 
medium is administered without reported prob-
lems. However, it is essential that cognisance 
should be taken of a patient’s history of allergy or 
previous reactions to contrast media. 

 An interesting fact is that barium does not 
adhere to the colonic wall; it coats the surfaces of 
polyps making them more conspicuous and eas-
ier to diagnose [ 17 ]. This may reduce the false-
positive rate on CTC. Gastrografi n has a dual 
action. It stains the residual fl uid white thus aid-
ing in 2D evaluation of submerged polyps as well 
as emulsifying the stool adherent to the bowel 
wall thus causing a secondary catharsis [ 17 ]. 
Figure  9.2 (ii–iv)  illustrates the importance of 
tagging residual fl uid. 

 It is sensible to shift to PEG for the extremely 
small percentage of patients who are in poor 
health due to cardiac or renal disease or hyperten-
sive patients taking angiotensin-converting-
enzyme inhibitors (ACE inhibitors) to avoid fl uid 
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 [ 1 ]. 

9.4.1     Non-cathartic Options for CTC 

 Patient adherence may improve with a non-
cathartic preparation, but there are trade- offs [ 20 ]. 
The fi ndings 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 [ 21 ]. Patient preparation comprised of a low-
fi bre diet and barium and diatrizoate for stool and 
fl uid tagging. The study employed electronic 
cleansing as well as CTC computed-aided detec-
tion (CAD) software, respectively. Electronic 
cleansing may cause signifi cant artefacts (see 
Chap.   12    ), and 2D reading is required. Feedback 
from the patients was positive in terms of a laxa-
tive-free CTC. A downside to a laxative-free 
study is that a same-day optical colonoscopy can-
not be performed if the CTC fi ndings reveal an 
adenoma ≥10 mm [ 21 ]. 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 
insuffi ciency. However, according to Pickhardt 
[ 7 ], 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 fl uid.  

•   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.  

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

9.5     CTC Colonic Insuffl ation 

 There are two methods to insuffl ate the colon 
during CTC studies. Room air or carbon dioxide 
(CO 2 ) can be insuffl ated using either a handheld 
device (manual insuffl ation) or an automated 
pressure-controlled insuffl ator [ 1 ,  22 ]. The bene-
fi ts and risks of both methods should be included 
in informed consent forms. It is also important to 
consider the use of room air versus CO 2  and 
potential risks of perforation in CTC studies. 
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9.5.1     Carbon Dioxide Versus Room 
Air for Colonic Insuffl ation 

 There is an advantage of using CO 2  compared 
with room air. Carbon dioxide is rapidly absorbed 
from the colon by normal breathing. It is absorbed 
across the intestinal mucosa 160 times more rap-
idly than nitrogen and 13 times more rapidly than 
oxygen [ 23 ]. Both nitrogen and oxygen are the 
principal gas components of air [ 23 ]. Patients 
therefore experience less cramps during and after 
the CTC study [ 1 ]. This holds true for patients 
during and post-colonoscopy [ 24 ]. Pain during 
CTC is less of a feature with CO 2  than room air 
because the former is rapidly resorbed following 
the procedure resulting in much reduced post-
procedure distension and pain [ 25 ,  26 ]. Carbon 
dioxide may cause bloating for a short period [ 1 ].  

9.5.2     Manual Insuffl ation Using 
Room Air or Carbon Dioxide 

 Manual insuffl ation requires the use of a hand-
held air-bulb insuffl ator. Room air and CO 2  can 
both be used to distend the colon in a CTC study; 
room air is free, but there are costs involved in the 
use of CO 2 . Irrespective of which negative con-
trast medium is used, the success of a CTC 
depends on an adequately distended and clean 
colon [ 27 ]. Introducing room air or CO 2  into the 
colon requires many puffs of a handheld device. 
According to Sosna et al. [ 28 ] 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 [ 28 ]. 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 CO 2  insuffl ator. The intraco-
lonic pressure produced by manual insuffl ation 
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 [ 29 ]. An intracolonic pressure 
above 140 mmHg can lead to perforation of the 
caecum [ 28 ]. During manual insuffl ation, perfo-

ration can be caused by the use of either room air 
or CO 2 . The medicolegal ramifi cations of using 
manual insuffl ation are self-evident.  

9.5.3     Automated Pressure-
Controlled Insuffl ation 
with Carbon Dioxide 

 A successful CTC study requires optimal disten-
sion of the colon [ 25 ]. Optimal distension means 
that during a fl y-through there are no breaks in 
the well-distended colon segments. An auto-
mated pressure-controlled device has more 
advantages than disadvantages when compared 
with manual insuffl ation [ 1 ]. Several vendors 
supply automated CTC insuffl ators. Training is 
often necessary to operate an insuffl ator and to 
understand pressure and volume readings on the 
dials. Furthermore, it is essential to check that 
there is suffi cient CO 2  in the cylinder before com-
mencing a CTC study. 

 The intracolonic pressure is constantly mon-
itored; the pressure is indicated on the dial of an 
automated CO 2  insuffl ator (see Fig.  9.3 a(i), 
b(i) ). The CO 2  is introduced very gently into 
the colon until 1 L has been insuffl ated. The 
pressure is then gradually increased to 
20 mmHg or higher if necessary, usually to a 
maximum pressure of 25 mmHg. There are 
newer automated CO 2  insuffl ators that provide 
a range to 35 mmHg. There are also some insuf-
fl ators 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 constant pressure, infu-
sion of CO 2  has been as effective in colon dis-
tension in stenosing as well as in non-stenosing 
carcinomas [ 30 ]. Kim et al. [ 30 ] in their study 
also checked for colonic perforation 24 h later 
in 65 patients who had undergone biopsies 
immediately before their respective CTC stud-
ies. No perforations occurred in these patients. 
According to literature the risk of perforation is 
minimal when constant pressure automated 
CO 2  is used [ 31 ]. Unlike a handheld device, an 
automated insuffl ator can be switched on and 
off to control insuffl ation. The amount of CO 2  
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a(i) a(ii)

b(i) b(ii)

  Fig. 9.3    ( a ) ( i ) 
Close-up view of 
pressure-controlled 
insuffl ator 
(PROTOCOLS – 
Bracco ®). Installation 
pressure set at 15. 
Rectal intraluminal 
pressure at 19 mmHg. 
Left upper dial shows 
total volume readout of 
CO 2  = 1.5 L. ( a ) ( ii ) 
Automated CO 2  colonic 
insuffl ator (VMX 1020 
A – Vimap 
Technologies  ® ). ( b ) ( i ) 
Close-up view of the 
Vimap gauge. 
Installation pressure at 
21 mmHg. Volume of 
CO 2  12.5 L. Rate of 
introduction at 2.5 
L/min. Temperature 
gauge for CO 2  at 
39° C. Note these 
settings are for 
demonstration purposes 
only and were not used 
during a CTC study 
(Courtesy Vimap 
Technologies). ( b ) ( ii ) 
Cross-section view of 
the CO 2  warming 
mechanism in the VMX 
1020 A insuffl ator 
(Courtesy Vimap 
Technologies)       

used can be accurately recorded. Such a facility 
is not available with handheld devices.

   A recently launched insuffl ator (VMX-
1020A Vimap Technologies  ® ) includes an 
option to warm the CO 2  during colonic insuffl a-
tion. 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 manufacturer to relax the colon wall (per-
sonal communication with Nicolas Costovici, 
Vimap Technologies). Studies using warmed 

humidifi ed CO 2  in laparoscopic procedures have 
been done. The fi ndings of a study by Farley 
et al. [ 32 ] were that the use of warmed gas did 
not signifi cantly result in less postoperative pain 
than patients undergoing laparoscopic cholecys-
tectomy with standard CO 2  insuffl ation. Glew 
et al. [ 33 ] found that warmed humidifi ed CO 2  
did increase dissipation of residual gas follow-
ing laparoscopy. There are some endoscopy 
insuffl ators that include warming the carbon 
dioxide from a gas cylinder or from a wall-
mounted outlet.   
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9.6     Perforation Risks 

 Colonic perforation during CTC is rare [ 31 ]. 
Most of the recorded cases of colonic perforation 
were associated with the use of manual insuffl a-
tion and generally occurred in symptomatic 
patients, or in those with underlying disease, 
such as infl ammatory bowel disease, colon can-
cer and diverticulosis [ 34 ]. Another cause of per-
foration 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 catheters (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 fi ndings 
of a 1984 study underscored that no perforations 
occurred when barium enema examinations were 
performed within 72 h post-biopsy or colono-
scopic polypectomy [ 35 ]. A 2006 study by 
Dachman did not support these fi ndings [ 36 ]. 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 pres-
sure as occurs during insuffl ation. To minimise 
the rare risk of perforation, the current practice is 
that there should be a waiting period of 2–4 
weeks before performing CTC. If a deep biopsy 
or polypectomy has recently been performed, it is 
advisable to wait at least 4 weeks before proceed-
ing with the CTC to allow the mucosa to heal [ 1 ].  

9.7     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 fl uid 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 suffi cient CO 2  in the cylin-
der before commencing a CTC examination.  

•   Automated pressure-controlled carbon diox-
ide insuffl ation using a small rectal catheter 
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 previ-
ous history of adverse reactions to contrast 
media.  

•   Patients with hyperthyroidism should avoid 
Gastrografi n.  

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

9.8     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 carbon dioxide insuffl ation 
results in a well-distended colon. Pain and cramp-
ing are not associated with the use of CO 2  to dis-
tend the bowel. The risk of perforation is very 
rare in CTC studies. However, to reduce any risk 
of perforation, a CTC should not be performed 
soon after colonoscopic polypectomy, snare pol-
ypectomy or biopsy. Furthermore, a small-gauge 
soft rectal catheter should be used. Patients with 
hyperthyroidism should avoid Gastrografi n.     

  Acknowledgements   Vimap Technologies provided the 
cross-section illustration of their CO 2  warming mecha-
nism in the VMX 1020 A and the close-up view of the 
Vimap gauge insuffl ator.  
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      CTC Technique and Methods of 
Interpreting Images                     

     Joel     H.     Bortz     

    Abstract 

   CT colonography (CTC) is a minimally invasive, fast, safe and accurate 
screening examination for colorectal cancer. It also allows evaluation of struc-
tures outside the colon. There have been several changes in the performance of 
a study since it was fi rst used in 1994. A successful CTC examination requires 
the use of an automated pressure-controlled carbon dioxide insuffl ator, a well-
prepared colon, the use of tagging, an adequately distended colon and correct 
positioning for two-view series and additional view scans. CTC produces two-
dimensional (2D) images and three-dimensional (3D) endoluminal views, and 
software is required to interpret them. How to perform a CTC study is described 
step by step. Performing a CTC after an incomplete optical colonoscopy (OC) 
is discussed, with a caveat of assessing whether free air is present before com-
mencing the study. A colonic classifi cation table is used for reporting CTC 
fi ndings. CTC images are presented to illustrate differentiation of a polypoidal 
lesion and stool, as well as interpretation of images, and measurement of pol-
yps. The role of translucent display is illustrated with examples.  

10.1       Introduction 

 CTC has been clearly identifi ed as a valid screen-
ing test for CRC [ 1 ,  2 ]. It has demonstrated both 
cost-effectiveness [ 3 ] and a high degree of accep-
tance among patients [ 4 ]. It has been shown that 
screening of asymptomatic individuals can reduce 
CRC mortality [ 1 ]. Removal of an advanced ade-
noma may reduce the incidence of CRC [ 1 ]. 

 There have been signifi cant changes in the 
performance of a CTC study since it was fi rst 
used by Vining in 1994 [ 5 ], the main changes 
being in computer hardware and CTC technique. 
Initially it took hours to process images, but tech-
nological 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 multiple detector CT (MDCT) scan-
ners 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. The 
advances in CT hardware have resulted in shorter 
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scanning times. Breath holds of 5 s for the scout 
fi lm and 10 s for abdominal scans are the norm 
now. A 2003 study by Pickhardt et al. [ 2 ] brought 
about changes to CTC technique. Their study 
included two tagging agents: 2 % w/v barium sul-
phate to tag stool and diatrizoate meglumine 
(Gastrografi n) to tag remaining fl uid (see 
Table   9.1    ). In their study tagging agents were 
administered to all participants (patients) prior to 
the CTC procedure. Apart from tagging stool, 
barium has been shown to also lightly cover a 
polyp, thereby making it more conspicuous on 
2D viewing. A useful tip is to scroll carefully 
through the polyp to assess if soft tissue is present 
underlying the barium. A fairly recent paper 
underscores that contrast coating of a fl at polyp 
can act as a marker for detection (Fig.  10.1 ) [ 7 ].

   Use of the relatively high-density barium has 
several disadvantages and is therefore not recom-
mended 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 fl uid tagging [ 8 ]. Electronic cleans-
ing is not currently routinely  performed because 
it may cause a large number of artefacts that 
could make interpretation diffi cult [ 8 ]. Part of the 
surface mucosa may be electronically removed 
and could result in missed lesions. Furthermore, 
use of 40 % w/v barium sulphate will prevent a 
same-day optical colonoscopy (OC) examination 
being performed. 

 CTC examinations are straightforward when a 
clean bowel and an adequately distended colon 
are imaged with a MDCT scanner. The role of CT 

software is important in CTC: clinically signifi -
cant polyps can be readily detected with dedi-
cated software [ 9 ]. All CTC components must be 
in place to perform a successful examination. 
This entails (i) patient compliance in terms of 
bowel preparation, (ii) an adequately distended 
colon, (iii) the use of at least a 16-slice MDCT 
scanner and (iv) interpretation of images using a 
dedicated 3D platform. These components are 
interdependent. A defi ciency in any of them can 
cause a poor CTC result [ 10 ]. Chapter   9     focuses 
on bowel preparation, the role of tagging and the 
use of automated-carbon dioxide (CO 2 ) insuffl a-
tion. CTC technique and methods of interpreting 
images are the main focus in this chapter.  

  Fig. 10.1    2D axial view showing fl at lesion in caecal 
pole. Note the thin layer of barium ( open white arrow ) 
covering the soft tissue ( open black arrow )       
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10.2     Indications and Contraindications 

 Table  10.1  presents indications and contraindications for CTC. These must be covered when informed 
consent is obtained from patients.

    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 defi ciency anaemia; unexplained GI 
symptoms 

 •  Active infl ammatory bowel disease (e.g. Crohn’s disease; 
ulcerative colitis) 

 •  Routine follow-up of infl ammatory 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 

10 CTC Technique and Methods of Interpreting Images
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10.3        Colonic Classifi cations 

 A C1–C4 classifi cation is used when reporting 
CTC fi ndings. For example, normal colon or 
benign lesion would be classifi ed as C1. If a 

polyp or possibly advanced adenoma were 
noted on the study, the classifi cation would be 
C3. A non-diagnostic study would be C0. 
Table  10.2  presents the colonic C1–C4 
classifi cations.

   Table 10.2    Colonic classifi cation   

 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 fi ndings: e.g., colonic diverticula 

 C2  Small polyps. Surveillance or colonoscopy recommended 

   Small polyp 6–9 mm, <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 Zalis et al. [ 11 ]  
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10.4        Positioning and Introduction 
of CO 2  

 Before commencing a CTC examination, the 
patient is sent to the restroom/lavatory as the rec-
tum must be emptied of any residual fl uid [ 10 ]. 
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 fi nal image. 

 As discussed in Chap.   9    , the colon is distended 
with CO 2 . The author uses an automated pres-
sure-controlled CO 2  insuffl ator. It is essential to 

check that there is suffi cient CO 2  in the cylinder 
before commencing the study. 

 A CTC study usually 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 ileocaecal 
valve (ICV) of fl uid. The RLD series is therefore 
used for obese patients and poor colon distension 
as well as single or multiple breaks in the colon 
outline obtained from the supine and prone series. 
The transverse colon is often compressed, with 
resultant non-fi lling of the segment, in obese 
patients in the prone position. Figure  10.2a (i and 
ii)  illustrates the value of a RLD when there are 

  Fig. 10.2    ( a ) ( i ) Colon view showing breaks in colon fi lling.  A  ( ii ) Complete fi lling of colon in the RLD scan

ai aii
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 ( b ) Schematic presentation of CTC technique 

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 30 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 >50mm 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. 

For patient comfort open the rectal bag clip to drain rectum. Re-clamp
↓

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

Fig. 10.2
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c d

e f

 ( c ) Green arrow indicates trifurcation of tube. 
Attached syringe for balloon distension.  Yellow arrow  indi-
cates rectal drainage bag.  White arrow  indicates connection 
to CO 2  insuffl ator.  White circle  shows  black indicator line . 
The catheter must not be inserted into the rectum beyond the 
black line. Infl ated balloon ( open white arrows ).  Open blue 
arrows  indicate two green fi lters to trap any faecal fl uid from 
entering and contaminating the CO 2  insuffl ator. ( d ) Close-up 
of CO 2  insuffl ator.  Black arrow  litres of CO 2  insuffl ated 

(1.6 L).  Green arrow  pressure in mmHg (15 mmHg) record-
ing rectal pressure, and the white arrow on back dial shows 
the insuffl ation pressure at start of procedure. These two read-
ings may be discordant when rectal pressure increases above 
15 mmHg and no fl ow of CO 2  can occur.  Orange arrow  indi-
cates volume of CO 2  in the cylinder. ( 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

Fig. 10.2
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multiple breaks in the two-view scans. 
Figure  10.2b  is a synopsis of the CTC technique 
described below.

   The patient is positioned feet fi rst in a left lat-
eral position in the scanner. A disposable soft 
small gauge rubber rectal catheter (25 F or 
smaller) is then gently inserted into the rectum, 
and the balloon is insuffl ated with 30 cc of air 
employing a three-way connection as shown in 
Fig.  10.2c . For all female patients, always check 
that the catheter is in the rectum and not the 
vagina before commencing insuffl ation. 

 The automated pressure-controlled CO 2  insuf-
fl ator is switched on and the pressure set to 
15 mmHg to enable the CO 2  to gently fl ow at low 
pressure into the descending colon until one litre 
(1 L) of CO 2  has been introduced [ 10 ]. The 
amount of CO 2  is indicated on the gauge. 
Figure  10.2d  is a close-up view of the dials of an 
insuffl ator (PROTOCO 2 L – Bracco). At this 
point, turn the patient prone and then immedi-
ately onto the right side to fi ll 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 fl exures to expand [ 10 ]. The fi rst breath hold 
(5 s) allows acquisition of the scout fi lm. Once 
this fi lm 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. 

 Next, the CO 2  insuffl ator is switched off 
whilst the patient is turned prone. This is done 
because elderly and obese patients may have 

gi

gii

 ( 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 )             

Fig. 10.2
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trouble turning prone and the intracolonic pres-
sure rises rapidly, often above 60 mmHg, 
thereby triggering the machine alarm [ 10 ]. 
Some radiologists use the defl ation manoeuvre 
after completion of the supine scan by empty-
ing the rectum of air and then reinfl ating for the 
prone scan; this reduces the incidence of pain 
[ 12 ]. From time to time, it may not be possible 
for some patients to turn into the prone posi-
tion, and a lateral decubitus view will be 
required instead. Ensure that, when scanning in 
the prone position, a pillow which is placed 
under the patient’s chest does not impinge on 
the abdomen [ 10 ]. 

 Before introducing CO 2 , the balloon is defl ated 
when the patient is in the prone position. This is 
done for two reasons: to obtain a full scan series 
without an infl ated 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 defl ated, the CO 2  
insuffl ator is switched on. The patient is positioned 
for scanning. A scout fi lm is taken on exhalation 
and breath hold of about 5 s. The abdominal scan 
usually takes 10 s. When the prone scan is com-
pleted, the insuffl ator is switched off and the clip 
of the rectal bag is opened to empty the rectum of 
CO 2 . This manoeuvre gives immense relief to the 
patient, [ 10 ] who is then turned into the right lat-
eral decubitus (RLD) position whilst the images 
are examined by either a radiologist or appropri-
ately trained radiographer. The reason for placing 
the patient in this position is because an RLD 
series may be required. On average, the acquisition 
and assessment 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 dur-
ing scanning, extracolonic structures are also 
imaged. If the 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 (CO), the 
radiologist/radiographer has not completed the 
examination unless a full report is given on any 
extracolonic fi ndings that may be present. 

 Adequate distension does not imply complete 
distension of all segments in all cases. Should 
areas of poor distension be identifi ed in the same 
areas in both the supine and prone positions, in 
particular the sigmoid colon in cases of diverticu-
lar disease, the patient is ready to be scanned in 
the RLD position. The main reason for an addi-
tional view is because moderate or severe diver-
ticular disease usually results in inadequate 
distension of the sigmoid colon. When the patient 
is in the RLD position, the insuffl ator is switched 
on again to allow for introduction of a further L of 
CO 2 , because the rectum was previously emptied 
when the bag was unclamped [ 10 ]. After the CO 2  
has been introduced, scanning on breath hold can 
recommence. Whilst waiting for the images to be 
processed, the CO 2  is switched off. In the rare 
case where the RLD is unable to distend the 
appropriate area, the patient is turned into the left 
lateral decubitus (LLD) position. The CO 2  is 
switched on and the patient re-scanned. Now and 
again it may happen that a four-view series fails to 
distend the colon adequately. 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. If a patient does 
complain of pain early on in the procedure, it is 
important to immediately check the inguinal 
regions for possible bowel herniation (Fig.  10.2e ) 
[ 10 ]. If no herniation is evident, then the most 
likely cause of pain is underlying diverticular dis-
ease. As stated previously, 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 fi lling with air 
(Fig.  10.2f ). Occasionally the valve may be 
incompetent without the use of a spasmolytic. 
Carbon dioxide refl uxes 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 [ 10 ].  
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10.5     Evaluation of Polypoidal 
Lesions 

 There are clues that allow differentiation between 
a polypoidal lesion and stool: 2D and 3D views 
are complementary. The former is the most useful 
method for making the distinction. When a pol-
ypoidal lesion is observed on 3D endoluminal fl y- 
through, it is important to ascertain whether it is a 
polyp or stool. The latter can mimic a polyp, par-
ticularly in patients with suboptimal bowel prepa-
ration. The following steps should be performed.

•    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 [ 10 ]. A sessile polyp does not move 
with postural change; sessile polyps are fi xed to 
the colon wall or haustral folds thus they do not 
shift in position. However, a paper by Laks, 
Macari and Bini [ 13 ] 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 polyps 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 further caveat to this is that occasionally 
a polyp is noted to move in position. However, it 
is not the polyp that moves, but the segment of 
colon in which it lies. Bowel segments that may 

move are the sigmoid colon, which may be 
redundant, the transverse colon and the ascend-
ing colon (see Chap.   11    ). If movement is detected, 
the structure would favour stool and not a polyp. 
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 °  pos-
tural change. Pedunculated polyps, and occa-
sionally soft-tissue polyps, may move depending 
on what section of the colon they are present in.    

 The colon is not a fi xed structure; positional 
abnormalities are common [ 14 ]. 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, descending 
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 confi rm 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 interpreta-
tion, hence it is covered in greater detail in Chap.   12    .

   A 3D translucent display (TD) is a Viatronix 
software tool. It provides a semi- transparent 
view in different colours beneath the surface 
[ 15 ]. The software’s different colour attenua-
tion values are red indicates soft tissue; white 
indicates high attenuation values, such as bar-
ium; green indicates negative values in the fat 
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attenuation range; and blue indicates negative 
values, such as air [ 16 ]. The use of TD allows 
for visualisation of the composition of a polyp-
oidal lesion. A polyp on TD 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 den-
sity. As discussed in Chap.   9    , barium tags stool 
in the colon. In most cases if barium makes up 
the entire polypoidal lesion, then this indicates 
stool as shown in Fig.  10.3b (ii and iii) . A TD 
image that shows a white interior is barium/
stool. Barium tends to coat a polyp superfi cially, 
making it more conspicuous. Barium cannot get 
into a centre of a lesion. 

 The above process may seem to be compli-
cated, but in fact it is an easy process. It can be 
performed 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 % [ 17 ,  18 ]. 
Reasons for a failed OC might include older 
patients, female gender, colon length, number of 
acute angle bends and fl exures, advanced diver-

a
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  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 ). 

 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 )       
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ticular disease, prior abdominal surgery, occlu-
sive cancers, benign strictures, colon containing 
hernias, intestinal malrotation and poor bowel 
preparation. From a CTC perspective, this group 
of patients is the most challenging [ 10 ]. They 
would have predominantly been prepared for an 
OC using a ‘wet’ preparation, such as PEG, 
which results in a large amount of residual 
colonic fl uid, as discussed in Chap.   9    . In addition, 
these patients would not have been given pre- 
procedural contrast or fl uid tagging, making it 
more challenging to exclude false positives, such 
as stool adherent to the wall. 

 CTC has been the procedure of choice follow-
ing an incomplete study as it could be performed 
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 preparations. 
Patients were referred for a same-day CTC when 
they were fully conscious. In the absence of tag-
ging agents (barium and Gastrografi n), it was 
necessary to consider a compromise [ 10 ]. This 
entailed giving such a patient 60 cc of Gastrografi n 
on arrival, and a CTC study usually could com-
mence about 2 h later to allow time for the tag-
ging agent to reach the rectum. However, over a 
period of time, it became obvious that signifi cant 
lesions were being missed. Most centres that 
offer CTC have thus changed their protocols by 
performing the study the day after a failed or 
incomplete OC. The patient is kept on a liquid 
diet for a further 24 h, and steps 2–4 in Table   9.1     
are followed for bowel preparation. 

 Before commencing with patient prepara-
tion, it is important to establish whether a recent 
polypectomy or biopsy (superfi cial or deep) has 
been performed. Occasionally, with superfi cial 
biopsies, the CO 2  may track submucosally and 
result in pneumatosis coli [ 10 ]. 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-proce-
dure low-dose CT scan is taken to assess whether 
free air is or is not present. It is important to fi rst 

exclude the possibility of an OC-caused colonic 
perforation. There have been rare reports of 
colonic perforation at CTC, especially in patients 
with obstructive lesions [ 19 ]. 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 inserting a rectal cathe-
ter [ 20 ]. The images are viewed and, if any extra-
luminal air is present, a CTC is not performed 
(see Fig.  10.4 ). The referring clinician must be 
immediately informed of this CT fi nding. If no 
free is identifi ed to suggest perforation, the scan-
ning protocol in Fig.  10.2b  is implemented.

   Hough et al. [ 20 ] 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 P Pickhardt 
(personal email correspondence, May 2014) 
stated that low-dose CT is preferred to erect 
plain-fi lm radiographs. According to him, the lat-
ter only excludes free air, whereas most perfora-
tions have contained extra-luminal gas, 
retroperitoneally or intramurally [ 10 ]. The scan-
ning protocol in Fig.  10.2b  is implemented if no 
free is identifi ed on the pre-procedure low-dose 
CT scans to suggest perforation.  

  Fig. 10.4    2D axial view shows extra-luminal air indicat-
ing colonic perforation following 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 recent study reported that 
CCE’s sensitivity and specifi city were 88 % and 
82 %, respectively, in terms of identifying con-
ventional adenomas 6 mm or larger [ 17 ]. The 
conclusion of another study, which compared 
CCE and CTC in patients with incomplete colo-
noscopy, was that both tools were of comparable 
effi cacy in terms of colon evaluation [ 21 ]. CTC 
also detects lesions outside the colon, but this is 
not possible with CCE.  

