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Abstract
OBJECTIVE—MRI is currently the imaging modality of choice for the detection,
characterization, and staging of rectal cancer. A variety of examinations have been used for
preoperative staging of rectal cancer, including digital rectal examination, endorectal (endoscopic)
ultrasound, CT, and MRI. Endoscopic ultrasound is the imaging modality of choice for small and
small superficial tumors. MRI is superior to CT for assessing invasion to adjacent organs and
structures, especially low tumors that carry a high risk of recurrence.

CONCLUSION—High-resolution MRI is an accurate and sensitive imaging method delineating
tumoral margins, mesorectal involvement, nodes, and distant metastasis. In this article, we will
review the utility of rectal MRI in local staging, preoperative evaluation, and surgical planning.
MRI at 3 T can accurately delineate the mesorectal fascia involvement, which is one of the main
decision points in planning treatment.

Keywords
3-T MRI; rectal cancer; tumor staging

Colorectal cancer is the third most common cause of cancer and cancer-related deaths in the
United States [1]. Sixty-five percent of all colorectal cancers are located in the rectum, and
98% of these are adenocarcinoma.

Rectal Anatomy
The rectum varies in length from 10 to 15 cm from the upper end of the anal canal to the
recto-sigmoid junction. The rectum can be divided into three parts. These three parts are
defined from the anal verge as lower rectum (0–6 cm), middle rectum (7–11 cm), and upper
rectum (12–15 cm). The rectosigmoid junction is considered to be at the level of S3 by
anatomists and at the level of sacral promontory by surgeons. The distal ring is regarded as
the muscular anorectal ring by surgeons and as the dentate line by the anatomists. The rectal
wall is composed of three layers: the mucosa, which is a fine low-signal line; the
submucosa, which is represented as high-signal layers; and the muscularis propria, which
has two low-signal layers (outer longitudinal and inner circular) at T2-weighted images (Fig.
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1).The rectum is surrounded by mesorectal fat containing lymph nodes, superior
hemorrhoidal vessels, and fibrous tissue, which are represented as high signal intensity
surrounding the muscularis propria. The mesorectal fascia is an important barrier to the
radial spread of tumors, which also forms the plane of dissection in total mesorectal excision
(Fig. 2) and appears as thin layer of low signal surrounding the mesorectal fat [2].

Once the diagnosis of rectal cancer has been established, treatment mainly depends on
accurate staging that includes assessment of various factors, such as depth of tumor
invasion, mesorectal fat and fascia involvement, status of circumferential resection margin,
invasion to surrounding structures, and distant metastasis. Thmors confined to the rectal wall
can be treated by local excision, whereas tumors that involve mesorectal fat require total
mesorectal excision, with or without neoadjuvant therapy. Hence, the main goal of imaging
modalities is to provide an accurate assessment for planning treatment and thereby guiding
effective management in patients with rectal cancer [3-5]. A multidisciplinary team
consisting of a trained pelvic MRI radiologist, colorectal surgeon, medical and radiation
oncologists, and gastrointestinal pathologist play a crucial role in overall care in patients
with rectal cancer.

Diagnostic Modalities
Endorectal ultrasound (i.e., endoscopic ultrasound) has been considered the imaging
modality of choice for depth of tumor invasion and is accurate in assessing the tumor’s
growth into the bowel wall. Studies have reported overall accuracy of 69–97% for assessing
T stage with endoscopic ultrasound [6, 7]. The accuracy of endoscopic ultrasound for nodal
staging (70–75%) is less than that for tumor staging [8]. Endoscopic ultrasound is accurate
in discriminating stage T1 from T2 tumors. However, it is ditncult to perform in patients
with stenosing and high rectal tumors and has limited diagnostic ability in evaluating tumor
extension into mesorectal fat and fascia and invasion into adjacent organs [9, 10]. MRI is
currently one of the most accurate noninvasive modalities for staging rectal carcinoma [11]
(Table 1). The introduction of phased-anay coil MRI and the development of T2-weighted
fast-spin sequences have enabled accurate determination of prognostic factors and anatomic
assessment of the pelvis by delineating rectal tumors through increases in spatial and
contrast resolution. Phased-may MRI has overall accuracies for T staging of 65–86%. MRI
is very accurate for identifying large T3 and T4 tumors, with sensitivities for prediction of
T3 of 80–86% and specificity of 71–76% [7]. However, challenges still exist in the accurate
detection of metastatic lymph nodes.

