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Abstract
In recent years, rectal MRI has become a central diagnostic tool in rectal cancer staging. Indeed, rectal MR has the ability to 
accurately evaluate a number of important findings that may impact patient management, including distance of the tumor to 
the mesorectal fascia, presence of extramural vascular invasion (EMVI), presence of lymph nodes, and involvement of the 
peritoneum/anterior peritoneal reflection. Many of these findings are difficult to assess in nonexpert hands. In this review, we 
present a practical approach for radiologists to provide high-quality interpretations at initial baseline exams, based on recent 
guidelines from the Society of Abdominal Radiology, Rectal and Anal Cancer Disease Focused Panel. Practical pearls and 
pitfalls are discussed, focusing on optimization of technique including, patient preparation and protocol recommendations, 
interpretation, and essentials of reporting.

Keywords  Rectal cancer · Staging · MRI · Protocol · Reporting

Introduction

Rectal MR has become an essential diagnostic tool in rectal 
cancer staging. In contrast to colon cancer, where surgical 
resection and pathology determine local staging, rectal can-
cer is staged clinically, with imaging serving as an important 
element. For locally advanced tumors, the current treatment 
algorithm includes neo-adjuvant chemoradiation prior to 
surgical resection to minimize local recurrence [1]. Rectal 
MR now plays a central role in determining local tumor 

stage. Thus, staging for rectal cancer has evolved from a 
pathologic-based system (i.e., determined at surgical resec-
tion) to a clinically based one to effectively stratify patients 
for appropriate management.

In the United States, a paradigm shift has occurred in 
recent years with regards to the approach to local staging 
for rectal cancer, whereby rectal MR has replaced endo-
scopic ultrasound (EUS) in most instances. Both modalities 
are equivalent for assessment of tumor spread beyond the 
muscularis propria (i.e., T2 versus T3 status), however, MR 
holds several advantages over EUS for locally advanced rec-
tal cancers (LARC), which represent the majority of cancer 
presentations [2, 3] Rectal MR has the ability to characterize 
lesion size, morphology, tumor margin and other character-
istics helpful to surgical planning. In addition, this modal-
ity is able to accurately characterize a number of important 
findings that may impact potential radiation and chemothera-
peutic decisions, including proximity of the tumor to the 
mesorectal fascia, presence of extramural vascular invasion 
(EMVI), presence of extramesorectal pelvic lymph nodes, 
and involvement of the peritoneum/anterior peritoneal 
reflection. Many of these findings are either challenging to 
assess, or are beyond the scope of endoscopic ultrasound. 
Because of these advantages, MR has become the preferred 
modality in the initial staging of rectal cancer, particularly 
as part of a multi-disciplinary approach [4].

 *	 Stephanie Nougaret 
	 stephanienougaret@free.fr

1	 Montpellier Cancer Research Institute, Montpellier, France
2	 Department of Radiology, Montpellier Cancer Institute, 

INSERM, U1194, University of Montpellier, 208 Ave des 
Apothicaires, 34295 Montpellier, France

3	 University of Toronto University Health Network, 399 
Bathurst Street, Toronto, ON M5T 2S8, Canada

4	 Department of Medical Imaging, Schulich School 
of Medicine, Western University, St Joseph’s Hospital, 
London, ON N6A4V2, Canada

5	 University of Florida, Department of Radiology, 655 W 8th 
Street, Jacksonville, FL 32209, USA

6	 School of Medicine and Public Health, University 
of Wisconsin, 600 Highland Ave E3/311 CSC, Madison, 
WI 53792‑3252, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-019-02024-0&domain=pdf


3537Abdominal Radiology (2019) 44:3536–3548	

1 3

This comprehensive review examines the performance, 
interpretation, and reporting of rectal MR at initial rectal 
cancer staging. Our intent is to present a practical resource 
for radiologists to provide high-quality interpretations at 
initial baseline exams. Specific, practical tips are discussed, 
focusing on optimization of technique, including patient 
preparation and protocol recommendations, interpretation, 
and essentials of reporting. Evidence-based criteria for vari-
ous imaging findings will be discussed. Pearls and pitfalls 
will be highlighted to help optimize accurate interpreta-
tion and provide an accurate roadmap to direct subsequent 
management.