10.8     Extracolonic Findings 

 CTC screening is usually performed in healthy 
asymptomatic individuals using supine and prone 
scans without intravenous (i.v.) 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 fi ndings. This consists of 5 mm sections 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. Extracolonic fi ndings are covered in 
Chap.   18    .  

10.9     Interpretation 

 A successful CTC is not diffi cult 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 , 
 22 ]. There is consensus that readers need to be 
skilled in both interpretation methods. For 2D 
polyp detection, the window setting should be at 
a window width of 2000 and centred at 0 to −200 
[ 15 ]. Soft tissue windows are set at 400 with a 
centre of 50. Sessile polyps have a round or ovoid 
morphology and are 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 men-
tioned 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)  [ 10 ].

   Pickhardt et al. [ 22 ] maintain that 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 [ 22 ]. According to these authors, 
primary 2D CTC is less sensitive than primary 
3D CTC for polyp detection in low-prevalence 
screening cohorts. 

 All current systems allow improved 3D fl y-
through. The author’s preference is a primary 3D 
system, such as the Viatronix V3D system 
(Stonybrook, New York), but there are other 
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 [ 10 ]. A unidirec-
tional fl y-through from the rectum to the caecum 

10 CTC Technique and Methods of Interpreting Images

http://dx.doi.org/10.1007/978-3-319-29379-0_18


116

  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 )
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  (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 dis-
tal transverse colon.  (c)  ( iii ) 3D endoluminal view.  Pink  
( arrows ) indicates region not visualised (missed regions)

ci

cii ciii

Fig. 10.5
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covers only a maximum of 90 % of colonic 
mucosa. This is the maximum percentage of 
mucosa visualised at OC on withdrawal of the 
scope. CTC visualises the total bowel mucosa 
four times: from the rectum to the caecum and 
back in the supine position and again in the prone 
series. This means that 100 % of colonic mucosa 
is visualised. 

 For CTC interpretation, the 3D colon-map view 
and automated centre line are essential for effec-
tive 3D evaluation. The centre line allows for an 

automated fl y- through. The 3D map provides pre-
cise location in real time and allows for bookmarks 
to be placed indicating site of lesion. The colon-
map also indicates relevant anatomy, such as an 
excessively tortuous portion of bowel. A centre 
line is automatically generated and continues in a 
retrograde fashion to the caecum and ICV. An icon 
is then clicked which reverses the fl y-through from 
the caecum to the rectum [ 10 ]. The same is done in 
the prone study. It takes less than 2 min to perform 
this bidirectional fl ight. 

d e

fi fii

Fig. 10.5  (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 fl ight from rectum to caecum. ( e ) Colon-map 
with a ‘bookmark’  red dot  indicating site of lesion ( open 

black arrow ). Note green centre line.  (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 )           
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 The fi eld-of-view (FOV) setting for Viatronix 
is 120 °  as this provides a good fi eld of evaluation 
with no geometric distortion. Using a FOV of 
120° allows for approximately 90 % coverage 
for a single one-way fl y-through. A second com-
plete fl y-through in the opposite direction allows 
for coverage of approximately 96 %. The folds 
in the left colon (anal verge to splenic fl exure) 
are usually circular; in the right colon (caecum 
to splenic fl exure), they become triangular 
(Fig.  10.5b (i and ii) ). 

 A ‘missed region’ tool is available on Viatronix 
whereby the operator can quickly fl ip 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 detectable 
missed region icon takes the viewer automati-
cally to the different missed regions until 100 % 
of the bowel is visualised. Note that fl ying 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 fl y-through from the rectum; the pos-
terior ones are seen on the reverse fl y-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 [ 10 ]. 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 centre line. 

 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 
[ 20 ], 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’ [ 10 ]. A reporting template is 
included in Chap.   19    . 

 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. A study is considered 
positive when a lesion ≥6 mm is detected. If 
there are more than three polyps in the 6–9 mm 
range, OC is recommended on the same day. If 
the polyp burden is lower (<3 polyps), an option 
is a 3-year surveillance. If after 3 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 asymp-
tomatic low-risk individual [ 23 ,  24 ]. 

 A 2015 study that involved 9336 adults 
reported interesting results in terms of OC’ s sta-
tus as the gold standard colon test [ 25 ]. The fi nd-
ings underscore that lesions are missed at 
OC. The study included discordant lesions (fi nd-
ings that were not confi rmed with initial OC) and 
nonblinded lesions (endoscopist provided with 
advanced knowledge of specifi c polyp size, loca-
tion and morphological appearance at CTC). The 
fi ndings revealed that 144 patients (21.5 %) of all 
discordant lesions were confi rmed as false nega-
tive at OC, and that these were on average of 
8.5 ± 3 mm in diameter and were more likely to 
be in the right colon. In summary 21.5 % of dis-
cordant polyps 6 mm or greater were detected at 
CTC, but not confi rmed at subsequent OC [ 25 ]. 
These polyps were later proved to be true posi-
tives on CTC, even though the endoscopists had 
full advanced knowledge prior to the OC of the 
respective size, location and CTC morphological 
appearance of the polyp. Furthermore, of the dis-
cordant lesion subsequent follow-up by OC, 
40 % proved to be CTC true-positive fi ndings. 
The remaining balance was considered to be 
CTC false-positive fi ndings as they were not 
detected at OC. A small percentage had follow-
up CTC studies, and the lesions were again 
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identifi ed, which suggested that OC diagnosis of 
false positives was wrong. In terms of the false-
negative fi ndings 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 [ 25 ]. In a nutshell the fi ndings show that 
OC is not infallible nor the fi nal 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 pro-
gramme, 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 identifi ed, or if it has grown, 
then repeat OC as  indicated. The characteristics 
of advanced adenomas should be known (see 
Table  10.3 ) [ 15 ,  24 ,  26 ].

10.10        Methods and Software 
to View CTC Images 

 CTC interpretation is underpinned by knowledge 
of both normal and abnormal anatomical varia-
tions. CTC produces two-dimensional (2D) 
images comprising axial, multiplanar reforma-
tions (MPR) coronal, sagittal and oblique views 
and three-dimensional (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 ‘fi let dissection’ views where the colon 
is opened up to view for polyps, or the band view 
[ 27 ]. Virtual dissection (fi let) view is an alternative 
3D Viatronix software tool (Fig.  10.6 ). The colon 
is dissected open and fl attened. A fi let view’s 
appearance is that of a pinned pathology speci-
men. These specimen-type images suffer from 
geometric distortions thus polyps, especially in the 
fl exure regions, become more diffi cult to identify. 
These new techniques speed up interpretation time 
but there is distortion of the mucosal folds some-
times making polyp visualisation diffi cult.

   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 fl y-through. Available 3D soft-
ware systems do not always produce comparative 
images. The software of independent manufactur-
ers is often superior to that of CT manufacturers. 
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-effi ciency primary 3D evaluation [ 9 ]. 
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 specifi city 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 signifi cant 
villous component (≥25 % of tubulovillous or villous 
histology) 

  Adapted from Kim et al. [ 26 ]  
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•    ≥6 mm 86 % sensitivity  
•   ≥8 mm 93 % sensitivity  
•   ≥10 mm 92 % sensitivity    

 Computer-aided detection (CAD) systems 
have become available [ 28 ,  29 ]. These systems 
are designed primarily to identify lesions that 
have been missed by the reader [ 30 ]. Reading 
time using CAD, especially by inexperienced 
readers, is usually longer [ 31 ]. CAD does have a 
role as either a primary or secondary reader 
depending on a reader’s experience.  

10.11     Key Messages 

•     Check volume of CO 2  in the cylinder before 
commencing the study.  

•   Patient must be sent to restroom/lavatory to 
empty rectum of fl uid before the CTC study 
commences.  

•   Patient preparation includes cathartic and tag-
ging agents.  

•   If patient complains of 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.  

•   Balloon is deflated when patient is in 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 fi rst 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.  

•   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.     

  Fig. 10.6    Filet view. Its appearance resembles a pinned pathology specimen       
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10.12     Summary 

 Most CTC studies comprise a two-view series: 
supine and prone. A non-diagnostic study 
requires reporting of any extracolonic fi ndings. 
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. Computer-aided detection 
(CAD) systems do have a role as either a primary 
or secondary reader.     

  Acknowledgements     Viatronix V3D workstation image 
courtesy of Viatronix, Stony Brook, New York.  
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      Anatomy of the Colon                     

     Joel     H.     Bortz    

    Abstract 

   Knowledge of normal anatomy of the colon, its variants, and extrinsic impres-
sions on it is essential for interpretation of 2D and 3D CTC images. A brief 
description of the anatomy, including malrotation of the bowel, is accompanied 
by CTC images of the colon as well as extrinsic impressions on it. Interpretation 
of CTC images, using two-dimensional (2D) and three-dimensional (3D) soft-
ware options, is briefl y covered in terms of detection of polyps in the colon.  

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 develop-
ing into colorectal cancer [ 2 – 5 ]. A CTC reader 
must know the normal anatomy of the colon, as 
well as normal variants, and malrotation of the 
bowel, to interpret images. CTC studies are part of 
the management of asymptomatic and symptom-
atic patients. It is essential that a generated report 

includes identifi ed normal anatomy and, if present, 
normal variants, extrinsic impressions on the colon 
lumen, and all identifi ed pathology. Both 2D and 
3D images are used to interpret the scans per-
formed. Computer-aided detection (CAD) software 
systems could also be used by readers [ 4 ,  6 ,  7 ].  

11.2     Anatomy of the Bowel Wall 

 The wall of the colon has four layers: (i) mucosa 
(epithelial/innermost) layer comprising connec-
tive tissue and a thin muscle layer (muscularis); 
(ii) submucosa comprising connective tissue, 
nerves, and lymphatics; (iii) muscularis propria 
(muscle layer) consisting of two bands, namely 
circular and longitudinal; and (iv) serosa is the out-
ermost layer present from the sigmoid to caecum. 

 The proximal colon develops from the midgut, 
and its blood supply is the superior mesenteric 

        J.  H.   Bortz ,  MBChB, DMRD, FRCR, FFRRCS      
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artery (SMA). The distal colon develops from the 
hindgut; its blood supply is the inferior mesenteric 
artery (IMA). The proximal colon has a multilay-
ered capillary network; the distal colon has a single-
layered capillary network [ 8 ]. It is important to 
know the layers of the bowel wall because cancers 
confi ned to the mucosa, without penetration into the 
submucosa or muscular layer, have a good progno-
sis (see the adenocarcinoma sequence in Chap.   15    ).  

11.3     Colon Anatomy 

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

   The right colon extends from the caecal pole to 
the splenic fl exure; the left colon extends from the 
splenic fl exure to the anorectal region. Note that 
CTC reports do not include the fl exure regions as 
anatomical landmarks because there is a difference 
between CTC localisation of polyps and optical 
colonoscopy (OC) localisation of polyps. A mirror 
image of the two procedures is thus not possible as 
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 taeniae 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 ]. In a CTC study, the valves are 
depicted as three semilunar folds in the rectum 
(Fig.  11.2 (i), (ii) ). In 50 % of people, the supe-

  Fig. 11.1    Normal colon. Colon-map showing normal six 
segments of the colon:  1  rectum,  2  sigmoid colon,  3  
descending colon,  4  transverse colon,  5  ascending colon, 
 6  caecum,  SF  splenic fl exure,  HF  hepatic fl exure       
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rior and inferior folds are located on the left side 
of the rectum; the middle valve is more promi-
nent and is on the right. In about 33 % of people, 
the confi guration is reversed. The valves may be 
more variable in the rest of people (17 %). The 
middle valve demarcates the level of the abdom-
inal-peritoneal refl ection anteriorly. It is usually 

located 8 cm from the anal verge and demarcates 
the middle and lower rectum. On a 3D fl y-
through, the haustral folds have a different con-
fi guration between the left and right colon. They 
have a typically rounded appearance on the left; 
on the right their appearance is triangular.

i ii

  Fig. 11.2    Rectum. ( i ) 2D coronal view showing the infe-
rior 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 )       
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11.3.2        Rectosigmoid Junction 

 This area is located anterior to the sacral prom-
ontory. It is clearly identifi ed on coronal and 
sagittal MPR images where the rectosigmoid 
colon moves upwards and anteriorly. The sig-
moid 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)  demonstrates a normal sig-
moid colon. Figure  11.3b (i), (ii)  demonstrates a 
displaced sigmoid colon. The sigmoid colon is 
often smaller in calibre than the 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.
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  Fig. 11.3    Rectosigmoid colon ( a ) ( i ) Colon-map showing 
the sigmoid colon ( SC ) and rectum ( R ). ( ii ) 3D view 
shows circular folds ( arrow ) in the sigmoid colon. ( iii ) 2D 
coronal view showing the sigmoid colon ( open white 
arrow ). Psoas muscle ( p ); right kidney ( rk ); left kidney 
( lk ). ( b ) ( i ) Supine colon-map showing the grossly redun-

dant sigmoid colon (S, SC and  open white arrows ). 
Rectum ( R ); descending colon ( DC ); transverse colon 
( TC ); caecum ( C ). ( ii ) Prone colon-map showing the 
grossly redundant sigmoid colon (SC and  open white 
arrows ). Rectum ( R ); descending colon ( DC ); transverse 
colon ( TC ); caecum ( C )       
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11.3.3        Descending Colon 

 The descending colon is relatively fi xed 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) ).

i ii

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

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

11.3.4        Splenic Flexure 

 The splenic fl exure represents the highest seg-
ment of the left colon (see Fig.  11.1 ). Ligaments 
from the diaphragm help fi x 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) ).
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11.3.5        Transverse Colon 

 The transverse colon extends from the splenic 
fl exure to the hepatic fl exure; 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 fi ll with carbon dioxide. A 
right lateral decubitus view is then required 
should this occur [ 5 ].

i ii

iii iv

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

dipping into the pelvis. ( iv ) 3D showing view of the mid-
transverse colon with thickened haustral fold due to angu-
lation between the proximal and distal transverse colon 
( TC )       
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11.3.6        Hepatic Flexure 

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

i ii

iii

  Fig. 11.7    Hepatic fl exure ( i ) Colon-map showing the 
hepatic fl exure ( open black arrow ). Rectum ( R ); trans-
verse colon ( TC ); ascending colon ( AC ); caecum ( C ). ( ii ) 

3D showing triangular fold of the hepatic fl exure. ( iii ) 2D 
coronal view showing the hepatic fl exure ( open white 
arrow )       
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11.3.7        Ascending Colon 

 This 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 fl exure and the ascending colon which 
is depicted in Chap.   10    . This is due to a collection 
of fl uid in this location of the colon [ 3 ]. The folds 
are triangular in appearance (Fig.  11.8 (i) ) and 
slightly thicker than those in the transverse colon. 
Figure  11.8 (ii)  shows a normal distended ascend-
ing colon.

11.3.8        Ileocaecal Valve (ICV) 

 The ICV valve is easy to identify. Its position is 
constant relative to the terminal ileum and cae-
cum. It demarcates the caecum from the ascend-
ing colon. The appearance of an ICV varies 

from a labial type with a slit-like elongated 
appearance to a more bulbous polypoidal or 
papillary type (Fig.  11.9a (i), (ii) ). A bulbous or 
papillary ICV causes a prominent polypoidal 
appearance with a central depression. A specifi c 
feature of the ICV is a depression or ‘pit’ orifi ce 
[ 3 ] where the terminal ileum empties into the 
right colon. This orifi ce may be visualised on 
both 2D and 3D views (Fig.  11.9a (iii) ). An ICV 
on a CTC study may be open (patent) or closed. 
Figure  11.9b  demonstrates a closed ICV. If it is 
open, then refl ux of carbon dioxide may occur 
(Fig.  11.9c (i)–(iv) ). The ICV is located pos-
teromedially where the terminal ileum enters 
the caecum. An ICV may be completely 
replaced with fat (Fig.  11.9d (i), (ii) ). It may 
have a high intensity (red) on translucent dis-
play (TD) as shown in Fig.  11.9d (iii) . Polyps or 
adenocarcinoma may occur on the surface of 
the ICV because it is covered by mucosa.

i ii

  Fig. 11.8    Ascending colon ( i ) 3D view of a triangular fold in the ascending colon ( arrows ) ( ii ) 2D coronal view show-
ing the ascending colon ( AC ).  Green arrow  = appendix       
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  Fig. 11.9    Ileocaecal valve ( a ) ( i ) 3D view shows the 
labial ICV ( open black arrow ). ( ii ) 3D view of a bulbous 
ileocaecal valve ( black arrow ). Appendiceal orifi ce ( cir-
cle ). ( iii ) 3D view of ICV showing depression or ‘pit’ ori-
fi ce ( open black arrow ) where the terminal ileum empties 
into the right colon. Closed arrow = triangular folds. ( b ) 

2D coronal view of a closed ICV. Terminal ileum ( TI ); 
caecum ( C ); ascending colon ( AC ); descending colon ( DC ). 
( c ) ( i ) 3D view showing patent ICV ( closed black arrow ) 
and triangular folds ( open black arrows ). ( ii ) 2D coronal 
view of a patent ICV ( open red arrow ) with air in the termi-
nal ileum ( TI ). Caecum ( C ); descending colon ( DC )
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ciii civ
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Fig. 11.9 ( iii ) Colon-map showing refl ux of gas into the 
small bowel (SB grey) due to patent ICV ( blue arrow ). 
( iv ) 2D coronal view showing the small bowel valvulae 
conniventes ( white arrows ) and gas in the stomach (S). ( d ) 

( i ) 2D soft tissue axial view of a fatty ICV ( white arrows ). 
( ii ) TD (translucent display) shows predominately fatty 
ICV ( green ,  open black arrow ). ( iii ) TD shows high inten-
sity ICV ( red, open white arrow )         
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11.3.9        Caecum 

 This colon segment is proximal to the ICV; its 
confi guration and position may change 
(Fig.  11.10 (i), (ii) ). This occurs because 10 % of 

people have no peritoneal fi xation of the ascend-
ing colon thereby allowing for caecal mobility 
(Fig.  11.10 (iii), (iv) ). The caecum is more capa-
cious than the ascending colon.

i ii

iii iv

  Fig. 11.10    Caecum ( i ) 3D view of the ICV ( closed black 
arrow ), caecum, proximal ascending colon ( AC ), and 
appendiceal orifi ce ( 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 the 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 the caecum 
( C ) indicating mobility with postural change. Rectum ( R )       
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11.3.10        Appendix 

 The vermiform appendix is part of the caecum. Its 
length varies from 2.5 to 33 cm [ 11 ]. Its average 
length is between 5 and 10 cm and its base is usu-
ally situated 2 cm below the ileocaecal valve. Its 
intra-abdominal position may vary widely depend-
ing 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 prom-
inent folds called the crow’s foot that fl ank the 
appendiceal orifi ce and is shown on the 3D endolu-
minal view (Fig.  11.11a (i) ) [ 3 ]. Figure  11.11a (ii), 
(iii)  demonstrates the orifi ce of the appendix and 
appendiceal lumen. Figure  11.11b (i)  to  d (iv)  is of 
a range of 2D and 3D images of the appendix in 
various locations in the abdomen. Figure  11.11e (i), 
(ii)  is of an appendix in the inguinal canal.
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  Fig. 11.11    Appendix. ( a ) ( i ) 3D view of the appendiceal orifi ce ( open black arrow ) and crow’s foot ( closed black 
arrows ). ( ii ) 3D view of the orifi ce of appendix ( open black arrow ). ( iii ) 3D view of the appendiceal lumen ( open black 
arrows ). ( b ) ( i ) Air in the appendix ( open white arrow ) on 2D coronal view. ( ii ) 2D sagittal view showing air in the 
appendix ( open white arrow )
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Fig. 11.11 ( c ) ( i ) 2D coronal view showing the malro-
tated caecum ( C ), air-fi lled appendix ( open white arrow ), 
and ileocaecal valve ( ICV ). ( ii ) 2D coronal view showing 
air in the terminal ileum ( open red arrow ) and air in the 
appendix ( closed white arrow ). ( d ) ( i ) 2D axial showing 

the barium-fi lled appendix ( open red arrow ). ( ii ) 2D axial 
showing the retrocaecal appendix fi lled with air ( open 
white arrow ). ( iii ) 2D sagittal view showing the appendix 
( open red arrow ) adjacent to the spine. ( iv ) 2D coronal 
view showing the sub-hepatic appendix ( yellow arrow )
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Fig. 11.11 ( e ) ( i ) 2D coronal view showing the appendix ( closed red arrow ) in the inguinal canal. ( ii ) 2D sagittal view 
showing the appendix ( closed red arrow ) in the inguinal canal           
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11.4         Malrotation of the Bowel 

 Malrotation is a failure during development of nor-
mal rotation of any part of the intestinal tract. 
Congenital malrotation of the midgut often pres-
ents clinically in the fi rst month of life; more com-
monly in the fi rst postnatal 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 volvulus. 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 would be asymptomatic 
with a normal clinical history [ 14 ]. Malrotation in 
such patients is an incidental fi nding when they 
undergo a screening CTC examination after the 

age of 50 years. Malrotation does not occur in iso-
lation in this abnormality. With it comes malfi x-
ation of the mesentery, which results in abnormal 
mobility of portions of the bowel [ 15 ]. Examples of 
such pathology are presented in Fig.  11.12a (i)  to  b .

   At CTC when patients with bowel malrotation 
are shown the images, they are often very surprised 
as they were unaware and asymptomatic with a 
normal clinical history. They usually do not enter-
tain the possible need for surgical intervention. 
Some authorities advocate surgical correction 
(Ladd’s procedure) for all patients with malrota-
tion, regardless of age [ 16 ]. Failure to correct the 
abnormality may result in an intussusception or 
volvulus, in the future. This would then become a 
surgical emergency to correct the underlying 
abnormality. 
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  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 caecum ( C ). ( b ) Supine colon-map 
showing the sub-hepatic caecum ( C ). Rectum ( R )       
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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 rectum 
are retroperitoneal in position and do not usually 
change position. The caecum usually lies in the 

right iliac fossa as demonstrated on Fig.  11.1  
above. However, in approximately 10 % of the 
population, the caecum and ascending colon are 
incompletely fi xed which allows for a wide range 
of mobility. Although displacement of the cae-
cum and ascending colon does not cause symp-
toms, the onset of appendicitis may be diffi cult to 
diagnose clinically, especially if the displaced 
colon lies in the left upper quadrant of the abdo-
men or is sub-hepatic in position. Figure  11.13 
(i), (ii)  demonstrates mobility of the caecum.

i ii

  Fig. 11.13    Mobility of colon segments ( i ) Supine colon-map. Caecum ( C ) and rectum ( R ). ( ii ) Prone colon-map shows 
different position of the caecum ( C ). Rectum ( R )       
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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 identifi able when 2D multiplanar 
reformation (MPR) is performed. The most com-

mon sources of these impressions include the 
kidneys, aorta and iliac arteries, uterus and 
adnexa, and adjacent gastrointestinal tract (GIT), 
such as the small bowel. The ‘continuous fold’ 
sign occurs when a structure, which is causing 
the extrinsic impression, displaces but does not 
efface the overlying colonic fold. Figure  11.14a 
(i)  to  g (ii)  is an example of extrinsic impressions 
on 3D and 2D images.

  Fig. 11.14    Extrinsic impressions ( a ) ( i ) 3D view of an 
extrinsic impression ( circle ) on the bowel caused by the 
aorta. ( ii ) 2D axial view shows the aorta ( A ) causing exter-
nal impression on the colon ( open white arrow ). ( b ) ( i ) 3D 

view of the spleen ( circle ) causing an extrinsic impression 
on the colon. ( ii ) 2D axial view shows an extrinsic impres-
sion ( open white arrow ) on the colon caused by the spleen 
( S ). Aorta ( A ); right and left kidneys ( RK  and  LK )
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Fig. 11.14 ( c ) ( i ) 3D view showing extrinsic impression 
on the colon due to a renal cyst ( circle ). ( ii ) 2D sagittal view 
shows renal cyst in lower pole of the right kidney imping-
ing on the caecum. ( iii ) 2D coronal view shows extrinsic 
impression of lower pole of the kidneys ( open white 

arrows ) on the colon.  RK  right kidney,  LK  left kidney,  L  
liver,  S  stomach. ( d ) ( i ) 3D view shows the psoas muscle 
extrinsic impression ( open black arrows ) on the colon. ( ii ) 
Prone 2D axial view showing the psoas muscles ( P ) indent-
ing the bowel ( open white arrows )
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Fig. 11.14 ( e ) ( i ) 3D view showing extrinsic impression 
by the small bowel ( circle ). ( ii ) 2D axial view shows extrin-
sic impression of the small bowel ( open white arrow ) on 
the colon. ( f ) ( i ) 3D view shows extrinsic impression of 
uterine fi broid ( arrows ). Rectal catheter ( C ). ( ii ) 2D axial 

view of a pedunculated uterine fi broid ( F ) causing narrow-
ing of the rectum ( open white arrow ). ( g ) ( i ) 3D view shows 
a rib causing extrinsic impression ( circle ). ( ii ) 2D axial 
view of a rib causing extrinsic impression ( open red arrow )           

11 Anatomy of the Colon



148

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 fi xed; 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 two- view CTC study.  

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

to the terminal ileum and caecum; its appear-
ance varies from a labial type to a more bul-
bous polypoidal/papillary type; it may be open 
or closed during a CTC study; it has a central 
depression or ‘pit’ orifi ce 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.  

•   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 essential 
for correct interpretation of 2D and 3D CTC images. 
Malrotation and mobility of some segments of the 
colon may be evident on CTC studies. Mobile seg-
ments may change position during a standard two-
view CTC study: supine and prone scans.     
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      Pitfalls and Artefacts                     

     Joel     H.     Bortz    

    Abstract 

   The use of CTC is intended for diagnosis of both polyps and malignancy 
in screening of asymptomatic individuals over the age of 50 years. There 
are however lesions and disease processes that may mimic both colonic 
polyps and cancer on CTC. The most basic of these pitfalls is the thick-
ened or complex fold, which may be encountered on both 2D and 3D 
imaging. The most common pitfall is the presence of homogenous adher-
ent stool. This may be mistaken for a polyp. Tagging is essential to distin-
guish stool and polyp on CTC images. Other potential pitfalls include, for 
example, anatomical locations and structures, position of the rectal cathe-
ter, external impressions on the colon lumen and a range of artefacts. 
These are described, with examples, in this chapter.  

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 
recognise potential 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 pitfalls 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)  shows 
examples of complex folds. Submucosal lesions 
and stool-fi lled diverticula become more of an 
issue on 3D. However, the complementary 
nature of 2D and 3D evaluation usually resolves 
these issues. Potential pitfalls, including arte-
facts, are divided into twelve broad groups, 
namely

•     Cathartic preparation and tagging solutions  
•   Sigmoid diverticular disease  
•   Polyp morphology  
•   Anatomical locations and structures  
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•   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 broad headings of potential pit-
falls and artefacts are discussed with examples. 

i ii

iii iv

  Fig. 12.1    ( i ) Bifi d 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 )       
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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 pitfalls that may be caused by 
poor bowel preparation in terms of

    (i)    Retained stool   
   (ii)    Different appearances of stool and its 

characteristics   
   (iii)    Movement of stool during postural change, 

e.g. 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 identifi ed on 3D viewing. Most typically 
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.

a bi

bii

  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 )       
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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 cleaning 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 remains. The shape may be squared, fac-
eted or polypoidal in appearance; it may 
occasionally be confused with a large villous 
lesion. Bulky stools are usually mobile and on 
translucent display (TD) may reveal mottled low 
density lesions. Figure  12.3a (i)–d (ii)  is a range 
of examples of stool being a potential pitfall.

