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Abstract  

Background:  The prognosis for patients with rectal cancer  

is closely related to the stage of the disease at the time of  

diagnosis. Currently, rectal Magnetic Resonance Imaging  

(MRI) is the most encouraging imaging modality for local  

staging of rectal cancer.  

Aim of Sudy: This study aimed to evaluate the role of  
pelvic MRI in staging of the rectal cancer for management  
decision.  

Patients and Methods:  This prospective study included  
30 patients who proved to have rectal cancer by clinical and  

histopathological studies. Pelvic MRI was accomplished for  

all patients according to the following protocol: Sagittal T2WI;  

Axial T2WI; Axial T 1 SPIR; Axial T 1 WI; and Coronal T2  
TSE. T staging and N staging were performed for the lesions.  

Results:  Thirty patients were included in this study, 21  
males and 9 females with their ages range between 19 and 80  
years (mean=43 years). MRI defined the location of the tumor  

in the upper third (2 cases), 6 cases at the middle third and  
in 21 cases at the lower third of the rectum. T staging: No  

lesions were staged as T1, one case was staged as T2, twenty-
three lesions were diagnosed as T3; five cases were diagnosed  

to have T4 lesion (local infiltration) involving; prostate (4  
cases) and infiltrating the skin and penile root in another case.  

The operative findings confirmed MRI data in those cases.  

One case was staged as T0 stage following proctoscopic  
resection of rectal polyp and proved to be rectal carcinoma  

(villous carcinoma). The sensitivity of MRI was identical to  

(100%) operative and histopathological assessment in all T  

stages from (T 1 to T4). N staging: The N stage was interpreted  

according to the TNM classification, any enlarged node in  

this study was suspected to be positive for metastatic deposits.  

Conclusions:  Pelvic MRI provides high resolution images  
of the entire mesorectum allowing for an accurate staging of  
rectal cancer. It offers multiplannar capabilities with high  

resolution, non-invasive however it is relatively a costly  

examination. It is of high value in building up the best therapy  

strategy for cancer rectum patients.  
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Introduction  

RECTAL  cancer is viewed as the second most  
common malignancy in the western world. In the  
United States, it addresses the third leading cause  

of new cancer cases and cancer-related deaths in  

both men and women [1] . In the European Union  
countries, colorectal cancer causes more than  

110,000 deaths per year. The occurrence of color-
ectal cancer increased after the age of 47 years,  

showing up at a biggest at around 65 years. The  
commonness is impressively higher in more devel-
oped countries than in less developed countries.  

However, the death rate in more developed coun-
tries is lower, reflecting expanded screening and  

improvements in rectal cancer staging and therapy  

[2] . The prognosis for patients with rectal cancer  
is closely related to the stage of the disease at the  
time of diagnosis and the decision of therapy. The  

risk of post-operative tumor recurrence is 5% for  

stage T1, 10% for stage T2, and 25% for stage T3,  
utilizing the TNM staging system. In case of lymph  

node involvement, the risk of tumor recurrence  

increases to 33% for a stage T2 tumor and 66%  

for stage T3 [3] .  

Currently, rectal Magnetic Resonance Imaging  

(MRI) is the most encouraging imaging modality  
for local staging of rectal cancer [4] . MR imaging  
utilizing a transrectal coil has been shown to be  
effective in revealing the layers of the rectal wall,  

which is an essential for accurate staging [5] . How-
ever, MR utilizing a transrectal coil has similar  
constraints as transrectal sonography with respect  
to the field of view and the assessment of stenotic  

tumors. The identification of tumors close to or  
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invading the mesorectal fascia has gotten progres- 
sively significant, may be impressively more sig- 
nificant than the classic T stage determination [6] .  

Rectal MRI may add extraordinary value in  

essential staging (preoperative setting), MRI can  
aid in (1) Choosing patients with locally advanced  

rectal cancers who are suitable for treatment with  

Neoadjuvant chemoradiotherapy; (2) Distinguishing  
poor prognostic factors, including extramural vas-
cular invasion and involvement of the mesorectal  

fascia (3) Directing surgeons in surgical planning  

[7] . The potential advantages accomplished with  
rectal MRI are carefully reliant on getting great  

quality images to allow for characterization of the  

main anatomic structures and their relation to the  

tumor. High-spatial-resolution T2-weighted imag-
ing (T2WI) is the most important MRI sequence  

in the assessment of rectal cancer and anatomic  

structures [8] .  