Multi‑disciplinary approach and rectal MR: 
relevant clinical information to know

Rectal cancer staging and treatment has moved towards 
a multi-disciplinary approach in the recent years. Initia-
tives such as National Accreditation Program for Rectal 
Cancer (NAPRC) recognize that improved communication 
between specialties leads to better decision-making and 
outcomes [4] From a diagnostic perspective, the two-way 
communication in a multi-disciplinary conference setting 
leads to improved interpretations [5]. Equivocal imaging 
findings can be placed in the context of the other clinical 
information to increase confidence of a positive or nega-
tive finding.

For the radiologist, it is helpful to be aware of relevant 
clinical information and patient history during interpreta-
tion of the MRI examination. Typically, a patient has had 
a mass identified at colonoscopy (biopsy-proven as adeno-
carcinoma) and presents for local staging. In this case, the 
mass is usually easily seen for further characterization. Cor-
relation with other clinical information such as the digital 
rectal exam can be helpful. For low tumors, the surgeons’ 
perspective of the inferior margin of the tumor in relation 
to the anorectal ring or their assessment of fixation of the 
tumor to adjacent structures by exam can be helpful when 
interpreting the MR images.

Other common indications for rectal MR staging include 
post-polypectomy assessment of the rectal wall and meso-
rectum (particularly in the setting of malignant features at 
pathology); and evaluation of a large carpet lesion or suspi-
cious mass with high-grade dysplasia, but no malignancy at 
pathology (here, the concern is that there is cancer which 
was not sampled at biopsy). In both situations, additional 
clinical information may be helpful. In the former, it may 
be difficult to determine where the polyp was located prior 
to resection. Information such as previous polyp location 
is helpful to direct attention to specific areas on the MR 
exam to increase confidence that an area has been well 
evaluated. In the latter situation, knowledge of the physical 

characteristics of the lesion either at endoscopy or digital 
rectal exam is helpful—a soft pliable nature is less likely 
to represent a malignant mass extending to adjacent soft 
tissues. In all situations, information regarding placement 
of an endoscopic clip (either for bleeding or localization) is 
helpful for the MR reader. If the clip remains, the MR may 
need to be temporarily deferred, as the artifact from the clip 
could preclude evaluation of the wall in this region.

Technique and MR protocol

Optimization of technique is critical to produce high-quality, 
accurate interpretations. The following section follows the 
Society of Abdominal Radiology (SAR) guidelines regard-
ing the recommended patient preparation and imaging pro-
tocol [6, 7].

Patient preparation

•	 The administration of rectal contrast or rectal gel 
for staging MR remains an area of controversy with 
variable use among academic centers. The benefits of 
intra-rectal gel include a possibly improved ability to 
localize tumors (particularly small lesions). Pseudo-
thickening of a nondistended, normal rectal wall can 
at times mimic tumor. Thus, without gel use, it may 
be challenging to (a) identify tumor edges and (b) 
determine the exact location to target when looking for 
tumor spread beyond the muscularis propria. On the 
other hand, there has been concern that rectal distension 
could artificially decrease the MRF distance and lead 
to incorrect interpretations as reported in a prior study 
in 2006 [8]. However, a recent study has shown that 
although the distance between normal rectum and the 
MRF can be decreased with rectal distention, where the 
rectal wall is more fixed, there is no significant change 
at the level of the tumor. This suggests that the distance 
can accurately predict the status of the circumference 
resection margin [9]. One of the other pitfalls of rectal 
gel is is that the high T2 signal of the gel may cause 
T2 shine through effects on DWI which may lead to 
difficult evaluation of DWI especially at 3T and after 
CRT. Given the lack of consensus in the literature and 
expert opinion, the SAR DFP position is that the use of 
intra-rectal gel remains up to the specific institution. 
Similarly, the use of enemas remains variable. Recently, 
the use of a microenema has shown promise in reduc-
ing susceptibility artifact related to luminal gas during 
diffusion-weighted imaging [10].

•	 The use of a spasmolytic agent (Glucagon) to prevent 
artifacts caused by bowel motion is also an area of disa-
greement. A recent SAR survey showed that slightly less 



3538	 Abdominal Radiology (2019) 44:3536–3548

1 3

than half of the US academic centers used spasmolytics 
as a part of their MR staging protocol [7]. It may be more 
helpful in the setting of rectal gel use which may promote 
peristalisis. Finally, 3 h fasting in advance of the MRI 
also decreases small bowel movement.

