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Abstract 
AIM: To assess the diagnostic accuracy of multidetector-
row computed tomography (MDCT) as compared with 
conventional magnetic resonance imaging (MRI), in 
identifying mesorectal fascia (MRF) invasion in rectal 
cancer patients.

METHODS: Ninety-one patients with biopsy proven 
rectal adenocarcinoma referred for thoracic and 
abdominal CT staging were enrolled in this study. The 
contrast-enhanced MDCT scans were performed on 
a 256 row scanner (ICT, Philips) with the following 
acquisition parameters: tube voltage 120 KV, tube 
current 150-300 mAs. Imaging data were reviewed as 
axial and as multiplanar reconstructions (MPRs) images 
along the rectal tumor axis. MRI study, performed on 
1.5 T with dedicated phased array multicoil, included 
multiplanar T2 and axial T1 sequences and diffusion 
weighted images (DWI). Axial and MPR CT images 
independently were compared to MRI and MRF 
involvement was determined. Diagnostic accuracy 
of both modalities was compared and statistically 
analyzed.
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radiochemotherapy in advanced tumor stages[1,2], 
have greatly increased the importance of accurate 
preoperative staging to provide information about tumor 
location, size, configuration, and local infiltration[3]. 
One of the most important features of local rectal 
cancer staging is the assessment of the circumferential 
resection margin (CRM)[1] and relationship of the tumor 
to the mesorectal fascia (MRF), which actually defines 
the surgical CRM in TME surgery[4-6].

Magnetic resonance imaging (MRI) is today con-
sidered the “state-of-the-art” investigation for pre-
operative evaluation of pelvic malignant disease due to 
the method’s multiplanar capabilities and its ability to 
visualize the rectum, the mesorectal fat and the MRF, 
urinary bladder and internal genitalia with high soft 
tissue contrast[7]. 

Although many studies have described the accuracy 
of computed tomography (CT) for predicting the depth 
of bowel wall and lymph node invasion[8-11], only few 
of them have addressed the problems of predicting 
tumor infiltration of the MRF with new generation of 
multidetector-row CT (MDCT). The current role of 
CT in the evaluation of patients with rectal cancer is 
controversial[3]. In a single examination, CT can assess 
the entire abdomen, pelvis and chest, allowing for 
local staging and distant metastases evaluation[12-15]. 
MRI is an integral part of the diagnostic work-up of 
patients with rectal cancer due to its proven efficacy 
to determine the tumor relationship to the MRF[4]. 
However, MRI does have the downside of limited 
availability, relatively long image acquisition time and 
high cost[4]. Moreover, not all patients can undergo MRI 
because of claustrophobia or the presence of metal 
in patients’ bodies. In addition, another important 
factor in the preoperative assessment of primary rectal 
cancer is the frequent presence of distant disease 
at the time of diagnosis. Modern CT techniques are 
better suited than MRI to search for the local tumor 
extent and distant metastases in the same imaging 
session[16,17]. These considerations on one hand, and 
improved spatial resolution of new MDCT scanner on 
the other hand, have revived the discussion whether 
to use CT or MRI for rectal cancer staging[4,17]. The 
introduction of MDCT allowed thin-collimation scanning 
and high spatial resolution[1], resulting in improved 
multiplanar reconstructions (MPR)[3,17]. MPR images 
can be potentially useful for local staging in rectal 
cancer as they can be aligned parallel or perpendicular 
to the axis of the tumor similar to MR imaging. The 
aim of the present study was to evaluate the accuracy 
of high row number MDCT for the prediction of tumor 
invasion of the MRF being MRI findings as reference 
standard, and whether the addition of high-resolution 
MPR images can provide greater accuracy. 

MATERIALS AND METHODS
Patients
One hundred and thirty-one patients with biopsy-
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RESULTS: According to MRI, the MRF was involved in 
51 patients and not involved in 40 patients. DWI allowed 
to recognize the tumor as a focal mass with high signal 
intensity on high b-value images, compared with the 
signal of the normal adjacent rectal wall or with the lower 
tissue signal intensity background. The number of patients 
correctly staged by the native axial CT images was 71 
out of 91 (41 with involved MRF; 30 with not involved 
MRF), while by using the MPR 80 patients were correctly 
staged (45 with involved MRF; 35 with not involved MRF). 
Local tumor staging suggested by MDCT agreed with 
those of MRI, obtaining for CT axial images sensitivity and 
specificity of 80.4% and 75%, positive predictive value 
(PPV) 80.4%, negative predictive value (NPV) 75% and 
accuracy 78%; while performing MPR the sensitivity and 
specificity increased to 88% and 87.5%, PPV was 90%, 
NPV 85.36% and accuracy 88%. MPR images showed 
higher diagnostic accuracy, in terms of MRF involvement, 
than native axial images, as compared to the reference 
magnetic resonance images. The difference in accuracy 
was statistically significant (P = 0.02). 

