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Introduction

Recent advances in surgical and endoscopic treatments for
rectal cancer demand more accurate preoperative assessment
of both tumor localization and staging' . Local resection or
endoscopic polypectomy can be applied if there is reasonable
certainty that no lymph node metastasis exists or that a tumor
does not massively infiltrate the submucosa. The indications
of laparoscopic colectomy are tumor infiltration limited to the
submucosa and no evidence of lymph node metastasis. The
differentiation between tumors confined to the intestinal wall
and those with extramural infiltration also makes a diffcrence
in surgical planning, especially in the autonomic nerve-pre-
serving operation®’. The purpose of this study was to assess
the potential of endorectal MR imaging in defining the extent
of colorectal cancers and to discuss the practical aspects of this
procedure.

Patients and Methods

Fifty-five patients with rectal cancer were examined with
MR imaging using endorectal surface coils. All the patients
underwent barium enema and colonoscopy before MR imag-
ing. Lesion sizes ranged from 1.0 cm to 7.0 em (average 3.3
cm)in maximum diameter. The distances between the lesions
and the anal verge ranged from 3.0 cm to 14.0 cm (average 6.7
cm). The distribution of lesions was as follows: lower rectum (Rb)
34 cases, middle part(Ra) 19 cases, and upper part (Rs)2 cases.

MR imaging was performed with a 1.5 Tesla superconducting
MR unit (Signa; GE Medical Systems, Milwaukee, WI)using
tailored endorectal surface coils and fast spin echo (FSE)
capabilities. Several kinds of endorectal coils were fashioned
in our own laboratory to accommodate various anatomic
requirements. The basic design of these coils was similar to
a double-balloon prostate probe (MEDRAD, Pittsburgh). The
inner balloon, ellipsoidal and flat in shape, works to distend
the flexible coil, while the outer balloon, made of soft rubber,
provides complete waterproofing. The coil shaft is made of a
flexible silicone tube instead of common stiff materials (Fig.
1). In six cases, the endorectal coil was used with external
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Fig. 1 Anendorectal surface coil is sandwiched between the outer
and inner balloons. An appropriate coil is chosen from a variety
of sizes, 6 x 3 cm to 12 x 6 cm, to accommodate different
anatomical requirements. The shape of the balloon is ellipsoi-

dal rather than circular in cross-section so as to keep the coil closer
to the lesion.

coils as part of the endorectal-external multi-coil array.

After the body-coil or phased-array pelvic coil images were
obtained in search of distant lymph node metastasis, endorectal
MR imaging was performed. Information provided by the pre-
ceding barium study or endoscopic examination was used to place
the flexible endorectal coil in direct contact with the lesion.

In 28 of 55 cases, the endorectal coil was inserted up to the
lesion without difficulty. In 20 cases, 500 ml of air was in-
fused to inflate the bowel lumen before insertion of the coil.
In seven cases, an endoscope was used to guide the endorectal
coil, since tumors were located at the recto-sigmoid junction
where the rectum would course with a steep angulation. In 11
cases in which the lesion size was up to 2.0 cm in diameter
with any surface configuration or up to 2.5 cm in diameter
without central ulceration, the submucosal injection of saline
was performed by endoscope prior to the insertion of the
endorectal coil. In seven cases, the endorectal coil was guided
to the lesion with the assistance of an endoscope. In two
patients with severe rectal stenosis due to a bulky, annular
tumor, the endorectal coil could not be placed properly, and
these two cases were removed from this study.

Antispasmodic agents (n-butylscopolamin or glucagon) were
intramuscularly used prior to imaging, to reduce motion arti-
facts. Flatus enema was applied one hour prior to the exami-
nation, The diagnosis of tumor staging and lymph node
metastasis was prospectively made on the day of MR exami-
nation, before tumor resection.

After sagittal images with a 30-cm field of view had been
obtained for localization, spin echo T1-weighted images, 400/
12 or 15/2 (TR/TE/excitations), and FSE T2-weighted images,
3700/104/2 or 4/12 (TR/TE/excitations/echo trains), were
acquired with an 8- to 12-cm field of view, 4-mm slice thick-
ness, and 256 x 192 matrix. In all cases, sagittal, coronal, or
oblique sections perpendicular to the rectal wall were obtained
in addition to the routine axial images. Gd-DTPA (0.1 mmol/

TR 114E8 H25H

kg)was intravenously administered by bolus injection in 55 cases.