   Tagging is an integral part of the colonic prep-
aration [ 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 ]. 

 Gastrografi n has a dual action. It stains the 
residual fl uid white thus aiding in 2D evaluation 
of submerged polyps as well as emulsifying the 
stool adherent to the bowel wall thus causing a 
secondary catharsis [ 6 ]. Gastrografi n provides 
further internal tagging of solid debris. In a small 
percentage of cases, the mucosa, particularly in 
the caecum and ascending colon, may have adher-
ent stool on the surface. We use 2D to evaluate 
adherent stool seen in this area of the colon: it is 
quicker and more accurate than 3D. Figure  12.3e  
shows adherent stool.   
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  Fig. 12.3    ( a ) ( i ) 3D endoluminal view showing lobulated 
polypoidal lesion ( circle ). ( ii ) TD confi rming 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 calcifi cation on posterior wall of aorta ( black arrow ). 
( c ) ( i ) 3D view showing thickened haustral fold ( arrow ). 
( ii ) Axial 2D showing barium surrounding haustral fold 
( white arrow ). 
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cii

bii
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ciii di

dii e

Fig. 12.3 ( iii ) TD confi rming barium ( black arrow ) and 
not a polyp. ( d ) ( i ) 3D endoluminal view showing a ses-
sile lobulated polypoidal lesion ( arrow ). ( ii ) TD showing 

stool ( arrow ) and not polyp. ( e ) Adherent non-opacifi ed 
stool having indentations similar to the appearance of the 
surface of a golf ball ( arrows )         
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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 
cleansing of the colon. As described in Chap.   9    , 
bowel preparation includes the use of tagging . 

   Same-day CTC examinations, after an incom-
plete or failed optical colonoscopy (OC), tend to 
be suboptimal as tagging has not been performed 
(see Chap.   10    ) [ 4 ]. Untagged stool is a thus a huge 
problem. Electronic cleansing is available on most 

software systems, which allows for visualisation 
of mucosa covered by fl uid and/or stool. On the 
other hand, electronic cleansing creates subtrac-
tion artefacts that present interpretation problems. 
This is counterproductive as the produced artefacts 
are unwanted and impact on image evaluation. 
Electronic cleansing is not routinely performed 
because it may cause a large number of artefacts 
which may make interpretation diffi cult. In addi-
tion, part of the surface mucosa may be electroni-
cally 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.  

ai aii

  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)       
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12.2.3     Sigmoid Diverticular Disease 

 This disease is covered in more detail in Chap. 
  16    . For the purpose of discussion, the following 
potential pitfalls are presented. Poor or incom-
plete 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.

   Another potential pitfall is that of stool-fi lled 
diverticula. On 3D it may produce an appearance 
of a polyp. The complementary role of 2D will 
identify stool-fi lled diverticula as discussed in 
Chap.   16    . Figure  12.5b  is an example of 2D 
showing an impacted diverticulum.  

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 diverticulum fi lled with air       
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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 )       

12.2.4     Morphology of Polyps 

 The shape and form of fl at lesions and carpet 
lesions are potential pitfalls. Polyp measure-
ments can be a potential pitfall; thus, we need to 

ensure measurements are accurate as discussed 
in Chap.   14    . Shifting pedunculated polyps can be 
potential pitfalls. It is important to use a 2-view 
scan for 3D and 2D evaluation as evident in 
Fig.  12.6(i)  and  (ii) .
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12.2.5        Anatomical Locations 
and Structures 

 Both the location and structure of the appendix 
and the ileocaecal valve (ICV) are potential pit-
falls when evaluating CTC images. The 
vermiform appendix is part of the caecum. Its 
length varies from 2.5 centimetres (cm) to 
33 cm [ 8 ]. Its average length is between 5 cm to 

10 cm, and 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 mesentery of the appendix 
[ 8 ]. Figure  12.7a, b  shows examples of varying 
abdominal positions of an appendix. Several 
examples of different anatomical locations of 
both the appendix and ICV are presented in 
Chap.   11    .

a b

  Fig. 12.7    ( a ) Sagittal 2D view showing prevertebral appendix ( white arrow ). ( b ). Coronal 2D showing a  malrotated 
caecum ( c ) with appendix ( white arrow )       
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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)  demonstrates an  extrinsic 
impression on the colon lumen caused by 
 spondylolisthesis. A range of extrinsic 
 impressions on the colon are presented in 
Chap.   11    .

i ii

  Fig. 12.8    ( i ) 3D view of the 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       
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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 that the tip then projects 
beyond the superior valve of Houston. Although 
this is easily identifi ed, sometimes when fl ying 
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 
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 per-
form a 360 0  fl y around the rectal catheter to 

ensure adequate visualisation of all surrounding 
features. 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 infl ate 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 defl ated when the patient is in the prone 
position (see Chap.   13    ). Furthermore, an infl ated 
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    .  
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  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 ( open black arrow )       
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12.2.8     Movement Artefacts 

 As discussed in Chaps.   9     and   10    , it is essential 
that patients cooperate during CTC examina-
tions. 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 on Fig.  12.10 (i–iii) . 
Technological advances in CT imaging have 
resulted in very short scanning times which also 
reduce risk of movement artefacts. Patients 
should not move during scanning to prevent 
movement artefacts.

i ii

iii

  Fig. 12.10    ( i ) 2D axial view showing focal motion artefact 
in the descending colon ( white arrow ). Rest of the colon is 
normal. ( ii ) Example of a breathing stepped artefact ( open 

black arrows ). ( iii ) Sagittal 2D showing breathing artefact 
on skin surface ( open white arrows )       
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  Fig. 12.11    ( a ) ( i ) Beam-hardening artefact ( open black 
arrows ) due to right hip prosthesis. ( ii ) Axial 2D showing 
streak artefact ( open white arrows ) due to right hip pros-

thesis. ( b ) Axial 2D showing streak artefact ( open white 
arrows ) due to bilateral hip prostheses. ( c ) ( i ) Streaks due 
to beam-hardening artefact ( open black arrows )

ai

b

aii

ci

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. Figure  12.11a (i)–e  shows examples of 
beam-hardening artefacts.
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cii

dii

e

di

Fig. 12.11 ( ii ) 2D view streaks from surgical clip ( open 
white arrows ). ( d ) ( i ) Streaks due to beam-hardening arte-
fact 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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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 as discussed 
in Chap.   9    . An ingested vitamin tablet may 
resemble a polyp (Fig.  12.12a ). 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 fl u capsules. Both types of 
capsules may resemble a polyp particularly on 
3D display. Figure  12.12b (i–iii)  shows examples 
of an ingested fi sh 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 different from a polyp. According to Yee [ 2 ], 
we must also be aware of ingested vegetable mat-
ter, such as corn and seeds, as they too can be 
confused with polyps.

a bi

bii

biii

  Fig. 12.12    ( a ) 2D sagittal view shows multivitamin cap-
sule ( open white arrow ). ( b ) ( i ) 3D view shows density 
due to fi sh oil capsule ( open black arrows ). ( ii ) 2D axial 

view shows oil capsule ( open white arrow ). ( iii ) 2D sagit-
tal view shows oil ‘fat’ centrally ( black arrow )       
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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.  12.13(i)  and  (ii) . Occasionally the 
tagging agent (barium) may be incorporated into 
the strand and will show as a high density of TD.

i ii

  Fig. 12.13    ( i ) Open black arrow points to mucus strand between two haustral folds. ( ii ) 2D axial view shows mucus 
strand between folds ( green arrow )       
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12.2.12        Tampon and Vaginal Pessary 

 Figure  12.14a (i)  and  (ii)  is an example of a 
tampon visualised on 2D. Figure  12.14b  shows 

a vaginal pessary. A vaginal pessary is a remov-
able device that is used to support pelvic organ 
prolapse, such as bladder, uterus and/or 
rectum.

ai

b

aii

  Fig. 12.14    ( a ) ( i ) Axial 2D showing vaginal tampon ( white arrow ). ( ii ) Sagittal 2D showing vaginal tampon ( One white 
arrow ). ( b ) Axial 2D showing curvilinear density ( white arrow ) in keeping with vaginal pessary supporting the uterus       

 

12 Pitfalls and Artefacts



168

12.3         Key Messages 

•     Poor bowel preparation could be a potential 
pitfall as adherent stool may obscure 
polyps.  

•   Poor bowel distension could result in nonvisu-
alisation 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.  

•   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.     

12.4     Summary 

 There are many potential pitfalls 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 CO 2  
minimises 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 CO 2  insuffl ator 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 cooperation. 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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      Internal Haemorrhoids and Other 
Anorectal Lesions                     

     Joel     H.     Bortz     

    Abstract 

   To best visualise internal haemorrhoids, the balloon must be defl ated when 
the patient is in the prone position. The rationale being that an infl ated 
rectal catheter balloon could compress internal haemorrhoids that might 
be present. Both 2D and 3D views may visualise internal haemorrhoids. 
On 2D they present as small protrusions, whereas on 3D they may be 
raised linear defects or polypoidal in shape. They lie in close proximity to 
the rectal catheter. Both anal papilla and rectal tumours need to also be 
considered when evaluating structures in the anorectal region in close 
proximity to the rectal catheter. If the catheter is incorrectly positioned, it 
may cause confusion in image interpretation. Images are presented to 
illustrate these points when interpreting CTC studies.  

13.1       Introduction 

 During a CTC study, haemorrhoids are the most 
frequently seen and diagnosed condition affecting 
the anorectal region [ 1 ]. Most anorectal condi-
tions are benign; they may often be diagnosed 
clinically by a rectal examination or anoscopy 
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 the patient is 
in the prone position, the catheter’s balloon is 
defl ated in order to visualise internal haemor-
rhoids, if present [ 2 ]. The correct placement of 
the catheter is important in CTC. Since this chap-
ter focuses on internal haemorrhoids, it is impor-
tant to describe their causes and anatomical 
location [ 3 ]. In addition, we need to consider anal 
papillae and tumours [ 4 ]. Catheter-related pitfalls 
are presented below.  

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 
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cause an extrinsic impression on an adjacent rec-
tal fold, for example, or the tip itself may appear 
polypoidal at 3D. When the author examines this 
region, his standard technique is to fl y 360° 
around the catheter to check that there are no pol-
yps being obscured by the balloon. This technique 
is also described in Chap.   14    . 

 There are several catheters available, but the 
author prefers the VIMAP product; these cathe-
ters can withstand 100 cc air infl ation without 
fear of the balloon bursting. A further advantage 
of the catheter is that it has a separate drainage 
connection for any residual fl uid in the rectum. 
By having this drainage connection, there is no 
contamination of incoming CO 2  because the lat-
ter has its own connection as shown in Chap.   10     
(see Fig.   10.2c    ). 

 Distension of the balloon catheter may pro-
duce a ‘pseudolesion’ or ‘fi lling 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 

infl ated balloon abutting on the rectal mucosa. 
Occasionally a meniscal defect will be to the 
side of the catheter. Defl ating the balloon when 
the patient is in the prone the position usually 
eliminates such interpretation problems. 
Figure  13.1a (iii)  shows the 3-way connection 
catheter and infl ated balloon. Figure  13.1a (iv)  
shows an infl ated balloon defect and residual 
rectal stained fl uid. To minimise visualisation of 
the latter, the patient should be sent to the rest-
room/lavatory as the rectum must be emptied of 
any residual fl uid 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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  Fig. 13.1    ( a )  (i)  3D supine view shows meniscal defect 
( open black arrows ) due to infl ated balloon.  (ii)  3D supine 
image shows infl ated balloon to the side of the catheter caus-
ing a meniscal defect ( open black arrows ).  (iii)  Vimap 3-way 
connection catheter. Connection to infl ate balloon with 35 cc 

air ( red open arrow ). Insuffl ator connection ( closed black 
arrow ). Connection for drainage bag ( closed red arrow/
orange ring on tube ). Infl ated balloon = open black arrows . 
 (iv)  2D axial image shows infl ated balloon ( open black 
arrow ) and residual rectal stained fl uid ( open white arrow )
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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 pregnancy. 
They are often complicated by infl ammation, 
thrombosis and bleeding. The anatomical location 
of both internal and external haemorrhoids is 
described below.  

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 
dentate line which divides the squamous epithe-
lium of the anus from the columnar epithelium of 
the rectum [1.3]. An internal haemorrhoid is above 
this line. Figure  13.2 (i)  and  (ii)  demonstrates the 
anatomy of rectum as well as location of internal 
and external haemorrhoids. Haemorrhoids are vas-
cular structures in the anal canal. They may become 
pathological when swollen and/or infl amed, and in 
such a situation, there may be bleeding associated 
with pain. Internal haemorrhoids may grow in size 
and become large. This may occasionally result in 
large haemorrhoids 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’.

biibi

Fig. 13.1  ( 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 )         
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MRV

IRV

1

2
anal verge

dentate line

dentate line

dentate
line

Internal
hemorrhoid

external
hemorrhoid external

hemorrhoid

  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 
haemorrhoidal plexus. 2 = external 
haemorrhoidal plexus in perianal space 
(Adapted from [ 5 ]).  (ii)  Internal 
haemorrhoid above the dentate line ( top ). 
External haemorrhoids ( bottom ) (Adapted 
from [ 5 ])       
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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 infl ated balloon can obscure the presence 

of internal haemorrhoids; the prone position with 
the balloon defl ated shows the internal haemor-
rhoid as evident in Fig.  13.3a (i), (ii) . Both 2D and 
3D views may visualise internal haemorrhoids: on 
2D they present as small protrusions, 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.
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cii
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  Fig. 13.3    ( a )  (i)  3D view of infl ated balloon. Internal 
haemorrhoid ( open white arrow ).  (ii)  3D prone view with 
defl ated balloon shows internal haemorrhoids more 
prominently ( open black arrows ). ( 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 haemorrhoids.  Closed black arrow  polypoidal 
form defect.  Open white arrows  linear internal haemor-
rhoids.  (ii)  2D axial of polypoidal internal haemorrhoids 
( h ). C = rectal catheter ( open white arrow )

 

13 Internal Haemorrhoids and Other Anorectal Lesions



176

di

ei

eii

eiii
eiv

dii

Fig. 13.3 ( d )  (i)  3D supine image of large polypoidal 
internal haemorrhoids ( open white arrows ).  (ii)  2D axial 
image showing internal haemorrhoids ( h ).  C  rectal cath-
eter ( open white arrow ).( e )  (i)  3D endoluminal supine 
view showing artefact ( arrows ) caused by infl ated bal-
loon of rectal catheter. No pathology noted.  (ii)  Prone 
view with balloon defl ated.  Open black arrows  depict a 
large linear haemorrhoid.  Closed black arrow  depicts 

polypoidal haemorrhoid. These haemorrhoids were not 
visualised on the supine view with infl ated balloon.  (iii)  
Prone view with balloon defl ated. 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 haem-
orrhoids ( h ).  C  rectal catheter
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        Other Anorectal Pathology 

13.4.2     Anal Papilla 

 Internal haemorrhoids may be confused with a 
hypertrophied anal papilla, which is a benign 
condition. An anal papilla represents focal 
fi brous 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 fi ssuring [ 4 ]. Anal papillae are small, usu-
ally < 6 mm in size. The diagnosis of an anal 
papilla is made by its consistent anatomic posi-
tion 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 ).

  Fig. 13.4    3D image showing linear internal haemor-
rhoids ( open black arrows ) and anal papilla (circle)       

fii

fi

Fig. 13.3 ( f )  (i)  3D endoluminal view showing large 
internal haemorrhoids ( arrows ).  (ii)  2D axial view show-
ing internal haemorrhoids ( h ).  C  rectal catheter           
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13.4.3        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 visuali-
sation of rectal polyps [ 2 ].

13.4.4        Rectal Tumors 

 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  13.6a (i)–(iii)  shows rectal 
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 immunodefi ciency syndrome 
(AIDS) [ 4 ].

  Fig. 13.5    3D image shows polyp ( p and open white 
arrows ) away from the catheter       
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aiii

aii

  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 )       

13.5         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 defl ated when the patient is in 
the prone position.  
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•   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 
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.     

13.6     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.     

  Acknowledgements     Clinton Bopp is thanked for draw-
ing the diagrams illustrating internal and external 
haemorrhoids  
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      Polyps                     

     Joel     H.     Bortz    

    Abstract 

   Being able to readily identify the different types of polyps on a CTC study 
is important in terms of patient management. Sessile, pedunculated, fl at 
and carpet lesions are described with examples of 2D and 3D CTC images. 
Although a reader can describe the size and shape of polyps on a CTC 
study, their histological type has to be confi rmed by biopsy. Colon polyps 
are described with accompanying CTC images. It is important to have a 
working knowledge of polyp morphology and how to accurately measure 
polyps. Examples of volume measurements and positioning of polyps in a 
head-on position are used to highlight the importance of accurate polyp 
measurement. There is a critical threshold 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. Non-neoplastic mucosal 
lesions, and submucosal lesions are covered with some examples.  

14.1       Introduction 

 The primary aim of a screening CTC study is to 
detect and identify lesions in the colon. How to 
manage polyps is important. Readers of CTC 
images need to have a working knowledge of 
polyp morphology and how to measure polyps 
[ 1 ], 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 
[ 2 ]. The head of a pedunculated polyp only is 
measured; 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). 

 A study is considered positive when a lesion 
≥6 mm is detected. Polyps ≥10 mm are rou-
tinely removed. The chance of malignancy is 
<1 % in an asymptomatic low- risk individual 
[ 3 ]. Polyps may be sessile, pedunculated or fl at. 
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A variation of the fl at polyp is a laterally spread-
ing lesion known as a carpet lesion. Fifty percent 
(50 %) of adults older than 50 years will harbour 
at least one colorectal polyp [ 4 ]. Fourteen per-
cent (14 %) of asymptomatic individuals will 
have polyps >6 mm. The prevalence rate of large 
polyps (>10 mm, advanced adenoma) and small 
polyps (6 mm–9 mm) is 6 % and 8 %, respec-
tively [ 1 ]. 

 Prevalence rate is defi ned as the number of 
people in a population who have a specifi c disease 
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 spec-
ifi ed period, such as months or years [ 6 ]. Incidence 
therefore indicates how many people within a 
specifi ed time newly acquire this disease. 

 CTC came of age in 2003 with the ground-
breaking article by Pickhardt et al. [ 7 ]. The fi nd-
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 fi rst to use barium sulphate 
to tag stool and Gastrografi n to tag residual fl uid. 
Colorectal cancer (CRC) was the fi fth most com-
mon site of cancer in both men and women in 
2012 [ 8 ]. Since CRC in the United States of 
America (USA) remains the third most common 
cancer and the second leading cause of cancer 
deaths, the value of screening lies in the ability of 
CTC to detect and prevent CRC rather than CRC 
detection alone [ 9 ]. In 2008 the American Cancer 
Society endorsed CTC as a recommended screen-
ing test [ 9 ]. 

 CTC is not a replacement for OC; it is an alter-
native and complementary screening option. 
What are its main advantages compared with 
OC? There are several. For example:

•    It is safer: it is a minimally invasive study with 
an extremely low risk of perforation.  

•   No risk of introduction of infection as the rec-
tal 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.    

 There are four main disadvantages of CTC:

•    It is a nontherapeutic test as it is a non-inva-
sive study.  

•   Signifi cant 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 fairly broad agreement 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 war-
rant polypectomy. There is however a difference of 
opinion for management of small polyps (6–9 mm) 
[ 12 ]. It is uncertain whether the benefi ts of polyp-
ectomy 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 adenomas 
[ 14 ]. The fi ndings of a recent publication by Pooler 
et al. [ 15 ] on polyps missed with OC despite previ-
ous detection and localisation with CTC showed a 
21.5 % miss rate. Put differently, 21.5 % of discor-
dant polyps 6 mm or greater were detected at CTC 
but not confi rmed at subsequent OC [ 15 ]. This 
indicated a false negative fi nding at OC.  

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 therefore a 
structure that arises from the colonic mucosa. 
This structure has homogenous soft tissue attenu-
ation and demonstrates a fi xed point of attach-
ment to the bowel wall and projects into the 
colonic lumen [ 16 ]. An adenoma is a benign epi-
thelial tumour of glandular tissue. A lesion is a 
pathological abnormality of a structure [ 17 ]. 

 Polyps vary in size from 1 to 30 mm or more. 
Polyps are classifi ed according to their morphol-
ogy: sessile, pedunculated or fl at, size (diminu-
tive ≤5 mm, small 6–9 mm, large ≥10 mm) and 
histology.  
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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 fl at. Sessile polyps have a broad 
base of attachment as evident in Fig.  14.1a . 
Pedunculated polyps have a well-defi ned 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 fl at polyp is a subset of sessile structures 
that has plaque-like morphology and is not pol-
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 fl at 
lesions; it is a laterally spreading, or superfi cially 
spreading tumour, which occurs mainly in the 
caecum and rectum (Fig.  14.1d ). Carpet lesions 
are discussed in more detail in section  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 fl at adenomas were not found to be 
at greater risk for advanced adenomas at subse-
quent colonoscopy. In fact fl at lesions <30 mm 
are not a major concern compared with polypoid 
lesions of similar size. 

 Measurements of colon polyps must be as 
accurate and exact as possible because manage-
ment of CTC patients with polyps is dependent 
on polyp size. For example, a deviation of 1 mm 
in a small polyp’s measurement (6–9 mm) could 
result in a change of diagnosis. To put this differ-
ently, 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 overmeasure-
ment 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 nonadenomatous for the rest. 
An advanced adenoma is at a higher risk for can-
cer progression thus polyps ≥10 mm are rou-
tinely removed. An overmeasurement would 
cause a patient to undergo an unnecessary polyp-
ectomy. To obtain the closest exact size of polyps 
means that 2D and 3D measurements of multi-
planar images are essential to avoid under/
overmeasurements.  
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  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 fl at, mildly lobu-
lated interhaustral lesion ( open green arrows ). ( c ) ( 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 confi rmed tubulovillous adenoma (Courtesy of 
Prof Kim, Wisconsin University)       
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14.4     Polyp Measurement 

 The rationale of screening CTC is to detect polyps 
and to measure their size accurately because lin-
ear measurements are used in patient management 
decisions. Both 2D and 3D images are required to 
accurately measure polyps. As a general rule, 3D 
measurement may overestimate size whilst 2D 
usually underestimates size. Therefore an average 
of both measurements is 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 abnor-
mal when a polyp that is 6 mm or greater is detected. 
Diminutive polyps (5 mm) are usually ignored, par-
ticularly when diagnosed by CTC (Fig.  14.2a i–iii ). 
When diagnosed by optical colonoscopy (OC), they 
are usually removed in most patients.

   Polyps 6–9 mm are termed small polyps. 
Figure  14.2b (i) – e (iii)  shows a range of examples 
of small polyps. 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 performed [ 1 ]. The 
polyp size is reassessed 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 general agreement that large lesions 
>10 mm should be removed by OC. Figure  14.2f 
(i) – h (iii)  demonstrates the features of large lesions 
at CTC. 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, of a 
patient who is under a 3-year surveillance pro-
gramme, must have measurements as accurate as 
possible on a baseline study. This is because a 
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 defi ned by the longest 
dimension among the three orthogonal 2D 

multiplanar reconstruction views: axial, sagittal 
and coronal. Electronic callipers are used for lin-
ear measurements of polyps. Volume measure-
ment is a newer and more promising technique; a 
small change in polyp diameter corresponds to a 
much larger proportional change in polyp vol-
ume. Figure  14.2i (i–iii)  illustrates volume mea-
surement. 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 mea-
surements, but there tends to be some ‘overfl ow’ 
of the correct borders of a polyp as evident in 
Fig.  14.2i (i, ii) . This software does however 
allow for a semiautomated 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 2,000 HU 
and 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 in 
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 bar-
ium 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) . 
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In these fi gures 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 measured, 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, corresponding to the coronal view on 2D 
(Fig.  14.2j (iv) ), it passes through the long axis of the 
polyp and will be the most correct measurement.  

ai aii

aiii

  Fig. 14.2    ( a ) ( i ) 3D endoluminal view showing 4 mm 
haustral fold polyp ( arrow ). ( a ) ( ii ) 2D view showing 
density on haustral fold ( arrow  = polyp). ( a ) ( iii ) 3D 

view showing a 3.4 mm sessile polyp on posterior haus-
tral fold 
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 ( b ) ( i ) 3D view showing small (7.5 mm) sessile 
polyp on posterior aspect of haustral fold. ( b ) ( ii ) 2D coronal 
view showing sessile polyp arising from posterior fold 

( arrow ). ( b ) ( iii ) TD showing typical features of a polyp: 
high intensity centrally ( red ) surrounded by light green and 
blue

Fig. 14.2
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Fig. 14.2 ( c ) ( i ) 3D view showing small polyp (6.5 mm) on 
haustral fold. ( c ) ( 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 ). 
( d ) ( ii ) 2D sagittal view showing small density on inferior 

haustral fold ( white arrow ). ( d ) ( iii ) Typical features of a 
polyp on a TD view. High intensity centrally ( red ) sur-
rounded by  light green  and  blue  ( open white arrow ). Rectal 
catheter ( C )
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Fig. 14.2 ( 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. ( e ) ( ii ) 
2D sagittal view showing soft tissue polyp on posterior wall 
of caecum ( open white arrow ).  RK  right kidney. Right rib 
( green arrow ). ( e ) ( 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. ( f ) ( 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 ). 
( f ) ( iii ) TD showing high intensity ( red ) of polyp head
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Fig. 14.2 ( 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. ( g ) ( ii ) 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. ( g ) ( iii ) 2D sagittal view showing 12 mm ses-
sile polyp on anterior sigmoid fold. Note the small amount 

of barium at the base and side. ( h ) ( i ) 3D view showing a 
triangular shaped 11.6 mm sessile polyp ( open black 
arrow ) on haustral fold. ( h ) ( ii ) 2D axial view showing an 
elongated density in relation to haustral fold ( open green 
arrow ). ( h ) ( iii ) TD showing features of a sessile polyp 
( open black arrow ). Note high intensity centrally ( red ) 
surrounded by light green and blue
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i(i)
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i(ii)

i(iii)

Fig. 14.2 ( i ) ( i ) 3D endoluminal volume measurement of a 
sessile polyp. Note the slight overfl ow of purple at the base 
( open black arrow ). ( i ) ( ii ) 3D endoluminal head-on view of 
the polyp (purple). ( i ) ( iii ) 2D view of the polyp that is 
coloured red for volume measurement. ( j ) ( i ) 3D endolumi-
nal 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. ( j ) ( ii ) 3D endoluminal view 
with a green line (corresponding to  2D sagittal view ) pass-

ing through the short axis of the polyp. Measurement in this 
view will undersize the polyp. ( j ) ( iii ) 3D endoluminal view 
with a blue line (corresponding to  2D coronal view ) passing 
through the long axis of the polyp. This indicates the correct 
measurement of the endoluminal view. The measurement on 
2D coronal will be the correct measurement of the polyp. ( j ) 
( iv ) 2D coronal view shows linear measurement through the 
long axis of the polyp               
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14.5     Reporting Polyps: 
C Classification 

 A C1 to C4 classifi cation is used when reporting 
CTC fi ndings. For example, normal colon or 
benign lesion would be classifi ed as C1. If a polyp 
or possibly advanced adenomas were noted on the 
study, the classifi cation would be C3 [ 16 ]. A non- 
diagnostic study would be C0. Table  14.1  presents 
the colonic C1 to C4 classifi cations.

