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Abstract
AIM: To assess Magnetic resonance colonography 
with fat enema as a method for detection of colorectal 
neoplasm.

METHODS: Consecutive twenty-two patients underwent 
MR colonography with fat enema before colonoscopy. 
T1-weighted three-dimensional fast spoiled gradient-
echo with inversion recovery sequence was acquired with 
the patient in the supine position before and 75 s after 
Gadopentetate Dimelumine administration. Where by, pre 
and post MR coronal images were obtained with a single 
breath hold for about 20 s to cover the entire colon. The 
quality of MR colonographs and patients' tolerance to fat 
contrast medium was investigated. Colorectal neoplasms 
identified by MR colonography were compared with those 
identified on colonoscopy and sensitivity of detecting the 
lesions was calculated accordingly.

RESULTS: MR colonography with fat enema was well 
tolerated without sedation and analgesia. 120 out of 132 
(90.9%) colonic segments were well distended and only 
1 (0.8%) colonic segment was poor distension. After 
contrast enhancement scan, mean contrast-to-noise 
ratio (CNR) value between the normal colonic wall and 
lumen was 18.5 ± 2.9 while mean CNR value between 
colorectal neoplasm and lumen was 20.2 ± 3.1. By 
Magnetic resonance colonography, 26 of 35 neoplasms 
(sensitivity 74.3%) were detected. However, sensitivity 
of MRC was 95.5% (21 of 22) for neoplasm larger than 
10 mm and 55.6% (5 of 9) for 5-10 mm neoplasm.

CONCLUSION: MR colonography with fat enema and 
T1-weighted three-dimensional fast spoiled gradient-

echo with inversion recovery sequence is feasible in 
detecting colorectal neoplasm larger than 10 mm.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Conventional colonoscopy, with its ability to visualize the 
mucosa directly, is the standard procedure for evaluating 
the colon[1]. But poor patients' acceptance and high cost 
limit the utility of  the technique for colorectal screening[2]. 
This catalyzes the investigation for non-invasive methods 
to visualize the colon. A great number of  studies about 
computed tomography (CT) colonography have been 
reported in the United States and Europe[3-6]. But CT 
colonography has its intrinsic limitation of  exposing patients 
to ionizing radiation and magnetic resonance colonography 
(MRC) has theoretic capacity for originating soft-tissue 
contrast 10-1000 times greater than that on CT[7,8]. So the 
future of  colorectal screening has shifted to MRC.

To date, most of  the MRC research needs administration 
of  a rectal enema containing paramagnetic contrast 
medium and the acquisition of  three-dimensional (3D) 
gradient-echo pulse sequence[9-12]. This approach directly 
demonstrates the lumen but not the bowel wall and 
requires an effective breath hold of  up to 30 s. In addition, 
enema containing paramagnetic contrast medium needs 
to be compounded by staff  themselves and has high cost. 
These factors may limit its widespread application in the 
symptomatic and screening population.

Recently, several MRC studies used air, carbon dioxide 
and water as intraluminal contrast medium which provides 
negative contrast within bowel lumen and have a high 
accuracy in diagnosing colorectal neoplasm[13-16]. But there are 
few patients in the MRC studies with air enema and the data 
required from MRC with water enema could not provide the 
magnetic resonance virtual endoscopy (MRVE) mode.



In this paper, we evaluated the feasibility of  detection 
of  colorectal neoplasm with fat enema in MRC using T1-
weighted 3D fast spoiled gradient-echo with inversion 
recovery sequence.

MATERIALS AND METHODS
Materials
The study was approved by the Ethics Committee of  
the Fudan University Cancer Hospital. All patients who 
participated in the study were requested to review and sign 
a written informed consent. No patient has a history of  
severe arrhythmia and glaucoma. MRC was performed in 
consecutive 22 patients (9 men, 13 women) aged 46-86 
(mean age 58.6) years. Owing to rectal bleeding, positive 
fecal occult blood test or altered bowel habits, these 
patients had been referred for conventional colonoscopy.

Exclusion criteria included contraindications to 
magnetic resonance imaging, such as the presence of  a 
pacemaker, metallic implants in the central nervous system, 
as well as claustrophobia.