CONCLUSION: New generation CT scanner, using high 
resolution MPR images, represents a reliable diagnostic 
tool in assessment of loco-regional and whole body 
staging of advanced rectal cancer, especially in patients 
with MRI contraindications.

Key words: Magnetic resonance; Multi detector computed 
tomography; Rectal cancer; Mesorectal fascia; Multiplanar 
reconstructions
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Core tip: The introduction of new generation of 
multidetector-row computed tomography (MDCT) 
scanner allowed thin-collimation scanning and high 
spatial resolution, resulting in improved multiplanar 
reconstructions (MPRs) and could be potentially useful, 
in a single examination, for local staging and distant 
metastases evaluation in rectal cancer patients. On 
these basis in our study we assessed the accuracy of 
high row number MDCT for the prediction of tumor 
invasion of the mesorectal fascia, being MRI findings as 
reference standard, and whether the addition of high-
resolution MPR images can provide greater accuracy.
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INTRODUCTION
Treatment options in rectal cancer patients, such as total 
mesorectal excision (TME) and preoperative neoadjuvant 



proven adenocarcinoma of the rectum and distal 
margin of the tumor within 15 cm from the anal verge 
were enrolled in this retrospective study.

The standard workup for patients with a rectal 
cancer includes a pelvic MRI for the assessment of 
loco-regional staging and MDCT study to determine 
the whole body staging. 

For this reason the inclusion criteria were: (1) a 
biopsy proven rectal cancer (0-15 cm from anal verge 
according to endoluminal biopsy); (2) availability 
of MRI study of lower abdomen; (3) availability of 
contrast enhanced MDCT of the chest and abdomen 
examinations; and (4) both MRI and CT images 
performed before application of any neo-adjuvant 
therapy or surgery. 

Exclusion criteria were: (1) previous neo-adjuvant 
therapy for rectal cancer; (2) contraindications to 
MRI examination; (3) contraindications to contrast 
enhanced CT imaging (e.g., intolerance/allergy to 
iodine contrast medium); (4) insufficient MR imaging 
quality (e.g., movement artifact) and insufficient CT 
imaging quality (e.g., owing to metal implants); and 
(5) absence of one of the two diagnostic tools between 
MRI and CT .

Forty patients were excluded from this study: 
2 patients had hip prostheses (important beam 
hardening artifacts reduced CT images quality); 6 
patients were excluded due to movement-related 
artifacts in MR study; 19 patients had only MRI 
evaluation and 13 had a CT evaluation alone (patients 
in which the local MRI staging was performed in 
another Hospital).

A final cohort of 91 patients (65 male and 26 
female, with a mean age of 69 years - range 30 to 89 
years) satisfied the inclusion criteria and were enrolled 
in this study.

The mean interval time between the MRI and CT 
examination was 37 d (range 0-79 d). 

The approval for this study was obtained by the 
ethical approval committee at our Institution.

CT imaging technique
All MDCT examinations were carried out without 
luminal rectal contrast media or air insufflation. All 
CT studies were performed on a 256-slice CT system 
(Brilliance iCT, Philips Medical Systems, Best, the 
Netherlands) with the following scan parameters: 
thickness 2 mm; increment 1 mm; collimation 128 
× 0.625; pitch 0.915; rotation time 0.4 s; FOV 350; 
matrix 512 × 512. The scan images were acquired 
before and after the intravenous bolus injection of 
non-ionic iodinated contrast material (Xenetix 350; 
Guerbet, Aulnay, France), according to the body 
weight, at a rate of 3.5 mL/s, using a double-syringe 
injector (Medrad Stellant, Pittsburgh, PA, United 
States) and 18-gauge catheter positioned into the 
antecubital vein. Bolus tracking software was used 
to set individual acquisition times for the arterial, 

portal and equilibrium phases. Contrast material 
enhancement was automatically calculated by placing 
the region of interest cursor over the abdominal 
aorta, and the level of the trigger threshold was set to 
increase to 120 HU. 