•	 The phased-array surface coil must be placed on the pel-
vis in such a way that the lower edge of the coil comes 
to lie below the pubic bone. For low-rectal tumors, the 
lower edge must lie at least 10 cm below the symphysis 
pubis and the upper limit should be no higher than the 
sacral promontory. An endorectal coil is not necessary 
and not recommended.

Protocol

The exam should use high-resolution 2D fast spin echo 
T2-weighted sequences in the sagittal, axial, and coronal 
planes. For patients with low-rectal cancers, a high-spatial-res-
olution T2 coronal sequence angled to the anal canal is added 
to optimally image the levator muscles, the sphincter complex, 
the intersphincteric plane, and the relationship to the rectal wall.

DWI is usually incorporated to the standard protocol as 
it might improve tumor and node detection.

The use of an unenhanced large field of view T1WI 
sequence is recommended for node detection and bone mar-
row abnormalities in the pelvis.

TIP for the High T2 axial sequence angled perpendicularly 
to the tumor

•	 Must be angled perpendicular to the tumor. The invasive 
center (the part of the tumor extending the most within 
the mesorectal fat) of the tumor must be detected on the 
sagittal plane. It is at this level where the sequence must 
be angled perpendicularly to the tumor.

•	 In some case, it may be necessary to obtain more than 
one sequence angulation for optimal assessment in bulky 
tumor masses.

•	 A slice thickness of 3 mm or less is recommended [7, 
11].

Not recommended

•	 There is general consensus that intravenous contrast 
medium administration does not improve staging of rec-
tal tumors by MRI and is not a required element [12, 13]. 
However, it potentially may be helpful in interpretation. 
In some series, intravenous contrast has been shown to 
improve the detection of tumors and increase the accu-
racy of MRI for diagnosing T3 tumors and locoregional 
extensions [14, 15].

•	 Since differentiation with the T2-weighted sequence is 
based on the contrast between the high-signal-intensity 

mesorectal fatty tissue and the rather low-signal intensity 
of the tumor, fat suppression sequences are not recom-
mended.

•	 The use of 3D T2WI sequence is not recommended due 
to longer times required to acquire this sequence and the 
not uncommon motion artifacts.

Reporting

Multiple studies have shown the added value of structured 
reporting in rectal cancer [16–18]. Multiple proforma are 
available online [7, 11]. A mnemonic “DISTANCE” (DIS: 
for Distance from the Inferior part of the tumor to the tran-
sitional Skin, T: for T staging, A: for Anal complex, N: for 
Nodal staging, C: for Circumferential Resection Margin, E: 
for Extramural vascular invasion) was proposed to quickly 
remember each critical part of the MRI report [19]. In this 
following section, we detail each important feature which 
needs to be included in the MRI report according to the SAR 
guidelines [7, 11].

Primary tumor: morphology, location, 
and characteristics

Rectal anatomy (Fig. 1)

The rectum can be divided into three parts: the lower rectum 
(0–5 cm), the middle rectum (> 5–10 cm), and the upper 
rectum (> 10–15 cm) [20]. The anal verge begins where the 
skin stops and where the anal mucosa begins [21, 22]. The 
anorectal junction refers to the point of angulation between 
the lower rectum and the anal canal, and at the level of the 
puborectalis sling. At the anorectal junction, the muscularis 
propria of the rectum changes whereby the circular layer 
thickens and becomes the internal sphincter. The external 
sphincter complex is composed of the most inferior part of 
the levator ani muscle, the puborectalis sling, and the exter-
nal sphincter muscles [21, 22] (Fig. 2). 

The rectum is surrounded by fatty tissue known as meso-
rectal fat or mesorectum [20]. The mesorectal fascia acts 
as a natural barrier to tumor spread and also represents the 
circumferential resection margin (CRM) (Fig. 3) [20]. The 
mesorectal fascia represents the surgical excision plane in 
total mesorectal excision (TME). The CRM only applies to 
the non-peritonealized lower and mid-rectum. Indeed, the 
peritoneal reflection borders the upper third of the rectum 
anteriorly. On MRI, the anterior peritoneal reflection is rec-
ognized on mid-sagittal T2-weighted imaging (T2WI) as 
a thin hypointense line just posterior to the uterocervical 
junction [23]. The middle third of the rectum is partly cov-
ered by the peritoneum anteriorly. The lower third of the 
rectum is extra-peritonal, and it is bordered anteriorly by the 
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Fig. 1   Drawing describing the rectal anatomy: The anal verge begins 
where the skin stops and where the anal mucosa begins. The anorec-
tal junction refers to the point of angulation between the lower rec-
tum and the anal canal, and the point of insertion of the puborectalis 
sling. The mesorectal fascia acts as a natural barrier to tumor spread 