MRI Protocol
Our MRI protocol consists of sagittal T2-weighted single-shot images and T2-weighted
turbo spin-echo (TSE) images in the axial and coronal planes. High-resolution images are
obtained in the axial and coronal planes with a slice thickness of 3 mm with a small FOV of
18–30. Unenhanced and contrast-enhanced axial and coronal high-resolution T1-weighted
fat-saturated images of the rectum are also obtained. A sagittal T2-weighted TSE sequence
is obtained first to locate the tumor. On the basis of the sagittal sequence, axial and coronal
T2-weighted images, TSE sequences are planned, and they are angled to the plane exactly
perpendicular and parallel to the tumor axis. Axial images of the tumor are important
because they reduce the overestimation of the tumor depth of invasion noted on oblique
imaging [12]. Coronal images help in identifying the relationship of low rectal tumors to the
internal and external sphincter [13]. T2-weighted sagittal images help assess the relationship
of the tumor to the peritoneal reflection [14].

MRI with an endorectal coil has not been used as the standard imaging modality of choice,
and its use poses difficulty in application both for the patients and the MRI team; positioning
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of the coil is difficult in high and stenosing tumors. Also, it does not allow an accurate
evaluation of the circumferential resection margin and the mesorectal nodes at a distance
from the coil because of its limited FOV. Administration of gadolinium-based contrast agent
has not proven to be beneficial for tumor stage and evaluation of circumferential resection
margin status.

The first study to compare 3-T with 1.5-T MRI for T staging of rectal cancer within the
same patients was by Maas et al. [15] and found no difference between 3-T and 1.5-T MRI
for the distinction between T1–2 and borderline T3 tumors. Also, high-resolution 3-T MRI
did not aid in the distinction between desmoplasia in T1–2 tumors and tumor stranding in T3
tumors. However, that study had limited sample size of 13 patients, and further studies with
large sample size are required to confirm those findings [15].

Preoperative Staging of Rectal Cancer
Preoperative staging of rectal cancer involves a systematic approach for the interpretation of
MRI by the radiologist [16].

T Stage and Extramural Depth of Invasion
Phased-array MRI has shown accuracy of 65–86% for T staging. MRI is also accurate for
identifying T3 and T4 tumors, with sensitivity for T3 tumors of 80–86% and specificity of
71–76%. The depth of extramural spread is a key factor in determining prognosis and aiding
selection for treatment. Table 1 describes the TNM staging for rectal cancer. Patients with
stage I (T1–2, N0) cancer (Figs. 3 and 4) benefit from surgical treatment, whereas patients
with stage T3–4 tumors require preoperative chemoradiation because it reduces the rate of
local recurrence (Figs. 5-8). Treatment options also do not depend merely on differentiating
stage T2 from T3 cancer, but studies have found that patients with extramural invasion
greater than 5 mm have a cancer-specific 5-year survival rate of 54%, compared with 85%
in patients who have depth of less than 5 mm [17]. MRI can accurately determine the depth
of extramural invasion and thus aid in appropriate treatment selection. Phased-array MRI
poses difficulty in differentiating between T1 and T2 tumors and to differentiate T1–2 from
borderline T3 stage tumors.

N Stage: Nodal Drainage
The lymphatic drainage of the upper rectum is different from that of the lower rectum. In the
upper rectum, the lymphatics are thought to ascend cranially through the pararectal
(mesorectal) lymph nodes in the mesorectum to lower sigmoid mesocolon nodes and along
the superior rectal artery. Lymphatics from the lower half of the rectum and the anal canal
above its mucocutaneous junction accompany the middle rectal vessels to the internal iliac
nodes. Some lymphatics have been described traversing the levator ani muscle into the
ischiorectal fossa, to accompany the inferior rectal and internal pudendal vessels to the
internal iliac nodes [18].

Node-positive disease is generally an indication for preoperative chemoradiation. Detection
of lymph node metastasis still remains a challenge to the currently available imaging
modalities, including MRI, which is only moderately accurate for preoperative infiltrated
lymph node imaging with reported accuracy rates of 71–91% [19]. Size criteria alone are not
sufficient for the diagnosis of lymph node metastasis, because 94% of the involved nodes
will be as small as 5 mm [20]. The characterization of lymph nodes as malignant is more
accurate for larger nodes (≥ 5 mm) that can be evaluated for size, shape (ovoid nodes > 5–6
mm), border (spiculated or indistinct borders), and signal intensity (heterogeneous signal)
(Figs. 9 and 10). Chun et al. [21] reported sensitivities of 63.6% for 3-T MRI and 57.6% for
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endoscopic ultrasound and specificities of 92.3% for 3-T MRI and 82.1% for endoscopic
ultrasound in lymph node staging, with tumor histopathology as the reference standard.