Thirteen seconds after the trigger threshold had 
been reached, arterial phase CT data acquisition began 
automatically. The portal venous and equilibrium 
phases were acquired after 60 and 140 s, respectively, 
after the trigger threshold had been reached.

Examinations were performed during one breath-
hold from the thorax to the anus.

None of the patients received a contrast enema or 
bowel relaxation.

MRI technique
MRI imaging examination was performed for tumor 
staging before starting the treatment or surgery. 

All MRI examinations were performed with a 1.5-T 
system (Achieva Plus; Philips, The Netherlands) in 
combination with a five-channel phased-array body 
coil.

After a planning scan, axial and sagittal T2 
weighted turbo spin-echo (T2WI-TSE) images covering 
entire length of the rectum were acquired and used to 
plan high resolution scans. 

Scan protocol consisted of axial TSE T1 weighted 
axial sequence turbo spin-echo (TSE) (slice thickness: 
3 mm; slice: 20; gap: 3 mm; TR: 612 ms; TE: 14 
ms; flip angle: 90°; FOV: 180; RFOV: 85; matrix: 
272 × 320; NSA: 4; time: 4.43 min); sagittal TSE T2 
sequence (slice thickness: 3 mm; slice: 32; gap: 0 
mm; TR: 5501 ms; TE: 85 ms; flip angle: 90°; FOV: 
220; RFOV: 105; matrix: 276 × 200; NSA: 4; time: 
4.40 min); axial TSE T2 sequence (slice thickness: 
3.5 mm; slice: 18; gap: 3.5 mm; TR: 4750 ms; TE: 
120 ms; flip angle: 90°; FOV: 180; RFOV: 85; matrix: 
256 × 256; NSA: 4; time: 3.05 min); coronal TSE T2 
sequence (slice thickness: 3 mm; slice: 20; gap: 0.5 
mm; TR: 5058 ms; TE: 125 ms; flip angle: 90°; FOV: 
180; RFOV: 100; matrix: 256 × 256; NSA: 4; time: 
3.47 min). The axial and coronal oblique images were 
performed orthogonal and parallel, respectively, to the 
long axis of the rectal cancer.

Afterwards diffusion weighted images with back-
ground body signal suppression (DWIBS) using a Multi-
slice Spin Echo Eco-planar Single Shot (SE-EPI-SSh) 
sequence were obtained; DWIBS were combined with 
a short time inversion recovery (STIR) pre-pulse for 
fat saturation. The DWIBS sequences were acquired in 
a pure axial plane in order to avoid distortion artifacts, 
with b-value 0 and 1000 s/mm2 with following 
parameters: slice thickness: 6 mm; slice: 12; gap: 6 
mm; TR: 3000 ms; TE: 74 ms; flip angle: 90◦; b-value: 
0 and 700 s/mm2; FOV: 380; RFOV: 80; matrix: 240 
× 256; NSA: 4; time: 1.30 min; SENSE factor: 1.5. 
According to recent literature no contrast enhanced 
dynamic or steady state T1 weighted or fat suppressed 
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respectively. MPR CT images were performed following 
the same recommendations to obtain axial and oblique 
coronal planes similar to MRI imaging. 

After iv contrast injection the tumor was seen as an 
intraluminal polypoid mass (Figure 1) or as asymmetric 
or circumferential mural thickening (> 6 mm)[20] with 
or without luminal narrowing (with abrupt transition 
from normal to abnormally thick-walled rectum) and 
smooth outer bowel margins. In some cases strands 
of the soft tissue extending from serosal surface into 
perirectal fat was observed (Figure 1). 

The MRF was seen as a thin, curvilinear structure 
surrounding the mesorectal fat with similar density to 
muscle adjacent to the rectum[1,21] (Figures 2 and 3). 
The main outcome parameter was the involvement of 
MRF defined as a visible fat line between the tumor 
and the MRF (Figure 3).

All CT axial images were observed first, in order to 
determine the tumor extension and direct involvement 
of the MRF; few days after (0-6 d), the same 
evaluation was done with MPR images.

MRI analysis
For each patient a radiologist with 10 years of 
experience in abdominal imaging analyzed T2-weighted 

sequences were used[18,19].
All these sequences were obtained in free breathing. 

The total examination time was approximately 30 
min. Patients did not undergo any preparation such as 
bowel cleaning or spasmolytic medication before the 
MR examinations. Luminal distention was achieved 
with rectal administration of a small amount (almost 
100 mL) of sonography transmission gel to distend the 
rectal lumen.