Methods
Following a standard bowel preparation (oral ingestion 
of  0.5 L of  20% mannite and 1 L of  5% glucose sodium 
chloride solution), MRC was performed with a 1.5T MR 
system (Signa twinspeed with excite; GE medical system, 
Milwaukee, Wis). No sedative or analgesic agents were 
administered. An eight-channel body coil was used for 
signal transmission and reception to permit coverage of  
the entire colon. To minimize bowel peristalsis, 20 mg of  
raceanisodamine hydrochloride (No.1 Biochem & Pharm, 
Shanghai, China) were injected intramuscularly.

Following placement of  a rectal enema tube (202-26, 
Shuangling Medical Device, China), fat contrast medium 
(Kangque; Atai medical system, Inner Mongolia, China) 
were gently insufflated into the colon at up to 1 m of  
hydrostatic pressure with the patient lying in the prone 
position. Fat insufflation was stopped when the patient 
began to feel uncomfortable. Reinsufflation was not 
a routine procedure. The administered volume was 
1200-1500 mL.

MRC was performed using T1-weighted three-
dimensional fast spoiled gradient-echo with inversion 
recovery sequence. Coronal images were obtained in the 
supine position with a single breath hold that lasted about 
20 s to cover the entire colon. Imaging parameters included: 
repetition time 4 ms, echo time 2 ms, flip angle 14°, field 
of  view 38-42 cm, matrix 256 × 256 and section thickness 
5 mm. Zero interpolation was applied in coronal plane, 
rendering an effective section thickness of  2.5 mm and 
a matrix of  512 × 512. About 68 sections were required. 
Subsequently, using an automatic injector (Optistar, 
Mallinckrodt; Tyco, Missouri, USA), gadopentetate 
dimelumine (Magnevist; Schering, Berlin, Germany) 
was intravenously administered by the basilic vein. 
Injection parameters included a dosage of  0.2 mmol/kg  
and a flow rate of  2.0 mL/s, followed by rapid injection of  
10 mL of  normal saline at the same rate. After a delay of  
75 s, 3D acquisition was repeated with identical imaging 
parameters with the patient in the supine position. 

The 3D data sets were transferred to a post processing 

workstation (Advantage 4.0; GE Medical System) and 
evaluated by two radiologists who were blinded to the 
colonoscopic data. All the data sets were assessed in 
the multiplanar reformation and MRVE mode. For the 
purpose of  analysis, the entire colon was divided into 
six segments: cecum, ascending colon, transverse colon, 
descending colon, sigmoid colon, and rectum. The colonic 
distension was classified by scores as follows: score 1 = 
well distension; score 2 = moderate distension, if  it was 
distended enough to visualize the mucosa and fat interface; 
and score 3 = poor distension, if  it was collapsed. For 
quantitative assessment, region of  interest (ROI) was 
placed in the lumen, all the colonic neoplasm and the 
adjacent healthy colonic walls. Image noise, defined as the 
standard deviation of  signal intensities (SI) measured in a 
ROI placed outside the body, were determined[14]. On the 
basis of  these measurements, contrast-to-noise ratio (CNR) 
values were calculated: CNR = [SI (colonic wall/colonic 
lesion)-SI (lumen)]/noise.

Localization and size of  all detected colonic neoplasm 
was recorded. Colorectal neoplasm was classified based on 
size: (a) < 5 mm; (b) 5-10 mm; (c) > 10 mm in diameter. 
Extracolonic lesions, including hepatic metastasis, were 
also recorded as additional findings. Colonoscopic findings 
were considered as the standard of  reference.

RESULTS
All patients completed the MRC without any complication, 
but 4 patients did not complete colonoscopy for obvious 
stenosis of  colon. Of  the 132 colonic segments examined, 
distensions were documented as follows: 120 (90.9%) had 
a score of  1, 11 (8.3%) had a score of  2, and 1 (0.8%) had 
a score of  3. Distinct motion artefacts affecting diagnosis 
were not found.

Mean CNR values were documented as follows: 
between the normal colonic wall and lumen, pre contrast 
enhancement scan 8.4 ± 2.1, post contrast enhancement 
scan 18.5 ± 2.9; between colorectal neoplasm and lumen, 
post contrast enhancement scan 20.2 ± 3.1.

