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absTRacT

objectives:

To evaluate the diagnostic performance of MR colonography using automated carbon 

dioxide (CO2) insufflation for colonic distension, with colonoscopy serving as the refer-

ence standard.

Methods:

Ninety-eight symptomatic patients underwent MR colonography with faecal tagging 

and automated CO2 insufflation. Three readers (one expert (reader 1), and two less 

experienced (readers 2 and 3)) evaluated the images for the presence of colorectal 

lesions. Bowel distension was evaluated on a 4-point scale. Results were verified with 

colonoscopy and histopathological analysis.

Results:

Per-patient sensitivity for lesions ≥ 10 mm was 91.7% (11 of 12) (reader 1), 75.0% 

(9 of 12) (reader 2), and 75% (9 of 12) (reader 3). Specificity was 96.5% (82 of 85) 

(reader 1), 97.7% (83 of 85) (reader 2), 95.3% (81 of 85) (reader 3). Per-patient sensi-

tivity for lesions ≥ 6 mm was 85.7% (18 of 21) (reader 1), 57.1% (12 of 21) (reader 2), 

and 57.1% (12 of 21) (reader 3). Specificity was 86.8% (66 of 76), 98.7% (75 of 76), 

90.8% (69 of 76), respectively. Per-patient sensitivity for advanced neoplasia of ≥ 10 

mm and ≥ 6 mm was 88.9% (8 of 9) for all readers. Specificity for ≥ 10 mm and ≥ 6 

mm was 98.9% (87 of 88) (reader 1), 97.7% (86 of 88) (reader 2), 96.6% (85 of 88) 

(reader 3). 94.4% of the colon segments were adequate to optimal distended with 

dual positioning.

conclusion:

MR colonography can accurately detect lesions ≥ 10 mm, and advanced neoplasia ≥ 6 

mm. Sufficient distension was achieved using automated CO2 insufflation for colonic 

distension in MR colonography.
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inTRoDUcTion

Colorectal cancer is the second most common cause of cancer-related death in Eu-

rope.1 Several screening tools (i.e. flexible sigmoidoscopy, barium contrast enema, 

faecal occult blood test, and colonoscopy) have been evaluated for the detection 

of colorectal cancer and its precursors, with colonoscopy demonstrating the highest 

mortality reduction.2 Yet, colonoscopy is associated with lower patient acceptance if 

compared to other screening methods, i.e. faecal occult blood test.3

Colonography with either computed tomography (CT) or magnetic resonance im-

aging (MRI) comprises assessment of the colon with the use of bowel preparation and 

colon distension. Diagnostic accuracy of CT colonography is high for detecting large 

colorectal polyps and adenomas.4,5 The key impetus for studying MR colonography as 

alternative for CT colonography is the presence of radiation exposure at CT. Although 

the median effective radiation dose for CT colonography screening protocols has been 

reduced, the radiation exposure remains a concern which is especially essential for 

screening purposes.6

In CT colonography the use of automated carbon dioxide insufflation is standard.7 

It secures optimal distension while the continuous intracolonic pressure measurement 

precludes over distension and its associated risks.8

Ongoing technical improvements in MRI have largely overcome the presence of 

disturbing artefacts effecting image quality when using gas, thereby paving the way 

for gaseous colonic distension.9

The primary aim of our study was to prospectively assess the diagnostic accu-

racy of MR colonography with the use of automated insufflated carbon dioxide, in 

the detection of clinically relevant colorectal lesions, compared with colonoscopy 

and histopathological outcomes. Colonic distension was the secondary outcome to 

validate earlier results of the use of automated carbon dioxide insufflation for MR 

colonography in a larger cohort of symptomatic patients.9

MaTeRial anD MeThoDs

Patients

From January 2010 to June 2012 consecutive patients were recruited at the outpatient 

clinic of the department of gastroenterology of three participating hospitals: a univer-

sity hospital Academic Medical Center Amsterdam, Amsterdam, the Netherlands and 

two secondary referral hospitals Slotervaartziekenhuis, Amsterdam, the Netherlands 

and Onze Lieve Vrouwe Gasthuis, Amsterdam, the Netherlands. To evaluate the 

diagnostic performance of our MR colonography technique and to ensure high preva-
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lence of relevant colorectal lesions, we included symptomatic patients (rectal blood 

loss, altered bowel habits, iron deficiency). Other inclusion criteria were: referral for 

conventional colonoscopy and willingness to give informed consent. Exclusion criteria 

were: age < 18 years, patients not able to give informed consent, any suspicion of 

bowel perforation or pathologic obstruction in patients’ medical history, contraindica-

tions for oral or intravenous administration of (iodine) contrast agents as used for this 

examination,9 contraindications for use of intravenous injection of butylscopolamine 

or glucagon, presence of a colostomy, and contraindications to undergo MRI (including 

claustrophobia and pregnancy). MR colonography was performed prior to scheduled 

conventional colonoscopy.