CT image analysis
In order to obtain an optimal contrast enhancement, 
the images of the pelvis were observed in the portal-
venous contrast enhanced phase. Multiplanar CT 
reconstructions were performed from the same 
radiologist, (blinded to pathological evaluation, clinical 
and MRI patient data), that analyzed all the CT images 
and orientated MPR images axial plane along the 
tumor axis.

According to recent guidelines about clinical mana-
gement of rectal cancer patients with MRI (recommen-
dations from ESGAR, 2012)[18], sagittal reconstructions 
are used to determine the longitudinal tumor axis 
in order to angle the axial and coronal planes as 
perpendicular and parallel to the tumor axis as possible, 

A B

C D E

Figure 1  Images obtained in a 54 years-old man with middle-high rectal cancer. A: The pure axial contrast enhanced computed tomography (CE-CT) image 
shows a tumor, as a intraluminal polypoid mass, with spiculated configuration margin and spread through the mesorectal fat. The tumour does not involve the 
mesorectal fascia (MRF) (arrowhead); B: Multiplanar reconstruction (MPR) MDCT images, along the axial plane of tumour axis, shows the presence of the tumor (arrow) 
with no involvement of the MRF; C: T2 (TSE) MRI image of the same patient (sagittal plane), shows the tumor as a polypoid mass (arrow), along the posterior burden 
of the rectum infiltrating through the muscularis propria into the mesorectal fat without MRF involvement (arrowhead); D: CE-CT MPR image (sagittal slice), at the 
same level shows the tumour as a polypoid mass inside the rectal lumen infiltrating the mesorectal fat without MRF involvement (arrowhead); E: DWIBS image (b-value 
1000), the tumor presents high signal, due to restricted water diffusion; the normal rectal wall or the surrounding tissues have a lower signal intensity in comparison 
with the polypoid mass. The mesorectal (arrow) fascia is not detectable.

Ippolito D et al . MDCT in assessment of mesorectal fascia
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sequences and DWIBS images in order to detect and 
correctly localize the primary lesion. The presence of the 
tumor was diagnosed on T2-weighted sequences. Rectal 
cancer typically appeared hypointense as compared 
to the surrounding fat, and slightly hyperintense as 
compared to the muscles.

The mesorectal fascia was seen as a thin hypo-
intense line surrounding the mesorectal fat[1]. 

DWIBS images were analyzed in order to obtain 
information about microscopic structures of biologic 
tissue through water proton mobility and to achieve a 
possible tool to monitor the response of tumor tissue 
after therapy[22].

These images were of diagnostic quality and 
adequate to identify the tumor region. When the 
anatomic details were unclear due to the low signal-to-
noise (SNR) on DWIBS images, they were matched to 
T2WI images of same planes. The diagnostic criterion 
on DWI was defined as a focal mass with high signal 
intensity (SI) on b1000 DW, compared with the signal 
of the normal adjacent rectal wall or background of 
lower SI tissue[22].

During images analysis, the radiologist was blinded 
to clinical patient data and pathological evaluation.

Multiplanar T2 weighted sequences and axial T1 
weighted sequences images were evaluated in order to 

assess the presence of the tumor, the involvement of 
the MRF and the adjacent structures.

Statistical analysis
All statistical analysis was performed using commercially 
available software (Med Calc, Med calc software 11.0, 
Mariakerke Belgium). The McNemar test was used 
to compare axial and MPR CT images with those of 
MRI imaging, which was considered as the reference 
standard, in order to determine the involvement of the 
MRF. 

The sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV) and accuracy of 
axial and MPR images were assessed and the obtained 
data were then compared. Overall accuracy, sensitivity 
and specificity of the prediction of involvement of the 
MRF were calculated using cross-tabulation statistics.

RESULTS
In the native axial CT imaging analysis the MRF was 
involved by the tumor in 51 patients, while on MPR 
images the involvement of the MRF was observed in 
50 patients. At MR image evaluation, the involvement 
of the MRF by the rectal cancer was observed in 51 
patients.