and also represents the circumferential resection margin (CRM). The 
mesorectal fascia represents the surgical excision plane in total meso-
rectal excision (TME). The CRM only applies to the non-peritoneal-
ized lower and mid-rectum. Indeed, the peritoneal reflection borders 
the upper third of the rectum anteriorly

Fig. 2   Drawing describing 
the anal canal anatomy. The 
anorectal junction refers to the 
point of angulation between the 
lower rectum and the anal canal, 
and the point of insertion of the 
puborectalis sling. At the ano-
rectal junction, the muscularis 
propria of the rectum changes: 
The circular layer thickens and 
becomes the internal sphincter. 
The external sphincter complex 
is composed of the most inferior 
part of the levator ani muscle, 
the puborectalis sling, and the 
external sphincter muscles

Fig. 3   Drawing showing the mesorectum and rectum relationship 
with a rectal tumor. The mesorectal fascia acts as a natural barrier to 
tumor spread and also represents the circumferential resection margin 
(CRM). The mesorectal fascia represents the surgical excision plane 

in total mesorectal excision (TME). The extramural spread is meas-
ured from the level of the supposed muscularis propria (pink dashed 
line) to the maximal point of mesorectal involvement (pink  arrow). 
The tumor is represented in purple
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rectoprostatic fascia in males and follows the course of the 
vagina in females (Fig. 1).

Tumor measurement

Measurement of tumor height is made from the anal verge 
up to the lowermost portion of the tumor. Measurement of 
tumor height is also recorded from the anorectal junction 
to the lowermost portion of the tumor. Tumor length is the 
measurement of the actual length of the tumor from the 
proximal to the distal ends of the tumor. The management of 
the tumors in the lower third of the rectum, especially those 
involving external sphincter, is different from the middle and 
upper third cancers; therefore, the precise measurement of 
tumor distance to anal verge and top of external sphincter/
anorectal junction is critical.

Pearls for tumor height and length measurement 

•	 Measurement of tumor height and length is usually per-
formed on sagittal T2WI. In case of low-lying tumor, 
coronal sequence parallel to the anal canal enables the 
radiologist to accurately measure the short distance 
between the lower part of the tumor and the anal verge/
anorectal junction.

•	 The relationship to the anterior peritoneal reflection (cf 
above) must be recorded as tumor lying above the ante-
rior peritoneal reflection may be treated as sigmoid can-
cer.

On MRI, the anterior peritoneal reflection is recognized 
on mid-sagittal T2-weighted imaging (T2WI) as a thin 
hypointense line just posterior to the uterocervical junction 
[23] (Fig. 1).

Tumor morphology

A rectal tumor can present as annular or semiannular lesion, 
polypoid lesion, and flat tumor. The most common type is 
usually an annular or semiannular mass.

Rectal tumor may contain mucin. Mucinous tumors carry 
poor prognosis and a high risk of spillage during surgery 
[24, 25].

TIP: Mucinous tumor demonstrate T2 hyperintense signal 
on T2W.

T staging

Rectal cancer staging is based on the TNM (tumor, node, 
and metastasis) system.

In TNM classification, T1 disease shows invasion 
through the mucosa and submucosa with no extension into 
the muscularis propria. T2 disease shows invasion into the 

muscularis propria. T3 disease shows invasion through 
the muscularis propria into perirectal tissues. T3 a, b, c, 
and d categorize the depth of extramural invasion, as fol-
lows: < 1  mm = T3a; 1–5  mm = T3b; > 5–15  mm = T3c, 
and > 15 mm = T3d. T4 disease is classified into T4a if the 
tumor involves visceral peritoneum or anterior peritoneal 
reflection, and T4b if the tumor invades adjacent organ [26]. 
A number of histopathologic studies have shown that T3 
tumors with more than 5 mm mesorectal invasion have a 
cancer-specific 5-year survival rate of approximately 54% 
[27]. On the other hand, for tumor spread of 5 mm or less, 
the cancer-specific survival exceeds 85% [28–34]. As such, 
the depth of extramural spread must be reported and divided 
between T3a,b,c and d stage. The overall reported accuracy 
for T staging using a pelvic phased-array coil ranges from 
59% to 95% [28–34]. The identification and staging of rectal 
cancers at MR imaging is largely based on differences in T2 
signal intensity between the tumor, submucosa, muscular 
layer, and mesorectum (Figs. 3, 4, 5 and 6).  