MRC revealed 26 neoplasms including an inflammatory 
neoplasm (Figure 1), 16 carcinomas (Figure 2) and 9 
polyps in 22 patients. The size of  five polyps (Figure 3) 
was between 5 mm and 10 mm and the size of  the other 
21 neoplasm (Figure 4) was larger than 10 mm in diameter. 
In patients, there were no false positive MR findings. 
However, four polyps less than 5 mm, four 5-10 mm 
polyps and one 20 mm polyp were not found by MRC but 
by colonoscopy. The 20 mm polyp was a flat polyp. On 
MRC, neoplasm larger than 10 mm had a higher sensitivity 
and neoplasm less than 10 mm had a lower sensitivity. The 
sensitivity for neoplasm of  a diameter of  < 5 mm, 5-10 mm,  
and > 10 mm was 0% (0/4), 55.5% (5/9), and 95.5% 
(21/22). The overall sensitivity was 74.3% (26/35).

MRC permitted assessment of  extracolonic organs. 
Hepatic metastases were discovered in two patients. 
Hepatic and/or renal cysts were seen in three patients.

DISCUSSION
MRC is a promising, less intrusive imaging technique that 
can image the entire colon. The potential advantages of  
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MRC over CT colonography include powerful multi-planar 
data acquisition, superior contrast resolution and absence 
of  ionizing radiation[8].

To date, most MRC techniques require a water enema 
containing paramagnetic contrast material gadolinium at 
10 mmol/L concentration[9,11,12]. Despite Luboldt et al[9] 
reporting promising results, the gadolinium enema may 
limit extensive use of  MRC. Given 10 mmol/L as optimal 
concentration of  gadolinium, 1.5 L enema would need 
30 mL of  0.5 mol/L gadopentetate dimeglumine. The 

cost of  dilute gadolinium enema would be considered 
as big setback to MRC. In addition, a 3D gradient echo 
sequence method that is designed to generate maximal 
signal from interior of  the lumen and depress all the other 
tissue including the luminal wall was performed. Colorectal 
neoplasms were identified solely on filling defects in the 
bright colonic lumen. Hence the differentiation between 
polyps or carcinomas and residual fecal materials or 
air bubbles proved to be difficult and sometimes even 
impossible. So the MRC technique needs to be further 
amplified by the acquisition of  2D gradient echo sequence 
datasets. And to compensate for the residual air in the 
lumen, the MRC requires data acquisition both in the 
supine and the prone patient positions, which results in the 
complicated examination and longer examination time.

Recently, MRC has been used with air or carbon 

Figure 2  79-year-old woman with history of right upper quadrant pain. A: Coronal 
gadolinium enhanced T1-weighted image shows an obviously enhanced 6 cm 
carcinoma (white arrowheads) in the transverse colon; B: Virtual endoscopic 
rendering confirms the carcinoma (white arrowheads).
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Figure 3  54-year-old man with positive results of FOBT. A: Coronal gadolinium 
enhanced T1-weighted image shows a 7 mm polyp (white arrow) in the sigmoid 
colon and a cyst (white arrowhead) in the left kidney; B: Virtual endoscopic 
rendering shows a well-defined filling defect (white arrow) in the sigmoid colon; C: 
Endoscopy confirms the polyp (white arrows).

Figure 1  74-year-old man with history of altered bowel habits. A: The thickened 
and increased-contrast-uptake bowel wall of sigmoid colon is seen (white arrow) 
in the coronal gadolinium enhanced T1-weighted image. In liver, an obvious 
high-intensity neoplasm is discovered (white curved arrow). Subsequent MR 
scan confirms the diagnosis of a hepatic angioma; B: MR virtual endoscopic 
rendering confirms stenosis of sigmoid colon (white arrows); C: Post-operation 
pathology confirms the condition of an inflammatory neoplasm. Specimen shows 
inflammatory mucosa change (white arrows).
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C

Figure 4  66-year-old man with history 
of right lower quadrant pain. Coronal 
gadol in ium enhanced T1-weighted 
image shows a 1.1 cm polyp (white 
arrow) covered by residual water in the 
ascending colon and multiple hepatic 
metastases (white curved arrows).
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dioxide insufflation and Susceptibility artefacts which 
thought to be a big obstacle had been minimized by using 
a half-Fourier single-shot fast spin-echo (SE) sequence or 
a short echo time (TE) multi-slice half-Fourier acquisition 
single-shot turbo spin-echo (HASTE ) sequence[14,17,18]. 
Although air is cheap and abundant, HASTE sequence 
acquires two or more breath hold acquisitions to cover 
the entire colon, and can not afford virtual endoscopic 
observation. In addition, the MRC with air or carbon 
dioxide insufflation analysis had shortage of  clinical cases.