Aim of the work:  

This study aimed to assess the role of pelvic  
MRI in evaluation and staging of the rectal cancer  
and the impact of this evaluation upon the plan of  

treatment, with emphasis on comparing the results  

with the operative and post-operative histopatho-
logical findings.  

Patients and Methods  

Patients:  
This prospective study was conducted during  

the time frame from July 2018 to November 2020.  
The study included 30 patients: 21 males and 9  

females with their ages range between 19 and 80  

years with mean age 43 ±3.8 years. Patients were  
referred from Tropical Medicine Department; Minia  
University and Surgical Department; Assiut Uni-
versity to Radiology Department, Assiut University  
for pelvic MRI.  

Inclusion criteria: Patients who proved to have  
rectal cancer by clinical and histopathological  

studies.  

Exclusion criteria:  Patients who proved to have  
distant metastases, patients refusing operative  

treatment and patients proved to be inoperable.  

This study was approved by the Review Board of  
the institution and informed consent was attained  
from all patients prior to scanning.  

Methods:  

The diagnosis of rectal cancer in these patients  
was established dependent on their symptomatol-
ogy, clinical examination, proctoscopy, and biopsy.  

Pelvic MRI was done for all patients; abdominal  
ultrasonography and chest X-ray were also done  

to all patients to exclude distant metastases. CT  

pelvi-abdomen was accomplished for 12 patients,  
while barium enema was done for 3 patients; the  

results of these investigations were audited cau-
tiously before including the patients into the study  
population, to acquire an initial idea about the  

lesion and to confirm the absence of distant metas-
tases.  

Routine laboratory evaluation including com-
plete blood picture, liver function tests, renal  
function tests and prothrombin time and concen-
tration were also performed.  

1- Clinical evaluation: Patients were subjected to  
full clinical assessment including analysis of  
the history and complaints, symptoms duration.  

Rectal bleeding and recent changes in bowel  

habits were of special concern. General, abdom-
inal, and local digital rectal examination were  

done.  

Symptomatology:  

All patients (100%) presented by bleeding per  

rectum of varying degrees, in addition to bleeding;  

5 patients (16.7%) presented by diarrhea, 4 patients  

(13.3%) presented by constipation, and one patient  

(3.33%) had sense of mass or inadequate evacua-
tion. Laboratory evaluation revealed mild to mod-
erate hypochomic microcytic anemia in 5 patients  

(16.7%); 4 males and 1 female. Proctoscopic ex-
amination showed malignant featuring rectal lesions  

at variable distance from the anal verge. Most of  
the lesions were in lower and middle third and  

biopsies were taken for histopathologic evaluation.  

2- Proctoscopic examination:  Light sedation after  
preparation for endoscopic evaluation of the  

lesion and biopsies were taken and sent for  

histopathologic evaluation.  

3- Abdominal and pelvic Ultrasound examination.  

4- Magnetic Resonance Imaging: All patients were  
examined using 1.5 T superconductive scanner  
(Philips Gyroscan ACS-NT) equipped with re-
ceived only phased array torso coil, which con-
sists of two coupled coils placed anterior and  
posterior to the pelvis and fixed with straps.  

Patient preparation:  

The patients were given a light cleansing enema  
the night before examination to clarify the rectal  

lumen. At the beginning of examination 150c.c.  

normal saline were installed in the rectum via a  
non-inflated Foley's catheter to delineate the rectal  
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lumen and the patients could withhold this during  
the examination time.  

Technique of examination:  
The patients were examined in supine position  

with the fixed piece of the coil underneath; at the  

region of the pelvis and buttocks and the second  

piece of the coil was placed over the pelvis and  

perineum. Following an initial multi-planar local-
izer; Sagittal, Axial and Coronal sections were  

obtained in different pulse sequences according to  
the following protocol: Sagittal T2WI; (TSE, TR  

3500, TE 90, FOV 280/1.7, Matrix 198 X 256,  

NSA 2, THK/GP 4/1). Axial T2WI; (TSE, TR 3984,  

TE 150, FOV 320/3.5, Matrix 198 X 512, NSA 3,  
THK/GP 3/0). Axial T1SPIR; (TR 49, TE 4.6, FOV  
290/2, Matrix 256 X 256, NSA 1, THK/GP 5/1).  
Axial T1WI; (TR 550, TE 14, FOV 310/1.1, Matrix  
231 X 512, NSA 3, THK/GP 4/1). Coronal T2 TSE;  
(TR 3500, TE 90, FOV 250/1.7, Matrix 199 X 256,  

NSA 3, THK/GP 4/1). No respiratory triggering,  
sedation or anesthesia was required in the examined  

cases.  