14.6        Natural History of Polyps 
According to Lesion Size 

 In the vast majority of 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 classifi ed C1 (normal). 

 According to van Dam et al. [ 25 ], a future 
trend 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 
justifi ed’ for these lesions. He qualifi ed this state-
ment by stating ‘the overwhelming majority can-
not possibly represent an important near-term 
health threat’. 

 Bond [ 27 ] was of the opinion that scientifi c data 
indicated that clinicians should shift their attention 
away from simply fi nding and harvesting all dimin-
utive colorectal polyps. Their attention should 
rather focus on strategies that allow for reliable 
detection of the much less common but more dan-
gerous advanced adenoma. One-third of diminutive 
polyps are adenomas, mainly tubular adenomas. 
The remainder are nonadenomas, hyperplastic pol-
yps and mucosal tags, for example. 

 Lesion size is the most important factor of 
clinical signifi cance. A CTC study is considered 
negative if no polyps are identifi ed or if there are 
polyps present that are all diminutive (5 mm or 
less) in size. The majority of diminutive lesions 
are hyperplastic or tubular adenomas and are of 
little or no clinical signifi cance [ 27 ]. Schoenfeld 
[ 28 ] maintained it was not necessary to report 
diminutive polyps. The chance of these lesions 
being malignant or containing high-grade dyspla-
sia at the time of detection is estimated to be far 

   Table 14.1    Colonic classifi cations   

 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 fi ndings: e.g. colonic 

diverticula 

 C2  Small polyps. Surveillance or colonoscopy 
recommended 
   Small polyp 6–9 mm, <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 Zalis et al. [ 16 ]  

J.H. Bortz



193

less than 1 % [ 29 ]. Others added that it is neither 
clinically wise nor cost effective to refer diminu-
tive polyps 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. Optical colo-
noscopy detection of diminutive lesions and 
matching with CTC fi ndings can be problematic: 
additional time and costs are incurred, as well as 
potential complications [ 24 ]. 

 In an asymptomatic screening population, the 
prevalence range for polyps >6 mm 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 
harbouring 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 ] were of the opinion that leaving small pol-
yps for 3 years was a safe practice. Pickhardt and 
Kim [ 1 ] concur that many studies have shown 

that leaving small polyps in place is not a harmful 
practice. 

 The clinical management of visualisation of 
one or two small polyps at CTC is either a same-
day optical colonoscopy or a 3-year surveil-
lance period. The working group on virtual 
colonoscopy stated that 3-year CTC surveil-
lance for patients with one or two small polyps 
represents a reasonable approach [ 16 ]. If three 
or more polyps are seen at CTC, then OC is rec-
ommended; there is a greater likelihood that 
such polyps contain adenomatous tissue. 
Figure  14.3  shows three lesions in the right side 
of the colon.

  Fig. 14.3    Colon-map showing three lesions. The three 
 red dots  indicate site of pathology       
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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 ]. Therefore 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 thus reasonable to recommend interval surveil-
lance 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 fi rst-degree relative with a 
history of CRC or no personal history of CRC or 
advanced adenoma. However, if a patient has 
three or more synchronous adenomatous polyps, 
there is an increased risk of developing advanced 
adenomas [ 34 ]. When three or more synchronous 
6–9 mm polyps are detected at CTC, referral to 
colonoscopy and polypectomy is recommended. 
Note that lesions 10 mm or larger, and colonic 
masses ≥ 30 mm, are referred to colonoscopy.  

14.8     Advanced Adenoma 

 An advanced adenoma (>10 mm, large polyp) 
is at higher risk for cancer progression. It rep-
resents the key target sign for CRC screening 
and prevention (Fig.  14.4 ) [ 35 ]. Between 90 
and 95 % of advanced adenomas are 10 mm or 
larger in size [ 10 ]. Only adenomas and ser-
rated polyps have the possibility of future 
transformation into cancers [ 10 ]. Despite the 
overall preponderance of sub-centimetre 
lesions, only a small minority of advanced 
adenomas are present, and 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, there is a slow progression 
to cancer conversion [ 36 ].

   There are three criteria of an advanced ade-
noma [ 10 ], namely:

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

DIMINUTIVE POLYPS < 5 MM

SAMLL
POLYPS

(6 – 9 mm)

ADVANCED

ADENOMA
(≥ 10 mm)

  Fig. 14.4    The target is an 
advanced adenoma       
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•   Any adenoma of any size that harbours high-
grade dysplasia  

•   Any adenoma of any size that contains a sig-
nifi cant 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 (10–
20 mm) is only about 1 %. Approximately 30–40 % 
of large polyps are nonadenomatous [ 32 ]. A com-
parison of CTC versus OC for detection of 
advanced adenoma is presented in Table  14.2 . This 
table includes some interesting points:

•     The number of advanced adenomas ≥10 mm 
was identical in both groups.  

•   The total number of advanced neoplasia 
(includes all advanced adenomas and carcino-
mas) was almost identical.  

•   Only 8 % of patients who had CTC studies 
were referred for OC.  

•   Out of these patients, a total number of 561 
polyps were removed compared with 2434 
polyps removed at OC. This indicates a four-
fold increase in the number of polyps removed 
during OC. This is indicative of the unneces-
sary removal of a large number of benign 
lesions.  

•   Of signifi cance is that there were seven perfo-
rations in the OC group and nil in the CTC 
group.  

•   The major revelation in the study being that 
in an almost equal number of patients, 14 
cancers were detected in the CTC group 
compared with only 4 cancers detected in the 
OC group.     

   Table 14.2    Comparison of CTC vs OC for detection of advanced adenoma   

 Primary CTC cases  n  = 3120  Primary OC cases  n  = 3163 

 Patients referred for OC   n  = 246 (8 %)   n  = 3163 (100 %) 

 Number of polyps removed at OC  561  2434 

 Number of advanced adenoma ≥ 10 mm  103  103 

 Number of advanced adenoma 6–9 mm  5  11 

 Total number of advanced adenoma 5 mm  1  3 

 Invasive cancer  14  4 

 Total advanced neoplasia  123  121 

 Perforations  0  7 (0.2 %) 

  Adapted from Kim et al. [ 10 ]  
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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 dysplasia 
(e.g. abnormal growth/development of tissue). 
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 can-
cer penetrates the muscular layer of the bowel 
wall, it is termed an ‘invasive’ cancer. Based on 
their glandular architecture, there are three sub-
sets of adenomatous polyps. These subsets and 
their prevalence percentages are:

•    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 component in the histology indi-
cates which subset classifi cation 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 adeno-
mas 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 muta-
tions, 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-carcinoma 
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 [ 37 ]. 

 An adenoma with high-grade dysplasia has the 
greatest risk of progressing to cancer [ 36 ]. It should 
be noted that high-grade dysplasia is now the pre-
ferred terminology and not carcinoma in situ. An 
invasive carcinoma refers to cancer that spreads 
beyond the muscularis mucosa into the submucosa. 
When this occurs the cancer can potentially spread 
further. A malignant polyp is an adenoma with 
invasive carcinoma: the polyp has invaded past the 
muscularis mucosa into the submucosa, and metas-
tasis may then occur. It must be remembered that a 
histological 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:

•    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 polyps 
(6–9 mm).  

•   A >10 mm tubular adenoma may progress into 
cancer.    

 Figure  14.5i–iv  shows a 9 mm sessile lesion. 
Histology confi rmed tubular adenoma with no 
evidence of high-grade dysplasia.
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i ii

iii iv

  Fig. 14.5    ( i ) 3D endoluminal view of sessile lesion 
( open black arrows ). ( ii ) Blue line passes through long 
axis of lesion. ( iii ) 2D coronal view of sessile lesion ( open 

white arrow ). ( iv ) Typical features of a polyp ( open black 
arrows ) on a TD view. High intensity centrally ( red )       
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14.9.2        Tubulovillous Adenomas 

 Their important points are:

•    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 haustral fold. Histology confi rmed a tubulo-
villous adenoma with no high-grade dysplasia.

14.9.3        Villous Adenomas 

 Their important points are:

•    They comprise less than 5 % of all colorectal 
neoplasms.  

•   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 are [ 38 ,  39 ] 
presented below:

•    Benign non-neoplastic growth.  
•   Prevalence from 10 to 35 %.  
•   No correlation with advancing age.  
•   Common and are usually diminutive.  
•   Sessile.  
•   Soft lesions that may fl atten with colonic 

insuffl ation.  
•   Vast majority have no malignant potential.  
•   Hyperplastic group occur 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.     
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  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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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 incidence 
is similar to the prevalence of unsuspected inva-
sive cancers detected at screening colonography, 
which is also one in 500 studies. These lesions are 
not diffi cult to diagnose, provided tagging of stool 
and retained liquid has been performed. Tagging 
provides a thin coating of positive contrast mate-
rial on a portion of the mucosal surface, which is 
best identifi ed in a soft tissue window. The coating 
material is usually barium. Figure  14.7i–iv  shows 
examples of a carpet lesion courtesy of Professor 
D Kim from Wisconsin University. The lesion is 
usually ≥30 mm in size. It is a fl at laterally spread-
ing colorectal mass. It will display a surface coat-
ing of contrast medium, which acts as a marker for 
detection. Although termed ‘fl at’ the lesion typi-
cally has a superfi cially elevated mucosa which 
can reach a height of 4 –14 mm. The edges tend to 

be superfi cially elevated from the surrounding 
mucosa. Untagged residual faecal material may 
however obscure or even mimic a carpet lesion. 
This makes the use of a cathartic agent, as well as 
tagging, essential to avoid misdiagnosis [ 41 ]. 
These lesions are not diffi cult to diagnose pro-
vided that both tagging of stool and residual liquid 
has been performed.

   Carpet lesions will maintain a fl at, plaque-like 
morphology without evidence of luminal com-
promise or narrowing [ 42 ]. The most common 
sites are the rectum, caecum, sigmoid colon and 
ascending colon, in other words both the right 
and left colon. The sex distribution is more equal, 
whereas colorectal neoplasia has a male predom-
inance. 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 superfi cially elevated 
lesions are generally less aggressive than polyp-
oidal lesions of a similar size [ 43 ].  
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  Fig. 14.7    ( i ) 3D endoluminal view of rectum showing 
rectal catheter (C) and carpet lesion extending for 40 mm 
( open green arrows ). Histology confi rmed 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 fl at soft tissue lesion ( green arrows ). Note the 
etching of positive contrast material on the surface of the 
lesion. ( iv ) Optical colonoscopy view confi rms CTC fi nd-
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. There are two major classes 
of precancerous colorectal lesions: ( 1 ) adenoma, 
which consists of tubular, tubulovillous and vil-
lous histology, and ( 2 ) serrated polyps [ 44 – 46 ]. 
The latter has three subclasses [ 47 ,  48 ], namely:

•    Hyperplastic polyp (HP).  
•   Traditional serrated adenoma (TSA).  
•   Sessile serrated polyp (SSP). More than 90 % of 

SSPs have no dysplastic component, whilst the 
rest of them do contain a dysplastic component.    

 Hyperplastic polyps (HP) are:

•    Typically small and predominantly in the left 
colon  

•   Considered to have almost no malignant 
potential    

 Traditional serrated adenomas (TSA) are:

•    Predominantly left sided, often bulky and easy 
to detect endoscopically  

•   Dysplastic and precancerous    

 Sessile serrated polyp (SSP) characteristics 
are as follows:

•    They are the most important lesion in the ser-
rated class.  

•   They are common and premalignant.  
•   Twenty percent 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 ].    

 In addition, clinicians treat a proximal colon 
serrated lesions ≥10 mm as a SSP even if the his-
tological report states hyperplastic polyp. SSP 
detection can be extremely challenging. A SSP 
may have a fl at or sessile shape and its colour 
may be similar to the surrounding mucosa. 
Endoscopic features of SSP that may help in 
making the correct diagnosis include:

•    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. Table  14.3  illustrates the 
clinical features of conventional adenomas and 
the serrated class.

   Table 14.3    Clinical features of conventional adenomas and the serrated class   

 Lesion 
 Frequency 
in screening  Colonic distribution  Dysplastic 

 Malignant 
potential  Shape 

 Conventional 
adenoma 

 +/− 50 %  Equal distribution right 
and left colon 

 Yes  Yes  Flat and sessile 
5–10 % pedunculated 
<1 % depressed 

  Serrated class  

 Hyperplastic polyp 
(HP) 

 +/− 30 %  Rectosigmoid. Larger 
lesions caecum and 
ascending colon 

 No  No  Sessile or fl at 

 Sessile serrated polyp 
(SSP) 

 Caecum and ascending 
colon 

 SSP without 
cytological dysplasia 

 3–8 %  Mostly proximal  No  Yes 

 SSP with cytological 
dysplasia 

 <1 %  Mostly proximal  Yes  Yes 

 Traditional serrated 
adenoma (TSA) 

 Rare  Rectosigmoid  Yes  Yes  Sessile or 
pedunculated, often 
villiform 

  Adapted from East et al. [ 48 ]  
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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 pol-
yps ≥6 mm in an asymptomatic screening popula-
tion [ 32 ]. There are several lesions that fall under 
the non-neoplastic group, namely:

•    Hyperplastic polyp  
•   ‘Mucosal’ polyp  
•   Juvenile polyp  
•   Infl ammatory polyp  
•   Infl ammatory 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.  

 –   Twenty-fi ve percent or less of HPs measure 
more than 6 mm.     

•   ‘Mucosal’ polyp
 –    Normal epithelium in a ‘raised’ polypoid 

appearance  
 –   Second most frequent nonadenomatous 

lesion  
 –   Ninety percent 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 1 and 7 years  
 –   Tends to be solitary and pedunculated and 

occurs in the rectosigmoid region  
 –   Most regress or slough off  
 –   May occur in isolation or be associated 

with polyposis conditions, such as the 
Peutz-Jeghers syndrome or Cowden 
syndrome  

 –   Occasionally seen in adults     
•   Infl ammatory polyps

 –    May occasionally be seen as an isolated 
fi nding in adults     

•   Infl ammatory pseudo polyps
 –    Usually seen in patients with infl ammatory 

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 infl amed 
mucosa surrounded by areas of denuded 
epithelium.  

 –   Infl ammatory pseudo polyps should not be 
confused with postinfl ammatory polyps. 
The latter are seen in the chronic regenera-
tive phase of infl ammatory bowel disease.        
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14.14     Submucosal Lesions 

 A submucosal lesion is a ‘mass-like’ protrusion 
into the lumen of the colon; it originates deep to 
the mucosa. Such lesions manifest as smooth 
broad-based abnormalities. This allows for them 
to be more easily detected on OC than on 
CTC. This limits the effi cacy 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   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 ].

14.14.1       Neoplastic Intramural 
Submucosal Lesions 

     (i)    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. As it grows it may 
become the lead point for intussusception. 
On 2D soft tissue windowing, the fat attenu-
ation 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.

       (ii)    Carcinoid tumour is uncommon and is usu-
ally located in the rectum. When the tumour is 
small, it may be indistinguishable from a 
mucosal-based lesion. As these tumours grow, 
they may ulcerate and be a cause of gastroin-
testinal bleeding. Proximal carcinoid tumours 
are most frequently seen in the caecum and 
ascending colon. Carcinoids that involve the 
appendix are relatively common sub-centime-
tre lesions. They rarely cause symptoms and 
are usually in the distal appendix [ 53 ]. Figure 
 14.8b  shows a carcinoid  tumour.   

   (iii)    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 
ileocaecal region is most often involved, 
followed by the rectosigmoid region. 
Associated abdominal lymphadenopathy 
may be present. Polypoid lesions may pre-
dispose to intussusception [ 55 ].   

   Table 14.4    Neoplastic and non-neoplastic causes of submucosal lesions involving colon and rectum   

 Neoplastic causes  Non-neoplastic causes 

 Intramural origin    Lipoma 
   Carcinoid tumour 
   Lymphoma 
   Haemangioma 
   GIST (GI stromal tumour) 
   Secondary deposits 

 Intramural origin    Vascular lesions 
   Cystic lesions 
   Haematoma 
   Pneumatosis 

cystoides 

 Extramural origin    Invasion by extracolonic 
tumour 

   Peritoneal carcinomatosis 

 Extramural origin    Endometriosis 
   Extrinsic impression 

  Adapted from Pickhardt and Kim [ 51 ]  
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   (iv)    Haemangiomas are rare benign vascular 
tumours that most often affect the rectosig-
moid region. Rectal bleeding is the most 
common symptom. The presence of multi-
ple phleboliths at imaging is very suggestive 
of underlying haemangioma.   

   (v)    GIST (gastrointestinal stromal tumour) typ-
ically arise in the muscular propria layer. 
These tumours are most common in the 

stomach, followed by the small intestine, 
anorectal area and oesophagus. They tend to 
grow outwards (exoenteric). 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 i.v. 
contrast on CT scanning [ 56 ].      

ai aii

b

  Fig. 14.8    ( a ) ( i ) Axial 2D soft tissue window view show-
ing tip of barium ( open white arrow ) on lipoma. ( a ) ( ii ) 
Translucent display of lipoma ( green  =  fat ). Barium ( white 
arrow ) on tip of lipoma. ( b ) 3D view of distal ileum show-

ing a lobulated mass ( arrows ) on endoluminal fl y-through. 
Histology showed a malignant carcinoid with lymph node 
involvement       
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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. Figure  14.9a 
(i, ii)  shows examples of internal haemorrhoids.

   Non-neoplastic causes of extramural origin 
include endometriosis and extrinsic impressions. 
An extrinsic impression, without mural invasion, 
may be caused by an abnormal extracolonic lesion:

    (i)    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 
carcinomas may be mimicked if there are soft 
tissue masses infi ltrating the peritoneum [ 57 ].   

   (ii)    An extrinsic impression is any structure, 
which may lie adjacent to the colon, and may 
cause an extrinsic impression on the lumen. 
2D multiplanar reformatting allows one to 
readily differentiate intramural lesions from 
extracolonic lesions. Common examples of 
the latter include aorta, uterus, small intes-
tine and kidneys [ 58 ,  59 ]. Figure  14.9b (i, ii)  
is an example of an extrinsic impression on 
the colon. See more examples in Chap.   11    .       

ai aii

bi

bii

  Fig. 14.9    ( a ) ( i ) Internal haemorrhoids ( open black 
arrow ). ( a ) ( ii ) 2D axial prone view showing internal 
haemorrhoid (h). Rectal catheter ( white circle ). ( b ) ( i ) 3D 
endoluminal view showing an external impression from 

L5 ( open black arrows ). ( b ) ( ii ). 2D sagittal view showing 
mild spondylolisthesis of L5 on S1 causing posterior 
extrinsic impression on sigmoid colon ( blue arrow )       
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14.15     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 option of a 3-year sur-
veillance may be offered.  

•   Advanced adenomas (≥10 mm) are sent for 
same-day OC.  

•   Beware of right-sided colonic lesions as they 
may be of the serrated variety.     

14.16     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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      The Adenoma–Carcinoma Sequence, 
Management and Treatment 
of Colon Cancer                     

     Joel     H.     Bortz       and     Hesta     Friedrich-Nel    

    Abstract 

   Colorectal cancer (CRC) is a leading cause of death, worldwide. Most 
sporadic cancers arise from the adenoma–carcinoma pathway. This path-
way, together with the serrated polyp–carcinoma sequence, constitutes 
95 % of cancer of the colon. The hereditary colorectal cancer syndromes 
represent 5 % of colon cancers. At CTC it is important to describe the size 
and location of lesions as early detection of cancer precursors is important. 
Examples of lesions at CTC are presented. The role of imaging modalities 
in preoperative evaluation of CRC, as well as for staging of tumours, 
nodes and metastases, is discussed. Management of CRC includes surgery, 
radiation therapy, chemotherapy and targeted therapy which is either sepa-
rate or in combination.  

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 fi fth most common site of cancer in both men 

and women in 2012. Reduction of cancer by 25 % 
by 2020 is part of the WHO’s global action plan 
for the prevention and control of noncommunica-
ble diseases [ 2 ]. The WHO promotes screening 
programmes for early detection of CRC [ 1 ]. An 
estimated 93,090 cases of colon cancer and 
39,610 cases of rectal cancer are expected to be 
diagnosed in 2015. The latest CRC statistics for 
new cases in the United States of America (USA) 
is expected to decrease to 136,830 from the previ-
ous estimate of more than 143,000 cases in 2012 
[ 3 – 5 ]. The number of deaths in 2015 is expected 
to decrease to 49,700 from the previous fi gure of 
more than 50,000 deaths per year [ 3 – 6 ]. There has 
been a gradual decline in the incidence of cancer 
as well as the number of deaths in the USA; these 
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declines have been attributed to CRC screening 
and removal of potentially harmful polyps [ 6 ]. 
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 [ 7 ]. It is important to detect and remove 
a polyp, which will ultimately grow and become 
an underlying cancer [ 8 ]. Knowledge of the ade-
noma–carcinoma sequence is important for 
reporting of polyps detected during CTC studies 
[ 9 ].  

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 unat-
tended, will eventually transform into an underly-
ing cancer [ 8 ,  9 ]. 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 adenomatous 
polyp. A few cancers are known to arise from a 
different precursor, the hyperplastic polyp. A can-
cer, which arises from an adenomatous polyp, 
goes through a pathway known as the adenoma–
carcinoma pathway [ 7 ,  8 ]. Cancer from a hyper-
plastic polyp develops along a different pathway: 
the serrated polyp–carcinoma sequence. There is 
another less common pathway: the hereditary 
colorectal cancer syndromes [ 10 ]. 

15.3.1     Adenoma–Carcinoma 
Pathway 

 The adenoma–carcinoma pathway is that of a can-
cer that arises from an adenomatous polyp [ 7 ]. 
This pathway sequence is also termed the ‘sup-
pressor’ or ‘chromosomal mobility’ pathway. It is 
characterised by loss or inactivation of large por-
tions of chromosomes. The precursor lesion is the 
adenoma; this route accounts for 80 % of CRCs 
[ 11 ]. It takes between 10 and 15 years for an ade-
noma to develop into a carcinoma [ 7 ,  12 ]. Over 
time an adenoma becomes increasingly dysplas-
tic, which is an indication of an early neoplastic 
process, eventually leading to the formation of 
underlying cancer. Adenomas grow to a fairly 
large size before converting into cancer [ 8 ]. An 
advanced adenoma is most likely to undergo pro-
gression to cancer. As evident in Fig.  15.1 , the 
main aim of screening CTC is to target lesions 
which are classifi ed as advanced adenomas. What 
is an advanced adenoma? There are three criteria 
of advanced adenoma [ 8 ], namely:

•     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-
nifi cant villous component (≥25 % of tubulo-
villous or villous histology)    

 A simplifi ed version of the adenoma–carci-
noma sequence is basically the conversion of 
normal colonic mucosa → benign ade-
noma → advanced adenoma → an invasive can-
cer. This sequence is due to a number of genetic 
mutations that cause inactivation of tumour sup-
pressor genes and activation of various onco-
genes, which promote tumour growth. 
Figure  15.1a(i)–f  presents a range of examples 
of polypoidal lesions and colorectal cancer, as 
well as an example of metastatic lymph nodes.  
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Diminutive polyps < 5 mm

Samll
polyps

6–9 mm

Advanced

Adenoma
≥ 10 mm

  Fig. 15.1    An advanced adenoma is the target lesion
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Fig. 15.1  ( a ) ( i ) 3D view of a 10.8 mm polypoidal lesion 
( open black arrow ) close to rectal catheter (C). ( a ) ( 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 ). ( b ) ( 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 ). ( c ) ( ii ) 2D axial soft tissue view  showing annular 
carcinoma with marked narrowing of lumen ( arrows ) 

a(i) a(ii)

b(i) b(ii)

c(i) c(ii)
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15.3.2     Serrated Polyp–Carcinoma 
Sequence 

 Cancer from a hyperplastic polyp develops along a 
different pathway, the serrated polyp–carcinoma 
sequence, and forms between 15 and 20 % of 
CRCs. It is termed the ‘mutator’ pathway [ 13 ]. It is 
characterised by microsatellite instability (MS1) 
due to uncorrected replication errors. There is a 
second minor pathway within the serrated polyp–
carcinoma sequence, that of low MS1 cancers. 
This is a newly recognised pathway, and it accounts 

for 15–20 % of sporadic CRC [ 14 ]. The precursor 
lesion is the hyperplastic 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 architectural disorganisation: sessile serrated 
polyp (SSP). As a result of genetic events, the ser-
rated polyp becomes increasingly dysplastic and 
eventually evolves into a carcinoma. These carci-
nomas demonstrate microsatellite instability (MS1) 

d(i)

e f

d(ii)

 ( d ) ( i ) 3D endoluminal view showing semi-
annular carcinoma ( arrows ). ( d ) ( ii ) 2D sagittal soft  tissue 
view showing cancer in the sigmoid colon ( arrows ). ( 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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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 %).   

15.4     Hereditary Colorectal Cancer 
Syndromes 

 The vast majority of CRC (95 %) arise from pre-
existing polyps; the rest (5 %) represent the hered-
itary colorectal cancer syndromes [ 10 ]. 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 twenties (3rd decade) and thir-
ties (4th decade). Colorectal cancer is inevitable 
in people with FAP thus total colectomy is recom-
mended. Patients with FAP also suffer from gas-
tric polyps, and small bowel polyps, particularly 
in the duodenum. 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. Although related, they are considered 
under the umbrella of FAP as separate syndromes: 
Gardners’ syndrome (intestinal polyposis and 
benign bone lesions, such as osteoma of the man-
dible) and Turcot’s syndrome (colonic polyps and 
central nervous system tumours). 

 Lynch syndrome (hereditary non-polyposis 
colorectal cancer) [ 15 ] 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 multiple 
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 central ner-
vous system (1–3 %). The cancer risks for women 
with the syndrome are endometrial cancer (20–
60 %) and ovarian cancer (9–12 %). There are 
also higher risks of other cancers, namely, pan-
creatic cancer, kidney cancer, prostate cancer and 
breast cancer [ 15 ].  

15.5     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, e.g. the 
Union for International Cancer Control (UICC) or 
tumour, node, metastases (TNM classifi cation) or 
Duke staging [ 16 ]. The treatment protocol 
includes surgery, radiation therapy, chemotherapy 
and targeted therapy, such as ablation or emboli-
sation 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), is locally advanced 
(stages II and III) and/or has spread to distant 
organs (stage IV). Local CRC (stages I to III) can 
have a high, moderate or low risk of local recur-
rence. This information assists in determining the 
treatment protocol of the patient. 

15.5.1     Surgery 

 Surgery is the most common treatment option 
but depends on the location of the tumour and is 
recommended if the tumour is resectable [ 17 ]. 
During a colonoscopy, the surgeon can perform a 
polypectomy which is a local excision of a 
polyp. If the histopathological evidence indi-
cates that the removal of the polyp was complete, 
no further treatment may be required. A colec-
tomy is done to remove a part of the colon and 
surrounding or nearby lymph nodes. This proce-
dure can be done via a laparoscopy (laparo-
scopic-assisted colectomy) or during open 
surgery. A mesorectal excision is recommended 
for a patient fi t 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 meta-
static disease includes palliative intraluminal 
procedures, resection or ablation of metastases 
in the liver and/or lungs [ 18 ].  
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15.5.2     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 [ 17 ]. 