The fat contrast medium that we used in MRC mainly 
contains salad oil, acacia, menthol and distilled water. It is 
not absorbed by gastrointestinal tract and has no obvious 
side-effects. The estimated price of  500 mL of  fat contrast 
medium is $1.25. It is cheaper than paramagnetic contrasts 
such as gadolinium and less sensitive to susceptibility 
artefacts than air. It could provide negative contrast within 
the bowel lumen with a fat-depression sequence. On 
T1WI, the intensity of  fat contrast medium was slightly 
lower compared to pericolonic fat; however it was too 
low to visualize air-fat interface when the fat-depression 
sequence was used. But the intensity of  residual water 
in colon on T1-weighted three-dimensional fast spoiled 
gradient-echo with inversion recovery sequence was higher 
than that of  fat, which led to distinction of  fat-water 
interface. At the same time, residual water blurred colonic 
wall and neoplasm, even resulting in neoplasm being 
missed in diagnosis. But after gadolinium administration, 
the intensity of  colonic wall and neoplasm increased 
considerably, and the intensity difference between colonic 
wall, neoplasm and water became distinct. Thus the 
diagnosis of  neoplasm obscured by residual water could be 
done without a need to change patients' position.

Residual fecal materials can not take up paramagnetic 
contrast, so it is easy to differentiate between residual fecal 
materials and neoplasm. This form of  direct visualization 
of  the colonic wall and colorectal pathologies stemming 
from it can reduce the possibility of  false positive findings 
that might mimic neoplasm in MRC with gadolinium 
solution.

T1-weighted three-dimensional fast spoiled gradient-
echo with inversion recovery sequence is a 3D SPGR 
acquisition that automatically uses a Partial K spatial 
filling technique and a segmented special technique. Thus 
T1-weighted three-dimensional fast spoiled gradient-
echo with inversion recovery sequence allows shortening 
of  acquisition time, enlargement of  spectrum of  scan, 
optimization of  fat saturation, and boosting spatial 
resolution. However, it is essential that the patients 
maintain the breath-hold position throughout the data 
acquisition. Minor movements can lead to significant 
motion artefacts. After being trained, all patients can hold 
their breath for approximately 25 s. The mean acquisition 
time of  20 s for covering entire colon can be tolerated by 
the patients. And thus T1-weighted three-dimensional fast 
spoiled gradient-echo with inversion recovery sequence is 
able to accomplish MRC.

In terms of  lesion detection, the sensitivity of  barium 
enema in detecting polyps of  10 mm or larger has been 
reported to be varied between 39% and 56%[19]. For CT 
colonography, the sensitivities of  detecting > 9 mm, 6-9 

mm and < 6 mm polyps were 85%, 70% and 48% and 
specificities of  detecting > 9 mm, 6-9 mm and < 6 mm 
polyps were 97%, 93% and 92%, respectively[20]. Using a 
water enema containing paramagnetic contrast material as 
a contrast medium, MRC of  colorectal neoplasm larger 
than 10 mm has been reported to have a sensitivity of  
93%, specificity of  99%, positive predictive value of  92%, 
and negative predictive value of  98%[9]. While using water 
as a contrast medium, sensitivity was 93% and specificity 
was 100% for colonic neoplasm exceeding 5 mm[15].  
However, colorectal neoplasm less than 5 mm are often 
missed in diagnosis[9,15,16,21]. In contrast, MRC using air 
has shortcomings of  low sensitivity, limited coverage 
and signal drop-off  at the borders of  the field of  view 
as well as needs further large-scale studies[14,22]. Although 
the number of  patients in our study was small, our results 
suggest that MRC with fat enema could correctly detect 
neoplasm lager than 10 mm and neoplasm less than 5 mm 
would most likely were missed.

