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Abstract: Computed tomographic colonography (CTC) is an alternative to
optical colonoscopy, in dedicated circumstances, for the examination of the
colon. We made a literature review and a retrospective analysis regarding
CTC in a single imaging center between august 2009 and July 2012.
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1. Introduction
1.1. Review on CT colonography

Computed tomographic colonography
(CTC) or virtual colonoscopy is a non
invasive method that uses computed
tomographic  data  combined  with
specialized imaging software to examine
the colon, intended for the detection of
polyps or cancer. Practically, the
visualization in 3D mode is mimicking the
navigation inside the colon during optical
colonoscopy (OC).

The technique was developed in 1994 as
an alternative investigation to optical
colonoscopy [36].

1.2. Definition

CTC consists in an abdominal CT
examination after colonic preparation and
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gas distension (air or CO2). These two
conditions are the main terms in the
Pickhardt definition of CTC: "When a
properly prepared and distended colon is
imaged with CT, clinically relevant polyps
can be readily detected with dedicated CT
software’[24].

1.3. Colon preparation

Regarding this topic there is no general
consensus. Usually the colon preparation is
based on the administration of a cathartic
agent (phosphosoda, magnesium citrate or
polyethylene glycol).

AGA guidelines recommended all three
agents for the colonic preparation, the
results in detection of polyps being similar.
Phosphosoda is preferred because of its
higher compliance and less residual stools

[8].
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The residual content of the colon may
lead to false positive results or hide the
lesions. To avoid this situation the fecal
tagging is used. The technique, adapted
from MRI colonography [37], consists in
the administration of an oral contrast
agent, barium or iodine, during colonic
preparation. There are different
possibilities to achieve the fecal tagging
using different combinations between
cathartic agents and contrast agents
[25,10]. New preparation regimens are
using only the oral contrast (Gastrografin)
concomitant with low fiber diet several
days prior CTC in order to improve
tolerance [16,14] or avoid electrolyte
disturbances in frail and elderly patients
[17].

1.4. Colon distension

Colonic inflation is performed prior to
CT acquisition using air or CO2 gas.
Adequate colonic distension is critical to
analyze the colonic wall. To improve the
uniform  distension and  complete
examination of the colonic wall, both
supine and prone positions are used during
the acquisition [34]. For elderly patients or
patients with disabilities supine and left
decubitus is a valuable alternative [6].

1.5. Technical details

The detection of colorectal polyps on
CTC is in part dependent on CT
acquisition parameters. The performance
in detecting polyps 6-9 mm is acceptable
using 2.5 or 3 mm slice thickness [25.34].

A permanent concern is to use low dose
radiation [34, 20].

The analysis of CTC images can be
performed in 2D or 3D visualization
modes. 2D offers standard axial images.
3D is simulating optical colonoscopy. In
different studies sensitivity in detection of

polyps was similar for 2D and 3D
visualization [26, 35, 33]. The CTC final
report is based on the analysis of both for
an accurate diagnosis.

1.6. Clinically significant polyps

The primary target of CTC is detecting
polyps with characteristics of advanced
adenoma.

The advanced adenoma has a high risk
for colorectal cancer [27]. It is defined as
an adenoma >lcm with significant villous
feature, high grade dysplasia or early
invasive cancer [38]. There are studies that
support the clear correlation between size
of the lesion and risk of degeneration. In
Pickhardt studies 90-95% of lesions were
qualified as advanced adenomas using only
the size criteria (=1cm) and only 4% of
lesions measuring 6-9 mm were advanced
adenomas (histology confirmation) [11].
The sensitivity of CTC is similar to optical
colonoscopy (close to100%) in detection
of large lesions. More than that, the
sensitivity for lesions 6-9 mm is higher for
CTC versus OC [25, 10]. Concerning
lesions <5mm there are different opinions.
The large majority of gastroenterologists
and radiologists say that we could ignore
these lesions [34] and include these
subjects in screening in the normal risk
population.