15.5.2.1     Chemotherapy 
 Chemotherapy can be used at different times 
during 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 
cancers. Combination chemotherapy is used to 
improve the survival of patients with metastatic 
colorectal cancer with good organ function and 
performance status. Chemotherapy can be 
administered systemically or regionally. 
Systemic chemotherapy 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 the tumour and mini-
mise the exposure of chemotherapy to the nor-
mal 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 
[ 18 ].    

15.6     Radiation Therapy 

 External beam radiation therapy is commonly 
used for patients with CRC and can take vari-
ous forms [ 19 ]. Endocavitary therapy is applied 
via the anus and is sometimes used in combina-
tion 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 sur-
rounding healthy tissues is minimised. The last 
radiation therapy treatment option is radioem-
bolisation which is radiation therapy during an 
embolisation procedure. Preoperative pelvic 
radiotherapy, with a biologically effective dose 
of 30 Gy or higher, in combination with surgery 
has shown to improve the local control of the 
tumour. A short course preoperative radiother-
apy (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 [ 18 ]. 

15.6.1     Treatment of CRC by Stage 

 There are four stages of CRC [ 18 ]. Each stage is 
briefl y 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 sur-
rounding or nearby lymph tissue. Surgery includes 
any of the following: polypectomy, 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, 
specifi cally 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.  
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•   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/rectum as well as 
the surrounding lymph nodes. Surgery is then 
 followed by adjuvant chemotherapy. In some 
cases, the patient may receive the chemotherapy 
before the surgery. If there is a suspicion of local 
recurrence,  radiation therapy may also be used. 
Radiation therapy and/or chemotherapy remains 
a favourable treatment 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, peritoneum, 
lungs and distant lymph nodes. These patients 
will receive chemotherapy and/or targeted ther-
apy 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 radia-
tion therapy as it depends on the site and extent of 
the recurrence.   

15.7     Imaging Modalities 
in Preoperative Evaluation 
of CRC 

 CTC can play a role in preoperative evaluation of 
CRC according to Kijima et al. [ 19 ]. They com-
pared the effectiveness of different modalities, 
namely, CT colonography, magnetic resonance 
imaging (MRI), and positron emission tomogra-
phy–computed tomography (PET/CT) colonogra-
phy. These modalities were used to assess the 
TNM (tumour, node, metastases) staging of 
colorectal tumours. In terms of CT colonography, 
they state that it provides important information 
for preoperative assessment of tumour surgery.

•    Wall deformities usually are indicative of 
muscular or subserosal metastases.  

•   Calcifi cation of lymph nodes may occur from 
CRC; these are best detected by CT.  

•   Laparoscopic surgery is facilitated by 3D 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 colonoscopy. 
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 [ 20 ]. 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 CT colonography as a 
probable mass lesion, usually larger than 
10 mm. The tumour may have already infi l-
trated into the subserosa if there is increased 
density in the adjacent fatty tissue.    

 The accuracy of CT colonography in TNM 
staging is as follows [ 19 ]. Tumour staging (T 
staging) varies between 73 and 83 %. In terms of 
the detection of metastatic lymph nodes (N stag-
ing), diagnostic CTC, which includes i.v. contrast 
medium, has an accuracy varying between 50 and 
71 %. It can demonstrate liver metastases, pul-
monary metastases (M staging) and other extra-
colonic fi ndings (see Chap.   18    ). Its accuracy for 
liver metastases is 85 %. Intravenous (i.v.) contrast 
media are not used in screening CTC. However, 
the administration of i.v. contrast medium is man-
datory for staging by CT scanning. 

 MRI is used mainly for staging of rectal cancer 
(see Chap.   20    ) and in the evaluation of liver metas-
tases. According to Kijima et al. [ 19 ], PET/CT 
colonography seems a useful tool (i) for the evalua-
tion of CRC in presurgical staging and (ii) identify-
ing 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 [ 21 ].  

15.8     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.  

•   Cancer from a hyperplastic polyp develops 
along a different pathway, the serrated polyp–
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carcinoma sequence, and forms between 15 
and 20 % of CRCs.  

•   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.  

•   Diagnostic CTC, MRI and PET/CT colonog-
raphy play a role in TNM staging of CRC.     

15.9     Summary 

 Colorectal cancer (CRC) remains a major health 
problem around the world. Apart from inherited 
genetic disorders, such as hereditary non-polypo-
sis 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 treat-
ment and management of CRC underscore that 
concerted efforts should be made to reduce per-
sons developing CRC by correctly identifying and 
reporting advanced adenomas on CTC studies.     

  Acknowledgement   Clinton Bopp is thanked for draw-
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  16      Diverticular Disease                     

     Joel     H.     Bortz     

    Abstract 

   Diverticular disease is considered to be a normal fi nding as it is the most 
common benign colonic abnormality in people over the age of 50 years. 
CTC is contraindicated in patients with acute diverticulitis. Chronic diver-
ticular disease does have known complications, which may be visualised 
by CTC. There are several criteria that distinguish diverticular disease 
from underlying cancer. CTC images of diverticular disease are presented 
to illustrate the features of the pathology.  

16.1       Introduction 

 Diverticular disease 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 populations; it 
is therefore considered to be a normal fi nding 
(C1 classifi cation – see Chap.   10     Table   10.2    ) on 
CTC. It is a common gastrointestinal (GIT) dis-
order largely due to dietary factors. Hence 50 % 
of all screening adults will show moderate or 
severe diverticular disease, predominantly in the 
sigmoid colon, and to a lesser extent in the 
descending colon and right side of the colon [ 1 ]. 
The incidence of diverticular disease increases 
with age with equal prevalence in men and 
women [ 2 ]. The prevalence of diverticular dis-
ease has increased over the last few decades. 

Approximately 40 % of adults below the age of 
40 years have the disease. This rises to 50–70 % 
in adults up to the age of 70 years and reaches 
85 % in persons 80 years or older [ 1 ]. Asians are 
more prone to develop colonic diverticular dis-
ease on the right side of the colon [ 3 ].  

16.2     CTC Study Is Contraindicated 
in Acute Diverticulitis 

 Acute diverticulitis is an absolute contraindication 
for performance of a CTC study. Acute diverticulitis 
means that a perforation of a diverticulum has 
occurred. This may be extremely small. The perfo-
ration causes an infl ammatory 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 peritoneal cav-
ity which results in abscess formation. This is a seri-
ous situation which requires use of antibiotics. If 
there is a large volume of fl uid in the abscess cavity, 
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percutaneous drainage may be required. Abscess 
formation may result in loops of small and large 
bowel sticking together; this may eventually result 
in a fi stula between them (colo- enteric) or a fi stula 
between colon and colon (colo-colic) and also 
between colon and bladder (colo-vesical) as well as 
between uterus and colon (colo-uterine).  

16.3     Pathogenesis and Cause 
of Colonic Diverticular 
Disease 

 What is pathogenesis? It is the biologic mecha-
nisms that lead to a disease state. Diverticular 
disease pathogenesis is thus acquired by hernia-
tion (outpouching) of mucosa and submucosa 
through the muscularis propria in an area of 
weakness where the nutrient arteries extend 
through the submucosa [ 4 ]. Figure  16.1  shows 
outpouchings of multiple diverticula.

   The cause of colonic diverticular disease is not 
well understood. Several theories have been 
mooted [ 2 ,  5 ,  6 ]. Low-fi bre diets that are high in 
refi ned carbohydrates and low in dietary fi bre 

result in less bulky stools that retain less water 
[ 5 ]. This may alter the GIT transit time and may 
increase intracolonic pressure. Other causes 
include disordered colonic mobility [ 2 ], high red 
meat and low fat consumption and frequent use 
of anti-infl ammatory drugs [ 6 ].  

16.4     Pathological Features 
of Chronic Diverticular 
Disease 

 There are several features of the disease [ 5 ], 
namely:

•    Myochosis (muscle thickening) and elastin 
deposition  

•   Thickening of the circular muscle  
•   Shortening of the taeniae  
•   Decreased compliance  
•   Luminal narrowing     

16.5     CTC in Patients 
with Diverticular Disease 

 Patients with diverticular disease are usually 
asymptomatic when presenting for CTC screening 
for detection of colorectal cancer (CRC). Moderate 
or advanced severity diverticular disease is diag-
nosed in at least 50 % of patients who are 50 years 
or older [ 7 ]. The sigmoid colon, followed by the 
descending colon and then the ascending colon are 
mainly the areas of involvement. According to 
Pickhardt and Kim [ 8 ], in view of its high preva-
lence, it is not surprising that the disease repre-
sents the leading cause of non-diagnostic 
segmental evaluation at CTC. Diverticula are 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 16.8, and thickened 
folds may cause possible pitfalls, as discussed in 
12.2.3 in Chap.   12    . Diverticula may become fi lled 
with inspissated stool and/or barium. When this 
happens the diverticula may then bulge into the 
colonic lumen causing a polypoidal defect on 3D 
endoluminal views. Figure  16.2b (i)–d(ii)  shows 
examples of impacted diverticula.

  Fig. 16.1    Example of outpouching of diverticula ( open 
white arrows ) on supine colon-map view       
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  Fig. 16.2    ( a ) ( i ) 3D view of multiple diverticula with 
black margins ( open black arrows ). ( a ) ( ii ) 2D axial view 
of multiple diverticula ( red circle ). ( b ) ( i ). 3D view show-
ing diverticulum ( black arrow ) and impacted diverticu-
lum ( green arrow ). Polypoidal defect due to stool ( white 
arrow ). ( b ) ( ii ) 2D axial view shows stool ( white arrow ) 
and impacted diverticulum ( green arrow ).  Yellow arrow  

shows diverticulum. ( b ) ( iii ) 2D coronal view shows 
multiple diverticula fi lled with barium ( open red arrow ). 
( c ) ( i ). 3D view of polypoidal lesion due to polyp ( open 
black arrows ) and uncomplicated diverticula ( open white 
arrows ). ( c ) ( ii ) 2D axial showing impacted diverticulum 
( green arrow ) and an air-fi lled diverticulum ( red arrow )
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16.6        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 
appearance’ [ 9 ]. The thickening of the folds as 
well as luminal narrowing, due to muscular 
hypertrophy from diverticular disease, can cause 
a confusing picture on both 2D as well as 3D 
visualisation. Thick folds may be interpreted as 
polyps or even possible masses on both 2D and 
3D endoluminal views [ 10 ]. If in doubt, an addi-
tional 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 thickened 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-
fi ces are surrounded by an easy recognisable 

black ring (Fig.  16.3a (i) ). On 2D views the diver-
ticulum extends beyond the colon wall and is 
usually fi lled with air. Size of diverticula may 
vary, usually between 5 and 10 mm. The ostium 
(opening) of a diverticulum may vary in size, 
from a narrow neck to a wide orifi ce. See 
Figure  16.3a (ii and iii) .

   A diverticulum may become fi lled 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 fi lled with stool or barium.  

16.7     Role of Antispasmodics 

 CTC procedures are not complicated in coun-
tries where Buscopan (hyoscine butylbromide) 
is available [ 11 ]. Buscopan does have side 
effects; it 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 

di dii

Fig. 16.2 ( d ) ( i ) 3D endoluminal view of impacted diverticulum ( white arrow ) and diverticulum ( black arrow ). ( d ) ( ii ) 2D axial 
shows impacted diverticula ( green arrows ) and air-fi lled diverticulum ( red arrow )          
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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 [ 11 ]; this prolongs the 
duration of the procedure and makes it more dif-
fi cult to perform. If spasm prevents the colon 

from being adequately distended during insuffl a-
tion, this could result in additional views, such as 
RLD and LLD projections, being performed to 
distend the sigmoid. Glucagon is available in the 
USA, but it has been found not to be a suitable 
substitute for Buscopan. It is known to cause nau-
sea and vomiting and does not allow good bowel 
distension.  

ai

aiii
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  Fig. 16.3    ( a ) ( i ) 3D view shows orifi ce of diverticulum as a black ring ( open white arrow ). ( a ) ( ii ) 3D view of a narrow 
neck diverticulum ( open black arrows ). ( a ) ( iii ) 3D view of a wide neck diverticulum ( open black arrows )       
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16.8     Inadequate Luminal 
Distension 

 A fairly recent publication by Nagata et al. [ 12 ] 
compared the effects of automated CO 2  insuffl a-
tion, with and without the administration of intra-
venous (i.v.) Buscopan, on colonic distension at 
CTC. Their fi ndings were interesting because 
colonic distension was statistically signifi cantly 
improved by automated CO 2  insuffl ation on its 
own but not by the administration of Buscopan. 

 In a well-performed study where CO 2  is used 
for insuffl ation, 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 diverticular disease. If adequate disten-
sion is not achieved with the use of a standard 
two-view study, then additional views may be 
required: RLD and possibly LLD. On occasion 
distension may not be adequate 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.

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 )       
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16.8.1       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 occa-
sionally experience discomfort but not pain 
after insuffl ation of 2 litres (L) of CO 2  [ 11 ]. 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 ingui-
nal regions are then inspected and palpated. 
The rationale being that herniation of the sig-
moid colon into the inguinal canal may be pres-

ent. 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 fi nding [ 11 ].

   As discussed in Chap.   10    , it is important 
before commencing insuffl ation in female 
patients to always check the position of the rec-
tal 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 
ramifi cations.   

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 )       
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16.9     Complications 
of Diverticular Disease 

 The most usual complication of diverticular 
disease is diverticulitis. It affects between 10 
and 25 % of patients [ 13 ]. How does this infl am-
mation begin? It is similar to that of appendi-
ceal infl ammation. A diverticulum becomes 
obstructed in its neck by inspissated stool [ 14 ]. 
The faecalith (the hard mass inspissated stool) 
abrades the mucosa of the sac, resulting in:

    (i)    Infl ammation of the mucosa   
   (ii)    Increase in bacterial fl ora   
   (iii)    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 infl ammatory mass (phlegmon). The 
infl ammatory mass could also extend to other 
organs and ultimately result in fi stulous commu-
nications, for example, colo-colic fi stula (com-
munication between two parts of bowel), 
colo-enteral fi stula (communication between 

colon and small bowel) and colo-vesical fi stula or 
colo-uterine fi stula if there is communication 
with the bladder or uterus. Figure  16.6 (i and ii)  is 
of a colo-vesical fi stula. If the perforation is 
extremely large, it could spread into the perito-
neum causing frank peritonitis, but this would be 
a rare occurrence [ 5 ].

16.9.1       Clinical Features 
of Diverticulitis 

 Diverticulitis most commonly occurs in the sig-
moid colon. Therefore people who develop diver-
ticulitis usually present with pain in the left lower 
quadrant. The sigmoid colon could be redundant, 
thus the location of pain may be suprapubic or 
even right sided. Lower right-sided pain, particu-
larly in the Asian population, may be due to 
right-sided diverticula [ 15 ]. Pain may be constant 
or intermittent; it is usually a feature of diverticu-
litis. 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, underly-
ing appendicitis needs to be excluded, and on the 
left side underlying carcinoma must be excluded.   

i ii

  Fig. 16.6    ( i ) 2D soft tissue axial view shows small 
amount of air in bladder ( white arrow ) due to colo-vesical 
fi stula (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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16.10     Diagnostic Modalities 
for Acute Diverticulitis 

 The choice of diagnostic modalities changed sig-
nifi cantly over the last 25 years [ 5 ]. There is only 
very limited value to plain-fi lm chest and abdomen 
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 [ 5 ]. The imaging 
modality of choice is a CT scan of the abdomen 
with or without the use of an i.v. contrast medium, 
as well as oral and rectal contrast media [ 5 ]. CT 
interpretation has a sensitivity of 99 %, a specifi c-
ity of 99 %, a negative predictive value (NPN) of 
99 % and an overall accuracy of 99 % [ 16 ]. 

 Diagnosis is made by the following being 
visualised on the CT scans:

•    Pericolic infi ltration 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 fl uid    

 Figure  16.7 (i and ii)  shows CT images of 
acute diverticulitis showing thick fascia lines and 
thickening of the bowel wall.

16.10.1       Contrast Enemas 

 Barium enema was once the diagnostic gold 
standard in the investigation of suspected diver-
ticulitis [ 5 ]. However, contrast-enhanced CT 
scanning is now the gold standard, with both 
CTC and optical colonoscopy positively con-
traindicated. 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 insuffl a-
tion during a barium enema. Furthermore the 
use of barium sulphate is contraindicated; 
water-soluble contrast should be used if an 
enema is undertaken. Positive fi ndings of diver-
ticulitis would include:

•    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 defi ning 
fi stulae and intramural sinus tracts [ 17 ].     

i ii

  Fig. 16.7    ( 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 )       
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16.10.2     Imaging and Treatment 
Options for Complicated 
Diverticulitis 

 Abscess occurs with perforation of a diverticulum. 
It may remain localised or it can spread further to 
form a large local abscess or distant abscesses. The 
clinical symptoms are pyrexia and a tender palpa-
ble 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 surgery if further treatment 
is required. There are three complications: fi stulas, 
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 fi s-
tulas are most common.  

•   Haemorrhage can be due to a variety of causes 
of lower GIT bleeding, colitis or neoplasm, 
for example. Diverticular disease is responsi-
ble for 40 % of lower GIT bleeding [ 18 ].  

•   Obstruction can occur. Partial obstruction is 
not uncommon because of luminal narrowing 
caused by pericolic infl ammation or compres-
sion of the bowel lumen by abscess formation. 
Small bowel obstruction or ileus may occur if 
a loop of small intestine becomes incorpo-
rated into the infl ammatory mass.    

 In addition recurrent attacks of diverticulitis, 
which can occur in up to 30 % of cases, can result 
in progressive fi brosis and stricturing of the 
bowel wall. Surgery will eventually be required if 
this occurs.   

16.11     Differentiation of Chronic 
Diverticular Disease 
from an Underlying Tumour 

 Chronic diverticular disease may cause a diag-
nostic dilemma in distinguishing between an 
underlying carcinoma versus a chronic diverticu-
lar disease mass. What are the distinguishing fea-
tures at CTC between chronic diverticular disease 
and tumour? Two recent publications [ 19 ,  20 ] 
provide criteria to enable a CTC reader to differ-
entiate between chronic diverticular disease and 
an underlying carcinoma. A summary of the main 
distinguishing features are presented in 
Table  16.1  However, we must bear in mind that 
problem cases will still present at CTC, and opti-
cal colonoscopy with biopsy then becomes 
mandatory.

   Table 16.1    Differential diagnosis: chronic diverticulitis 
versus 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 % 
specifi city 

 Short segment usually 
<3.5 cm 

 Wall thickening (mild)  Wall thickening 
++ ≥ 20 mm (found in 30 % 
of cases) 

 Pericolic infi ltration: 
85 % of cases 

 Pericolic infi ltration: +/− 
60 % of cases 

 Thick facia sign (77 %)  Thick facia sign (10 %) 

 Preserved folds (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 [ 19 ,  20 ]  
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i ii

  Fig. 16.8    ( 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 )       

   In brief the features are:
•    A thick facia sign is a good discriminator as 

this is evident in 77 % of patients with chronic 
diverticular disease, 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 diverticular disease.  

•   Bowel wall thickening is more pronounced in 
patients with tumours >20 mm.  

•   Tapered margins are found in 67 % of 
chronic diverticular disease and none in 
tumour disease. The most important mor-
phological sign to distinguish the two dis-
eases is the presence or absence of diverticula 
within the affected segment; there is 93 % 
accuracy for diagnosis of cancer in the 
absence of diverticula within an affected 
segment.    
 The features of an adenocarcinoma are 

depicted in Fig.  16.8 (i and ii) .
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16.12        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  
•   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 diverticular in 
the colon. CTC is contraindicated in acute diver-
ticulitis. CT is useful for examination of the 
abdomen and to monitor the course of an abscess.     
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      Lipomas of the Colon                     

     Joel     H.     Bortz     

    Abstract 

   Lipomas involving the intestinal tract are rare in clinical practice, but their 
incidence is the highest in the colon. There are complications associated 
with lipomas when they reach a certain size, usually greater than 30 mil-
limetres (mm). Colonic lipoma symptoms, morphology, sites and salient 
points are discussed. CTC images of lipomas are presented.  

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 fl at, 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 ]. 

 Before the advent of CT studies, barium 
examinations played a major role in the investi-
gation of suspected lipomas in the gastrointesti-
nal tract (GIT) [ 4 ]. The upper GIT and small 
bowel were visualised by barium meal studies; 
the lower GIT was visualised on barium enema 
studies. Endoscopy gradually replaced barium 
enema as the method of choice following the 
advent of the colonoscope in the mid-1970s [ 5 , 
 6 ]. However, 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 noninvasive; and 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 Hounsfi eld 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, diar-
rhoea, rectal bleeding and melaena [ 3 ]. The 
greatest value of CT is to visualise 
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intussusception or perforation. The latter is a 
complication of lipoma removal during endos-
copy, and small amounts of intraperitoneal air 
can be readily observed on the CT scans [ 8 ]. 3D 
and 2D views are used to evaluate a lipoma dur-
ing a CTC study. Treatment options are endo-
scopic removal of lesions <30 mm or surgical 
resection for benign larger tumours or those that 
result in intussusception [ 9 ].  

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 specifi c 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. Lipomas occur particularly in the sixth 
decade (50–59 years of age) [ 11 ]. There are no 

associated epidemiological factors for lipomas in 
the colon nor are there specifi c predisposing fac-
tors. According to Vagholkar and Bendre [ 12 ], 
lipoma incidence has been reported between 0.2 
and 4.4 %.  

17.4     Anatomical Sites 
and Morphology of Lipomas 

 Lipomas have a predilection for the right colon, 
especially the caecum and ascending colon, fol-
lowed by the sigmoid and descending colon. 
The transverse colon is the least common site 
for lipoma [ 11 ]. In 90 % of cases, lipomas arise 
from the submucosal layer [ 1 ]; the remainder 
arise from the intermuscular layer and subsero-
sal layer [ 11 ]. Lipomas may be sessile or 
pedunculated [ 13 ]. A pedunculated lipoma usu-
ally 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) [ 13 ]. Clinical symptoms are directly 
related to size. Lipomatosis of the ileocaecal 
valve (ICV) may be present. This is easily diag-
nosed on CTC using translucent display (TD), 
which shows uniform green colour indicating 
fat. If a lipoma is present on the ICV, it is usu-
ally visualised as a separate ‘lump’ and not part 
of a uniform fatty infi ltration 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.
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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 ). ( a ) ( ii ) 3D translucent display of 
lipoma. Green = fat ( open white arrow ) and barium on tip 

( closed white arrow ). ( a ) ( iii ) Axial 2D soft tissue window 
view showing tip of barium ( open white arrow ) on lipoma 
( closed white arrow ). ( a ) ( iv ) 3D prone image shows bar-
ium covering lipoma ( open white arrows )

 

17 Lipomas of the Colon



236
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Fig. 17.1 ( a ) ( v ) Prone 2D axial soft tissue window view 
showing fi lling defect lipoma ( closed white arrow ) in bar-
ium pool. ( a ) ( vi ) Translucent display showing diffuse infi l-
tration 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 ). ( b ) ( ii ) 
Translucent display shows dense green colouration ( closed 
white arrow ), which is in keeping with fat (lipoma)         
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17.5        Lipoma ‘Signs’ at Optical 
Colonoscopy 

 During optical colonoscopy, the following signs 
of lipoma may be present.

    (i)    The ‘tenting’ sign means gripping the 
mucosa with forceps and ‘pulling’ or ‘tent-
ing’ it away from the underlying mass [ 4 ].   

   (ii)    The ‘cushion’ or ‘pillow’ sign refl ects 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 [ 14 ].   

   (iii)    ‘Naked fat sign’ means the adipose tissue 
may protrude through the biopsy site which 
reveals the fatty characteristic of the tumour 
[ 15 ].      

17.6     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 mm 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.     

17.7     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 then 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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  18      Extracolonic Findings                     

     Joel     H.     Bortz     

    Abstract 

   CTC is generally performed in patients 50 years or older. Intra-abdominal 
and pelvic organs are visualised at CTC, and extracolonic lesions may be 
identifi ed. The majority of these lesions are not considered to be of clinical 
importance. However, the potential benefi t of detecting an extracolonic lesion 
of high clinical importance means earlier detection and subsequent interven-
tion. The additional cost of evaluation of follow-up studies of extracolonic 
lesions is relatively low. A classifi cation system is used when reporting extra-
colonic fi ndings (ECFs). It is essential to report ECFs even if a CTC study is 
considered to be of a non- diagnostic quality. Examples of extracolonic 
images are presented in terms of their clinical importance classifi cation.  

18.1       Introduction 

 Extracolonic fi ndings (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 fi nd-
ings. 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-quality CTC, but we 
defi nitely 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 50 years or older. It has 
the added ability to detect extracolonic lesions in 
the abdomen and pelvis. These lesions are classi-
fi ed as either clinically important or unimportant 
[ 4 ]. The defi nition of a clinically important fi nd-
ing is one that necessitates further diagnostic 
studies or medical/surgical follow-up. ECFs were 
identifi ed 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 fi ndings had not been previously diagnosed. 
It is important to clearly balance the benefi t and 
harm that comes from ECFs [ 5 ]. Findings of a 
review of 24 studies reported that approximately 
20 % of indeterminate renal masses detected with 
CTC were ultimately malignant [ 6 ]. 
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 Since the extracolonic abdomen and pelvis 
are screened with a low-dose technique without 
the use of an intravenous (i.v.) contrast medium, 
radiologists, and appropriately trained radiog-
raphers, must be aware of the potential pitfalls 
[ 7 ]. The benefi t of detecting important or sig-
nifi cant fi ndings in a small minority of patients 
is huge, particularly in fi nding cancers that can 
be treated at an early presymptomatic stage. 
Possible downside includes undue anxiety and 
added costs incurred by additional studies [ 8 ]. 

 There is a very low rate of detected signifi cant 
fi ndings (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 % 
(2/1000); and the prevalence of ECFs was 0.35 %. 
A disclaimer should be in CTC reports, namely, 
that the lack of i.v. contrast material and low-
dose technique limit the evaluation of CT fi nd-
ings outside the colon. 

 The costs of investigating ECFs have been 
debated for many years. Concern has been 
expressed that if multiple benign ECFs are inves-
tigated, then costs will be driven-up signifi cantly 
without infl uencing the fi nal outcome. 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 [ 10 ] 
resulted in the following information: (1) out of 
the 41 % of the patients with ECFs, 115 were 
considered signifi cant fi ndings, and (2) the addi-
tional cost of the workup of the ECFs was $28 
per CTC examination. ECFs were identifi ed in 
69 % of patients in a study of 681 asymptomatic 
patients, and 10 % of the ECFs were highly sig-
nifi cant fi ndings. The additional cost of investi-
gating 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 i.v. contrast media  

•   Automatic reconstruction of 5 mm contiguous 
CT slices.
   Advantage of 5 mm contiguous reconstruction 

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 i.v. 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 i.v. contrast medium is not routinely 
used in CTC screening for several reasons, namely:

    (i)    It does not increase polyp detection.   
   (ii)    It adds to the cost of the examination.   
   (iii)    It extends the time of examination.   
   (iv)    It increases risk to the patient in terms of 

possible adverse reactions.    