Image analysis:  
The detected lesions in MRI were described  

regarding, site, size, signal intensity and extent of  
infiltration into the ano-rectal wall, extension into  

the perirectal fat and adjacent structures. Presence  

of local or regional lymph node enlargement was  
also documented.  

At first the site of the lesion was documented,  

measuring the distance between the lower border  

of the lesion and the anal verge. According to this,  
the lesion was located as upper third (12-16cm),  
middle third (8-11 cm) and lower third (4-7cm) or  

anorectal in position.  

The shape of the lesion regarding is it circum-
ferential, involving one side or other appearance  

was described. The signal intensity of the lesion  

in T1WI, T2WI and SPIR WIs were described in  

detail.  

Staging was performed, in accordance with the  
TNM system by Kumar [9] .  

T staging was performed: when the rectal mass  
(usually hypersignal in T2WI), invaded the sub-
mucosa, the lesion was staged as T1. T2 was applied  

when the mass was seen infiltrating the muscularis  
propria and not breach through the later. T3 was  
applied when the lesion infiltrated the muscularis  

propria and extending to the perirectal fat without  

adjacent organ infiltration. T4 was applied when  

there was infiltration of an adjacent organ.  

N staging then was performed:  The perirectal  
LN were seen scattered at the mesorectum and best  

seen in transverse images. They could be seen in  
T1WI and T2WI with usually hypo, hyper-signal,  
respectively. N0 was applied when there was no  
detectable LN enlargement. N1 was applied when  

there were one to three enlarged perirectal LNs.  

N2 when there were 4 or more enlarged perirectal  

LNs and N3 when there was any enlarged LN along  

a named vascular trunk. The number and size of  
the enlarged nodes were described, the site was  
described according to perirectal position like the  

clock, and signal intensity of the enlarged nodes  
is documented.  

The interpretation of the results was based upon  

the invasion of the five layers of the bowel seen  
in MRI and staged based upon the TNM staging  
system. Correlation with the results of surgical  

operation and post-operative histopathological  
findings were performed.  

Statistical analysis:  
Data were analyzed using IBM SPSS software  

(release 25) (Windows Microsoft; SPSS Inc., USA).  

Statistical methods included descriptive analysis,  
such as mean ±  SD, percentage, and frequencies.  

Results  

Thirty patients were included in this study, 21  
males and 9 females with their ages range between  

19 and 80 years with mean age 43 ±3.8 years.  

MRI Location of the tumor:  

The lesion located in two cases at the upper  

third, in 6 cases at the middle third and in 21 cases  

at the lower third of the rectum (Table 1).  

Table (1): Distribution of tumors by anatomical location in  

MRI examination.  

Tumor location  No. of  Percentage  
cases  

Upper third (12-16cm from anal verge)  2  6.67%  
Middle third (8-11 cm from anal verge)  6  20%  
Lower third (4-7cm from anal verge)  21  70%  
Undetected tumors  1  3.33%  

Total  30  100%  

Characterization of the lesions:  
In all cases tumors showed higher signal inten-

sity (SI) in contrast to the hypointense muscle  

layers in T2WI. In three of them the masses showed  

higher SI than other detected masses and were  

proved to be mucinous carcinomas by the post-
operative histopathological study. All cases showed  
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iso to hypointense signal in T 1 WI. In two cases  
where IV Gadolinium (Gd) was administered, the  
tumors showed mild homogeneous enhancement.  

Two cases showed cystic changes of the adjacent  
healthy wall of the rectum as well as within the  
masses, those patients were complaining of long  
history of piles. No signal void or calcifications  

were detected in the studied cases.  