Figure 2  Images obtained in a 64 years-old man with middle rectal cancer. A: Axial contrast enhanced computed tomography (CE-CT) image shows the tumour 
as an irregular mural thickening of the anterior rectal wall with possible infiltration into the perirectal fat. The mesorectal fascia is seen as a thin line (arrowhead) 
surrounding the mesorectal fat and is not involved by the tumor (arrow); B: Multiplanar reconstruction (MPR) para-axial CE CT image of the same patient shows the 
tumour as an irregular mural thickening of the anterior rectal wall (arrow) with no infiltration into the perirectal fat. The mesorectal fascia (arrowhead) is better defined 
in MPR para-axial CT image; C: T2 (TSE) MRI image of the same patient shows the tumour as a lesion of the anterior rectal wall, slightly hyperintense compared to 
the muscle, that extends through the hypo-intense muscle layer into the perirectal fat (arrow) and without mesorectal fascia involvement (arrowhead); D: Orthogonal 
axial high-resolution T2-weighted MR image of the same patient shows an intraluminal mass (arrows) confined to the intact, hypo-intense muscularis propria (the 
proper muscle layer is shown as a low intensity band (*). The mesorectal fascia (arrowhead).

A B
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DWIBS allowed to recognize the tumor as a 
focal mass with high signal intensity on high b-value 
images, compared with the signal of the normal 
adjacent rectal wall or with the lower tissue signal 
intensity background (Figures 1, 3 and 4).

The overall correlation of MPR and native axial 
findings with the MR images demonstrated (Table 
1) that the number of patients correctly staged by 

evaluating the native axial images was 71 out of 91 
patients (41 true positive, TP; 30 true negative, TN), 
while by using the MPR a total of 80 patients were 
correctly staged (45 TP and 35 TN) (Figure 4). 

The number of false negative (FN) for axial and 
MPR was respectively 10 FN and 6 FN. The results 
obtained in our series of patients show an overall 
good diagnostic value of CT technique: considering 
the native axial CT images, the overall sensitivity and 
specificity were respectively 80.4% and 75%, PPV 
was 80.4%, NPV 75% and Accuracy was 78%. While 
analyzing the MPR images the sensitivity raised up 
to 88% and specificity up to 87.5%, PPV was 90%, 
NPV 85.36% and accuracy raise up to 88% (Table 
2). The difference in performance between axial and 
MPR images was not statistically significant, in terms 
of sensitivity and specificity (McNemar test with P 
= 0.22 and P = 0.13 respectively) (Table 3), but 
considering the overall diagnostic accuracy, in terms 
of MRF involvement, the MPR images demonstrated 
to be superior (P = 0.02) in comparison with native 
axial images alone, as compared to the reference MR 
images (Table 4).

DISCUSSION 

To date, only few studies[1,4,16,17,21,23,24] analyzed the role 

Figure 3  Images obtained in an 86 year-old woman with middle rectal cancer. A: Orthogonal axial high-resolution T2-weighted MR image shows the tumor as 
a thickening (arrow) along the posterior aspect of the rectum, infiltrating through the muscularis propria (the band of proper muscle layer (*) is destroyed) into the 
mesorectal fat. The mesorectal fascia is seen as a thin hypointense line (arrowhead) surrounding the mesorectal fat; B: Multiplanar reconstruction (MPR) para-axial 
contrast enhanced computed tomography image of the same patient shows the tumour as an irregular mural thickening of the posterior rectal wall with spiculations 
extending into the peri-rectal fat. The mesorectal fascia is well defined and not involved (arrowhead); C: DWIBS image (b-value 1000), the tumor (arrow) is clearly 
recognizable as high signal in comparison with the lower signal intensity of the normal rectal wall. 

Table 1  Summarizing table of number of patient correctly 
staged with multiplanar reconstruction and axial computed 
tomography images in comparison of magnetic resonance 
imaging

Image analysis TN1 FN2 TP3 FP4 TOT5

CT-axial 30 10 41 10 91
CT-MPR 35   6 45   5 91
MRI 40 51 91

1TN: True negative. Number of patients in which the MRF was correctly 
considered not involved with axial and MPR imaging according to MRI; 
2FN: False negative. Number of patients in which the MRF was wrongly 
not considered involved with axial and MPR imaging, but it was with MRI; 
3TP: True positive. Number of patients in which the MRF was correctly 
considered involved with axial and MPR imaging according to MRI; 
4FP: False positive. Number of patients in which the MRF was wrongly 
considered involved with axial and MPR imaging, but it wasn’t with MRI; 
5TOT: Total of patients. CT: Computed tomography; MPR: Multiplanar 
reconstruction; MRI: Magnetic resonance imaging.

A B
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of MDCT as possible and reliable imaging technique in 
assessment of MRF invasion by rectal cancer. According 
to recent literature[25], the appropriate angulation of 
the axial plane orthogonal to the tumor is essential in 
primary tumor staging, since incorrect plane obliquity 
leads to a pseudospiculated appearance that may 
lead to overstaging (Figures 2 and 4). Placement of 
the orthogonal plane is based on the definition of the 
tumor on sagittal T2-weighted images.