Ultrasmall Superparamagnetic Iron Oxide MRI and Diffusion-Weighted MRI
Recent studies have evaluated the ability of ultrasmall superparamagnetic iron oxide MRI
for lymph node characterization [22]. In a recent multicenter study, ultrasmall
superparamagnetic iron oxide MRI showed a high sensitivity (91%) and specificity (93%) in
assessing lymph node status in rectal cancer. However, ultrasmall superparamagnetic iron
oxide MRI is not approved by the U.S. Food and Drug Administration and thus will not be
available for commercial use in the near future. Diffusion-weighted imaging has been used
to assess treatment response to preoperative chemoradiation. Preliminary studies have found
lower apparent diffusion coefficient values in malignant lymph nodes and seem to be
promising tools in characterization of lymph node metastasis [23].

Circumferential Resection Margin and Recurrence
The circumferential resection margin is defined as the distance from the edge of the tumor to
the margin of the resected specimen. Circumferential resection margin involvement is one of
the most important independent prognostic factors in the treatment of patients with rectal
cancer [24]. High-resolution MRI has the ability to detect involvement of the surgical
circumferential resection margin. Circumferential resection margin involvement has been
defined as tumor within 1 mm of the mesorectal fascia (Figs. 11 and 12). Beets-Tan et al.
[25] found that a tumor-free margin of at least 1 mm can be predicted with a high degree of
certainty when the measured distance on MRI is at least 5 mm and a margin of at least 2 mm
when the MRI distance is at least 6 mm. The authors also found high agreement within and
between observers. MRI has a sensitivity of 60–88% and a specificity of 73–100% for
determining circumferential resection margin status [26]. Total mesorectal excision is
currently the reference standard for surgical treatment of rectal cancer, and it involves
resection of the rectum and mesorectum with an intact mesorectal fascia. The frequency of
recurrence is higher in patients with positive margins (19–22%) than in patients with
negative margins (3–5%).

Extramural Vascular Invasion
Vascular invasion is defined as the presence of tumor cells in a blood vessel beyond the
muscularis propria in the region of primary tumor. Studies have found that vascular invasion
independently predicts poor survival and that tumor extramural vascular invasion is an
important predictor of both local and distant failure [27]. Brown et al. [28] described the
imaging characteristics of extramural vascular invasion (κ = 0.64) compared with
histopathology. Extramural invasion presents as serpiginous tumor signal extending through
the bowel wall adjacent to the signal void of avessel on MRI. A five-point grading system
using four prognostic factors, including tumor margin, tumor location relative to vessels,
vessel size, and vessel border, has been proposed for the detection of extramural vascular
invasion when MRI features were compared with histopathologic reference standard [29]
(Fig. 13).