Surgical resection was done within 14 days after MR im-
aging. All specimens were directly fixed in 10% formalin,
and 40 of them were imaged with a 3-inch-diameter surface
coil ex vivo before sectioning for histopathological correla-
tion. In every case, a thin string was attached to the specimen
along the landmark-beam of the scanner, so that the identical
sectional planes were produced with microtorne cutting for
proper MRI-histopathological correlation. These sections were
stained with hematoxylin-eosin. MR images, both in vivo and
ex vivo, were correlated with the histopathological findings.

Rectal carcinomas with submucosal invasion (T1 stage) were
histopathologically divided into three subtypes, smy, sm; and sms,
in this study. The definition of sm1 was set as up to 500 um,
sm; up to 2000 wm, and sms over 2001 wm in distance from the
muscularis mucosa to the deepest tumor invasion.

MRI Criteria for Tumor Staging

Carcinomas limited to the mucosa were classified as M-
carcinoma, and carcinomas involving the submucosa as SM-
carcinoma. Carcinomas spreading into the muscularis propria
were MP-carcinoma, and carcinomas penetrating through the
muscularis propria were $(A)-carcinoma. M-carcinoma is
categorized as Tis-stage in the TNM staging system®, and
similarly, SM-carcinoma as stage T1, MP-carcinoma as T2,
and S (A)-carcinoma as T3. SM carcinomas (T1 stage) were sub-
divided into minute submucosal invasion (SM,) and massive
submucosal invasion (SMa.3)in MRI diagnosis.

We applied the same assessment to the extent of tumor in-
vasion in this in vivo study with endorectal surface coils as
that used in the ex vivo study” (Table 1). MRI diagnoses of
the depth of carcinomatous invasion were divided into four
groups, as follows: M- and SM,-carcinoma: the discrete thick-
ening of the inner hypointense layer and the interface between
the tumor and the next hyperintense layer is smooth on the T2-
weighted image; SMs.;-carcinoma: a low signal intensity mass
in the middle hyperintense layer; MP carcinoma: discontinu-
ity of the middle hyperintense layer, and thickening of the

Table 1 Assessment of depth of carcinomatous invasion by
endorectal MRI

Stage  T1-weighted image T2-weighted image

M, Sy Thickening of mucosal layer
SMz~3 Low $/I mass in submucosa
MP Discontinuity of muscle layer

Thickening of muscle layer
Replacement of muscle by tumor
High S/I mass in muscle layer

S(A) Irregular outer surface Discontinuity of outer longi-
of bowel wall tudinal muscle layer
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460 MR imaging of rectal cancer

Fig. 2 MRI appearance of the normal rectal wall and its histo-
logical correlation. Six-layer architecture is resolved on a T2-
weighted axial image (FSE: TR/TE 3700/104): from inside, bright
mucus (muc), dark mucosal layer including mucosa and muscu-
laris mucosa (m), bright submucosa (sm), intermediate inner circu-
lar muscle layer (icm), dark outer longitudinal muscle layer (olm),
and bright perirectal fat tissue (f). The normal laminar structure
is interrupted by tumor (arrows).

hypointense muscle layer, replacement of the muscle by
tumor, or a high signal intensity mass in the muscle layer on
the T2-weighted image; S (A)-carcinoma: irregular outer surface
of the bowel wall on the T1-weighted image and discontinu-
ity of outer most hypointense layer on the T2-weighted
image.

The MRI criteria with which the diagnosis of lymph node
metastasis was made were that the lymph node was larger than
5 mm in diameter and/or more spherical and irregular in shape
on the MR images taken by the endorectal coil or the phased

array coil.

Results

The cases consisted of eight patients with carcinomas
limited to the mucosa, or m-carcinoma, 12 with carcinomas
involving the submucosa, or sm-carcinoma, 21 with carcino-
mas spreading into the muscularis propria, or mp-carcinoma,
and 14 with carcinomas penetrating through the muscularis pro-
pria, or s(a)-carcinoma, with respect to the succeeding histo-
pathologic examination.