  For viewing of ECFs, automatic reconstruc-
tion of the supine study to 5 mm contiguous 
images is performed in all cases. There are sev-
eral advantages in making the images 5 mm 
thick, namely:

•    Fewer images to review  
•   Decreased image noise  
•   Easier to archive and retrieve the images.    

 However, i.v. contrast media are used when a 
study becomes diagnostic or when a carcinoma is 
identifi ed, 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 extra-
colonic abdominal tissues [ 6 ]. To put it differ-
ently, CTC potentially detects disease in organs 
other than the colon. For example, 20 % of inde-
terminate renal masses detected at CTC are 
malignant. The majority of ECFs are not of clini-
cal importance, while a small percentage 
(7–11 %) of patients undergo further testing 
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because of the initial ECF [ 5 ,  12 ,  13 ]. In a 2010 
study of 2277 patients undergoing CTC screen-
ing, an almost equal number of extracolonic can-
cers as intracolonic cancers were identifi ed [ 14 ]. 
Extracolonic detections increased with age, and 
Macari et al. reported 74 % of patients >65 years 
had extracolonic abnormalities compared with 
55.4 % in younger patients [ 15 ]. In a UK study, 
67 % of older symptomatic patients had extraco-
lonic abnormalities [ 16 ].  

18.2     Benefi ts of Visualising 
Extracolonic Organs 
and Tissues at CTC 

 In approximately 10 % of cases, signifi cant pathol-
ogy may be identifi ed, such as early cancers of the 
kidney and ovary, as well as abdominal or pelvic 
lymphadenopathy in underlying lymphoma. 
Abdominal aortic aneurysms >50 mm in trans-
verse diameter may be detected incidentally [ 11 , 
 14 ]. Visualisation of such pathology is not possi-
ble with the other CRC screening tests. It is, how-
ever, important to balance the benefi ts and harms 
when ECFs are noted at CTC. In a study under-
taken 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 benefi ts of 
fi nding 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 
diagnoses to avoid a single missed CRC [ 17 ]. 

18.2.1     Negative Aspects of ECFs 

 The negative aspects of extracolonic fi ndings 
include:

    (a)    Added diagnostic cost.   
   (b)    Time consuming to evaluate these fi ndings, 

thus adding to overall reporting time.   
   (c)    Patients may be subjected to increased 

anxiety and risks, especially following 
biopsies or exploratory surgery for what 
turns out subsequently to be an insignifi -
cant fi nding [ 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, respectively. Benign 
lesions, such as kidney cysts, are of low clini-
cal importance and do not impact on patient 
management. Those that do impact on manage-
ment, and are therefore of high importance, 
include extracolonic malignancies such as 
renal or ovarian neoplasms and abdominal aor-
tic aneurysms. Lesions, especially renal carci-
noma, that are identifi ed early tend to be more 
curable [ 18 ]. It has been shown that more 
extracolonic cancers are detected than colon 
cancers during CTC. The former are identifi ed 
in 3.5 cases/1000, whereas colon cancer is 
identifi ed 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 infrarenal por-
tion of the aorta. Development of an AAA usu-
ally occurs in males and in patients older than 
65 years with a history of smoking or hyperten-
sion. The majority of cases of AAA (62 %) are 
incidental fi ndings [ 4 ]. A contrast medium is 
not used in screening CTC studies 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 endo-
vascular repair is required when an AAA is 
>50 mm.  
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18.4     Classifi cation of ECFs 

 Zalis et al. [ 21 ] classifi ed 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 workup  

•   Signifi cant importance (= medically important)    

 The ECFs may be either clinically  insignifi cant 
or signifi cant, depending on whether additional 
workup is required. For example, if a pleural effu-
sion is visualised, it would be classifi ed as E3: 
moderate clinical importance. Visualisation of a 
simple renal cyst would be classifi ed as E2: low 
clinical importance. Table  18.1  lists examples of 
ECFs for each level of clinical importance.

     Table 18.1    E classifi cation   

 E1   Not of clinical importance  
   Normal examination or anatomic variant 

 No extracolonic abnormalities visible 
   Anatomic variant, e.g. retroaortic left renal vein 

 E2   Low clinical importance  
   Clinically unimportant fi ndings 

 No workup indicated, e.g. 
   Liver, kidney: simple cysts 
   Non-obstructing renal stones 
   Non-obstructing gall stones 
   Gallbladder: cholelithiasis without cholecystitis 
   Vertebra: haemangioma 
   Arterial calcifi cation 
   Calcifi ed granuloma 
   Uncomplicated hernias (inguinal, hiatal, femoral, 

enterocoele) 
   Various skeletal abnormalities 
   Adrenal adenomas 
   Renal calculi 
   Fatty liver 
   Lipoma 
   Uterine fi broids 

 E3   Moderate clinical importance  
   Likely unimportant fi nding and likely to be 

benign. Incompletely characterised 
 NB: In nearly all cases of asymptomatic patients, 
these lesions prove to be benign 

 Further workup 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 
   Fatty liver (non-alcoholic fatty liver disease) 
   Pleural effusions 
   Cardiomegaly 
   Splenomegaly 
   Complicated hiatus hernias 

 E4   High clinical importance  
   Potentially important fi nding. 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 aneurysm >50 mm 
 Lung: non-uniformly calcifi ed pulmonary nodule 
≥10 mm 
 Irreducible inguinal hernia containing large bowel 

  Adapted from Zalis et al. [ 21 ] 
 It must be remembered that an extracolonic evaluation is limited by lack of i.v. contrast and the low-dose CT technique.  
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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-classifi cation in Table  18.1  is used to 
present examples in each classifi cation. As evi-
dent in these examples, the majority are classifi ed 
as being of low clinical importance, i.e. E2. Only 

a few are classifi ed as E4, i.e. of signifi cant clini-
cal importance. 

18.5.1     E1: Not of Clinical Importance 

 Figures  18.1a–g  are examples of ECFs that are 
not of clinical importance.

a

c

b

  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
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di

e

g

f

dii

 ( d ) ( i ) 2D axial view showing retroaortic left 
renal vein ( open white arrow ).  LK  left kidney,  RK  right 
kidney,  A  aorta. ( d ) ( ii ) 2D axial view showing normal 
renal vein ( open white arrow ).  RK  right kidney,  LK  left 
kidney, A aorta. ( e )  1  right lobe of the liver,  2  left lobe of 
the liver,  3  aorta,  4  spleen,  open white arrow  splenic artery 
calcifi cation. ( f ) 2D coronal view of the left lateral decu-

bitus study showing splenic impression on splenic fl exure 
of colon ( open red arrows ),  open white arrow  rectal cath-
eter,  1  hepatic fl exure of colon,  2  aorta,  3  splenic fl exure, 
 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 

 Figures  18.2a–aZ  (ii) are examples of ECFs that are of low clinical importance.

  Fig. 18.2    ( a ) 2D axial view.  1  breast implant,  2  collapsed 
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 ventricle,  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 coronary artery ( open white arrow ) 
and partial calcifi cation of leafl et of aortic valve ( closed 
black arrow ). ( f ) 2D axial view shows mild calcifi cation of 
part of the right posterior descending coronary artery ( open 
black arrow ) as well as mild calcifi cation of the circumfl ex 
artery ( closed black arrow )

a

c

e f

d

b
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g h

i j

k l

 ( g ) 2D axial shows calcifi cation of the right pos-
terior 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 )  1  Distended gallbladder,  2  duode-

num,  A  aorta,  RK  right kidney,  LK  left kidney. ( j ) 2D coro-
nal view shows four gallstones ( circle ).  C  caecum,  DC  
descending colon. ( k ) Solitary calcifi ed gallstone ( open 
white arrow ).  LLL  left lobe of the liver,  RLL  right lobe of 
the liver,  P  pancreas,  A  aorta,  LK  left kidney,  S  spleen. 
( l ) Multiple gallstones with gas ( circle ).  A  aorta

Fig. 18.2
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m n

o p

q r

 ( m ) Multiple calcifi ed 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 the 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-defi ned low-density area 
right lobe ( open white arrows ). Differential diagnosis is metas-
tasis versus haemangioma. Proven haemangioma.  A  aorta 

Fig. 18.2
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s t

ui uii

v w

 ( s ) Fatty infi ltration of the liver.  LL  left lobe of 
the liver,  RL  right lobe of the liver,  1  fi ssure for ligament, 
 P  pancreas,  S  spleen,  A  aorta. Right adrenal gland ( open 
white arrow ). ( t ) Fatty infi ltration of the liver. Note 
marked decrease in liver density compared with spleen. 
( u ) ( i ) Normal adrenal glands E1 ( circles ).  LK  left kidney. 

Compare the right adrenal with the one in ( u ) ( ii ). ( u ) ( ii ) 
Nodule on the right adrenal gland ( open white arrow ). 
Fatty liver. ( v ) 2D axial showing 65mm cyst in the right 
kidney ( open white arrow ).  A  aorta,  LK  left kidney. 
( w ) Cyst mid-pole right kidney ( open white arrow ) with 
calcifi cation ( open green arrow ).  A  aorta,  LK  left kidney 

Fig. 18.2
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x

z

y

 ( x ) Right lower pole renal calculus (6 mm).  A  aorta,  LK  left kidney. ( y ) Large calculus right kidney ( open 
black arrow ). ( z ) Lobulated cyst right kidney ( open white arrows ).  LK  left kidney
Fig. 18.2
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aA aB

aC aD

aE aF

 ( aA ) Horseshoe kidney ( open white arrows ). 
( aB ) Pyelonephritic scarring left kidney with a small 
focus of dystrophic calcifi cation ( open white arrow ). 
 RK  right kidney. ( aC ) Atrophic left kidney ( open white 
arrows ).  RK  right kidney. ( aD ) 2D axial view.  1  crus of 
diaphragm,  2  left lobe of the liver,  3  stomach,  4  aorta,  5  
caudate lobe of the liver,  6  liver,  7  peritoneal space,  8  
spleen,  9  granulomata. ( aE ) 2D axial view showing calci-

fi cation of the body of the pancreas ( white arrow ) due to 
previous pancreatitis.  1  small bowel,  2  gas in the large 
bowel,  3  air in the 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 the tail of the pancreas 
( open white arrow ).  1  small bowel,  2  IVC,  3  crus of the 
right diaphragm,  4  aorta,  5  spleen

Fig. 18.2
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aG aH

aI aJ

aK aL

 ( aG ) 2 D axial view showing an atrophic pan-
creas ( open white arrow ).  A  aorta. ( aH ) 2 D axial view 
shows a calcifi ed fi broid ( open white arrow ). ( aI ) 2D axial 
view shows three calcifi ed fi broids ( open white arrows ) 
giving a ‘Mickey Mouse’ appearance. ( aJ ) 2D sagittal 
view shows anterior calcifi ed fi broid ( open white arrow ). 
Non-calcifi ed fi broid causing narrowing of the sigmoid 

colon ( closed white arrow ). ( aK ) 2D axial view shows a 
pedunculated fi broid ( open white arrow ) with some calci-
fi cation ( open green arrow ). ( aL ) 2D sagittal view shows 
large retroverted uterus ( open white arrows ). White  circle  
spondylolisthesis L5 with defect through pars interarticu-
laris ( open black arrow )

Fig. 18.2
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aM aN

aO aP

aQ aR

 ( aM ) 2D axial shows a prolapsed fi broid ( open 
white arrows ). ( aN )  Open green arrow  shows enlarged 
prostate ( P ) pressing on the bladder ( B ). Note bladder wall 
thickening ( open white arrow ). ( aO ) Enlarged prostate 
( P ) pressing on the base of the bladder ( B ). Mild dystro-

phic calcifi cation noted ( open green arrow ). ( aP ) Enlarged 
prostate ( open white arrows ). ( aQ ) Hydrocele right ( open 
white arrow ). Left testis normal. ( aR ) Bochdalek hernia 
( red arrow ).  1  liver,  2  DC,  3  stomach,  4  aorta,  5  spleen

Fig. 18.2
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aS

aTi aTii

aUi aUii

 ( aS)  Bochdalek hernia containing fat ( open 
white arrow ). ( aT ) ( i ) Moderate hiatus hernia ( open white 
arrow ). ( aT ) ( ii ) Small hiatus hernia ( open white arrow ). 
( aU ) ( i ) 2D axial showing urachal remnant ( open white 

arrow ).  B  bladder. Rectal catheter ( circle ). ( aU ) ( ii ) 2D 
sagittal showing urachal tract ( open white arrows ) from 
the bladder ( B ) to the umbilicus ( open green arrow )

Fig. 18.2
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aV aW

aX

 ( 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. ( aX ) Calcifi cation of 
the right iliac artery ( open green arrow )

Fig. 18.2
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aYi aYii

aZi aZii

 ( aY ) ( i ) Compression fracture T12 ( arrow ). 
( aY ) ( 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 calcifi ed L5/S1 
disc.  Open green arrow  shows calcifi cation of aorta. ( aZ ) 
( ii ) Lesion sacrum ( open white arrow ) shows Paget’s dis-
ease.  C  rectal catheter                           

Fig. 18.2
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18.5.3        E3: Moderate Clinical 
Importance 

 Figures  18.3a–l  are examples of ECFs of moder-
ate clinical importance.

  Fig. 18.3    ( a ) 2D axial view shows heavy calcifi cation of 
the left anterior descending artery ( open black arrow ) and 
circumfl ex coronary artery ( closed black arrow ) and cal-
cifi cation of the thoracic aorta ( open white arrow ). ( b ) ( i ) 
2D coronal view showing basal lung infective changes 

bilaterally ( open white arrows ). ( b ) ( 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

bi bii
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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 of the left kidney ( open black 
arrow ).  GB  gallbladder,  P  pancreas,  S  spleen,  A  aorta. 
( e ) Polycystic kidneys ( open white arrows ) with rim calci-
fi cation ( 1 ) in the right kidney ( RK ).  LK  left kidney. 

( f ) Hydronephrotic change of the right kidney ( 1 ),  A  aorta, 
 LK  left kidney. ( g ) Calculus in ureteropelvic junction 
(UPJ) of the 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 

c d

e f

g h

Fig. 18.3
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i i i ii

i iii

 ( i ) ( i ) Incarcerated hiatus hernia ( open white 
arrow ). ( i ) ( ii ) Large incarcerated hiatus hernia containing 

part of the stomach ( open white arrow ). ( i ) ( iii ) Large hia-
tus hernia ( open white arrow )

Fig. 18.3
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j k

l

 ( j ) Density inguinal canal ( open white arrows ) 
due to testis. ( k ) 2D axial showing enterocoele ( open 
white arrow ) post hysterectomy. Rectum displaced to the 

left. Rectal catheter ( circle ). ( l ) Femoral hernia ( open 
black arrows ). Rectal catheter ( open white arrow ).  1  blad-
der,  2  pectineus muscle             

Fig. 18.3
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18.5.4        E4: High Clinical Importance 

 Figures  18.4a (i)–i (ii)  are examples of ECFs of 
high clinical importance.  

 A recent study focused on a comprehensive  
analysis of potentially important (E4) ECFs of 
asymptomatic patients (n = 7952) who underwent 
fi rst time screening CTC for colorectal cancer 

ai aii

b

  Fig. 18.4    ( a ) ( i ) 2D axial view showing pancreatic mass 
( 1 ) with calcifi cation of the part of the wall ( open white 
arrow ).  2  right lobe of the liver,  3  inferior vena cava,  4  
right kidney,  5  abdominal aorta,  6  left kidney,  7  spleen,  8  
quadratus lumborum muscle. ( a ) ( ii ) 2D sagittal view 
showing large pancreatic cyst ( 1 ) with wall calcifi cation 

( closed white arrow ).  2  spleen,  3  left kidney,  4  psoas mus-
cle,  5  quadratus lumborum muscle,  6  anterior abdominal 
wall muscles. ( b )  Open white arrow  abdominal aortic 
aneurysm (AAA) measuring 35 mm (3.5 cm). Note partial 
calcifi cation ( closed black arrow )

 

J.H. Bortz



261

ci cii

d

 ( c ) ( i ) AAA ( open white arrow ) measuring 
53 mm (5.3 cm) with partial calcifi cation ( closed black 
arrows ). ( c ) ( ii ) Sagittal view of the AAA ( open white arrows ) 
showing partial calcifi cation ( closed black arrows ). ( d ) Left 

iliac artery aneurysm ( open white arrows ) measuring 
54.4 mm (5.44 cm) with slight calcifi cation (   open green 
arrows )

Fig. 18.4
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 ( 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 tab-
lets ( 3 ). ( f ) Loop of bowel in scrotum ( open white arrow ). 
Rectal catheter ( open green arrow ).  1  corpus cavernosum, 

 2  obturator externus,  3  gluteus maximus. ( g ) ( i ) No pathol-
ogy evident on 2D axial supine view. ( g ) ( ii ) 2D axial 
prone view of same patient showing a non-calcifi ed lesion 
in the left lung ( open white arrow ). This is due to greater 
coverage of the lung fi elds in the prone position

e

f

gi

gii

Fig. 18.4
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h i h ii

h iii h iv

 ( 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 kidney 
( h ) ( ii ) 2D coronal view shows bilateral polycystic kid-
neys.  RK  right kidney,  LK  left kidney with a haemor-

rhagic cyst ( open white arrow ). Note the normal 
transplanted kidney in the right pelvic area. ( h ) ( iii ) 2D 
axial view shows the haemorrhagic cyst ( open white 
arrows ).  RK  right kidney,  LK  left kidney. ( h ) ( iv ) 2D sag-
ittal view shows the haemorrhagic cyst ( open white 
arrows ) in the left kidney ( LK ) 

Fig. 18.4
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 ( 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 chemotherapeutic agents for 

hepatocellular carcinoma. ( i ) ( ii ) 2D axial view shows a 
markedly enlarged spleen (splenomegaly) due to portal 
hypertension with associated splenic varicosities ( open 
white arrows ).  RK  right kidney         

i i i ii

Fig. 18.4

from 1 April 2004 to 30 June 2012 [ 23 ]. The 
results of the retrospective study showed that 
only 2.5 % of the patients had a signifi cant ECF, 
i.e. E4 classifi cation (see Table  18.1  above). 
Almost 70 % of the fi ndings proved to be clini-

cally signifi cant and required treatment or sur-
veillance, for example, malignancies and 
aneurysms [ 23 ]. A summary of the fi ndings of the 
study is presented in Table  18.2 .    

   Table 18.2    Main organs and systems in the E4 fi ndings *    

 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 % 

   *Adapted from the text of Pooler et al. [ 23 ]  
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18.6     Key Messages 

•     Extracolonic fi ndings are an integral part of a 
CTC examination and must be reported on 
even if the examination is considered 
non-diagnostic.  

•   Although the number of ECFs is high, only a 
small percentage are of signifi cant clinical 
importance.  

•   A low-dose technique without intravenous 
contrast is used.  

•   The most common fi ndings include abdomi-
nal aortic aneurysm, renal carcinoma, lymph-
adenopathy and ovarian tumours.     

18.7     Summary 

 Detection of ECFs is an unavoidable responsi-
bility of the radiologist or radiographer who 
interprets the CTC images. Most ECFs are 
determined to be clinically inconsequential on 
CTC, and most patients are not subjected to 
further testing. A disclaimer should be in CTC 
reports, namely, that the lack of intravenous 
contrast material and low-dose technique limit 
the evaluation of CT fi ndings 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.     
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  19      Good Practice in CTC Reporting                     

     Joel     H.     Bortz     

    Abstract 

   Reporting the fi ndings of a CTC should be done by competent readers, 
such as radiologists or appropriately trained radiographers. Knowledge of 
normal colon anatomy and variants is essential in order to recognise intra- 
and extracolonic pathology. Potential pitfalls, such as stool simulating a 
polyp, should be recognised. To ensure that a CTC report covers all aspects 
of the study, a template should be used. The report should include a dis-
claimer regarding detection of diminutive polyps. A disclaimer regarding 
extracolonic fi ndings should also be included in the report. If a CTC study 
is non-diagnostic due to poor quality, it is essential to report on extraco-
lonic fi ndings.  

19.1       Introduction 

 A reader should check both intracolonic and 
extracolonic structures when reporting on a 
CTC study. A successful CTC examination 
means that the colon was well prepared and 
adequately distended for full visualisation 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 interpre-
tation 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 (i.v.) contrast. It is indicated 
when there is a known colonic or extracolonic 
malignancy; nonionic agents should be used. As 
discussed in Chap.   8    , some centres may admin-
ister an antispasmolytic; hyoscine 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 fi nd-
ings. Figure  19.1 (i–iii)  shows examples of a 
non-diagnostic study due excessive stool in the 
colon. There were multiple areas of large amounts 
of residual stool because the patient did not fol-
low the bowel preparation steps correctly. The 
CTC was rescheduled. However, it is essential to 
report on any extracolonic fi ndings even if a 
patient is rescheduled for a repeat CTC.
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19.2        Reading and Interpretation 
Requirements 

 Accurate reading and interpretation requires the 
radiologist, or an appropriately trained radiogra-
pher, to be familiar with normal colon anatomy 
and variants, such as the different appearances 
of the ileocaecal valve (ICV). Figure 19.2a–e 
(ii)  depicts variations of ileocaecal valves (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 require knowledge of the various patholo-
gies that occur within the colon wall, as well as 
extracolonic fi ndings. How to measure 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 were introduced for report-
ing both asymptomatic screening studies and 
diagnostic studies. Suggested feature descrip-
tors for polyps and masses are presented in 
Table 19.1  [ 1 ].

i iii

ii

  Fig. 19.1    ( i ) 3D view showing stool ( arrows ), ( ii ) 2D view showing stool ( arrows ), ( iii ) TD view showing stool 
( arrows )       
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a b

c d

ei eii

  Fig. 19.2    ( 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 ), ( e ) ( ii ) 3D endolumi-
nal prone view of the same patient shows change of shape 
of the ICV ( arrows )       
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    Table 19.1    Suggested feature descriptors for polyps and masses   

 Size (mm)  For lesions ≥6 mm: the single largest diameter of the polyp. NB not the stalk of 
pedunculated polyps 

 Measure 3D and any multiplanar reconstruction (MPR). State view used for 
measurement 

 Morphology (form/
shape) 

 Sessile: broad-based lesion width >height (W >H) 

 Pedunculated: polyp with a stalk – only measure the polyp head 

 Flat: polyp with vertical height <3 mm above surrounding normal colonic mucosa 

   Carpet lesion is a subset of a fl at lesion. Usually ≥30 mm in size with superfi cially 
elevated mucosa which can reach a height of 4–14 mm. Edges tend to be superfi cially 
elevated from surrounding mucosa 

 Location  Refer to the six colonic segments (see Chap.   11    ) 

   Rectum 

   Sigmoid colon 

   Descending colon 

   Transverse colon 

   Ascending colon 

   Caecum 

 Attenuation  Soft tissue 

 Fat 

  Adapted from Zalis et al. [ 1 ]  

   The system created a common language for 
CTC studies. It is similar to BI–RADS (breast 
imaging reporting and data system) that has been 
successfully used for mammography reporting. 
The C-Rads system provides 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. To use the C-Rads system requires 
knowledge of defi nitions of polyps and colonic 
masses, for example. See Chap.   14     for a detailed 
discussion of polyps including defi nitions.  

19.3     CTC Interpretation Tools 

 CT colonography (CTC) interpretation uses a 
combination of a 3D-2D approach in which 3D 
is the most important. Software is required to 
transition easily between 3D and 2D viewing 
for detection and measurement of polyps, other 
polypoidal pathology and internal haemor-
rhoids. The author has used V3D Viatronix 
(Stony Brook, New York) since 2000. It is cur-
rently 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: stool and polyp  
•   Measurement  
•   Volume measurement  
•   Electronic cleansing    

 CAD (computer-aided diagnosis) may also be 
used [ 2 ,  3 ]. 

 These tools allow a user to segment out the 
colorectum to create the 3D model and fl y-
through. An automated centreline 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 centreline is 
present in the next section. The current software 
now allows for a fi eld of view (FOV) of 120° 
which gives more coverage; a single fl y-through 
from rectum to caecum may cover up to 90 % of 
the colon lumen. A 90° FOV required four fl y-
throughs, whereas the 120° FOV requires two 
fl y-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 
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(Fig.  19.3a ). It is at this stage that a 3D model for 
the fl y- 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  19.3b (i–vi)  shows examples of breaks in 
the colon. The reasons for breaks in colon disten-
sion may be the result of (i) incomplete disten-
sion of a segment of colon or (ii) a column of 
fl uid in a portion of the colon, which does not 
allow the CO 2  to pass through. These breaks usu-

ally occur in the hepatic fl exure region as well as 
the sigmoid colon as demonstrated in Chap.   10    .

   In a small percentage of patients, refl ux of 
CO 2  may occur into the terminal ileum, and in 
some patients it may track all the way up to the 
stomach as evident in Fig.  19.3c (i) . These areas 
are excluded from the colon-map view in the 
automatic centreline creation which results in a 
3D map view of the colon only as shown in 
Fig.  19.3c (ii) . 

 When a polyp is detected, manual navigation is 
possible by holding down the left button on the 

  Fig. 19.3    ( 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 by 
clicking the icon.  Top left  image shows a colon-map with 

automated green centreline. Below it is a 2D perpendicu-
lar view of the 3D image in the centre. The icons at the 
centre of the screen below the 3D image are used, for 
example, for direction of fl ow and speed (Image courtesy 
of Viatronix, Stony Brook, New York)

a
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biv

biibi

biii

Fig. 19.3 ( b ) ( i ) Supine with four breaks.  R  rectum, 
 DC  descending colon,  TC  transverse colon,  AC  ascending 
colon,  C  caecum. ( b ) ( ii ) Prone view shows a break in 
proximal TC and gap in bowel. This is fully covered in the 
supine in ( b ) ( i ) therefore the study is complete. ( b ) ( iii ) 

Supine two breaks.  R  rectum,  SC  sigmoid colon, 
 DC  descending colon,  TC  transverse colon,  C  caecum. ( b ) 
( iv ) Prone showing entire colon distended.  R  rectum,  
DC  descending colon,  TC  transverse colon,  AC  ascending 
colon,  C  caecum
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bv bvi

ci cii

Fig. 19.3 ( b ) ( v ) Gap proximal transverse colon in LLD 
view.  C  caecum,  AC  ascending colon,  TC  transverse 
colon,  DC  descending colon,  R  rectum. ( b ) ( vi ) Gap prox-
imal transverse colon covered in RLD view thus study 
complete.  C  caecum,  AC  ascending colon,  TC  transverse 
colon,  R  rectum. ( c ) ( i ) Refl ux of CO 2  into the stomach 

( S ).  TC  transverse colon,  SB  small bowel,  C  caecum, 
 R  rectum. ( c)  ( ii ) Complete colon-map after automatic 
removal of stomach and small bowel by Viatronix soft-
ware.  R  rectum,  SC  sigmoid colon,  DC  descending colon, 
 TC  transverse colon,  AC  ascending colon,  C  caecum
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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.  19.3d . 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; trans-
verse colon; ascending colon; caecum). Although 
the centreline measurement from the anorectal 
region is accurate, it seldom corresponds to colo-
noscopic 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 extracolonic 
fi ndings in the report as underscored in Chap.   18    .  

19.4     Dictation Template 

 A dictation template should be used to ensure 
that all aspects of the CTC study are recorded 
and reported. Medical terminology must be used 
in all CTC and extracolonic fi ndings reports. 
Table  19.2  is a recommended dictation template.

d

Fig. 19.3 ( d ) Colon-map showing two red dots indicating 
the site of lesions ( open white arrows )             
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19.5        Key Messages 

•     A CTC report must include both intracolonic 
and extracolonic fi ndings (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.     