Pearls for T staging

•	 T stage must be assessed on planes strictly perpendicu-
lar to the tumor. Incorrect prescription of the acquisition 
plane leads to blurring of the muscularis propria and may 
lead to overstaging (Fig. 7).

•	 In differentiating between stage T2 and T3 tumors, the 
crucial criterion is involvement of the perirectal fat. In 
stage T3, the T2 low-signal intensity of the muscularis 
propria is completely disrupted and cannot be clearly 
distinguished from the perirectal fat: The tumor spreads 
beyond the muscularis propria into the perirectal fat with 
a broad-based bulge or nodular appearance (Figs. 5 and 
6).

•	 Outer longitudinal layer of the muscularis propria can be 
focally disrupted by small vessels penetrating the wall; 
this does not necessarily indicate tumor invasion.

•	 When the tumor is not visible on sagittal T2 WI: obtain-
ing high-resolution images of the entire length of the 
rectum and adding DWI may help localize the mass.

•	 The depth of extramural spread must be measured in 
millimeters beyond the outer edge of the longitudinal 
muscular layer (Figs. 3, 5 and 6).

Pitfalls

Most staging failures occur in the differentiation between 
T2 and borderline T3 lesions (15). Indeed, it is sometimes 
difficult to distinguish true mesorectal tumor invasion from 
desmoplastic reactions [35]. Staging failures can frequently 
be attributed to the use of thicker sections and lower reso-
lution techniques. Desmoplasia associated with ulcerat-
ing tumors at the invasive border is typically seen as fine 
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low-signal-intensity spicules on T2WI. These spicules do 
not show restricted diffusion. Tumor extension into the 
mesorectum, on the other hand, forms thicker, intermediate-
signal-intensity nodular bands with restricted diffusion and 
disruption of muscularis propria.

Specific issues related to low‑lying tumors

Low-rectal tumors are associated with higher rates of posi-
tive resection margins, higher local recurrence rates, and 
poorer survival [36–40]. This is largely due to anatomic 

considerations and the fact that the mesorectal envelope 
tapers and narrows at this level. Preoperative CRT in 
locally advanced low-rectal tumors has been shown to 
increase the sphincter preservation rate and disease-free 
survival [41–43]. A tumor that would have previously 
required an abdominoperineal excision may instead be 
treated with ultralow resection and coloanal anastomosis. 
[44].

The pre-treatment MRI must be able to define the location 
of the tumor relative to the sphincter complex to determine 
which patients need to receive CRT before surgery.

Pearls for staging low‑lying tumors

•	 High-spatial-resolution T2W FSE coronal imaging must 
be added to optimally depict the tumor relationship with 
the levator and puborectal muscles, sphincter complex, 
and intersphincteric plane.

•	 The first question to answer in low-lying tumors is where 
the lower edge of the tumor is located in relation to the 
puborectalis sling: if the tumor is located above the 
puborectalis sling, sphincter involvement can be easily 
excluded.

•	 When the tumor extends below the puborectalis sling: 
three areas have to be evaluated and reported on [45] 
(Fig. 2):

1.	 The internal sphincter
2.	 The intersphincteric plane
3.	 The external sphincter

•	 Levator, puborectalis muscles or external sphincter 
involvement are considered as Stage T4 (Fig. 8).