Conclusion
High-resolution MRI plays a vital role in the multimodality imaging approach in the
treatment of patients with rectal cancer. Accurate preoperative staging is crucial for making
effective therapeutic decisions. High-resolution MRI can accurately delineate the extent of
primary tumor, providing physicians with information regarding depth of tumor invasion,
relationship of the tumor to mesorectal fascia, status of circumferential resection margin
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(threatened or not), extramural vascular invasion, and lymph node status, thus en-abling
physicians to make effective decisions in terms of patient treatment and contributing to
improving overall survival and quality of life in patients with rectal cancer.
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Fig. 1.
Normal anatomy of mesorectum.
A, T2-weighted axial image shows hyperintense mesorectal fat (asterisk) surrounded by
mesorectal fascia, which is represented by thin hypointense line (solid arrows). Submucosa
is represented by hyperintense layer (arrowheads), whereas muscularis propria is
hypointense layer (dashed arrows).
B, Coronal T2-weighted high-resolution MRI shows normal anatomy of levator ani muscle
(arrows) and puborectal muscle (asterisk).
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Fig. 2.
Diagram of total mesorectal excision, which involves en bloc resection of tumor (M) with
mesorectal fat and lymph nodes (N) with intact mesorectal fascia. (Drawing by Corona
Villalobos CP)
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Fig. 3.
54-year-old woman with stage T1 rectal adenocarcinoma.
A and B, Axial (A) and coronal (B) T2-weighted high-resolution images show exophytic
hypointense mass (M) on left lateral rectal wall. Muscular layer (arrows) appears to be
spared of tumor. Mesorectal fat and mesorectal fascia (asterisk, A) are intact.
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Fig. 4.
Stage T2 rectal cancer.
A and B, Axial (A) and coronal (B) T2-weighted high-resolution images show asymmetric
thickening of rectal wall (arrows) involving mucosa, submucosa, and muscularis propria (M,
A). Boundary between muscularis and submucosa are ill defined at right lateral wall (line,
B). Mesorectal fat (asterisk, A) is not involved.
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Fig. 5.
44-year-old woman with stage T3 moderately differentiated rectal adenocarcinoma.
A and B, Axial (A) and coronal (B) T2-weighted high-resolution images show exophytic
mass (M) with transmural involvement of rectal layers infiltrating mesorectal fat (asterisk).
C, Sagittal T1-weighted fat-saturated image shows enhancing rectal tumor (M) along
posterior wall with edema (asterisk) and enhancement of mesorectal fat (arrow).
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Fig. 6.
45-year-old man with stage T3 rectal adenocarcinoma.
A and B, Sagittal (A) and coronal (B) T2-weighted images show asymmetrical
circumferential wall thickening (M) obliterating rectal lumen. There is mesorectal fat
involvement (arrows).
C and D, Contrast-enhanced sagittal (C) and coronal (D) T1-weighted images show
heterogeneous enhancement (arrow, C) of tumor (M) and mesorectal fat (asterisk, D).
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Fig. 7.
50-year-old man with stage T3 rectal adenocarcinoma arising in association with
tubulovillous adenoma with high-grade dysplasia.
A and B, Coronal (A) and axial (B) T2-weighted high-resolution images show polypoid
mass (M) along anterior wall of rectum 3.5 cm superior to anal verge. Tumor (arrow, B)
invades mesorectal fat and fascia anteriorly.
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Fig. 8.
51-year-old woman with stage T4 infiltrating adenocarcinoma.
A, Sagittal T2-weighted image illustrates large mass (arrow) causing thickening of rectal
wall, disruption of mesorectal fascia, and infiltration of uterus.
B, High-resolution coronal T2-weighted image shows circumferential mass (M) in distal
sigmoid rectum, with associated suspicious mesorectal node (N).
C, In axial plane, there is tumor extension to fundus of uterus (asterisk) and no visible fat
plane (arrowheads).
D, Axial gadolinium-enhanced image clearly demonstrates invasion of tumor (arrow) to
retroverted uterus.
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Fig. 9.
Stage IIIB (T3, Nl) rectal carcinoma with tumor invasion into mesorectal fat. Axial T2-
weighted image illustrates asymmetrical thickening (asterisk) of left lateral rectal wall with
metastatic mesorectal lymphadenopathy (N) measuring 1.1 cm in size.
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Fig. 10.
Stage IIIC (T3, N2) rectal carcinoma.
Sagittal T2-weighted image shows enhancement of thickened rectal wall (asterisk) with
multiple metastatic mesorectallymphadenopathy (N).
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Fig. 11.
Rectal cancer.
Axial T2-weighted image shows polypoid tumor (M) with less than 1 mm invasion of
mesorectal fat (double arrow). Circumferential resection margin is preserved with intact
meso rectal fascia.
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Fig. 12.
Rectal cancer.
A and B, Axial (A) and coronal (B) T2-weighted high-resolution images show significant
infiltration to meso rectal fat (arrows) threatening circumferential resection margin.
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Fig. 13.
Rectal cancer. Enhanced coronal T1-weighted MRI shows vascular tumor invasion of
middle rectal artery branches (arrows). EVI = extramural vascular invasion.
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TABLE 1

TNM Staging in Rectal Cancer

TNM Stage Description

Tumor

 T1 Tumor invades submucosa

 T2 Tumor involves muscularis propria but does not cross it

 T3 Tumor extends beyond muscularis propria into mesorectal or pericolic fat

 T4 Tumor invades adjacent organs or perforates the visceral peritoneum

Node

 N0 No nodal metastasis

 N1 1–3 perirectal or pericolic nodes

 N2 4 or more perirectal or pericolic nodes

Metastasis

 MX Cannot be assessed

 M0 No metastasis

 M1 Distant metastasis
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