The study was approved by local ethical committees of all participating centres. All 

patients gave written informed consent. Patient acceptance data are not discussed in 

this article.

bowel preparation for MR colonography

All patients started preparation the day before imaging. Patients received a standard-

ized bowel preparation of meglumine-ioxithalamate (Telebrix Gastro 300 mg I/mL; 

Guerbet, Cedex, France).7,9 Patients ingested 50 mL meglumine-ioxithalamate at lunch 

and dinner the day before imaging and 50 mL meglumine-ioxithalamate 1.5 h before 

imaging (total 150 mL) and were instructed to use a low-fibre diet the day before MR 

colonography.10 On the examination day only a liquid diet was allowed.

MR colonography

MR colonography was exclusively performed at the university hospital by a dedicated 

radiology research physician or one trained radiographer.

A balloon-tipped flexible rectal catheter (20 French gauge) was inserted to insufflate 

the carbon dioxide into the colon. The rectal catheter was extended with a long tube 

of approximately 7 m for automated insufflation outside the MRI suite (MedicCO2LON, 

MedicSight PLC, UK). The long tube entered the MRI suite via the standard existing 

penetration panel in the wall, to bring the radiofrequency contamination to a minimum. 

This extended automated insufflation had been tested for maximum rectal pressure 

shutdown and loss of pressure due to leakage and proved to be a closed system.9

Insufflation was performed in three positions (right side, supine, left side). Insuf-

flation target pressure was set at 25 mmHg and after 3 L insufflation maintained 

at 20 mmHg throughout the examination.11 Data acquisition started based on the 

symptoms of the patient and after 3 L of carbon dioxide was insufflated.

All MR scans were performed on a 3.0 Tesla (Intera, Philips Healthcare, Best, the 

Netherlands) MR scanner with a 16-channel SENSE-XL-Torso coil. The MR protocol 

consisted of contrast-enhanced T2-weighted two-dimensional (2D) half-Fourier 
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single-shot turbo spin–echo (HASTE) sequences in coronal planes, followed by fast 

T1-weighted three-dimensional (3D) Turbo Field Echo (TFE). The sequences consisted 

of two stacks of coronal images in the z-axis from upper- and lower abdomen. To 

reduce examination time we did not acquire pre-contrast data. Scan parameters were: 

2D T2-weighted HASTE: TR/TE 800/65 ms; FA 90◦; number of slices: 36, FOV 400 mm 

× 456 mm, voxel: 1.56 mm × 2.00 mm × 4.00 mm; slice gap 1, SENSE factor 2.5. 

3D T1-weighted TFE: TR/TE 2.3/1.0 ms; FA 10°; number of slices: 90, FOV 400 mm × 

400 mm; non-interpolated voxel size 2.00 mm × 2.00 mm × 2.00 mm, SENSE factor 

1.5 (RL), 2 (AP). The T1-weighted sequence was acquired both in supine and prone 

position for optimal distension of the colon.

To reduce bowel motion and discomfort, butylscopolaminebromide (Buscopan; 

Boehringer-Ingelheim, Ingelheim, Germany) (or, if Buscopan was contraindicated; 

glucagonhydrochloride 1 mg, Glucagen; Novo-Nordisk, Bagsvaerd, Denmark) was 

administrated intravenously before insufflation and before T1-weighted data acquisi-

tion, in total 30 mL.9,12

T1- and T2-weighted sequences were acquired during a breath-hold of 15–20 

s. Prior to data acquisition, 0.2 mL/kg body weight dimeglumine gadopentetate 0.5 

mmol/mL (Magnevist; Schering, Berlin, Germany) was administrated intravenously. No 

sedative or analgesic agents were administrated. The total in-room time was recorded.

Data evaluation

For reproducibility purposes multiple readers evaluated the images. The readers 

were aware of the inclusion and exclusion criteria, but were blinded to clinical his-

tory and colonoscopy results. The first reader (reader 1) was an expert reader (S.J., 

abdominal radiologist for three years with prior experience of 200 MR colonographies 

with colonoscopy verification, and > 750 CT colonographies). Readers 2 and 3 were 

less experienced readers. Reader 2 F.M.Z. was a third-year resident in radiology and 

had interpreted over 180 CT colonographies with feedback of colonoscopy results 

and > 100 CT colonographies. Reader 3 T.N.B. was a first-year radiology research 

physician who had interpreted 180 CT colonographies with feedback of colonoscopy 

results. Both less experienced readers had evaluated 40 MR colonographies, with 

feedback of colonoscopy results for learning purposes.