Fig. 4   Axial T2WI (a) shows 
a large polypoid tumor with 
the stack of the tumor lying 
at its superior aspect (arrow). 
At this level, the muscularis 
propria is intact in keeping with 
a T2 stage tumor. Note Fused 
DWI-T2WI nicely highlight the 
tumor delineation (b)

Fig. 5   Axial T2WI shows a rectal tumor disrupting the muscularis 
propria and extending into the mesorectal fat (arrow). The T staging 
was T3b
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Extramural venous invasion (EMVI)

EMVI is defined as tumoral invasion of the venous structures 
beyond the muscularis propria [19]. This adverse feature 
of rectal cancer was first described by Talbot et al. in 1981 
in post-mortem pathology. However, it remained largely 
unaddressed by MRI until 2003, when it was first described 

by Brown et al. as a serpiginous extension of tumor signal 
within a vascular structure [46]. A 5-point model of classifi-
cation of EMVI was subsequently developed by Smith et al. 
to determine possibility of EMVI based on a comprehensive 
assessment of four essential elements including the pattern 
of tumor margin, location of the tumor relative to major 
vessels, caliber and border of the vessel, and signal intensity 

Fig. 6   Axial T2WI (a) shows a 
rectal tumor with a large extra-
mural spread. The extramural 
spread is measured from the 
level of the supposed muscula-
ris propria (dashed line) to the 
maximal point of mesorectal 
involvement (arrow). In this 
case, the tumor is staged T3d. 
Fused DWI-T2WI (b) shows 
high b1000 signal intensity 
within the tumor and its extra-
mural spread (arrow)

Fig. 7   Sagittal T2WI (a) with 
localizer shows that the images 
were incorrectly angled and 
the tumor was reported to be 
involving the posterior wall of 
the vagina on the axial T2WI 
(b, arrow). A repeat study with 
appropriate angle (sagittal 
T2WI with white line as local-
izer c), shows on axial T2WI 
(d, arrow) no invasion of the 
vaginal wall
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changes in a vein [47–49]. A modified version of this system 
was introduced by Jhaveri et al. afterwards, which is explic-
itly described in Figs. 9 and 10 [50]. Based on this classifica-
tion, lower scores (0 and 1) are unlikely to be associated with 
pathologic EMVI (pEMVI), whereas higher scores (3 and 4) 
are interpreted as definite MRI-depicted EMVI (mrEMVI). 
Venous structures classified as score 2 mrEMVI are consid-
ered equivocal [47–51], and contrast injection may further 

assist radiologists in more precise categorization of these 
uncertain cases by recognizing whether or not a filling defect 
is present in the vessel [50].

EMVI detected either preoperatively in MRI (mrEMVI) 
or postoperatively in pathologic specimens (pEMVI) is an 
independent prognostic predictor of adverse outcomes in 
rectal cancer such as local tumor recurrence, synchronous 
and metachronous distant metastases and overall mortality 
[19, 48]. For this reason, many of the international guide-
lines suggest that detection of definite EMVI before any 
intervention or persistence of the tumor inside vessels after 
chemoradiotherapy (CRT) should be considered as an indi-
cation for neoadjuvant CRT for the former and further inten-
sified courses of the treatment for the latter [47, 50, 52]. This 
approach could eventually mitigate the risk of unfavorable 
events, specifically in stage II of rectal cancers, in which 
other high-risk features of the cancer are normally absent.

Pearls for EMVI detection

•	 Signs suggestive for EMVI are as follows: (a) Presence 
of tumor signal intensity within a vascular structure, (b) 
Expanded vessels, and (c) Tumoral expansion through 
and beyond the vessel wall, disrupting the vessel border.

•	 EMVI may be contiguous (adjacent to the tumor), or dis-
contiguous (separated from the tumor).

•	 EMVI must be associated with tumors that are at least 
category T3. A stage T1 or T2 has no potential for invad-
ing extramural vessels.

•	 If EMVI is present, assessment of the relationship 
between the involved veins and the mesorectal fascia 
(i.e., whether the EMVI is within 1 mm of the fascia) 
needs to be made.

Fig. 8   Axial T2WI shows a low-lying mucinous tumor (bright T2 
hypersignal) disrupting the puborectal muscle on the right (arrows) 
and extending within the ischioanal fossa

Fig. 9   Extramural venous invasion (EMVI) scoring system for MRI 
from Jahveri et al. EMVI status is negative for score 0–1, equivocal 
for score 2, and positive for score 3–4. a Score 0 denotes no vessel 
in vicinity of extramural tumor penetration. b Score 1 denotes ves-
sels with normal caliber and without definite tumor signal intensity. c 