DWIBS are usually performed in pre-operative 
rectal cancer staging[22,25] in order to improve the 
detection and localization of rectal tumors, especially 
when the tumor is difficult to visualize with other 

sequences[25]. While these sequences have no role 
in the assessment of mesorectal fascia involvement, 
due to the intrinsic limitations of MRF visualization 

Figure 4  Images obtained in a 68 years-old man with high rectal cancer. A: Axial computed tomography (CT) image shows a tumor as a circumferential 
thickening in the bowel wall; in the anterior wall (arrow) the tumor seems to involve the mesorectal fascia (MRF); B: Multiplanar reconstruction CT images shows a 
visible fat line between the tumor and the MRF (arrowhead); C: Axial T2-weighted magnetic resonance image shows a rectal wall involvement by the tumor but also a 
wide fat pad between the tumor and the free MRF; D: DWIBS image (b-value 1000), the tumor is depicted as a high signal circumferential thickening of the bowel wall, 
in comparison with the lower signal intensity of surrounding tissue. 

Table 2  Summarizing table of sensitivity, specificity, positive 
predictive value, negative predicting value and accuracy of 
axial and multiplanar reconstruction computed tomography 
images in correctly identify the involvement of the mesorectal 
fascia in comparison of magnetic resonance imaging

Axial CT images
   Sensitivity Specificity PPV NPV Accuracy
   80.40% 75% 80.4% 75% 78%
MPR CT images
   Sensitivity Specificity PPV NPV Accuracy
   88% 87.5% 90% 85.36% 88%

CT: Computed tomography; PPV: Positive predictive value; NPV: Negative 
predicting value; MRF: Mesorectal fascia; MRI: Magnetic resonance imaging.

Table 3  Summarizing table of McNemar test calculation 
to determine the statistical significant of sensitivity and 
specificity between axial and multiplanar reconstruction 
computed tomography images in comparison to magnetic 
resonance imaging

Axial- 
subjects

Axial+ 
subjects

Total of 
subjects with 

MRI+
Sensitivity1 (P = 0.22)
   MPR- subjects   5   1   6
   MPR+ subjects   5 40 45
   Total subjects of MRI+ 10 41   51n

AXIAL- 
subjects

AXIAL+ 
subjects

Total of 
subjects with 

MRI-
Specificity2 (P = 0.13)
   MPR- subjects 29   6 35
   MPR+ subject   1   4   5
   Total of subjects with MRI- 30 10  40n

McNemar test: 2 × 2 contingency table, which tabulates the outcomes 
of the two tests (axia CT and MPR images) on a sample of n subjects 
(respectively 51 who were positive with MRI and 40 who were negative). 
1P = 0.22, two tails, not statistically significant; 2P = 0.13, two tails, not 
statistically significant. CT: Computed tomography; MRI: Magnetic 
resonance imaging.
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at high b-values. While the DWIBS are frequently 
employed in restaging of rectal cancer patients, due to 
the possibilities to offer information about structures 
of biologic tissue through water proton mobility, and 
suggested as a possible tool to monitor the response 
of tumor tissue after therapy[22,25].

Several problems frequently arise during this critical 
initial step, due to motion artifacts, small tumor size, 
low contrast between the tumor and the rectal wall 
on fast relaxation fast spin-echo (FSE) T2-weighted 
images, redundancy and tortuosity of the rectum. In 
addition, nodes along the pelvic sidewall and superior 
rectal vessels may fall outside the FOV of axial high-
resolution images. 

In this setting the clinical use of MDCT images 
combined with MPR along the different axis of re-
ctal lumen, permits to overcoming some of these 
limitations, having also the possibility to include a 
large FOV and modify the different perpendicular 
axial plane in a less time consuming analysis in order 
to evaluate the tumor axis (also in case of tortuosity 
and redundancy of the rectum), the MRF involvement 
and distant lymph-nodes sites. Moreover the new 
generation multidetector row CT scanner permits 
to increase the spatial resolution, offering high de-
tailed images combined with short acquisition time 
and avoiding or reducing possible motion artifacts. 
Unfortunately, for small size rectal tumor, there’s a 
lower contrast between the tumor and the rectal wall 
using CT images compared to MR images, especially if 
combined with use of DWIBS. 