    Table 19.2    Dictation template   

 Patient’s name: 
 Date: 
 Name of referring physician: 

 Indications  Routine CRC screening 

 Diagnostic study, e.g. bleeding or change in bowel habit, etc. 

 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 diatrizoate. A 16-slice 
GE scanner is used; automated CO 2  insuffl ation via the rectum is performed; low-dose 
supine and prone CT images are obtained without i.v. 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. 

 NB: in some countries it is mandatory to provide patient dose report. Recommend 
always include in the CTC report 

 Findings   Colon  

 (i) Comment on quality of bowel preparation (e.g. presence of stool) 

 (ii) Comment on degree of distension 

 (iii) Comment on presence or absence of diverticular disease 

 (iv) Comment on presence of small polyps (6–9 mm) and large polyps (≥10 mm). 
Provide accurate measurements 

 (v) Describe location of polyp 

 (vi) Describe morphology of polyp 

  Add disclaimer : note 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 

  Extracolonic  

 Tabulate the most signifi cant fi ndings; comment on any additional workup needed 

  Add disclaimer : note that extracolonic evaluation is limited by the low-dose CT 
technique and lack of i.v. contrast 
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19.6     Summary 

 The size, morphology (form/shape) and location 
of lesions in the colon must be reported. 
Extracolonic fi ndings (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.     

  Acknowledgements     Viatronix V3D workstation image 
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      Ultrasound, Magnetic Resonance 
Imaging and Positron Emission 
Tomography in the Evaluation 
of Colon Cancer                     
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    Abstract 

   With the increasing incidence of colorectal cancer (CRC), diagnostic imaging 
provides an important complementary role to colonoscopy in the management 
of colorectal pathology. As surgical and oncological therapies have improved, 
the importance of highly accurate and reproducible imaging has also grown. 
Further research has gone into the role other modalities may play in patient 
work-up and management. Transrectal ultrasound and magnetic resonance 
imaging (MRI) of the rectum provide high-defi nition imaging of the local 
spread of rectal tumours, but cannot assess the proximal bowel or more distant 
metastatic disease. Abdominal ultrasound is used to identify metastatic involve-
ment of the solid abdominal viscera, but cannot evaluate the primary lesion. 
MR colonography (MRC) depicts all segments of the colon and can identify 
visceral and nodal metastases. However, staging of the primary lesion, particu-
larly of early tumours, is limited by the resolution of MRC. In CRC PET-CT 
studies are useful for the initial diagnosis and staging of the cancer by determin-
ing the exact location of a tumour, the extent of disease and whether the cancer 
has metastasised. PET-CT may be used to detect recurrence of disease and to 
manage ongoing patient care. PET-CT imaging assists treatment planning by 
selecting the most effective therapy based on the unique molecular properties 
of the disease and of the patient’s genetic makeup. The evaluation of the effec-
tiveness of treatment may be determined as related to the response to specifi c 
drugs and ongoing therapy. Based on changes in cellular activity observed on 
PET-CT images, treatment regimens may be changed. MR and PET-CT images 
are presented to illustrate these modalities’ role in CRC management.  
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20.1       Introduction 

 Imaging has a crucial role in all aspects of the 
approach to colorectal neoplasms, namely, screen-
ing, diagnosis, staging and surveillance. Accurate 
and reproducible imaging is necessary to determine 
the appropriate course of clinical management. 
Current staging of CRC utilises the TNM staging 
system which analyses tumour extension into the 
bowel wall and surrounding tissue (T-stage), nodal 
involvement (N-stage) and the presence of distant 
metastases (M-stage). CTC has replaced barium 
enema as the fi rst line alternative imaging modality 
to colonoscopy [ 1 ,  2 ]. In this chapter we discuss 
ultrasound, magnetic resonance imaging (MRI) and 
nuclear medicine, in terms of their respective role as 
alternative imaging techniques for screening, diag-
nosis and staging of CRC.  

20.2     Ultrasound 

 Abdominal ultrasonography is not used for eval-
uation of the primary neoplasm due to bowel gas 
shadowing and limited depth of imaging. It is 
performed for detection of visceral metastatic 
disease, abdomino-pelvic fl uid and lymphade-
nopathy. The term ‘endoscopic ultrasonography’ 
refers to the procedure whereby an ultrasound 
probe is introduced into a hollow organ such as 
the gastrointestinal tract. Transrectal ultrasound 
(TRUS) is a type of endoscopic ultrasonography 
which may be used as an alternative modality in 
imaging of rectal tumours. TRUS utilises a high-
frequency (6–16 MHz) radial endoscopic ultra-
sound probe which provides a 360° fi eld of view 
(FOV) with a 2–5 cm focal length [ 3 ]. It provides 
high-resolution detail of tumour infi ltration of the 
rectal wall, making TRUS the best imaging 
modality for staging of early rectal carcinoma, 
particularly if confi ned to the rectal wall [ 1 ,  3 – 5 ]. 
TRUS also allows for assessment for local nodal 
involvement by evaluating the morphology of the 
adjacent nodes [ 1 ,  2 ]. If available, the addition of 
3D software and US elastography may further 
improve the accuracy of T and N staging [ 2 ,  3 ]. 
As with all imaging modalities, there are advan-
tages and disadvantages. 

20.2.1     Advantages [ 4 ] 

•     Lack of ionising radiation  
•   Less expensive  
•   Easier accessibility  
•   Shorter examination time  
•   Allows for simultaneous imaging and biopsy     

20.2.2     Disadvantages 

•     Operator dependent  
•   Stenotic lesions may limit passage of the 

probe and inhibit accurate imaging (use of 
microprobes may alleviate this) [ 3 ]  

•   Limited accuracy in evaluation of upper rectal 
lesions  

•   Does not evaluate the remainder of the colon 
for metastatic or distant nodal involvement [ 4 ]  

•   May overestimate tumour infi ltration in the pres-
ence of concomitant infl ammation [ 3 ,  4 ] and may 
not be able to depict the mesorectal fascia [ 2 ]      

20.3     Magnetic Resonance 
Imaging (MRI), MR 
Colonography (MRC) 
and MRI of the Rectum 

 MRI has advantages and disadvantages as an 
alternative imaging technique for screening, 
diagnosis and staging of CRC.

•    Advantages of MRI
 –    Lack of ionising radiation  
 –   Greater anatomical detail with clearer 

delineation of tumour infi ltration 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  
 –   Imaging artefacts, particularly due to 

motion, breathing, etc., may signifi cantly 
affect imaging quality  

 –   Impact of patient factors, such as claustro-
phobia and noise intolerance which may 
limit or prevent imaging       
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 In addition patients for MRI also require 
extensive screening for metallic objects prior to 
entering the imaging room. Apart from the 
potential displacement of the object, of concern 
is the heat that will be generated by noncompat-
ible metallic objects due to the magnetic fi eld 
which will result in obvious patient discomfort 
and even severe burns. It is important to also 
remember that although imaging of patients with 
MRI-compatible prostheses or implants is per-
missible, artefacts from these objects may 
obscure portions of the FOV. Table  20.1  is an 
example of a checklist for screening patients 
prior to MRI. Although there has been signifi -
cant progress in the development of higher fi eld 
strength MRI scanners, studies have shown that 
there is no signifi cant difference in image quality 
or the detection of polyps greater than 6 mm in 
size between 1.5 and 3 T machines [ 2 ,  6 ]. 
Research into this aspect of MR imaging is how-
ever continuing with refi nement of both software 
and hardware.

   It is also important to remember that although 
many prostheses produced over the last 10–15 
years are now considered MRI safe, this compat-
ibility may be dependent upon the fi eld strength 
of the MRI scanner [ 7 ]. Objects, which are 
deemed to be MRI safe for imaging with a 1.5 T 
scanner, but may have questionable MRI safety at 
3 T imaging, include dental braces, cardiac 
metallic stents, sternal wires, aneurysm clips, etc. 
[ 7 ]. Compatibility of these prostheses and 
implants must be established with the manufac-
turer prior to imaging. Table  20.2  presents the 
indications for magnetic resonance colonography 
(MRC).

   As in CTC, optimal bowel preparation [ 6 ] is 
essential for MRC, particularly for the detec-
tion of polyps and screening for early neo-
plasms. The protocols currently being used are 
similar to those of CTC. The suitability of stool 
tagging in MRC is still under investigation but 
appears promising. As for CTC, maximal bowel 
distension is essential to improve the diagnostic 
accuracy of MRC. Depending on the imaging 
technique used, contrast agent, gas or emul-
sions 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 hyoscine butylbromide (Buscopan) or 
glucagon, may be administered to alleviate dis-
comfort and reduce motion artefact from bowel 
peristalsis. It should be noted however that 
Buscopan is not available in certain countries 
such as the United States. In addition the use of 
glucagon may induce refl ux through the ileo-
caecal valve which will affect colonic disten-
sion [ 6 ]. 

 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).

   Table 20.1    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, etc.)? 

 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 20.2    Indications for MRC   

  MRC :  indications   Incomplete colonoscopy 

 Colorectal cancer screening 

 Infl ammatory bowel disease 

 Diverticulitis 

  Adapted from [ 6 ]  
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•    Bright lumen MRC (BLMRC) 
 A gadolinium chelate-spiked enema is instilled 
into the colon with dual positioning also used. 
To assess the progress of colonic fi lling, a 
non-section- selective gradient echo (GRE) 
sequence is used which provides sequential 
images of the bowel [ 6 ]. 
 For diagnostic imaging, a 3D T1-weighted 
spoiled GRE sequence is used with imaging in 
both prone and supine positions [ 6 ]. 
 With BLMRC, polyps and neoplasms are 
depicted as fi lling defects against a hyperin-
tense background. The extracolonic tissues 
are suppressed and therefore only the contrast-
fi lled bowel loops stand out. Image acquisi-
tion is rapid, with the study taking 
approximately 20 min. However, due to the 
hyperintense signal of the enema adminis-
tered, intravenous (i.v.) 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 fi lling defects [ 6 ].  

•   Dark lumen MRC (DLMRC) 
 Rather than a gadolinium chelate-spiked 
enema, DLMRC most frequently requires 
administration of a negative agent such as 
water, air or carbon dioxide via a rectal insuf-
fl ation device. Air or CO2 is more frequently 
used than water due to a better safety profi le. 
Bowel distension is monitored using either 
half- Fourier acquisition single-shot turbo spin 
echo (HASTE) or true fast imaging with 
steady-state precession sequences [ 6 ]. 
DLMRC requires the administration of an i.v. 
contrast agent to distinguish polyps or neo-
plasms from adherent stool. Polyps and neo-
plasms should demonstrate post-contrast 
enhancement unlike adherent stool. In addi-
tion the use of i.v. contrast also allows for 
assessment of the extracolonic structures and 
abdominal viscera, which are not suppressed 
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 [ 6 ]. However, it is important to 
remember that due to the use of i.v. contrast 

material in DLMRC, an additional problem is 
posed due to the risk of nephrogenic systemic 
fi brosis (NSF), a potentially fatal complica-
tion in the setting of signifi cant renal 
impairment.    

 MRI rectum involves limited imaging of the 
pelvis utilising multiplanar fi ne- slice imaging to 
depict the pelvic structures. In the fi eld of CRC, 
it is performed for staging of rectal and recto-anal 
cancer and for detection of local recurrence fol-
lowing therapeutic intervention. In the work-up 
of patients with rectal carcinoma, there are fi ve 
prognostic factors that must be identifi ed [ 8 ].

    1.    Depth of tumour infi ltration beyond the mus-
cularis propria   

   2.    Nodal status   
   3.    Extramural vascular infi ltration   
   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 signifi cant increase in the rate of 
tumour recurrence in lesions with extension of 
more than 5 mm into the mesorectal adipose tis-
sue [ 8 ,  9 ]. Furthermore, tumour involvement of 
the mesorectal fascia (MRF) is also an important 
prognostic factor in determining the correct 
course of therapy and for evaluating the risk of 
tumour recurrence [ 5 ,  8 ,  10 ]. Therefore, it is 
essential to ensure that the images produced are 
acquired in the appropriate plane to ensure the 
most accurate measurements possible [ 11 ]. In 
particular the axial images must be obtained per-
pendicular to the long axis of the rectum to depict 
tumour extension into the mesorectal adipose tis-
sue and MRF involvement. In addition to the 
T-staging, MRI can provide valuable information 
on the presence of infi ltration of the neurovascu-
lar bundles by the tumour, as well as possible 
nodal spread. 
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 There is no current agreement on the optimal 
imaging technique for rectal cancer staging, with 
differing opinions on the use of surface phased 
array and endoluminal coils and endoluminal con-
trast agents. Endorectal coils provide greater spa-
tial resolution and detail of the rectal wall. 
However, the limited FOV, the need for a patent 
rectal lumen and patient discomfort mean that 
phased array surface coils are preferred as they 
address the shortcomings of endorectal coils with-
out signifi cant loss of anatomical resolution [ 1 ,  2 , 
 5 ]. Current consensus indicates that the adminis-
tration of i.v. gadolinium-based contrast does not 
add signifi cantly to the accuracy of tumour staging 
and therefore does not justify the added cost and 
risk of NSF and contrast allergy [ 5 ,  10 ]. 

 Diffusion-weighted imaging has also shown 
promise in identifi cation of the primary tumour 
as well as possible nodal involvement [ 5 ,  11 ]. 
Further research is however required to refi ne the 
technique and improve reliability. The advantage 
of MRI of the pelvis, particularly in view of the 
lack on ionising radiation and contrast adminis-
tration, is that studies can be repeated at short 
intervals to monitor patient progress on chemora-
diotherapy as well as for tumour recurrence fol-
lowing resection. Figure  20.1a (i–iv)  is 
multiplanar MR images of the pelvis in a patient 
with rectal carcinoma. Figure  20.1b (i–ii)  is MR 
images of the liver in a patient with metastatic 
rectal carcinoma.
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  Fig. 20.1    ( a ) ( i ) Axial T2-weighted image demonstrat-
ing tumour extension to the mesorectal fascia. ( a ) ( ii ) 
Axial T2-weighted image depicting mesorectal adenopa-
thy. ( a ) ( iii ) Sagittal T2-weighted image demonstrating 
tumour extension into the mesorectal tissue posteriorly. 
( a ) ( 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. ( b ) ( ii ) Axial T1 VIBE image 
obtained 20 min following administration of Primovist i.v. 
contrast. The metastatic deposit in the left lobe of the liver 
is further delineated         

bi bii
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20.3.1       Comparison of Accuracy 
of Imaging Modalities in TNM 
Staging of Colon Cancer 

 Table  20.3  shows the comparative percentages of 
TRUS, MRI, CT and CTC in TNM staging.

20.4         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 specifi c 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 specifi c information 
about the organ’s function/dysfunction [ 12 ]. 

 Radioisotopes decay with the emission of 
electromagnetic radiation, that is, gamma or 
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 
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 [ 13 ]. 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 fl uo-
rine-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 

   Table 20.3    Comparative accuracy of TRUS, CT, CTC 
and MRI   

 Modality  T-stage (%)  N-stage (%) 

 TRUS [ 3 ]  80–95  70–75 

 CT, MRI [ 3 ] 
 CTC [ 10 ] 

 75–85 
 73–83 

 55–65 
 59–71 

  Adapted from [ 3 ,  10 ]  
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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 [ 14 ]. 

 Change in bowel habits, abdominal pain and 
blood in the stool are some of the clinical pre-
sentations of colon cancer. Patients with 
advanced stage cancers may present with subtle 
symptoms [ 14 ]. Many colon carcinomas arise 
from adenomas, but not all adenomas result in 
carcinomas [ 14 ]. Chap.   15     deals with colon can-
cer and the adenoma-carcinoma sequence. The 
diagnosis and management of many cancers is 
being infl uenced by advanced imaging 
techniques. 

20.4.1     Radiopharmaceutical 

 PET-CT imaging using F-18-fl uoro-deoxy-
glucose (F-18-FDG) is being increasingly used 
for evaluating colon cancers especially CRC 
[ 14 ]. This tracer is a glucose analogue which 
may be actively transported into the cell medi-
ated by a group of structurally related glucose 
transport proteins. Once in the cell, FDG is 
phosphorylated and becomes effectively 
trapped. Tumour cells display increased num-
ber of glucose transporters and are highly met-
abolically active displaying high mitotic 
activity and favour the more ineffi cient anaero-
bic 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 com-
parison to normal tissues. FDG is not cancer 
specifi c and accumulates in any areas with high 
levels of metabolism and glycolysis; hence, 
there is increased uptake in areas of hyperac-
tivity, active infl ammation and tissue repair 
[ 15 ]. As a result FDG-PET can be used for 
diagnosis, staging and monitoring treatment of 
cancers.  

20.4.2     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 
fi nancial 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 the 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) and the patient can wait, recheck 
and inject once level is below 10 mmol/L or 
rebook the patient. It is necessary to advise 
diabetic patients regarding their diabetic 
medication (each patient is different, 
depending on the medication that they are 
taking). Rebooking a patient can be an 
expensive 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 fi nal image.   

   (f)    Patient dose: Calculate radiopharmaceutical 
dose of  18 F-FDG according to patient’s mass 
([patient mass/10] + 1), for example, 70 Kg 
adult: 70/10 = 7 + 1 = 8 mCi  18 F-FDG. Measure 
F-18 FDG dose and note time.      
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20.4.3     How to Perform a PET Study 

     1.    Establish intravenous access.   
   2.    If necessary, where a patient is anxious or 

restless and will 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 
anti-emetic drug may be administered 
intravenously.   

   4.    Ensure 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 fi nal image, hence 
interfering with interpretation.   

   7.    Measure postinjection syringe and note time. 
Subtract from pre-injection dose to get total 
injected dose.   

   8.    The patient to drink one cup (250 mL) of 
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 fi nal image. As the PET scan is 
usually approximately 20 min in duration, it 
is preferable for the patient to empty his/her 
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 suffi cient 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, 
infl ammatory lesions could wash out activity 
with increased time [ 15 ]. The time for each bed 
position and the number of bed positions depend 
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 proxi-
mal femurs [ 15 ]. It is preferable to cover this 
entire area during imaging as colon cancers are 
known to metastasise widely, mainly to the liver 
and lungs.  

20.4.4     Interpretation 

 PET-CT scans are reviewed and interpreted by 
qualifi ed imaging professionals, usually nuclear 
medicine physicians and/or radiologists who then 
share the results with the patient’s physician. In 
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 specifi c 
drugs and ongoing therapy (see Fig.  20.2a, b ). 
Based on changes in cellular activity observed 
on PET-CT images, treatment regimens may 
be changed.

•      The detection of recurrence of disease and to 
manage ongoing care [ 16 ].    

 It has been reported [ 17 ] that PET-CT is 
superior to contrast-enhanced CT (ceCT) for 
detection of recurrent intrahepatic tumours 
after hepatectomy, extrahepatic metastases 
and local recurrence at the site of the initial 
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a

b

  Fig. 20.2    ( a ) PET-CT scan of a patient following surgery 
and chemotherapy for rectosigmoid cancer. The scan 
shows signifi cant rectal cancer recurrence with sigmoid 
involvement and mesenteric and left external nodal 
spread. Fat stranding noted in the mesorectal fascia on the 
CT component (non-FDG avid) and infi ltration 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 rectosigmoid cancer 
with hepatic and pelvic nodal secondaries.  Bottom row : 
These post-chemotherapy PET-CT images show that the 
metastatic lesions have signifi cantly improved       
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colorectal surgery although PET-CT and ceCT 
provide similar information regarding hepatic 
metastases of CRC. Hence, PET-CT is rou-
tinely performed on all patients with meta-
static CRC who are being evaluated for liver 
resection [ 17 ]. 

 In a study by Even-Sapir et al. [ 18 ] on 62 
patients, it was concluded that after surgical 
removal of rectal cancer, PET-CT is an accurate 
technique in the detection of pelvic recurrence 
[ 18 ]. Since metabolic changes under treatment 
are likely to precede anatomic alterations [ 19 ], 
PET-CT may also be used to assess tumour 
response to chemotherapy and radiotherapy in 
lymphomas, non-small cell lung, head and neck 
and colorectal and breast cancers.  

20.4.5     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 confi rm 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 [ 5 ]; 
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 infl uenced 
by PET-CT scans [ 16 ].  

•   PET imaging is most effective in the detection 
of cancer recurrence.  

•   PET-CT imaging is not only helpful for nearly 
all aspects 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) [ 16 ].      

20.5     Key Messages 

•     Abdominal ultrasonography is performed for 
detection of visceral metastatic disease, 
abdomino-pelvic fl uid and lymphadenopathy.  

•   Patients for MRI require extensive screening 
for metallic objects prior to entering the imag-
ing room.  

•   Optimal bowel preparation is essential for MR 
colonography, 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 (T-staging).  

•   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-fl uoro-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 confi rm or rule out the 
presence of metastases in the liver or lung.  

•   Based on changes in cellular activity observed 
on PET-CT images, treatment regimens may 
be changed.     
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20.6     Summary 

 The advantages and disadvantages of ultrasound, 
MRI and PET-CT are discussed in terms of CRC 
management. Nuclear medicine imaging shows 
physiological function and is helpful to assess for 
metastatic disease. Patients for MRI studies have 
to undergo extensive screening for metallic 
objects before entering the imaging suite. Each 
modality plays a complementary role in imaging 
patients with CRC.     
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      Legal and Professional 
Requirements: A Framework 
for Practice                     

     Richard     Price     

    Abstract 

   Role development is a natural process and radiographers have had to 
adapt their practice as new and innovative technologies, and techniques 
have been and continue to be introduced. Radiology services are faced 
with the need to provide optimum, appropriate and timely care to our 
patients and service users. The requirement is that care has to be deliv-
ered at the expected standard. This chapter explores responsibility and 
accountability within a practice framework and the possible conse-
quences of failing to provide a duty of care and practice at the required 
standard.  

21.1       Introduction 

 The past 45 years have witnessed dramatic 
changes. For example, the introduction of com-
puted tomography (CT), magnetic resonance 
imaging (MRI), and ultrasound has increased the 
capacity and capability of imaging. Roles have 
not only developed but have been extended as 
radiographers adopt tasks traditionally under-
taken by other disciplines. Image interpretation 
is the prime example of role extension in the 
modern era with the scope of radiographic prac-

tice extending beyond image acquisition for 
many to embrace image interpretation. Initially 
most of the reporting undertaken by radiogra-
phers, with the exception of ultrasound, was of 
the appendicular system, but over a period of just 
a decade, the scope of reporting practice 
advanced to include the full musculoskeletal 
system largely in trauma, mammograms, gastro-
intestinal studies, chest X-rays, MRI, CT and 
nuclear medicine studies. 

 The basic premise for all practice is that it is 
safe and effective and, where a role is extended, it 
has to be in the best interests of patients. In con-
sidering a practice framework, there has to be 
recognition that radiographers owe a duty of care 
to their patients and to those who are affected by 
their actions. The starting point is the relationship 
with an employer.  

  21
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21.2     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 the employee and the employer. 

 Employees are accountable to follow the rea-
sonable instructions of the employer; this nor-
mally will be through their line manager. On the 
employer’s side, the obligation is to take all rea-
sonable care for the employee’s safety. This 
would include ensuring a safe system of work, 
providing effective and safe equipment in appro-
priate premises. The keyword here on both sides 
is reasonable. So what is reasonable? 
Reasonableness is based on what is sensible to do 
in a given situation. Both a manager and employee 
by virtue of their education, training and experi-
ence should have the background and skills to 
take the right decisions at the right time. For a 
manager to ask someone to perform a task for 
which he or she has not been trained would be 
unreasonable as it 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 
an extended role task such as reporting? 

 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 to the case of reporting by 
radiographers, they would be as follows:

    1.    The radiographer has been specifi cally 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 has to be assured of the competencies of 
the individual radiographer concerned.    

  The conditions place clear obligations on both 
the employee and the employer. In regard to 
training, it must be specifi c to the fi eld of report-
ing and adequate means to the level and standard 
of education required. The threshold standard is 
normally specifi ed by an approved course. If an 
employer has sent an employee on a course or 
provides a suitable alternative, then the training is 
recognised de facto. 

 Radiographer reporting is certainly recog-
nised by the Society of Radiographers (SoR) as a 
legitimate activity for radiographers, and employ-
ers are unlikely to support training if they had no 
intention of recognising the task as suitable for 
their employees [ 2 ]. To consolidate the position, 
the employer will very likely have a scheme of 
work or guidelines that cover the reporting task. 
On that basis, the task can be seen to be delegated 
to radiographers by the employing authority 
probably via the clinical director. 

 The conditions listed above, although set out 
some time ago, provide important safeguards for 
any practitioner wishing to adopt an extended 
role task. Meeting the conditions to adopt an 
extended role is an important step, but continuing 
to practise has to be executed competently and 
safely.  

21.3     Professional Regulation 

 Radiographers are practitioners with special 
skills and are placed in a position of trust by an 
employer and by society. Accountability to the 
public in the UK is through the regulatory body, 
the Health and Care Professions Council (HCPC) 
[ 3 ]. The title ‘Radiographer’ is protected in the 
law, and the use of the title by someone not on the 
HCPC register is a criminal offence. 

 We have seen that on an individual level, a 
radiographer is responsible for providing a duty 
of care for patients to the appropriate standard. 
The requirement here is for radiographers to 
practise within their scope of practice and not 
attempt tasks for which they are not competent. 
The Standards of Profi ciency marks a threshold 
level for entry onto register [ 3 ]. Registrants not 
only have to maintain their competence but also 
continue to develop their practice throughout 
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their career. A radiographer who is unable to 
meet the Standards of Profi ciency and Standards 
of Conduct, Performance and Ethics [ 4 ] can be 
investigated and as a consequence could be sub-
ject to the ultimate sanction of being removed 
from the register, thus prevented from practising 
and employment. 

 As practice changes over time, a professional 
body such as the SoR has a critical role in sup-
porting and developing that practice. The SoR 
publishes guidelines such as its Code of 
Professional Conduct which includes the Scope 
of Professional Practice [ 2 ]. As a member of the 
organisation, a radiographer is agreeing to abide 
by its ‘rules’ and standards.  

21.4     Duty and Standard of Care 

 Ongoing practice places a responsibility on 
radiographers to maintain their skills and compe-
tence. Legally the obligation is specifi c. 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, although there would be attempts to resolve 
an issue at local level in the fi rst instance. 

 Negligence is a civil wrong and due to prac-
tice that falls below the acceptable standard of 
care. It can be as a result of a practitioner doing 
something that ought not to have been done or 
omitting to do something that should have done. 
A civil wrong is referred to as a ‘tort’ and is an 
unintentional violation of another person’s rights, 
usually due to negligence; in other words ‘care-
lessness’. A claim for compensation is subject to 
the common or case law which has been devel-
oped by judicial decisions over time through civil 
courts and tribunals. The common law is perti-
nent for practice as it determines the rights and 
duties individuals have towards each other [ 5 ]. 
Professional codes of conduct 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. Before negligence is 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 wrong doings 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 practitioner. However, it does not mean 
that an individual employee is unaffected by any 
action as he or she could be subjected to a disci-
plinary procedure by the employer plus a referral 
to their regulatory body who would be bound to 
investigate whether there is a case to answer and 
to take necessary action which could include 
removal, of the person’s name from the register. 