Staging:  
MRI staging:  
T stage:  

No lesions were staged as T1 by MRI i.e., no  
lesions were confined to the mucosal layer of the  

rectal wall. In one case MRI showed invasion of  

the rectal layers up to the muscularis propria with  

no infiltration of the muscularis propria or perirectal  

fat planes and was staged as T2 stage, histopatho-
logical findings were concordant with the MRI  
findings in this case. Twenty-three lesions were  
diagnosed as T3; in these cases, there were invasion  

of all rectal layers with perirectal fat infiltration,  

yet without extension into adjacent organs. This  

was confirmed by operative and histopathological  

examination (100% accuracy). Five cases were  

diagnosed to have T4 lesion (local infiltration)  
involving; prostate (4 cases) and infiltrating the  

skin and penile root in another case. The operative  

findings confirmed MRI data. In one case in which  

a rectal polyp was excised and proved to be rectal  

carcinoma (villous carcinoma), MRI was done  
following the proctoscopic resection for assessment  
of rectal wall and showed no residual masses or  
other lesions and this was proved in operative  
resection and post-operative histopathological study  

(Table 2) and Figs. (1-3).  

Table (2): Correlation between MRI and operative and his-
topathology in tumor penetration in rectal wall.  

Stage  MRI  Operative  Histopathology  

T0  1  1  1  
T1  0  0  0  
T2  1  1  1  
T3  23  23  23  
T4  5  5  5  

Total  30  30  30  

Fig. (1): A-60-year male patient, presented by bleeding per  

rectum and deep pelvic pain. Pelvic MRI: Sagittal T2WI (A & B),  

Coronal T2WI (C), Axial T2WI (D) showed left lateral and posterior  

rectal wall thickening 7cm from the anal verge extending for 5.5cm,  
infiltrating the mucosal and submucosal layers reaching the muscularis  
propria yet with no signs of breaching, the lesion is slightly hyperin-
tense in T2WI, extending into the lumen with shouldering. Clear  
perirectal fat planes, no pelvic organs infiltration, no regional Iym-
phadenopathy. MRI staging: T2 N0 M0, anterior pelvic resection was  

done with post-operative pathological staging of T2 N0 M0. Patho-
logical diagnosis; rectal carcinoma “Mucinouscarcinoma grade II”.  

Fig. (2): A-51-year female patient, presented by bleeding per  

rectum and pelvic pain. Pelvic MRI: Sagittal T2WI (A & B), Axial  
T2WI (C & D) showed circumferential rectal wall thickening 8cm  

from the anal verge extending for 5cm, infiltrating all rectal layers  
with minimal extension into the perirectal fat. The lesion is iso to  
hypointense in T2WI, extending into the lumen with minimal en-
croachment and narrowing. No pelvic organs infiltration. Few (less  

than three) perirectal Lymphadenopathy that are hypersignal in T2WI.  

MRI staging: T3 N1 M0, anterior pelvic resection was done with  

post-operative pathological staging of T3 N1 M0. Pathological  

diagnosis; rectal carcinoma “well differentiated adenocarcinoma”.  
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Fig. (3): A-28-year male patient, presented by bleeding per  

rectum. Pelvic MRI: Coronal T2WI (A & B), Axial T2WI (C & D),  
Axial T1WI (E & F) showed circumferential rectal wall thickening  
6cm from the anal verge extending for 6.5cm, infiltrating all layers  
of the rectal wall with moderate extension into the perirectal fat. The  

lesion is iso to hyposignal in T1WI and iso to hypersignal in T2WI.  
No pelvic organs infiltration. Multiple large sized enlarged perirectal  

LNs are depicted that exhibit iso signal in T1 and T2 WIs. They best  
have seen in coronal scans. Enlarged nodes at a named vascular trunk  

are noted (inferior mesenteric vessels). MRI staging: T3 N3 M0,  
anterior pelvic resection was done after radiation with post-operative  
pathological staging T3 N3 M0. Pathological diagnosis; rectal carci-
noma “Well differentiated Adenocarcinoma”.  

The sensitivity of MRI was identical to (100%)  

operative and histopathological assessment in all  

T stages from (T 1 to T4).  