1.7. Intracolonic findings

A report is concluding the CTC
examination. This report refers first of all
to the intracolonic findings. CTC reading
should include the size, morphologic
features, and location of polyps and masses
and lesion attenuation [31]. The ,,Working
group on virtual colonoscopy” made a
classification of CTC findings (C-RADS)
and management recommendations [40]:
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Table 1

Classification of CTC findings (C-RADS) and management recommendations

CO |Inadequate study/Awaiting prior CTC comparisons: Inadequate preparation: cannot exclude

lesions >1cm due to the presence of residual matter. Inadequate insufflation: one or more
segments collapsed on both series of images Awaiting prior studies for comparison

C1 [Normal colon or benign lesions Recommended: continue routine screening (every 5—-10

years): No visible abnormalities of the colon No polyps >6mm Lipoma or inverted
diverticulum Non-neoplastic lesions (e.g. diverticula)

C2 | Intermediate-sized polyps or indeterminate findings Recommended: surveillance (can be

technically adequate studies

postpone to 3 years but subject to individual circumstances) or colonoscopy: Medium-sized
polyps 6-9mm, <3 in number. Indeterminate findings cannot exclude polyps >6mm in

C3 | Polyp, possibly advanced adenoma Recommended: colonoscopy: Polyps >10mm>3 polyps,

each 6-9mm in size

C4 | Colonic mass, likely malignant Recommended: surgical consultation: Lesion compromises

colonic lumen or shows extracolonic invasion

1.8. Extracolonic findings

Extracolonic findings on CTC are
common, about 40% of patients having 1
or more abnormalities. In a review
involving 3488 patients, extracolonic
cancer was detected in 2,7% and 0,9% had
an aortic aneurism [39]. The incidence of
extracolonic findings is much higher than
the incidence of colorectal lesions, Smm
size [18,30]. The majority of these findings
don’t require medical work up (eg. hiatal
hernia, renal or gallblader stones)[31].

1.9. Indications

1. Failed colonoscopy — neoplastic
stenosis due to  diverticulosis,
adeshions, loops or redundant colon
[4, 1, 19], inadequate colon
preparation, patient discomfort or
uncooperativeness [28].

2. CRC screening in patients with

contraindications for colonoscopy or
refusal of other screening options.

3. Evaluation of colon proximal to an
obstructing lesion (CRC) because

probability of synchronous lesions is
high [5, 32].

4. CRC screening of asymptomatic
normal risk adults [13].

5. Postsurgical follow-up of colorectal
cancer with the advantage to detect in
the same session extracolonic
abnormalities [21, 12] -not
recommended by the American
Cancer Society and US Multisociety
Task Force [29].

6. CTC in symptomatic patients,
especially elderly patients [9, 7] - not
in AGA guidelines.

1.10. Contraindications

The contraindications refer to patients
for whom perforation is a concern (eg.
immediatelly after failed OC with polyps
removal or large biopsy taken). Other
contraindications, better said
nonindications, refers to patients with
symptoms of organic disease, familial
colon cancer, IBD in whom colonic
sampling is recommended [31].
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2. Retrospective CT

colonography

analysis on

CT colonography was introduced few
years ago in our country as an alternative
to optical colonoscopy.

In the present there is an international
agreement regarding the role of CTC in
colorectal cancer screening (failed
colonoscopy, contraindications or refusal
of OC, evaluation of colon proximal to an
obstruction, CRC screening of
asymptomatic normal risk adults). There
are different opinions concerning the
postsurgical follow up of colorectal cancer
[21, 12] and the screening of symptomatic
elderly patients (33,34). More than that, in
the large field of gastrointestinal functional
disorders (FGID) especially irritable bowel
syndrome (IBS) is a ,,paucity of evidenced
guiding radiologic imaging”[22].

3. Material and method

We made a retrospective analysis on
CTC performed to 106 patients between
September 2009 — July 2012 in an imaging
outpatient centre in Brasov, Romania.

The  group  was  heterogeneous
concerning the age (24 to89 years, average
age 60.9, 81>50 years).

There were 77 women (70.2%) and 29
men (29.8%).

They performed CTC because of refusal
(78 patients) or failed prior colonoscopy.

All patients were symptomatic, 17 of
them with alarm symptoms like weight
loss, fever, rectal bleeding.

The clinical pretest diagnosis was IBS 43
patients, colorectal cancer in observation
26 patients, constipation 20 patients,
chronic abdominal pain 13 patients,
functional diarrhea 3 patients, functional
bloating 1 patient.

Bowel preparation consisted in liquid
diet and polyethylene glycol and oral
gastrografin the day prior investigation.

Reading and reporting results were made
by the radiology specialist.