This technique can be helpful in patients with colonic 
carcinoma. It can demonstrate the entire colon and exclude 
synchronous colorectal neoplasm, as well as detect extra-
colonic involvement, such as hepatic metastases.

But there are three limitations of  this study. The first 
is the relatively large slice thickness, 5 mm slice thickness. 
It may be a reason for missing colorectal neoplasm less 
than 5 mm in diameter. With technical advancements, it 
is more likely that colorectal neoplasm less than 5 mm 
would be identified on MRC with fat enema. The second 
is that patients required a standard bowel preparation, 
which results in the limitation of  patient acceptance 
for the technique. Recent studies have shown that fecal 
tagging technique which does not need a cleansed colon 
can improve patient acceptance, evaluate the majority 
of  colonic segments inaccessible with conventional 
colonoscopy and depict polyps exceeding 5 mm in 
size[23-25]. The third is the small number of  the patients 
and almost all patients with colorectal carcinoma that 
have large neoplasm. It could be a reason for high 
sensitivity.

In summary, the present data indicates that MRC with 
fat enema is a promising alternative to colonoscopy for the 
detection of  colorectal neoplasm larger than 10 mm. Fat 
contrast medium distention seems to be well tolerated by 
patients. In the future, advancements in technique together 
with large-scale clinical cases analysis might improve 
the sensitivity of  the method and hence reliability of  its 
results.

 COMMENTS
Background
MR colonograhpy (MRC) is an effective diagnostic tool for colorectal lesions. 
Currently two techniques were introduced for MRC based on the signal in the 
colorectal lumen: "bright lumen" and "dark lumen". Usually, bowel cleansing is 
essential for two techniques. Bright lumen MRC can be performed by fast T1 
weighted 3D gradient-echo acquisitions within the conforms of a single breath 
hold and requires a rectal enema containing paramagnetic contrast. Dark lumen 
MRC is based on contrast generated between an enhancing colorectal wall 
and a homogeneously dark colonic lumen. The technique requires intravenous 
administration of paramagnetic contrast and administration of a water or air 
enema.
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Research frontiers
Recently, several studies laid emphasis on dark lumen MRC. Compared with 
bright lumen MRC, dark lumen MRC has considerable advantages including 
reduced examination and post-processing time, good differentiation between 
polyps and stool, direct analysis of the bowel wall and comprehensive assessment 
of parenchymal abdominal organs within the field of view. However, bowel 
cleansing is not well accepted by more than half of patients. To assure high patient 
acceptance of MRC, fecal tagging has been introduced. It is based on the principle 
of altering the signal intensity of fecal material by adding contrast compounds 
to regular meals. For fecal tagging, a paramagnetic MR contrast medium and a 
highly concentrated barium sulphate containing contrast are administrated for 
bright lumen MRC and dark lumen MRC, respectively.

Innovations and breakthroughs
MRC with fat enema is a technique that could generate a dark colonic lumen with 
a fat-depression sequence. So it has almost all of the advantages of dark lumen 
MRC. The data sets required could render an endoluminal virtual view through 
post-processing. In addition, fat contrast medium is cheaper than paramagnetic 
contrasts such as gadolinium and less sensitive to susceptibility artefacts than air.

Applications
MRC with fat enema is a promising alternative to colonoscopy for the detection of 
colorectal neoplasms larger than 10 mm. Moreover, it could depict the infiltration of 
extra-colonic fat and evaluate other abdominal organs.

Terminology
MRC is based on 3D datasets required from cross sectional images. Compared 
with a conventional colonography, MRC is not limited to endoscopic viewing. 
Multiplanar reformation analysis can not only depict the colonic lumen and colonic 
wall, but also assess parenchymal abdominal organs.

Peer review
The authors assessed Magnetic resonance colonography with fat enema as a 
method for detection of colorectal neoplasms. Colorectal neoplasms identified 
by MR colonography were compared with those identified on colonoscopy and 
sensitivity of detecting the lesions was calculated accordingly. They concluded that  
MR colonography with fat enema and T1-weighted three-dimensional fast spoiled 
gradient-echo with inversion recovery sequence is feasible in detecting colorectal 
neoplasms larger than 10 mm.
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