Images were interpreted on a picture archiving and communication system 

(IMPAX-SP4-SU4-DS3000; Agfa, Mortsel, Belgium). The readers used the multiplanar 

reformation setting (MPR) to evaluate the 3D datasets in all orthogonal planes. Lesion 

detection was based on the 3D T1-weighted images. T2-weighted images were used 

for problem solving. The readers recorded their total evaluation times.

Size (largest diameter), morphology (sessile, flat, pedunculated), segmental loca-

tion (caecum, ascending colon, transverse colon, descending colon, sigmoid, rectum) 
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and certainty (not probable (25%) to certain (100%)) were annotated by the readers. 

Lesions were measured by using electronic callipers, which were applied to the MPR 

setting that showed the maximal diameter of the lesion.

Bowel distension was evaluated per-segment with a four-point scale (optimal 

(76–100% of estimated maximal distension); adequate (51–75% of estimated maxi-

mal distension); moderate (26–50% of estimated maximal distension); poor (0–25% 

of estimated maximal distension)) by reader 2 for supine and prone position, yielding 

a total of 588 segments.

Extracolonic findings were evaluated by one highly experienced abdominal radiolo-

gist (J.S.; 19 years) following the E-RADS classification.13 Potentially important findings 

(E4) were included in the analysis.

colonoscopy

As colonoscopy required a different bowel preparation than MR colonography, colo-

noscopy could not be performed on the same day. Bowel preparation for colonoscopy 

consisted of polyethylene glycol-electrolyte solution (4 L Klean-Prep, Norgine B.V., the 

Netherlands or 2 L Moviprep, Norgine B.V., The Netherlands) and a clear liquid diet 

starting the evening before colonoscopy. Experienced gastroenterologists and gastro-

enterology residents with supervision by experienced gastroenterologists performed 

colonoscopy with a standard colonoscope (160 or 180 series, Olympus, Tokyo, Japan). 

Sedation (midazolam, Dormicum; Roche, Basel, Switzerland), analgesics (fentanyl, 

Fentanyl-Janssen; Janssen Pharmaceuticals, Beerse, Belgium) and/or a muscle-relaxant 

were used at the discretion of the endoscopist. After completing the examination of 

each segment, according to the technique of segmental unblinding, the MR colonog-

raphy findings were revealed to the endoscopist.4 Lesion size was estimated by an 

opened biopsy forceps (7 mm). The endoscopist scored the lesion segmental location, 

morphology, and size. The colonoscopy was videotaped. Histopathological analysis 

classified the lesion biopsies as normal, hyperplastic, adenoma (serrated, tubular, 

tubulovillous or villous and grade of dysplasia), inflammatory or carcinoma.

statistical analysis

Colonoscopy and histopathology results served as the reference standard. All le-

sions were categorized according to their size at colonoscopy (6–9 mm; ≥ 10 mm). 

A radiology research physician M.P.v.d.P., who was not involved in reading the MR 

colonographies and with prior experience of reading 180 CT colonographies with 

feedback of colonoscopy results, matched all lesions. Unclear cases were resolved with 

a five-year radiology resident with matching experience of 200 CT colonographies or 

with a highly experienced (19 years) abdominal radiologist.
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A lesion on MR colonography was classified as true positive based on three criteria: 

(1) size of the colonography finding was within a 50% margin of the colonoscopy 

lesion, (2) the colonography lesion was in the same or adjacent segment, (3) the lesion 

showed resembling morphology with the colonoscopy lesion. The MR colonography 

lesions that were scored by the readers with a certainty of 50% or more were consid-

ered for analysis.

Per-patient sensitivity, specificity, positive predictive value (PPV) and negative 

predictive value (NPV) for detection of lesions ≥ 10 mm and ≥ 6 mm were calculated. 

Per-lesion sensitivity was calculated for lesions of ≥ 10 mm and 6–9 mm.

Furthermore, subgroup analysis was performed for detection rates of advanced 

neoplasia. Advanced neoplasia was defined as advanced adenoma or adenocarci-

noma. An adenoma was considered advanced when ≥ 10 mm or showing high-grade 

dysplasia or a prominent villous component.14

Image quality was analysed per segment. As six segments per patient were evalu-

ated, we applied generalized estimating equations (GEE) to calculate 95% confidence 

intervals for the proportions. Differences in bowel distension were evaluated with 

z-test, with P < 0.05 for statistical significance.