4. Results
4.1. Intracolonic findings

According with C-RADS classification
(20) we obtained the following results:
- CO0: none
- Cl:
0 98-38 normal colon
0 31 dolicocolon
0 24 diverticula
- C2: 3 patients with intermediate
size polyps (6-9mm.) — referred to
colonoscopy
- C3: 3 patients with polyps possibly
adenoma — referred to colonoscopy
- C4: 7 patients with colonic mass
likely malignant - referred to

surgery
4.2. Extracolonic findings

We found extracolonic abnormalityes in 38
patients (35.8%) according with literature
data (21) some of them with more one
abnormality:

- 13 renal stones

- 7renal cysts

- 6 aortic atheromatosis,

1 uncomplicated aortic aneurism

- 2 liver steatosis

- 2 colecistectomy

- 1 hysterectomy

- 1 adenopati

- 1 pancreatic mass

- 3 prostate hypertrophy

- 1 hiatal hernia

- 3 liver cysts

- 1 liver hemangyoma

5. Discussions

We consider that CT colonography was
beneficial in this group of patients because:
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- all patients were symptomatic

- most of the patients , ~=76%,
were>50 years aged and they have
to be subjects for colorectal cancer
screening (even in the absence of

symptoms)

- the clinical appearance  of
functional gastrointestinal
disorders orientate the choice of
colon investigation to CT
colonography.

It is well known that patients with IBS
difficult tolerate the colonoscopy, the time
to attempt the caecum is longer, the
sedation has to be deeper and frequently
the right colon is missed because stopping
the examination (38). In these conditions
we can use CT colonography.

The fear of the patients, especially those
with FGID with particular behavior and
psychology, is the main reason of refusal
of colonoscopy.

The extracolonic findings could be of
great value in diagnosis in different clinical
situations.

6. Conclusions

CT  colonography is  reasonable
alternative to colonoscopy in colorectal
cancer screening respecting the actual
guidelines.

Concerning the symptomatic patients,
especially those with bowel FGID, we
prefer non invasive investigation as first
step. In these patients we have to use the
advantages offered by CT colonography
(less pain, no sedation, less time, good
evaluation of the entire colon).

Speaking about the disadvantages of CT
colonography (no biopsy, no polypectomy,
missing very small or flat lesions) that
remain to be solved by colonoscopy long
time from now on. In this situation it will
be very important to have rapid access to
both methods and switch between them in
the same session if needed.

A delicate problem in our country is the
reimbursement of the procedure which is
an important factor concerning the number
of CTC performed until now (106 CTC
versus>1000 OC in our center).

The title of an article who says
“Diagnostic colonoscopy: the end is
coming.”’[2] is suggesting a parallel with
ERCP where CT or MRI have to be
performed before invasive approach.

This article is not a advocacy of CTC
against colonoscopy but is pleading for
better guidelines in the field of bowel
functional  gastrointestinal  disorders,
especially irritable bowel syndrome.

References

1. Anderson, M.J., Heigh, R.I., Mc Coy,
G.A., Parent, K., Muhm, J.R., Mc Kee,
G.S,, et al.: Accuracy of assement of the
extent of examination by experienced
colonoscopists.  In:  Gastrointestinal
Endosc, 1992; 38:560-3.

2. Bar-Meir, S., Wallace, M.B.:
Diagnostic colonoscopy: the end is
coming. In: Gastroenterology 2006;
131:992-4.

3. Douglas D.A. The gastrointestinal
disorders and Rome IIl process. In:
Gastroenterology, May 2006;
20(5):1377-1390.

4. Eddy, D.M.: Screening for colorectal
cancer. In: Ann Intern Med. 1990;
113:373-84.

5. Fajoloi, O., Yin, C.Y., Sen-Goupta,
S.B., Boulos, P.B.: Metachronous
colorectal cancer. In: Br J Surg. 1998;
85:897-901.

6. Grispeerdt, S.S., Herman, M.J,
Backelandt, M.A., Van Holsbek, B.G.,
Lefere, P.A.: Supine/left decubitus
scanning: a valuable alternative to
supine/prone  scanning in  CT
colonography. In: Eur Radiol.2004;
14:768-717.