1. Visualization of Normal Architecture of Bowel Wall

Figure 2 demonstrates a T2-weighted image of rectal can-
cer obtained with the endorectal surface coil. On this image,
the normal rectal wall is visualized as a six-layer structure at
the left anterior side of the rectum. The inner most high sig-
nal intensity represents mucus and adjacent debris, the sec-
ond low signal line, the mucosa, and the third high signal in-
tensity zone, the submucosa. The muscularis propria appears
as two lines, the inner gray and the outer dark, respectively

30
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Fig. 3 Insome cases (4/55), the submucosa (sm)appears very
bright between the dark mucosa (m) and muscle layer (mp) on
noncontrast T1-weighted images, providing natural contrast. A
tumor located at the posterior wall infiltrates the submucosa and
superficial muscle layer (arrow).

representing the inner circular muscle layer and the outer lon-
ritudinal muscle layer. The perirectal fat tissue shows a fairly
high signal intensity on the T2-weighted image with FSE.,

On T1-weighted images, all layers of the normal rectal wall
usually appear hypointense. However, in four of 55 cases, the
submucosa showed very high signal intensity on T1-weighted
images, and the diagnosis of carcinomatous invasion was
possible even without administration of Gd-DTPA or T2-
weighted images (Fig. 3).
2. Signal Intensity of the Tumors

The signal intensity of the colorectal tumors varied according
to their morphologic components”. The epithelial component
of the tumor appeared as a low signal intensity area on T1-
weighted images and showed low to intermediate signal
intensity on T2-weighted images. Associated desmoplastic
change appeared as low signal intensity on both T1- and T2-
weighted images. Extracellular mucin was demonstrated as
low signal intensity on T1-weighted images and as character-
istic high signal intensity on T2-weighted images.
3. Extent of Bowel Invasion on MRI

Table 2 shows the correlation between the MR imaging and
pathologic findings on the extent of intramural tumor invasion.
In 45 of 55 cases (81.8%) of rectal cancer, MRI led to the cor-
rect diagnoses on the extent of tumor infiltration. M- and sm;-
carcinoma appeared as discrete thickening of the mucosal layer,
and the interface between the tumor and the submucosa was
smooth on the T2-weighted images (Fig. 4). Smy.;-carcinoma
was shown to have a fuzzy boundary between the tumor and
the submucosa (Fig. 5)or was depicted as a low signal inten-
sity mass in the submucosal layer (Fig. 6). The MRI findings
of muscularis propria involvement (mp) were discontinuity of
the submucosa, thickening of the muscle layer, or a high sig-
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Table 2 Correlation of endorectal MR imaging and histopatholgic

diagnosis of depth of carcinomatous invasion (n = 55)

MR assessment Histopathologic diagnosis

m smi SMa~a mp s(a)
M, SM1 <+ 1 1
SMa~3 4 8 1
MP 2 18
S(A) 2 14
Total 8 1 11 21 14

Accuracy 81.8%. sm;: minute submucosal invasion, sm-3:
massive submucosal invasion.

nal intensity mass in the muscle layer (Fig. 7). Tumor inva-
sion into the perirectal fat (s-carcinoma)was demonstrated as
the irregular outer surface of the bowel wall on T1-weighted
images and as discontinuity of the outer longitudinal muscle
layer on T2-weighted images (Fig. 8). T1-weighted images with

Fig. 4 m-carcinoma (3.0 x 3.0 cm).

Gd-DTPA administration showed less contrast between tumor
and submucosa or muscle layer than T2-weighted image sexcept
for one case of mp-carcinoma.