We determined the interobserver agreement on a per-patient basis for lesions ≥ 10 

mm and ≥ 6 mm using the kappa coefficients: no agreement (k < 0); slight (0–0.20); fair 

(0.21–0.40); moderate (0.41–0.60); substantial (0.61–0.80) and excellent (0.81–1.00).

All analyses were performed by SPSS 20.0 for Windows (SSPS, Chicago, IL), and 

MedCalc for Windows, version 12.5.0 (MedCalc Software, Mariakerke, Belgium).

ResUlTs

Patient population

288 eligible patients were considered, and 178 were excluded for reasons described 

in the flowchart; main reason was refusal (Fig. 1). This resulted in 110 included pa-

tients. However, in total twelve patients were subsequently excluded. Of those twelve 

patients, five were excluded because of inadequate MR colonography: failure of 

intravenous contrast administration (n = 2), poor image quality due to patient move-

ment (n = 2) and poor image quality due to a hip implant (n = 1). Four out of twelve 

excluded patients were excluded due to technical problems: body coil failure (n = 1), 

MR scanner failure (n = 2), failure of transporting images to picture archiving system 

(n = 1). The remaining three patients were excluded for MRI contraindications (n = 2), 

and no show (n = 1). The final study population consisted of ninety-eight consecutive 

patients (Fig. 1) (47 men, 51 women; mean age 62.3 SD 8.8; age range 40–88 years).
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colonoscopy results and histopathology

The mean time between MR colonography and colonoscopy was 9.1 days (SD 7.7). 

In four patients initial colonoscopy was not complete, but in three patients repeated 

colonoscopy was. In one patient colonoscopy was incomplete due to luminal constric-

tion. In this patient we only considered the evaluated segments of colonoscopy for the 

per-lesion diagnostic performances.

In total 150 lesions were detected at colonoscopy. 13 lesions of ≥ 10 mm were 

found, 17 of 6–9 mm, and 120 lesions of < 6 mm (Table 1, Figs 2 and 3). Distribu-

288 eligible patients

178 excluded:
- 68 refused 
- 39 contra-indications 
- 32 organizational
- 18 not symptomatic for CRC 
- 17 could not be reached
- 4 unable to give informed consent

110 included patients

12 excluded:
- 5 inadequate MR colonography 
- 4 technical problems
- 2 contra-indication 
- 1 no show

98 study patients

figure 1: Study flowchart of included 
and excluded patients.

Table 1: Distribution of size category and histopathology

Type of lesion

Size category

Total< 6 mm 6-9 mm ≥ 10 mm

Hyperplastic 43 9 2 54

Serrated adenoma 7 1 0 8

Tubular adenoma 29 2 2 33

Tubulovillous adenoma 5 1 3 9

Villous adenoma 0 0 1 1

Adenoma 3 1 0 4

Carcinoma 0 0 4b 4

Othera 33 3 1 37

Total 120 17 13b 150

a Other lesions: hamartomous or inflammatory polyps. These also include polyps that were lost after 
polypectomy and polyps with unclear histology.
b One carcinoma was not included in the per-patient analysis as the colonoscopy was incomplete due 
to a stricture.



55

3

MR colonography: diagnostic accuracy and distension

tion of adenomas is shown in Table 2. Table 3 shows the morphology of the lesions 

detected at colonoscopy.

MR colonography

The median in-room time was 48 min (31–88 min), respectively. The median evalu-

ation time for reader 1 (expert) was 12.0 min (3–35 min), 24.5 min (11–44 min) for 

reader 2, and 17.5 min (9–35 min) for reader 3.

figure 2: The coronal supine 3D T1-weighted TFE (a) and the reconstructed axial supine 3D T1-weighted 
TFE (b) showed a pedunculated polyp (arrow) in the sigmoid of a 58-year-old male patient. The lesion 
was measured 12.4 mm by reader 1 (expert). At colonoscopy this lesion was measured 11 mm (c) and 
histopathology showed a tubulovillous adenoma.

Table 2: Size distribution of adenomas

Type of lesion

Size category

Total< 6 mm 6-9 mm ≥ 10 mm

Adenoma 44 5 6 55

Advanced adenomaa 5 1 6 12

Advanced neoplasiab 5 1 10c 16c

a An adenoma was considered advanced when ≥10 mm or showing high-grade dysplasia or a prominent 
villous component.
b Advanced neoplasia was defined as advanced adenoma or adenocarcinoma.
c One carcinoma was not included in the per-patient analysis as the colonoscopy was incomplete due 
to a stricture.