96 Bulletin of the Transilvania University of Bragov ¢ Series VI * Vol. 5 (54) No. 2 - 2012
7. Halligan, D., Liford, R.J.,, Wardle, J., 13. Levin, B., Lieberman, D.A., Mc
Morton, D., Rogers, P., Andrews, K.S., et Farland, B., Smith, R.A., Brooks, D.,
al.: Design of a multicenter randomized Andrews, K.S., et al.: Screening and
trial to evaluate colonography versus surveillance for the Early Detection of
colonoscopy or barium enema for Colorectal Cancer and Adenomatous
diagnosis of colonic cancer in older Polyps. In: A joint Guideline from the
symptomatic patients: the SIGGAR study. American Cancer Society, the US
In: Trials 2007; 8:32. Multi  Society Task Force on
8. Hara, AK., Kuo, M.D., Blevius, M., Colorectal Cancer and the American
Chen, M.H., Jugesh, 1., Obregon, R.G., College of Radiology. Ca Cancer J
Fidler, J.L., Yee, J., Dachman, A., Clin 2008;58:130.
Menias, C., Siewert, B., Cheema, J.L., 14. Liedenbaum, M.H., De Vries, A.H.,
Zimmerman, P., Horton, KM, Gouw, C.I.LB.F., Van Rijn, A.F,,
Cookley, K., Revathy, B.1., Halvorsen, Bipat, S., Decker, E., et al.. CT
Jr. R.A., Casola, G., Johanson, C.D.: colonography with minimal bowel
National CT colonography preparation: evaluation of tagging
trial ACRING664) comparison of quality, patient acceptance and
three full laxative bowel preparation in diagnostic accuracy in two iodine
more than 2500 average-risk patients. based preparation schemas. In: Eur.
In: AJR Am J Roentgenol. May 2011; Radiol. 2010; 20:367-76.
196(5):1076-82. 15. Luz, O., Buchgeister, M., Klabunde,
9. Ilafrate, F., Hassan, C., Zullo, A., M., Trabold, T., Kopp, A.F., Claussen,
Staguitti, A., Ferrari, S., Spangulo, A., C.D., et al.: Evaluation of dose
et al.: CT colonography with reduced exposurein 64-slice CT colonography.
bowel preparation after incomplete In: Eur. Radiol. 2007; 17:2616-21.
colonoscopy in the elderly. In: Eur 16. Mangiapane, F., Lamazzo, A.,
radiol.2008; 18: 1385-95. Schillaci, A., Sinibaldi, G., Murakami,
10. Johnson, C.D., Chen, M.H., Toledano, T., Samartino, P. et al.. Computed
A.Y., Heiken, J.P., Dachman, A., Kuo, tomographic colonography  without
M.D., et al: Accuracy of CT cathartic preparation for the detection
colonography for detection of large of colorectal polyps. In:
adenomas and cancers. In: N Engl J Gastroenterology 2004; 127:1310-11.
med2008; 359:1207-17. 17. Mc Laughlin, P., Eustace, J., Mc
11. Kim, D.H., Pickhardt, P.J., Taylor, Sweeney, S., Mc William, S.,
A.J.: Characteristic of advanced O’Reagan, K., O’Connor, M., et al.:
adenomas detected at CT Bowel preparation in CT
colonography screening, implications colonography : electrolyte and renal
for appropriate polyp size thresholds function disturbances in the frail and
for polypectomy versus surveillance. eldery patient. In: Eur. Radiol. 2010;
In: AJR Am J Roentgenol. 2007 20:604-12.
188:940-4. 18. Miao, Y.M., Amin, Z., Healy, J., Burn,
12. Kim, H.J., Park, S.H., Pickhardt, P.J., P., Murugan, N., Westaby, D., et al.: A

Yoan, S.H., Lee, S.S., Yee, J., etal.: CT
colonography for combined colonic and
extracolonic surveillance after curative
resection of colorectal cancer. In:
Radiology 2010; 257:697-704.

prospective  single centre  study
compared computed  tomography
pneumocolon against colonoscopy in
the detection of colorectal neoplasms.
In: Gut 2000; 47:832-37.



A.G. MORARU et al.: Irritable Bowel Syndrome an Exclusion Diagnosis ... 97

19.

20.

21.

22.

23.

24.

25.

26.

Neerincx, M., Terhar Sive Droste, J.S.,
Mulder, C.JJ., Rakers, M.,
Bartelsman, J.F.W.M., Loffeld, R.J., et
al.: Colonic work-up after incomplete
colonoscopy: significant new findings
during follow up. In: Endoscopy 2010;
42:730-5.

Neri, E., Taggiani, L., Cerr, F., Turini,
F., Angeli, S., Cini, L., et al.: CT
colonography versus double-contrast
barium enema for screening of
colorectal cancer: comparison of
radiation burden. In: Abdom. Imaging
2010; 35:596-601.

Neri, E., Vagli, P., Turini, F., Cerri, F.,
Fagionni, L., Angeli, S., et al.: Post
surgical follow- up of colorectal
cancer: role of contrast enhanced CT
colonography. In: Abdom. Imaging.
2010; 35: 669-75.

O’Connor, O.J., McSweeney, S.E., Mc
Williams, S., O’Neil, S., Shanaham,
F., Quiqlei, E.M., Maher, M.M.: Role

of radiologic imaging in irritable
bowel syndrome: evidence based
review. In: Radiology Feb 2012;

262(2):485-94.

Oh, S.Y., Sahn, C.I., Sung, I.K., Park,
D.I., Kang, M.S., Yoo T.W., Park J.H.,
Kim H.J., Cho Y.K., Jeon W.C., Kim
B.I.: Factors affecting the technical

difficulty  of  colonoscopy. In:
Hepatogastroenterology, 2007  Jul-
Aug; 54(7):1403-6.