N staging:  
The N stage was interpreted according to the  

TNM classification, any enlarged node in this study  
was suspected to be positive for metastatic deposits.  
The smallest detected LN by MRI was 4mm, the  
largest one about 35mm in diameter. The nodal  
signal was isointense in T 1 WI, and iso to hyperin-
tense in T2 WI and SPIR. Eighteen cases were  
staged by MRI as N0, in two of them post-operative  
histopathological study showed malignant infiltra-
tion of perirectal LNs (they were less than 5mm  
in sizes). Four cases were staged as N1, three of  
them were proved to be positive for metastases in  

post-operative histopathology and the fourth one  

was negative. Six cases were staged as N2 and  
were confirmed in histopathology. The remaining  
two cases were staged as N3 and were confirmed  
in histopathology to be positive for malignancy.  

The overall accuracy of MRI was found to be 90%  

(27 from 30). The sensitivity of MRI in assessment  

of LNs was 75% for N1 stage, 88.8% for N0 stage  

and 100% for other stages (N2 and N3) in this  

study.  

Operative treatment:  
Amongst the patients of this study 17 patients  

were treated by abdomino-perineal resection, 8 by  
anterior pelvic resection and only 5 cases were  

explored and refused resection. Overall accuracy  

of MRI in assessment of local infiltration was  
100% and was 90% (27 correct out of 30 LNs) in  

prediction of lymphadenopathy when compared  
with operative and histopathological findings.  

Discussion  

Rectal cancer is associated with a poor progno-
sis because of the risk both for metastases and for  
local recurrence. After curative resection of the  

rectum for rectal cancer, local recurrence rates can  

vary from 3% to 32%. Incomplete removal of the  

lateral spread of the tumor is now accepted as the  

cause of the majority of these recurrences [10] .  
Therefore, accurate pre-operative staging is essen-
tial in establishing an appropriate treatment plan,  

locally advanced cancers may benefit from neo-
adjuvant therapy whereas noninvasive or early  

invasive lesions may be suitable for local resection  

rather than radical surgery [5,11] .  

For quite a long time, the mainstay of local  

staging of rectal cancer has been the Digital Rectal  

Examination (DRE). The accuracy of the digital  

rectal examination in staging rectal cancer has  

been accounted to be roughly 70%-75% (in best-
experienced hands) [12] , notwithstanding, perirectal  
adenopathy cannot be detected by this technique  

[10] . In this study, DRE was performed by an ex-
perienced hand in all cases.  

In this study the mean age was 43 ±3.8 and the  
age range was between 19 and 80 years, the mean  

age was little lower than mean age in a similar  

study done by Fuchsjäger et al., 2003 (mean age  
was 49 years) denoting that rectal cancer was  

dominating in a younger age group in this area [3] .  

In this study, males were more than females  
with male to female proportion (2.3:1), while in  
other study by Fuchsjäger et al., 2003, male to  

female proportion was (1.5:1) [3] .  

Rectal bleeding is a common symptom of color-
ectal cancer, yet it has a low positive predictive  

value in primary care populations [13] . In this study,  
bleeding per rectum was encountered in all cases,  

denoting that bleeding per rectum is an ominous  
sign, similar outcomes were found by Fuchsjäger  
et al., 2003 study [3] .  
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Magnetic resonance imaging offers the theoret-
ical advantages over EUS and CT of better tissue  
discrimination, higher penetration, and less operator  
reliance. Conventional body coils offer low reso-
lution, whereas endorectal coils share some of the  

limitations of EUS. The recent introduction of  

external phase-arrayed coils improved the signal-
to-noise ratio, permitting high-resolution imaging  
[14] . This study was designed to determine the role  
of MRI (using torso body coil) in pre-operative  
assessment of rectal cancer and the accuracy of  

both techniques in preoperative staging. This study  

excluded patients who went through pre-operative  

radiation therapy because this may confound inter-
pretation of the images.  

This study utilized thin cuts axial T2WI with  
interslice gap zero covering the whole length of  

tumor routinely in all cases. This matched with all  
other studies in using axial T1WI & T2WI as the  

main stay in staging rectal cancer [8,15] .  

Coronal and sagittal scans were additionally  

used to identify the extent of the lesion, distribution  
of perirectal lymphadenopathy and evaluation of  

pelvic floor muscles infiltration. MR imaging  
performed in coronal plane is valuable for distin-
guishing tumor involvement of the levator ani  
muscles. This is of therapeutic value as if the  

levator ani muscles are involved, an anterior resec-
tion should not be performed; an abdominoperineal  

resection is needed [8] .  