 In most cases, it would be relatively straight-
forward to prove that a radiographer and the 
employer owed a duty of care to a patient but 
more diffi cult to prove (b) and (c) above. The 
Bolam test is used to determine whether the rea-
sonable standard of care has been given and 
hence whether a practice has been negligent [ 6 ]. 
In the Bolam case, the patient was receiving elec-
troconvulsive therapy. The doctor did not give 
any relaxant drugs, and during the procedure, the 
patient sustained fractures and brought a claim of 
negligence for damages against the hospital. The 
court ruled in favour of the doctor and found that 
he was not negligent. While the patient had unde-
niably been harmed, the doctor had not breached 
his duty of care as he had followed a practice fol-
lowed 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. The Bolam case provides the test for 
the standard of care which a health professional 
must reach. It is the standard of the ordinary com-
petent practitioner in the given specialism. The 
specialism is key as it is reasonable to assume 
that the practitioner in that fi eld has the skill and 
competence to undertake the duties required of 
him or her. 
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 The direct implication for a reporting radiog-
rapher is that he or she must perform to the stan-
dard of the ordinary competent practitioner in the 
fi eld, i.e., radiologists or where radiographer 
reporting is established by other radiographers. 
However a question often asked is: ‘Does some-
one who is new to reporting 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 a course of training. One such approach is 
for a new practitioner to be directly supervised 
for an agreed number of reports and to have a 
mentor for a given period of time. To assure con-
tinuing competence, the reporter would be sub-
ject to audit and further training as appropriate.  

21.5     A Practice Framework 

 So far we have considered essential information, 
much of it background, that a practitioner needs 
to be aware of when not only adopting a new task 
but throughout his or her continuing practice. 
Now let us consider some specifi cs about clinical 
reporting. 

 For many radiographers who have qualifi ed in 
recent years, they have already developed a number 
of key skills on graduation which provide the basis 
for further progression. Requirements are clearly 
set out in the HCPC Standards of Profi ciency [ 3 ] 
for radiographers. While all of the standards are 
complementary to providing the standard of care, 
two in particular are worth considering further:

  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 every clinical radiographer will possess 
these skills upon graduation and may be appro-
priate for initial commenting, they are insuffi -
cient for formal clinical reporting. In addition, 
the SoR [ 2 ] sets out clear policy statements. 
Newly qualifi ed radiographers, in relation to 
standard radiographic images, must:

•    Have demonstrated competence in the 
assessment of image appearances to identify 
abnormalities and describe them in written 
form.  

•   Be competent in identifying normal image 
appearances, including normal anomalies.  

•   Be able to advise on further radiographic pro-
jections based on their clinical fi ndings.    

 Experienced radiographers must demonstrate 
competence in undertaking and producing writ-
ten preliminary clinical evaluations. 

 These statements consolidate the position of 
the radiographer in regard to clinical evaluation 
of images and do instil a different mind-set 
from when image acquisition and technical 
evaluation were prime considerations. However, 
there are further steps required before someone 
is recognised to undertake formal clinical 
reporting. Some of these we have considered 
such as further education and training which is 
adequate and specifi c to the reporting fi eld and 
in this case CTC reporting. In the view of the 
SoR, this should be a College of Radiographers 
approved postgraduate qualifi cation. Such a 
qualifi cation is good practice, but legally, train-
ing that is approved and underwritten by an 
employer within its scheme of clinical gover-
nance would be adequate and specifi c; this 
could include in-house training. From a practi-
tioner’s perspective having achieved a qualifi -
cation from an accredited course point of view 
would seem to be the preferred option for career 
development [ 7 ]. 

 When a radiographer is at the stage to com-
mence clinical reporting, he or she will do so 
within the context of clinical governance. This is 
a framework through which organisations are 
accountable for continually improving the qual-
ity of their services and safeguarding high stan-
dards of care by creating an environment to 
assure excellence in clinical care. Key elements 
for reporting will be:

•    An agreed scheme of work which is unam-
biguous on the scope of practice  

•   Continuing professional development  
•   Ongoing clinical audit  
•   Risk and information management    
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 In formulating practice guidelines, the follow-
ing provide the essential elements that should avoid 
a practitioner exceeding their scope of practice:

    1.    There is responsibility with accountability.   
   2.    Radiographers have a duty of care to their 

patients.   
   3.    You do not need to be an expert, but you must 

provide the standard of care as the ‘ordinary’ 
(average) competent practitioner in the fi eld.   

   4.    You must follow the reasonable instructions 
of your employer.   

   5.    An extension of role demands training.   
   6.    Do not exceed the scope of your practice.   
   7.    An understanding of what constitutes 

negligence.   
   8.    Recognise the need for effective self-manage-

ment of workload and be able to practise 
accordingly.   

   9.    Understand the obligation to maintain a fi t-
ness to practise and the need for career-long 
self-directed learning.      

21.6     Key Messages 

•     In considering a practice framework, 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 certainly recog-
nised by the Society of Radiographers (SoR) 
as a legitimate activity for radiographers, and 
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 the 
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.  

•   Experienced radiographers must demonstrate 
competence in undertaking and producing 
written preliminary clinical evaluations.  

•   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.     

21.7     Summary 

 Practitioners must feel secure within their prac-
tice 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 requirements that impact on practice. 
Given an understanding of the principles of 
practice that infl uence it, radiographers should 
not have major concerns about extending their 
role.     
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      Self-Assessment of CT 
Colonography Images                     

     Joel     H.     Bortz      ,     Aarthi     Ramlaul     , and     Leonie     Munro    

    Abstract 

   A range of 2D and 3D images are included in twenty self-assessment 
questions. The answers for each of the images are based on images and 
discussions in the chapters on CTC. In addition, we include comment on 
some questions, as well as CTC images with legends to expand on possi-
ble fi ndings.  

22.1       Introduction 

 Interpretation of both colonic and extracolonic 
images is essential in all CTC studies. Thirty-fi ve 
CTC images are embedded in the self-assessment 
questions. Our aim in these questions is to pro-
vide a platform for readers to assess their knowl-
edge and understanding of CTC as presented in 
this book. Some questions require knowledge of 
the E classifi cation presented in Table   18.1    . It is 
important to refer to C classifi cation in Table 
  10.2     when interpreting CTC images. A C3 clas-
sifi cation requires recommending colonoscopy 
follow-up, for example. Where applicable, refer-

ence is made to the reporting template in Chap. 
  19    . Some answers include comments with addi-
tional information. Copies of some images with 
arrows are included in the comment to show 
pathology.  

22.2     Self-Assessment Questions 

  Question 1 
 Lipoma is the most common of the non-epithelial 
tumours of the gastrointestinal tract. Describe the 
CT features of a colon lipoma image.  

  22
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  Question 2 
 Describe the image appearances seen on 
Fig.  22.1a . State the likely fi ndings.

     Question 3 
 Describe the supine axial chest image appear-
ances seen on Fig.  22.1b . Would you request an 
additional view prior to making an informed 
interpretation, and  if so what additional view 
would you request and why?   

  Question 4 
 Describe the image appearances of the structure 
illustrated on Fig.  22.1c(i), (ii) . State the likely 
fi ndings.  

a

  Fig. 22.1    ( a ) 2D axial view 

b

Fig. 22.1 ( b ) 2D supine axial view 

ci

cii

Fig. 22.1 ( c )( i ) 3D endoluminal view. ( ii ) TD view
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  Question 5 
 A 55-year-old female presented for a screening 
CTC examination. Describe the image appear-
ances seen on Fig.  22.1d . State the likely fi nd-
ings. Under which E classifi cation would you list 
your fi ndings?  

  Question 6 
 An asymptomatic patient presented for a screen-
ing CTC examination. Describe the image 
appearances on Fig.  22.1e . What pathology are 
the appearances consistent with? Under which E 
classifi cation would you list your fi ndings?  

  Question 7 
 An asymptomatic 65-year-old patient presented 
for CTC. Describe the image appearances seen on 
Fig.  22.1f(i), (ii) . What is the likely diagnosis?  

d

Fig. 22.1 ( d ) 2D axial view

e

Fig. 22.1 ( e ) 2D supine axial view

fi

fii

Fig. 22.1 ( f )( i ) 3D endoluminal view. ( ii ) TD of the same 
patient

22 Self-Assessment of CT Colonography Images
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  Question 8 
 An asymptomatic 60-year-old patient presented 
for a CTC examination. Describe the image 
appearances on Fig.  22.1g(i)–(iv) . State the likely 
fi ndings. Under which C classifi cation would you 
list your fi ndings?  

gi

giii giV

gii

Fig. 22.1 ( g )( i ) 2D coronal image. ( ii ) 2D axial image. ( iii ) 3D image. ( iv ) TD image

J.H. Bortz et al.
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  Question 9 
 Describe the image appearances seen in 
Fig.  22.1h(i), (ii) . State the likely fi ndings.  

  Question 10 
 Figure  22.1i  is an image of a colon-map. Describe 
the technique for evaluating a colon-map. Evaluate 
this image and state whether this represents a nor-
mal colon-map. If not, what is the likely diagnosis?  

hi

hii

Fig. 22.1 ( h )( i ) 3D image. ( ii ) Sagittal view

i

Fig. 22.1 ( i ) Colon-map

22 Self-Assessment of CT Colonography Images
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  Question 11 
 A 64-year-old patient with history of lumbar sympa-
thectomy presents for a CTC examination. Describe 
the image appearances seen on Fig.  22.1j(i), (ii) . 
State possible reason for these fi ndings.  

  Question 12 
 A 60-year-old asymptomatic patient with a his-
tory of previous surgery presented for a screen-
ing CTC examination. Describe the image 
appearances seen on Fig.  22.1k(i), (ii) .   

ji

jii

Fig. 22.1 ( j )( i ) Colon-map ( ii ) 2D axial view

ki

kii

Fig. 22.1 ( k )( i ) Colon-map. ( ii ) 2D sagittal view

J.H. Bortz et al.
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  Question 13 
 Describe the image appearances seen on 
Fig.  22.1l(i), (ii) . State the likely fi ndings.  

  Question 14 
 Figure  22.1m(i)–(iii) is of the same patient. Describe 
the image appearance seen on Fig.  22.1m(i) . State 
the likely cause of your fi nding? What additional 
check/s would you carry out to determine whether 
this is a lesion? Explain your answer. State the 
likely fi ndings on the remaining fi gures.  

li

lii

Fig. 22.1 ( l )( i ) 3D view. ( ii ) 2D view

mi

mii

miii

Fig. 22.1 ( m )( i ) 3D supine endoluminal view. ( ii ) 3D 
view. ( iii ) 2D axial

22 Self-Assessment of CT Colonography Images
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  Question 15 
 Describe the image appearances seen on 
Fig.  22.1n(i), (ii) . State the likely fi ndings.  

  Question 16 
 A 50-year-old patient with a family history of 
colorectal cancer presented for a CTC examina-
tion. Describe the image appearances seen on 
Fig.  22.1o(i), (ii) . State the likely fi ndings.  

ni

nii

Fig. 22.1 ( n )( i ) 3D image. ( ii ) Axial image

oi

oii

Fig. 22.1 ( o )( i ) 3D image. ( ii ) 2D image
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  Question 17 
 A 60-year-old patient is undergoing a surveil-
lance CTC examination. Describe the image 
appearances seen on Fig.  22.1p(i)–(iii) . State the 
likely fi ndings.  

  Question 18 
 A 50-year-old patient presents for a screening 
CTC examination. He mentioned that there was a 
painful and swollen bulge near his umbilicus. 
Describe the image appearances seen on 
Fig.  22.1q . State the likely fi ndings. Under which 
E classifi cation would you list your fi ndings?  

  Question 19 
 Describe the image appearances seen on 
Fig.  22.1r . What are the two likely causes of this 
appearance? Can this image be improved? 
Explain your answer.  

pi

pii

piii

Fig. 22.1 ( p )( i ) 3D view. ( ii ) 2D supine axial view. ( iii ) 
2D RLD view

q

Fig. 22.1 ( q ) 2D axial view

r

Fig. 22.1 ( r ) 3D image

22 Self-Assessment of CT Colonography Images
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  Question 20 
 A 50-year-old female presented for screening 
CTC. Describe the image appearances seen on 
Fig.  22.1s(i), (ii) . State the likely fi ndings.   

22.3     Answers 

  Question 1 
 On CT images the appearance of a lipoma is uni-
form, with a fat equivalent density range between 
−80 and −120 Hounsfi eld units (HU). On TD a 
lipoma is pure green in colour.  

  Question 2 
 There is an appearance of an atrophic rectus 
abdominis muscle. There is evidence of divertic-
ula in the sigmoid colon. Findings: diverticular 
disease.  

   Question 3 
 No pathology evident on 2D supine view. Yes an 
additional view is required. Essential to check 
prone series of the chest as there is often more 
coverage and certain lesions, such as those from 
lung cancer, may only be detected on prone 
imaging.  

   Question 4 
 A round mass is noted in close proximity to the 
rectal catheter. The TD view shows the mass as 
blue indicating negative values, such as air. The 
likely cause is an air bubble.  

 Comment 

 Possible causes of an atrophic rectus 
abdominis muscle:

•    Inactivity  
•   Extra-peritoneal surgical approach for 

infrarenal aortic repair    

 Comment 

 The value of a prone chest series is high-
lighted in Fig.   18.4g(ii)     which shows a 
non-calcifi ed lesion in the left lung. 

si

sii

Fig. 22.1 ( s )( i ) 3D image. ( ii ) Sagittal image                 

J.H. Bortz et al.

http://dx.doi.org/10.1007/978-3-319-29379-0_18


305

  Question 5 
 Ovarian cyst on the right with moderate clinical 
importance thus E3. There is no other pathology 
evident. No other work-up required.  

   Question 6 
 Bilateral renal cysts noted. These are of low clini-
cal importance thus E2 classifi cation. No other 
extracolonic and colonic pathology noted.  

  Question 7 
 3D view shows a lesion resembling a peduncu-
lated polyp. The TD shows the lesion to be bar-
ium. Finding is that the lesion is stool simulating 
a pedunculated polyp.  

   Question 8 
 Lobulated caecal mass indicating tumour seen on 
the coronal and axial images. A circumferential 
lobulated caecal mass is seen on the 3D image. 
This mass on the TD is of high intensity tissue 
consistent with a mass. Likely fi nding would be 
an adenocarcinoma. This is a C4 classifi cation 
thus surgical referral essential.  

  Question 9 
 Abnormal haustral fold noted on both the 3D and 
sagittal views. Bowel size large on sagittal view 
indicating caecum and ascending colon.  

    Question 10 
 When assessing a colon-map, it is important to 
check all colon segments. The caecum is not in 
the right iliac fossa but facing upwards under the 
transverse colon. This indicates a malrotated cae-
cum. There is a pedunculated polyp in the trans-
verse colon (TC) near the hepatic fl exure. 
Diverticulosis in the sigmoid colon.  

  Fig. 22.2    Note barium on abnormal fold inferiorly ( open 
white arrow )       

 Comment 

 As per the reporting template Table   19.2    :

•    Always comment on any further work 
up needed.  

•   Include a disclaimer: Note that extraco-
lonic evaluation is limited by the low-
dose CT technique and lack of i.v. 
contrast.    

 Comment 

 Tagging is important as stool is a potential 
pitfall thus important to determine that the 
lesion seen is real or merely an artefact. 

 Comment 

 A reader should carefully check all colon 
segments for pathology. Figure  22.3 . shows 
the pedunculated polyp. 

 Comment 

 Figure  22.2  shows the abnormal fold and 
the usefulness of barium tagging. 
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    Question 11 
 Colon-map shows a well-distended colon. 
Redundancy of sigmoid and transverse colon 
noted. Excessive fl uid noted in the transverse 
colon in the prone view. Possible cause could be 
due to previous lumbar sympathectomy.  

  Question 12 
 Anastomosis-sigmoid to descending colon on 
colon-map. Side-to-side anastomosis- sigmoid –
descending colon on the sagittal view.  

    Question 13 
 A vertical projection is seen on the 3D. The 2D 
axial view shows barium outlining stool and sim-
ulating a polyp.  

   Question 14 
 3D supine endoluminal view shows rectal cathe-
ter with meniscal fi lling defect. Normal appear-
ance. However, to exclude pathology, it is 
important to turn patient prone and defl ate bal-
loon because an infl ated balloon may obscure 
lesions. On the prone 3D (Fig.  22.1m(ii) ), large 
haemorrhoids are visible. These are confi rmed on 
the 2D axial prone view (Fig.  22.1m(iii) ).  

  Question 15 
 Polypoidal mass noted on the 3D image. On the 
2D view, the mass is covered in barium indicat-
ing stool.  

   Question 16 
 3D view shows a polypoidal mass. 2D axial shows 
air in structure indicating stool and not a polyp.  

 Comment 

 Stool may be covered by barium and fre-
quently contains small bubbles of air giving 
it a heterogeneous appearance. Air within 
stool is not identifi ed on 3D viewing. 

  Fig. 22.3     Arrow  indicates the pedunculated polyp       

 Comment 

 Previous surgical resection of part of 
descending colon for underlying diverticu-
lar disease. Figure  22.4(i), (ii)  shows site of 
anastomosis. 

 Comment 

 The complementary role of 3D and 2D is 
evident. Importance of tagging is well 
shown to distinguish stool from a polyp. 

 Comment 

 Value of tagging evident in the 2D view. 
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   Question 17 
 3D view shows a polypoidal mass. Multiple 
diverticula are visualised. 2D view supine view 
shows the barium coated mass on the posterior 
wall of colon. The barium coated mass moved to 
adjacent wall of colon in the RLD view indicat-
ing stool and not polyp.  

   Question 18 
 There is an umbilical hernia containing bowel. 
Previous lumbar spine surgery noted. This extraco-
lonic fi nding is an E3 with moderate clinical impor-
tance which may require surgical intervention.  

i ii

  Fig. 22.4    ( i )  Black arrow  indicates side to side anastomosis. ( ii ) Site of anastomosis ( open white arrow )       

 Comment 

 Important to scan a patient in different posi-
tions to check whether a mass moves as 
illustrated in these 2D images. Most typi-
cally stool will move to the opposing wall 
when a patient is turned from the supine to 
the prone position. A sessile polyp does not 
move with postural change. However, 
beware of the pedunculated polyp on a long 
stalk which may move with postural change. 

 Comment 

•     This fi nding is of moderate clinical 
importance.  

•   Further work-up may be indicated.  
•   In nearly all cases of asymptomatic 

patients, these lesions prove to be 
benign.    
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   Question 19 
 Beam hardening – probably due to hip prosthesis 
or surgical clip. If available there is software that 
could be applied to improve the 2D image of this 
artefact (e.g. Smart Metal Artefact Reduction – 
GE ®); O-MAR (Metal Artefact Reduction for 
Orthopedic Implants – Philips ®).  

   Question 20 
 An extrinsic impression is seen below the haus-
tral fold on the 3D view. Sagittal 2D view shows 
uterus indenting posterior wall of caecum. Large 
uterus pushing on colon.       

 Comment 

 The use of such software is discussed in 
Chap.   7    . 

 Comment 

 A 2D view will show cause of the 3D 
appearance of an extrinsic impression that 
may simulate a mass. Figure  22.5  shows 
the cause of the 3D appearance. 

  Fig. 22.5     Open white arrow  shows enlarged uterus 
pushing on posterior wall of caecum. No follow-up 
required       
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                       Glossary 

  Air insuffl ation    Injection of air into the colon   
  Anaphylactic    An acute, potentially life-threat-

ening allergic reaction   
  Anthropomorphic phantom    A phantom con-

structed from tissue-equivalent materials having 
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   

  Confi dentiality    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 abdomen 

and pelvis which does not lie within the 
peritoneum   

  Flatus    Gas produced in and expelled from the 
digestive tract   

  Hypertonic    Refers to a solution that has a higher 
salt concentration than normal body cells 
resulting in an increase in osmotic pressure   

  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 muscular 
thickening of the bowel wall occurs accompa-
nied by a decrease in the width of the taenia 
coli sometimes seen in patients with diverticu-
lar 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   

  Prejudicial    Relates to bias and prejudice with 
the intent to cause harm   

  Polyp (colon)    Is an abnormal growth of tissue 
from a mucous membrane and is found on the 
inner lining of the colon   

  Pneumomediastinum    The presence of air 
within the mediastinum   

  Pneumopericardium    The presence of air or 
other gas within the pericardial cavity sur-
rounding the heart   
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  Tagging    A means of marking faecal and fl uid 
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) , 241, 242, 260, 261   
   Abnormal haustral fold , 299, 305  
   Adaptive Iterative Dose Reconstruction (AIDR) , 36  
   Adaptive Statistical Iterative Reconstruction 

(ASIR) , 36  
   Adenomatous polyps 

 tubular adenomas , 196, 197  
 tubulovillous adenomas , 198, 199  
 villous adenomas , 198  

   Advanced adenoma , 194–195  
   AIDR.    See  Adaptive Iterative Dose Reconstruction 

(AIDR) 
   American College of Gastroenterologists (ACG) , 5  
   American Gastroenterological Association 

(AGA) , 5  
   Anal papilla , 177, 178  
   Anatomy 

 extracolonic , 243–264  
 normal and normal variants , 126–147  

   Antispasmodics , 224–225  
   Appendix , 138–141  
   Artefacts , 68, 162–165  
   Ascending colon , 134  
   ASIR.    See  Adaptive Statistical Iterative Reconstruction 

(ASIR) 
   As low as reasonably achievable (ALARA) , 20, 52  
   Atrophic rectus abdominis muscle , 296, 304  

    B 
  Barium enema (BE) , 1, 5  
   BCSP.    See  Bowel cancer screening programme (BCSP) 
   Beam hardening , 163, 308  
   Black ring.    See  Diverticulum 
   Bladder , 228, 252  
   Bolam test , 293  
   Bonn Call-For-Action , 51  
   Bowel cancer screening programme (BCSP) , 65, 69  
   Bowel preparation 

 anaphylactoid reactions , 96  
 cathartic agents , 94  
 CO 2  , 92  
 colonic insuffl ation 

 automated pressure-controlled 
insuffl ation , 97–98  

 carbon dioxide  vs.  room air , 97  
 manual insuffl ation , 97  

 dry preparation , 92–93  
 Gastrografi n , 95, 96  
 liquid diet , 94  
 magnesium citrate , 92, 93  
 non-cathartic options , 96  
 patient preparation , 94  
 perforation risks , 99  
 sodium phosphate (NaP) , 92  
 solid food consumption , 95  
 Suprep (OSS®) , 93  
 tagging , 94, 95  
 wet preparation , 93  

   Brachytherapy , 217  
   British Society of Gastrointestinal and Abdominal 

Radiology (BSGAR) , 1, 19, 69  
   Buscopan® , 82, 156, 224–225  

    C 
  Caecum , 137  
   Carcinoid tumour , 204, 205  
   Carpet lesions , 200, 201  
   Catheter, positioning , 160, 161  
   Citramag® , 76  
   Colon anatomy 

 ascending colon , 134  
 bowel wall , 125–126  
 caecum , 137  
 descending colon , 130  
 extrinsic impressions , 145–147  
 hepatic fl exure , 133  
 Houston, rectum and valves of , 126–127  
 ICV , 134–136  
 malrotation , 142–144  
 rectosigmoid junction , 128, 129  
 splenic fl exure , 126, 131  
 transverse colon , 132  
 vermiform appendix , 138–141  

   Colon capsule endoscopy (CCE) , 115  
   Colonic classifi cations , 106  

                       Index 
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   Colon-map , 126, 274, 299  
   Colonoscopy 

 direct mechanical trauma , 3  
 perforation , 3, 4, 114  
 polypectomy syndrome , 3  

   Colorectal cancer (CRC) , 2, 5, 6  
 adenoma–carcinoma pathway , 212  
 benign colorectal polyp , 212  
 benign precursor lesion , 212  
 CRC statistics , 211  
 hereditary colorectal cancer syndromes , 216  
 histology , 212  
 imaging modalities, in preoperative evaluation , 218  
 incidence , 211  
 polypoidal lesions , 212–214  
 serrated polyp–carcinoma sequence , 215–216  
 treatment 

 chemotherapy , 217  
 radiation therapy , 217–218  
 surgery , 216  

 WHO’s global action plan , 211  
   Computed axial tomography , 26  
   Computed tomographic colonography (CTC) 

 carbon dioxide , 2  
 CRC screening test , 2  
 CRC screening tool , 5  
 development 

 interpretation methods , 63–65   
 scanner technology , 62–63  

 optical colonoscopy , 2  
 service , 61, 62  
 technique, evolution of 

 bowel preparation , 65–67  
 insuffl ation , 66, 110  
 limitations , 68  
 published documentation , 69  
 team approach and training , 69  

   Computed tomography dose index (CTDI) , 41, 42, 44  
   Computer-aided detection (CAD) , 63, 121, 125  
   Contrast media, CTC 

 antispasmodic drugs , 82  
 colonic insuffl ation, CO 2  and perforation , 79–82  
 intravenous contrast , 83–86  
 oral contrast 

 barium tagging , 78  
 faecal tagging agent , 75–76  
 Gastrografi n® , 76  
 hypokalaemia , 77  
 iodine allergy/high sensitivity , 78  
 NHS National patient safety agency , 76  
 patient bowel preparation instructions , 77  
 sodium picosulfate , 76  

   CRC.    See  Colorectal cancer (CRC) 
   Crow’s foot , 138, 139  
   CT angiography (CTA) , 54  
   CTC.    See  Computed tomographic colonography (CTC) 
   CT colonography reporting 

 dictation template , 274, 275  
 interpretation tools , 270–274  
 reading and interpretation requirements , 268–270  

 3D-2D approach , 267  
   CT principles 

 exposure factors and image 
 beam fi ltration , 29  
 detector dimensions , 29  
 focal spot , 29  
 geometry , 29  
 kilovoltage peak , 28–29  
 matrix , 29  
 milliampere seconds , 28  
 pitch , 29  
 scan time , 29  
 slice thickness , 29  

 fundamentals , 26–28  
 image construction  

 back projection methods , 36  
 iterative image reconstruction , 36  
 pixel attenuation calculation problem , 35  
 volume rendering techniques , 37  

 image contrast , 30–31  
 image resolution , 38  
 noise , 26  
 overlying structures, removal of , 30  
 scanner development , 32–34  
 soft tissues , 26  
 windowing process , 30–31  
 X-ray attenuation calculation , 30  
 X-ray scatter, reduction of , 30  

    D 
  Descending colon , 130  
   Diagnostic reference levels (DRLs) , 47–48  
   Diverticular disease 

 acute diverticulitis , 221–222  
  vs.  adenocarcinoma , 230, 231  
 antispasmodics, role of , 224–225  
 clinical features , 228  
 complications , 228  
 CTC, in patients , 222  
 diagnostic modalities 

 contrast enemas , 229  
 imaging and treatment options , 230  

 diverticula , 223–225  
 inadequate luminal distension , 226–227  
 incidence of , 221  
 pathogenesis and cause , 222  
 pathological features , 222  
 2D and 3D visualisation , 224, 225  
 in Western population , 221  

   Diverticulum , 224, 225  
   Dose-length product (DLP) , 41–42, 46  
   Dose optimisation, CT colonography 

 controllable and built-in factors, patient dose 
 active collimators , 55  
 automatic tube current modulation , 53  
 detector material , 56  
 iterative reconstruction , 54–55  
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