Table 3: Morphology of the lesions ≥ 6 mm detected at colonoscopy

Morphology 6-9 mm ≥ 10 mm

Pedunculated 1 5

Sessile 12 4

Flata 4 1

Mass lesionb 0 3

a defined by the gastroenterologist
b carcinoma.
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Diagnostic accuracy per-patient

Table 4 shows per-patient results of sensitivity, specificity, positive and negative predic-

tive values.

For lesions ≥ 10 mm reader 1 found 11 of 12 patients demonstrating a sensitivity 

of 91.7%. Readers 2 and 3 detected 9 of 12 patients (75.0%) with lesions ≥ 10 mm. 

On a per-patient basis for lesions ≥ 6 mm sensitivity was 85.7% (18/21) for reader 

1, and 57.1% (12 of 21) for both readers 2 and 3. Specificity was 86.8% (66 of 76). 

98.7% (75 of 76), and 90.8% (69 of 76), for reader 1, reader 2, and 3, respectively 

(Fig. 4).

advanced neoplasia per-patient

The per-patient analysis for advanced neoplasia is shown in Table 5. All readers dem-

onstrated a sensitivity of 88.9% (8 of 9) for advanced neoplasia of ≥ 10 mm as well 

as ≥ 6 mm. Specificity was 98.9% (87 of 88) for reader 1, 97.7% (86 of 88) for reader 

2 and 96.6% (85 of 88) for reader 3. Two lesions consisting of diverticulosis and 

muscular hypertrophy were mistaken for tumours by readers 2 and 3 (Fig. 5). Reader 

1 falsely interpreted one of these two lesions as tumour and correctly diagnosed the 

other lesion with diverticulosis and muscular hypertrophy. One tubular adenoma of 

Table 4: Per-patient analysis

≥ 10 mma N 95% CIb ≥ 6 mma N 95% CIb

Reader 1 Sensitivitya 91.7 11/12 61.5 - 98.6 85.7 18/21 63.6 - 96.8

Specificitya 96.5 82/85 90.0 - 99.2 86.8 66/76 77.1 - 93.5

PPVc 78.6 11/14 49.2 - 95.1 64.3 18/28 44.1 - 81.3

NPVd 98.8 82/83 93.4 - 99.8 95.7 66/69 87.8 - 99.0

Reader 2 Sensitivitya 75.0 9/12 42.8 - 94.2 57.1 12/21 34.0 - 78.1

Specificitya 97.7 83/85 91.7 - 99.7 98.7 75/76 92.9 - 99.8

PPVc 81.8 9/11 48.2 - 97.2 92.3 12/13 63.9 - 98.7

NPVd 96.5 83/86 90.1 - 99.2 89.3 75/84 80.6 - 95.0

Reader 3 Sensitivitya 75.0 9/12 42.8 - 94.2 57.1 12/21 34.0 - 78.1

Specificitya 95.3 81/85 88.4 - 98.7 90.8 69/76 81.9 - 96.2

PPVc 69.2 9/13 38.6 - 90.7 63.2 12/19 38.4 - 83.7

NPVd 96.4 81/84 89.9 - 99.2 88.5 69/78 79.2 - 94.6

N= Number/total number
a Numbers are in percentage
b 95% confidence interval in percentage
c Positive predictive value in percentage
d Negative predictive value in percentage
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12 mm was missed by all readers, but could be detected in retrospect by the reader 

1 (Fig. 6).

Interobserver agreement per-patient for lesions ≥ 10 mm showed a kappa of 0.89, 

and for ≥ 6 mm 0.64.

Diagnostic accuracy per-lesion

Per-lesion results are shown in Table 6. Reader 1 found 12 of 13 lesions ≥ 10 mm 

(92.3%), reader 2 detected 10 of 13 (76.9%), and reader 3 detected 9 of 13 (69.2%). 