A recent survey of United Kingdom practice has 
revealed that less than 50% of patients were offered MR 
staging and up to 80% of patients who do not undergo 
MR staging have a CT examination[1]. The results 
obtained in this study may help to establish MDCT as 

an effective diagnostic technique in the evaluation of 
preoperative local staging of rectal cancer[3].

In our study we compared the diagnostic capability 
of MDCT images, with new generation of multi-row 
scanner, in the prediction of MRF involvement by 
rectal cancer, by evaluating native axial images and 
MPRs, as compared with MR images as reference 
standard[1,4,16,23]. In our series of patients a good 
diagnostic quality was achieved for both series of CT 
images, obtaining an accuracy of 78% for pure axial 
images and 88% for MPR (difference statistically 
significant, P = 0.02), while the sensitivity of pure axial 
images was 80.4% and these results arise to 88% with 
MPR. Previous studies reported high accuracy rates for 
CT[3,17,21], however, most patients in these early series 
had advanced disease[3,26]. In more recent reports, 
a less satisfactory results have been obtained, with 
accuracy rates ranging between 41% and 82%[3,4,16,24] 
in rectal cancer. Those results, probably, were related 
to the limited spatial collimation and insufficient 
reconstructions increments used in CT-protocol (i.e., 
thickening from 5 to 10 mm, no MPRs)[4,16,25] as well as 
the absence of standardized contrast agent injection 
protocol. Therefore, the spatial resolution of the scans 
was too low to make any reliable predictions on margin 
involvement, especially if compare with MR protocol 
(assumed with 3 mm thickness and with different 
orientation of the axial plane)[16,23,27]. In comparison 
with previous studies we obtained an higher PPV 
(90%); this result could be explained by the use of 
thinner slices (2 mm), increasing consequently the 
spatial resolution, close to MR images protocol (3 
mm). The employed protocol, 2 mm thickness and 1 
mm of increment, offers reliable results comparable 
with MR images, especially with the use of MPR. 

Our findings are more similar to those of Shina[1] 
that found an accuracy rate in predicting the invo-
lvement of mesorectal fascia in comparison with 
histopathology of 96.5% and 91.2% on MPR and 
axial images, respectively. Multiplanar reconstructions 
images in addiction to axial images significantly improve 
the diagnostic accuracy in image interpretation (P = 
0.02), even if the difference of sensitivity and specificity 
between axial images and MPR not reach the statistical 
significant (P > 0.05). In the study of Matsuoka[28] 
the accuracy of MDCT (4 slices, 5 mm thickness) and 
MRI was assessed using the histopatology as gold 
standard, with equal results between CT and MRI in the 
preoperative local staging of rectal carcinoma. In our 
series of patients the NPV of MDCT was 75% for axial 
images and 85.36% for MPRs, with specificity of 75% 
and 87.5% respectively. 

One of the limitations of this study is represented 
by the use of MRI as reference standard, rather 
than histology, although this comparison is virtually 
impossible since patients with a MRF involvement are 
currently treated with long courses of chemoradiation 
therapy[4,29]. In addiction we did not perform any 
luminal distention on CT images and this could 

Table 4  Summarizing table of McNemar test calculation to 
determine the statistical significant of accuracy between axial 
and multiplanar reconstruction computed tomography images 
in comparison to magnetic resonance imaging

Uncorrect 
subjects staged 
with AX/MPR 

CT images

Correct subjects 
staged with AX/
MPR CT images

Total of correct 
subjects staged 

with MRI

Accuracy1 (P = 0.02)
Uncorrect subjects 
staged with MPR/
AX

  9   2 11

Correct subjects 
staged with MPR/
AX

11 69 80

Total of correct 
subjects staged with 
MRI

20 71 91

McNemar test: 2 × 2 contingency table, which tabulates the outcomes 
of the two tests (axial CT and MPR images) on a sample of n subjects 
(91 correct staged with MRI). 1P = 0.02, two tails, statistically significant. 
MPR: Multiplanar reconstruction; MRI: Magnetic resonance imaging; CT: 
Computed tomography.
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explaining some discrepancies of finally rectal cancer 
findings, between CT and MRI analysis. Another 
limitation of CT images is represented by the fact that 
in patients with small amounts of peri-rectal fat, the 
identification of the true extramural extension is more 
challenging due to smaller tissue interfaces, causing a 
higher rate of mistakes in assessment of involvement 
of the MRF. In our series, we did not considered the 
BMI of the patient as well as the amount of peri-rectal 
fat, in order to obtain a reliable data about sensitivity 
of CT images, in daily current clinical practice. 