Prickhardt, P.J. Screening

colonography: how | do it. In: Am. J.
Roentgenol. 2007; 189:290-8.
Pickhardt, P.J., Choi, K.R., Hwang, 1.,
Butler, JA., Puckett, M.L.,
Hildebrandt, H.A. et al.: Computed
tomographic virtual colonoscopy to
screen for colorectal neoplasia in
asymptomatic adults. In: N. Engl. J.
Med. 2003; 349:2191-200.

Pickhardt, P.J., Lee, A.D., Taylor,
A.J.: Primary 2D versus primary 3D
polyp detection at screening CT

27.

28.

29.

30.

31

32.

33.

colonography. In: Am J Roentgenol.
2007; 1891451-6.

Prickhardt, P.J., Kim, D.H.: Colorectal
cancer screening with CT
colonography: Key concepts
regardingpolyp  prevalence,  size,
histology, morphologyand natural
history. In: Am. J. Roentgenol. 2009;
193:40-6.

Rex, D., Imperiale, T., Latinovich, D.,
Bracher, L.L.: Impact of bowel
preparation on efficacy and cost of
colonoscopy. In: Am J Gastroenterol.
2002; 97:1696-1700.

Rex, D.K., Kahi, C.J.,, Levin, B.,
Smith, R.A., Bond, J.H., Brooks, D., et
al.:  Guidelines for  colonoscopy
surveillance after cancer resection: a
consensus update by the American
Cancer Society and the US Multi
Society Task Force on colorectal
cancer. In: Gastroenterology 2006;
130:1865-95.

Robinson, P., Burnett, H., Nicholson,
D.A.: The use of minimal preparation
computed for the primary investigation
of colon cancer in frail or elderly
patients. In: Clin. Radiol. 2002; 57:
389-392.

Rokey, D.C., Barish, M., Brill, J.V.,
Cash, B.D., Fletcher, J.G., Sharma, P.,
Wiersuna, M.J., Peterson, L.E., Conte,
J.. Standards for gastroenterologists
for performing and interpreting
Diagnostic Computed Tomographic
Colonography. In: Gastroentrology.
Sep 2007, 133; 3:1005-14.

Smith, R.A., Cokkinides, V., Eyre,
H.J.: American Cancer Society
Guidelines for the early detection of
cancer. In: Ca Cancer J Clin. 2006; 56:
11-25 quiz 49-50.

Taylor, S.A., Halligan, S., Slater, A.,
Goh, V., Burling, D.H., Roddie, M.E.,
et al.. Polyp detection with CT
colonography: primary 3D
endoluminal analysis versus primary



98 Bulletin of the Transilvania University of Bragov ¢ Series VI * Vol. 5 (54) No. 2 - 2012
2D transverse analysis with computed  37. Weishaupt, D., Patak, M.A., Froelich,
assisted reader  software. In: J., Ruhem, S.G., Debatin, J.F.: Faecal
Radiology 2006; 239:759-67. tagging to avoid colonic cleansing

34. Taylor, S.A., Lagui, A., Lefere, P., before MRI colangiography. In: Lancet
Halligan, S., Stocker, J.: European 1999; 354:835-6.
society of gastrointestinal and 38. Winawer, S.J., Zauber, A.G.: The
abdominal radiology  (ESGAR): advanced adenoma as a prim ary
consensus statement on CT target of screening. In: Gastrointest
colonography. In: Eur Radiol. 2007 Endosc Clin N Am.2002;12:1-9.

17: 575-9. 39. Xiang, T.,.Richardson, M., Woodroffe,

35. Van Gelder, R.E., Florie, J., Nyo, R., Halligan, S., Morton, D., Liford,
C.Y.: A comparison of primary two R.J.: Incidental lesions found on CT
and three dimensional methods to colonography: their nature and
review CT colonography. In: Eur frecvency. In: Br J Radiol. 2005;
Radiol. 2007; 17:1181-92. 78:22-29.

36. Vining, D.J., Gefland, D.W., Bechtold, 40. Zalis, M.E., Barish, M.A., Choi, J.R.,

R.E., Grishaw, E.K., Shifrin, R.Y.:
Technical feasibility of colon imaging
with helical CT and virtual reality. In:
Am J Roentgenol.1994; 162:290-8.

Dachman, A.H., Ferruci, J.T., et al.:
CT colonography reporting and data
system:a consensus proposal. In:
Radiology 2005; 236:3-9.