Per-lesion sensitivity for 6–9 mm was 58.8% (10 of 17) for reader 1; almost half of the 

missed lesions (3 of 7) were flat lesions. Sensitivity for this size category was 23.5% (4 

of 17), and 35.3% (6 of 17) for reader 2, and reader 3.

advanced neoplasia per-lesion

For advanced neoplasia reader 1 and reader 2 detected all but one lesion of ≥ 10 mm 

(90.0% (9 of 10)) (Table 7). Reader 3 detected 80.0% (8 of 10). The single lesion of 

6–9 mm was detected by all readers. When considering also advanced lesions of all 

sizes, sensitivity decreased to 68.8% (11 of 16) for reader 1 and 62.5% (10 of 16) for 

both readers 2 and 3.

figure 3: Coronal 2D T2-weighted HASTE sequence (a) and coronal 3D T1-weighted TFE (b) both 
showed a lesion (arrow) in the caecum that measured 16 mm (expert reader). A corresponding lesion 
of 20 mm was identified at colonoscopy (c) and histopathology demonstrated a tubulovillous adenoma.

figure 4: Two false positive find-
ings caused by faecal residue. The 
reconstructed axial supine 3D T1-
weighted TFE (a) demonstrated a 
lesion in the caecum, which was 
measured 9 mm by reader 1 (ex-
pert). Another false positive lesion 
(12 mm by reader 1) was found in 
the sigmoid on coronal supine 3D 
T1-weighted TFE (b).
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bowel distension

No complications occurred regarding automated insufflation. Bowel distension was 

adequate to optimal in 90.3% (95% CI: 86.8–93.0%) in supine position and 72.8% 

(95% CI: 68.1–77.0%) in prone position. In supine position 11 segments (1.9%, 95% 

CI: 1.0–3.7%) were poorly distended versus 22 segments (9.7%, 95% CI: 7.0–13.2%) 

in prone position.

Dual positioning resulted in adequate to optimal distension in 94.4% (95% CI: 

91.7–96.3%) of the segments in either supine or prone position. Two segments were 

poorly distended in both supine and prone position (0.4%; 95% CI: 0.4–1.4%). Dual 

Table 6: Per-lesion sensitivity analysis

≥ 10 mma N 95% CIb 6-9 mma N 95% CIb

Reader 1 92.3 12/13 63.9 - 98.7 58.8 10/17 33.0 - 81.5

Reader 2 76.9 10/13 46.2 - 94.7 23.5 4/17 6.7 - 49.9

Reader 3 69.2 9/13 38.6 - 90.7 35.3 6/17 14.3 - 61.7

N= Number/total number
a Numbers are in percentage
b 95% confidence interval in percentage

Table 5: Per-patient analysis of advanced neoplasia

≥ 10 
mma N 95% CIb

≥ 6 
mma N 95% CIb Alla N 95% CIb

Reader 1 Sensitivitya 88.9 8/9 51.7 - 98.2 88.9 8/9 51.7 - 98.2 64.3 9/14 35.2 - 87.1

Specificity a 98.9 87/88 93.8 - 99.8 98.9 87/88 93.8 - 99.8 98.8 82/83 93.4 - 99.8

PPVc 88.9 8/9 51.7 - 98.2 88.9 8/9 51.7 - 98.2 90.0 9/10 55.5 - 98.3

NPVd 98.9 87/88 93.8 - 99.8 98.9 87/88 93.8 - 99.8 94.3 82/87 87.1 - 98.1

Reader 2 Sensitivity a 88.9 8/9 51.7 - 98.2 88.9 8/9 51.7 - 98.2 57.1 8/14 28.9 - 82.2

Specificity a 97.7 86/88 92.0 - 99.7 97.7 86/88 92.0 - 99.7 97.6 81/83 91.6 - 99.6

PPVc 80.0 8/10 44.4 - 96.9 80.0 8/10 44.4 - 96.9 80.0 8/10 44.4 - 96.9

NPVd 98.9 86/87 93.7 - 99.8 98.9 86/87 93.7 - 99.8 93.1 81/87 85.6 - 97.4

Reader 3 Sensitivity a 88.9 8/9 51.7 - 98.2 88.9 8/9 51.7 - 98.2 64.3 9/14 35.2 - 87.1

Specificity a 96.6 85/88 90.4 - 99.3 96.6 85/88 90.4 - 99.3 96.4 80/83 89.8 - 99.2

PPVc 72.7 8/11 39.1 - 93.7 72.7 8/11 39.1 - 93.7 75.0 9/12 42.8 - 94.2

NPVd 98.8 85/86 93.7 - 99.8 98.8 85/86 93.7 - 99.8 94.1 80/85 86.8 - 98.0

N= Number/total number
a Numbers are in percentage,
b 95% confidence interval in percentage
c Positive predictive value in percentage
d Negative predictive value in percentage
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Table 7: Per-lesion sensitivity for advanced neoplasia

≥ 10 mma N 95% CIb 6-9 mma N 95% CIb Alla N 95% CIb

Reader 1 (expert) 90.0 9/10 55.5 - 98.3 100.0 1/1 16.6 - 100.0 68.8 11/16 41.4 - 88.9