In MRI examination, this study utilized warm  
water or ordinary saline to distend the rectum in  

all cases before examination, other studies also  

favored endorectal filling before MRI examination  
[16-18] . The water enema technique rationale is that  
luminal distention of the rectum by water creates  

a clear distinction between the lumen and the inner  

wall of the rectum and assists with recognizing the  
tumor from the fecal material leftover in the rectum.  

A more noteworthy distention of the outer wall  

may likewise improve the demarcation between  
the tumor and the perirectal fat; it additionally  

replaces any air remaining in the rectum, which  

may increase a susceptibility artifact during MRI.  
All patients in the study tolerated this procedure.  

Other studies found that it is not obligatory for  
the utilization of antispasmodic agents but may  

reduce artifacts brought about by peristalsis when  
administered immediately preceding the examina-
tion [19] . This study did not use antispasmodic  
agents and no artifacts due to motion could be  
noted in any of the cases.  

This study used IV Gd in just two early cases,  

then we did not use it due to its cost. It is realized  

that from other studies that the use of IV Gd does  

not improve the diagnostic accuracy of local staging  
of rectal cancer [15,20] .  

Tumor staging is straightforwardly reliant on  

the relation of the tumor with the muscularis propria  
and the invasion of adjacent organs [21] . In this  
study, the accuracy of MRI in staging T3 was 92%.  
However other studies revealed that 80% of rectal  

tumors are in stage T3 [22] . The overall accuracy  
was 93.33%, these results were relatively higher  
than the results of Schnall et al., 1994, who found  
T staging accuracy to be 81% [12] . However, our  
results were rather like those of Vogl et al., 1997  

that were 89% accuracy [23] . The high accuracy of  
our T staging results may be due to the small  
percent of the early rectal lesions included in this  
study (i.e., T1 and T2 stages) as the patients pre-
sented late in the disease.  

The accuracy of MRI in assessment of involve-
ment of metastatic lymph nodes in rectal cancer is  
less accurate than its accuracy in the tumor staging  

[24] . The presence of regional lymph node metas-
tasis is reported to be the single most important  
factor in determining the risk of local tumor recur-
rence [22] .  

As a large proportion of metastatic lymph nodes  

in rectal cancer measure less than 5mm, size is not  

a reliable criterion. However, some studies have  
exhibited that lymph nodes measuring greater than  
8mm in the short axis are highly specific for met-
astatic involvement [25,26] . Chan et al., 1991,  
considered the perirectal lymph node positive for  
metastasis if visible [27] . This study thought about  
any enlarged lymph node if seen, to be metastatic.  

This study found that the presence or nonap-
pearance of metastatic lymph nodes was correctly  

predicted in 90% of cases. This was relatively  

higher than, Blomqvist et al., 1997 who found that  

the overall accuracy of MRI in determining the  

presence of metastatic perirectal lymph nodes 78%  

[28] . Sensitivity for perirectal lymph node involve-
ment in this study was 75% for N1 and 88.8% for  

N0.  

If muscle, nerve, or bony involvement is sus-
pected or if extensive and invasive disease is  

expected, MR imaging is of choice because of ease  
with which this technique can assess tumor exten-
sion into these structures. MR imaging can evaluate  

the various soft tissue components of many pelvic  
organs and can more readi1y distinguish soft tissue  
planes between pelvic organs and masses [8] .  
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Previous studies found that 30-50% of patients  

having pelvic organ infiltration at time of diagnosis  

would develop local tumoral recurrence in 5 years  
interval [29] . So appropriate assessment of the  

pelvic organ infiltration has become necessary, as  
certain studies have indicated that pre-operative  

irradiation gives better survival rates than doe's  
post-operative radiation therapy [8] .  

Almost half of the patients with recurrence of  
rectal cancer have disease that is confined to the  

pelvis and can be considered technically resectable.  
For these patients, it is presently settled that radical  

surgery offers the best chance of long-term survival  

[29] .  

Conclusions:  
Pelvic MRI provides high resolution images of  

the entire mesorectum allowing for an accurate  

staging of rectal cancer. It offers multiplanar abil-
ities with high resolution, non-invasive however,  

it is relatively a costly examination. It is of high  
value in establishing the best therapy methodology  
for cancer rectum patients.  
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