Score 2 denotes slightly expanded vessels without definite tumor sig-
nal intensity. d Score 3 denotes intermediate tumor signal intensity 
within expanded vessels. e Score 4 denotes obvious irregular vessel 
contour or nodular expansion of vessel by definite tumor signal
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Pitfalls of EMVI in MRI

A potential pitfall of MRI is its limited accuracy in the 
identification of extramural and intramural vascular inva-
sion in vessels smaller than 3 mm, in which tumor signal 
may not be identifiable. These vessels lack the normal signal 
void appearance of larger vessels; therefore, tumor invasion 
can only be detected in the presence of vessel expansion 
or irregularity [53]. In addition, misinterpretation of an 
EMVI as an enlarged lymph node and vice versa is a poten-
tial source of error, yet the multiplanar capability of MRI 
should enable radiologists to follow the suspicious lesion 
in different planes, resulting in more accurate distinction. 
Compared to post-operative pathologic detection of EMVI 
in routine H&E specimens, mrEMVI has comparable accu-
racy, and also has the advantage of detecting this feature 
of the tumor preoperatively. Identification of EMVI prior 
to surgery can assist in triaging patients towards preopera-
tive neoadjuvant CRT [48, 49], thereby reducing the risk 
of tumor cell dissemination during surgery. Moreover, MRI 
benefits from being more consistent and reproducible which 
is clearly demonstrated by Siddiqui et al’s meta-analysis in 
which mrEMVI detection prevalence has shown to be 34.6% 
(23.7% to 47.6%) compared to pEMVI (9% to 90%). Nev-
ertheless, compared with novel elastin-stained pathologic 
assessment of specimen, MRI offers high specificity (96%) 

but limited sensitivity of 54% in the detection of EMVI more 
than 3 mm diameter [50].

Circumferential resection margin

The mesorectal fascia represents the potential circumferen-
tial resection margin (CRM) in patients undergoing TME 
surgery (Fig. 3). CRM involvement is an important inde-
pendent prognostic factor for local recurrence and poor sur-
vival [54–56]. A potentially positive margin is defined as 
tumor within 1 mm of the mesorectal fascia. This applies 
to the main tumor, extramural vascular invasion and tumor 
deposit(s).

Pearls for CRM reporting

•	 A positive margin is defined as tumor lying within 1 mm 
of the mesorectal fascia.

•	 Anteriorly the mesorectal fat can be thin, and the rectum 
can be close to the CRM. In cases in which the rectum 
abuts the mesorectal fascia anteriorly, the tumor must be 
at least a stage T3 before discussing CRM involvement, 
as this is not relevant in T1 or T2 tumors.

•	 In tumor lying above the peritoneal reflection, ante-
rior and lateral CRM involvement cannot be discussed 
as there is no mesorectum at this level. For example, a 

Fig. 10   Sagittal (a) and axial 
T2WI (b) shows an irregular 
expanded vessel with interme-
diate tumor signal intensity in 
keeping with definite extramural 
venous invasion (arrowhead and 
arrow). Axial oblique T2WI 
(c) show another irregular 
expanded vessel with inter-
mediate tumor signal intensity 
feeding the tumor consistent 
with extramural venous invasion 
(arrowhead). Contrast injection 
may further assist radiologists 
in more precise categorization 
of these uncertain cases by rec-
ognizing whether or not a filling 
defect is present in the vessel 
(post contrast T1FS image) (d)
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tumor located at the upper rectum with peritoneal reflec-
tion involvement will be defined as T4a stage with nega-
tive CRM (Fig. 1).

Lymph node staging in rectal cancer

MRI is the gold standard for detecting potentially meta-
static lymph nodes in patients with rectal cancer however, 
the specificity of MRI for detection of nodal metastasis in 
rectal cancer is only moderately accurate at this time. This is 
a significant shortcoming considering implications regarding 
treatment selection and prognosis.