Moreover, as well known, CT-images do not allow 
accurate differentiation of different bowel layers, as 
compared with MRI, but the involvement of the MRF 
represents the main aim of rectal cancer imaging, 
since the MRF involvement determines the distinction 
between primary resectable and locally advanced 
tumors[1].

In conclusion, despite these limitations the CT 
imaging of rectal cancer patients with new generation 
MDCT scanner, demonstrated high sensitivity and high 
accuracy in assessment of MRF involvement, especially 
with the use of MPRs, and would become a potential 
one-step imaging tool. CT imaging could be useful 
as making decision therapy process during a whole-
body staging workup, allowing accurate distant rectal 
staging and local involvement of the MRF in a single 
examination.

COMMENTS
Background
Treatment options in rectal cancer are total mesorectal excision (TME) or 
preoperative neoadjuvant radiochemotherapy in patients with locally advanced 
rectal cancer (LARC). One of the most important features of local rectal cancer 
staging is the assessment of the tumor relationship with the mesorectal fascia 
(MRF), which defines the circumferential resection margin (CRM) in TME 
surgery. To date MR imaging investigation is used for local staging and to 
identifying patients who may benefit from preoperative chemotherapy-radiation 
therapy (patients in which the MRF and the CRM could be involved by the 
tumor). However not all patients can undergo MRI because of claustrophobia 
or the presence of metal in patients’ bodies; moreover MRI has the downside of 
limited availability, relatively long image acquisition time and high cost. Another 
important factor in the preoperative assessment of primary rectal cancer is 
the frequent presence of distant disease at the time of diagnosis, which are 
assessed, routinely, with CT. For these reasons, the use of MDCT for local 
staging and distant metastases evaluation could offer high detailed images 
combined with low cost and short acquisition time.

Research frontiers
New generation of high row number MDCT scans allow thin-collimation, high 
spatial resolution and better multiplanar reconstructions (MPRs). MPR images 
can be aligned parallel or perpendicular to the axis of the tumor similar to MR 
imaging and can be useful for predicting tumor infiltration of the MRF in local 
staging of rectal cancer. Therefore MDCT can assess in a single examination, 
the entire abdomen, pelvis and chest, allowing for local staging and distant 
metastases evaluation.

Innovations and breakthroughs
Considering the variability among the results in previous studies, the actual 
evidence suggests that old CT protocol, having a limited spatial collimation, an 
insufficient reconstructions increments and poor MPRs, could not be used for 
local staging in rectal cancer. New generation MDCT scanner used in modern 

clinical practice, with high sensitivity and high accuracy in assessment of MRF 
involvement, would become a potential one-step imaging tool for distant rectal 
cancer staging and local involvement of the MRF.

Applications 
The importance of this work relies on the possibility to offer, in a single step 
examination, a new diagnostic approach (performed with new generation 
MDCT, ) that allows the non-invasive evaluation of MRF involvement in local 
rectal staging, as well as the assessment of distant metastases using high 
detailed images of the entire abdomen, pelvis and chest. Moreover in this 
manuscript the authors compared and commented our results with those of 
previous literature on this field by using the two different techniques modalities 
(i.e., CT and MRI).

Terminology
TME is a surgical technique that entails en bloc resection of the primary tumor 
and the mesorectum by means of dissection along the mesorectal fascial plane 
or the CRM. MDCT are new generation of CT with high number of detector, 
which allow to obtain high spatial resolution images with thinner collimation. 
MPR is multiplanar reconstructions of the images are images obtained after a 
post-processing of native axial CT images. Thanks to high collimation of MDCT, 
all pure axial images can be orientated along different planes (i.e., coronal, 
sagittal, and oblique axis). MRF is mesorectal fascia, surrounds the mesorectal 
fat around the rectum. The mesorectal fascia runs along the anterior aspect of 
the sacrum, where it fuses with the presacral fascia, and then laterally on either 
side of the rectum. Anteriorly in males, it forms a dense band of connective 
tissue posterior to the seminal vesicle and prostate gland (the Denonvilliers 
fascia). The MRF is critical for surgical planning in TME. On T2-weighted 
images appears as a thin hypointense line surrounding the meserectal fat. On 
CT images is depicted as a thin line surrounding the mesorectal fat with similar 
density to the muscles.

Peer-review
Congratulations for the article. Often in daily clinic are situations where you can 
not perform an MRI either clinical or resource problems. Having information like 
that concludes this article endorse the decisions of physicians to such situations 
and allow proper staging of patients.
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