Reader 2 90.0 9/10 55.5 - 98.3 100.0 1/1 16.6 - 100.0 62.5 10/16 35.5 - 84.7

Reader 3 80.0 8/10 44.4 - 96.9 100.0 1/1 16.6 - 100.0 62.5 10/16 35.5 - 84.7

N= Number/total number
a Numbers are in percentage
b 95% confidence interval in percentage

figure 6: One tubular adenoma of 12 mm was missed by all readers, but could be detected in retrospect 
by reader 1. Coronal supine 3D T1-weighted TFE (a) and coronal 2D T2-weighted half-Fourier single-shot 
turbo spin-echo (HASTE) (b) showed a lesion with heterogeneous signal intensity and only visible on one 
slice, which led to the assumption that it was a combination of residual stool and field heterogeneity.

figure 5: The lesion consisting of diverticulosis and muscular hypertrophy which was mistaken as a 
tumour by all the readers. Reconstructed axial supine 3D T1-weighted TFE (a) and coronal supine 3D 
T1-weighted TFE (b) demonstrated luminal constriction and a hyperintense mass lesion in the sigmoid.
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positioning was significantly better compared to supine (P = 0.04) or prone position-

ing (P < 0.0001) alone for adequate to optimal distension.

extracolonic findings

According to E-RADS classification13 four potentially important extracolonic findings 

(E4) were reported in four participants (4.0%); renal solid mass (n = 2), abdominal 

aortic aneurysm with a diameter of 3.7 cm (antero-posterior) (n = 1) and lymphade-

nopathy associated with a colonic mass (n = 1). These findings had not previously 

been diagnosed in these patients.

DiscUssion

This study evaluating the diagnostic performance of MR colonography by using 

automated carbon dioxide insufflation for colonic distension, demonstrated good 

diagnostic accuracy comparable to a recent meta-analysis on MR colonography for 

colorectal lesion detection.15 In our study patients with lesions of 10 mm and larger 

were detected with sensitivities ranging from 91.7% to 75.0% and specificities over 

95%. Colonic distension was adequate to optimal in nearly all segments (94.4%).

To our knowledge, this is the first MR colonography study evaluating automated 

carbon dioxide insufflation in a sizable patient group.16 Other MR colonography stud-

ies using gas distension all used manual insufflation, which lacks pressure preservation 

and monitoring, and is operator dependent16–,23 ultimately resulting in suboptimal 

distension or complications.8 For MR colonography large variation exists regarding 

bowel distension methods, without a generally accepted standard practice.15 Yet, 

automated carbon dioxide insufflation is standard practice for CT colonography and 

has proven feasible for MR colonography in healthy volunteers.7,9 In current clinical 

study population, no insufflation related difficulties were observed. If compared to a 

previously conducted feasibility study we found similar distension rates, respectively 

93% vs. 90.3%.9 With dual positioning adequate to optimal distension significantly 

increased to 94.4% of the segments, which is similar to what has been reported for 

carbon dioxide distension in CT colonography studies (89–99.5%).10,24

The highest per-patient sensitivity accuracy for lesions ≥ 10 mm (91.7%) as found 

in our study, proved superior to the only sizeable study using gas distension (156 

patients), which demonstrated a sensitivity of 40%.18 Per-patient specificity of our 

readers (96.5%, 97.7%, and 95.3%) was high although somewhat lower compared 

to that study (99.3%). Smaller studies (range 19–46 patients) with gas distension, 

showed comparable specificities (93.8%, 100%) but showed sensitivities of 100%.20–22 
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However in those studies the number of patients in whom large lesions were detected 

was relatively small.

The per-patient results for lesions of ≥ 6 mm also varies widely among MR colonog-

raphy studies using gas distension (range 6–100%).17,20,22,23 The sensitivity of reader 1 

(expert) was 85.7% for these lesions. Nearly half of the missed lesions (3/7) by reader 

1 were flat lesions, which from CT colonography are known to be easily missed.25 

The individual results of readers 2 and 3 were poor for the medium sized lesions. The 

difference in detection rates between reader 1 (the more experienced reader) and 

readers 2 and 3 (the less experienced readers) suggests that substantial experience 

and training in evaluation of MR colonography is warranted. From CT colonography it 

is known that training improves detections rates.26 In this study, the training of readers 