The presence of nodal metastases in rectal cancer implies 
stage III disease and the need of intensified therapy. How-
ever, differences in overall survival have been noted when 
patients are stratified by the extent of nodal metastasis [16]. 
More detailed information about the number of nodal metas-
tases was subsequently incorporated into further iterations of 
the TNM staging system for rectal cancer. Previously, three 
N stratifications were utilized; absence of nodal metastasis 
(N0), presence of 1-3 nodal metastases (N1), and presence 
of > 3 nodal metastases (N2). The N1 classification was 
further stratified into N1a, (metastasis in 1 regional lymph 
node), N1b (metastasis in 2–3 regional lymph nodes), and 
N1c (no regional lymph nodes are positive but there are 
tumor deposits in the subserosa, mesentery or non-perito-
nealized pericolic or perirectal/mesorectal tissues). N2 status 
was further stratified into N2a (metastasis in 4–6 regional 
lymph nodes), and N2b (metastasis in 7 or more regional 
lymph nodes). Preoperative identification and characteri-
zation of nodal metastases is critical for surgical planning, 
prognosis after treatment, and the decision to administer 
adjuvant/neoadjuvant chemoradiation [57] (Fig. 11).

Pearls for nodes reporting

•	 Uniform nodes smaller than 9 mm with homogeneous 
signal intensity are not suspicious.

•	 Criteria for malignant nodes includes

1.	 Short axis diameter ≥ 9 mm.
2.	 Short axis diameter 5–8 mm and ≥ 2 morphologi-

cally suspicious characteristics.
3.	 Short axis diameter < 5 mm and 3 morphologically 

suspicious characteristics Suspicious characteristics 
includes: Round shape, irregular border, heterogene-
ous signal.

4.	 All mucinous lymph nodes (any size).

•	 It is also critical to report extramesorectal lymph nodes 
as it may change the radiotherapy field and surgical man-
agement. This lymph node group is not removed when a 
regular TME is performed.

Potential pitfall 1

Sensitivity of MRI for detection of lymphatic metastases in 
rectal cancer is low based on size and typical appearance. 
Although an individual lymph node > 10 mm adjacent to a 
rectal cancer almost certainly represents metastatic disease, 
more than 50% of metastatic lymph nodes are < 5 mm in 
diameter. Other concerning MRI findings, including spicu-
lated appearance and heterogeneous contrast enhancement, 
also have a low sensitivity [58]. This may lead to understag-
ing of rectal cancer by MRI, and withholding of chemoradia-
tion from patients who could benefit from it.

Fig. 11   Axial T2WI (a) shows 
an irregular nodes (arrow) with 
the same signal as adjacent 
tumor suspicious for nodal 
involvement. Fused DWI-T2WI 
(b) shows high b1000 signal 
intensity within the nodes 
(arrow) as well as the adja-
cent tumor. Note DWI helps 
with nodal detection but does 
not assess nodal malignancy
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Potential pitfall 2

DWI is routinely used to increase sensitivity of lymph node 
staging of rectal cancer [59]. Although DWI is highly sensitive 
for lymph nodes detection in rectal cancer, DWI is unable to 
characterize lymph nodes as benign or malignant [60]. Using 
DWI to assess patients for lymphatic metastases in rectal can-
cer may, therefore, lead to overstaging and unnecessary admin-
istration of adjuvant chemoradiation.

The need for increased detail in nodal staging has spurred 
the development of innovative new imaging strategies to detect 
malignant nodes. Novel nodal contrast agents, assessment of 
node perfusion [61, 62], and computerized algorithms [63] 
are a few of the strategies currently being explored to improve 
accuracy. The need to obtain detailed information about the 
status of the mesentery and mesorectal tissues for N1c clas-
sification has also encouraged innovation such as utilization 
of high-resolution MRI [64] and dynamic contrast-enhanced 
MRI [65]. Additional sequences such fat-suppressed, gadolin-
ium-enhanced, high-resolution 3D-GRE-T1WI showed prom-
ise for identifying metastatic nodes less than 5 mm in diameter 
[66]. A deeper analysis of the lymph node contrast enhance-
ment characteristics over time and the heterogeneity observed 
by diffusion kurtosis imaging may yield valuable diagnostic 
information regarding nodal metastasis. Angiogenesis in meta-
static nodes may be identified by the contrast enhancement 
pattern, malignant nodes are more likely to exhibit persistent 
enhancement, and benign nodes are more likely to demonstrate 
washout [67].

Conclusion

Optimal treatment of rectal cancer involves a multi-discipli-
nary approach with collaboration between radiologists, oncol-
ogists, surgeons and pathologists to achieve local control and 
decrease recurrence. MRI is currently the imaging modality 
that demonstrates highly accurate evaluation of patient’s tumor 
prognosis. Standardized scanning techniques and structured 
reporting increase consistency and help treatment decision.
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