2 and 3 was limited to 40 MR colonography, however the readers had evaluated at 

least 180 CT colonography with feedback. In addition, there is no evidence on how 

many MR colonography have to be evaluated by readers to obtain an adequate level 

of competence in polyp detection, however with regard to the technical similarities 

with CT colonography the number should probably be in that range.26

In addition, most MR colonography studies evaluated diagnostic accuracy using 

consensus reading or double reading of two or more (experienced) observers, which 

might positively influence diagnostic accuracy.16–18,21–23,27 In this study, however, we 

chose to report individual accuracy values of multiple readers, as individual decision 

making reflects clinical practice.28

We performed subgroup analysis for advanced neoplasia, as this is the primary 

target for colorectal cancer detection and prevention.29 Nine patients with advanced 

neoplasia of ≥ 6 mm were found by colonoscopy. All but one patient was detected 

with MR colonography, which resulted in a sensitivity for all readers of 88.9% and 

specificities over 95%. Sensitivity decreased lower than 65% for all readers when ad-

vanced neoplasia of all sizes was considered. However, it is known that the diagnostic 

accuracy of MR colonography for lesions smaller than 6 mm is poor.15 For screening 

purposes, however, lesions of < 6 mm are of less importance, because of the very low 

prevalence of malignancy in these lesions.29

Several limitations must be considered. As large variation regarding bowel disten-

sion methods exists, we were not able to compare our MR colonography procedure 

with an existing and generally accepted standard MR colonography procedure. The 

main purpose of our study was to evaluate diagnostic accuracy using automated car-

bon dioxide distension. Ideally, we would have compared CT colonography with MR 

colonography in the patient cohort, however logistical reasons prevented this study 

design. Compared to the existing literature on CT colonography our accuracy rates 

were somewhat lower as CT colonography has been shown to have higher diagnostic 



62 Chapter 3

accuracy rates for advanced neoplasia with sensitivities and specificities over 90% 

comparable to diagnostic accuracy of colonoscopy.3,30–32

Although our study results are promising, our technique was evaluated in symp-

tomatic patients to ensure high prevalence of relevant colorectal lesions. However, to 

determine the potential role of our MR colonography technique for colorectal cancer 

screening, further research is warranted in a screening population.

Five patients were excluded due to an inadequate MR colonography examination. 

This is comparable to what is found in a recent MR colonography study.19 The intra-

venous contrast administration failure was due to patients’ reluctance for a second 

vena puncture after the first one failed. We believe that in a clinical setting, patients 

are more flexible in these cases as clinical examinations outweigh research examina-

tions. Metallic hip implants both in CT colonography as MR colonography hampers 

accurate evaluation of the rectosigmoid and was therefore excluded from our study.33 

MR colonography is more prone to poor image quality due to patient movement 

compared to CT colonography and therefore meticulous instructions are of utmost 

importance.33 We did not perform pre-contrast imaging in order to reduce the total 

examination time. However, pre-contrast imaging might increase diagnostic perfor-

mances as pre-and post-contrast imaging has shown to help distinguish colorectal 

lesions from residual faecal material.22,27

Although our average in-room time (48 min (31–88 min)) was comparable to the 

pilot study with carbon dioxide insufflation (45 min), our in-room time was consider-

ably long compared to CT colonography studies (approximately 20 min) and a recent 

MR colonography study (13–15 min).11,16,19 This could have a negative impact on 

patient acceptance and henceforth the participation rate when used in a screening 

setting. Also the associated costs could be a concern. Our relatively long in-room 

time could be explained by the fact that for MR colonography two sequences with 

two coronal stacks (upper- and lower abdomen) were acquired. Newer MR scanners 

have an enlarged field of view in the z-axis, with which imaging of the complete 

abdomen in one coronal stack reduces scan time and simplifies the scan procedure. 

Some studies only use data acquisition in one position (either prone or supine), which 

reduces scan time.19,22,27 In our study, double positioning significantly decreased the 

number of segments that were poorly distended, but attributed to longer scan time. 

In addition, insufflation with long tubing requires some extra time to achieve good 

colonic pressures. Also, as this is not standard procedure, a learning phase must be 

considered. The examination time of the first twenty examinations was longer than 

the last twenty examinations with a median difference of 13 min. For future studies 

the examination time could be further reduced by procedural training. Moreover, 

adoption of MR colonography with automated insufflation in a screening setting is 

rather straightforward compared to MR colonography protocols using other (manual) 
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distension methods as extensive experience with automated insufflation exists for CT 

colonography.7

In conclusion MR colonography with the use of automated carbon dioxide showed 

good outcomes for detection of lesions ≥ 10 mm and advanced neoplasia ≥ 6 mm (by 

an expert reader).
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