In four cases of m-carcinoma, two of smy-;-carcinoma and
two of mp-carcinoma, however, the tumor extent was overes-
timated. In two cases of m-carcinoma erroneously diagnosed
as SM,_; based on MR images, foreign body granulomas were
found in the submucosa on the microscopic sections. These
were probably attributable to the endoscopic submucosal in-
jection of tattoo by way of marking for laparoscopic surgery.
In the other two cases of m-carcinoma, the submucosa was too
thin to resolve in the early series when the submucosal saline
injection had yet to be attempted. In two cases of smj.s-car-
cinoma and one of mp-carcinoma, the endorectal coil ended
up being placed far from the lesion owing to hyperinflation
of the inner balloon. In one case of mp-carcinoma, the tumor

was located at the steep angulation, resulting in an oblique,

A: Localized thickening of the mucosal layer (arrows) is clearly seen on a T2-weighted image after submucosal saline

injection. Its border with the submucosa is smooth ().

B: Well differentiated adenocarcinoma is confined to the mucosa.

A B

Fig. 5 sms-carcinoma (1.5 x 1.5 cm)after submucosal saline injection.

A: A cross-sectional T2-weighted image shows a fluffy interface at the base of the hypointense tumor (arrow) and hyperintense
submucosa.

B: Carcinoma infilirates into the submucosal layer (arrows).

FRE114E8 A 25 H
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Fig. 6 sm-carcinoma (4.0 x 3.0 cm) after submucosal saline injection.
A: Submucosal invasion of the carcinoma is represented on a T2-weighted image as a hypointense bump (arrow) pro-

jected into the hyperintense submucosa.

B: Although most of the tumor is confined within the mucosa, it penetrates the muscularis mucosa and invades the

submucosa (arrows).

o
g

Fig. 7 mp-carcinoma (1.5 x 1.7 cm).
A: A tumor involving the dark muscle layer appears slightly brighter on a T2-weighted image. A closer look reveals that A B
the tumor abuts the outer muscle layer at one site (arrow) as proven in (B).

rather than an optimal perpendicular, imaging plane.

In one case each of sm,_s3-carcinoma and mp-carcinoma, MRI
diagnosis resulted in underestimation. In the case of mp-car-
cinoma, there was a hyperintense zone between the tumor and
hypointense muscle layer on T2-weighted imaging. The
hyperintense zone, however, turned out to be colloid forma-
tion at the tip of tumor invasion, and the tumor was actually
found by histological study to invade the superficial layer of
the muscularis propria (Fig. 9). The case of sm,_s-carcinoma
was misdiagnosed as a result of degraded image quality.

4. Lymph Node Metastasis

In 50 of 55 cases, lymph node dissection was performed and
the materials were histopathologically examined. Table 3 shows
the correlation between the MR imaging and pathologic diag-
noses on regional lymph node metastasis. The sensitivity and
specificity were 78.9% and 74.1%, respectively.

Discussion

The chance of tumor recurrence and the overall prognosis
of rectal cancer are known to correlate positively with the ex-

32

tent of carcinomatous invasion within the bowel wall and the
presence of regional lymph node metastasis® -2, The devel-
opment of new surgical procedures for rectal cancer has made
an accurate preoperative evaluation of tumor staging and lymph
node metastasis a prerequisite. Endoscopic polypectomy,
endoscopic mucosal resection, transanal resection or
laparoscopic resection should be applied to those tumors
confined to the mucosa or superficial layer of the submucosa
(sm,), while the cases of deeper tumor penetration usually
require lymph node dissection with or without nerve-sparing
surgery. Therefore, the most important determinants in selecting
a surgical procedure are the penetration of carcinomatous
invasion, tumor location (distance from the anal verge), and
lymph node metastasis.

Although MR imaging results have been reported in the
diagnosis of rectal cancer, their accuracy varies considerably
and appears to depend heavily on technical conditions. Zerhouni
et al.'”” compared MR imaging and CT in 365 patients with
colorectal carcinoma and reported that the accuracy of CT (74
%) in tumor staging was better than that of MR imaging
using a whole-body co0il (58%). De Lange et al.'”), using a
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17-cm Helmbholtz coil, reported accuracy of 89.6% in staging

local extent with the modified Asler-Coller staging classifi-
cation. Schnall et al.' reported diagnostic accuracy of 81%
in T-staging using endorectal MR imaging, while Pegios et al.
reported a similar rate of 85%'%.

T1-weighted images are most appropriate for defining
tumor extension beyond the intestinal wall, because the outer
surface of the intestinal wall is usually well-delineated as a
hypointense line against the hyperintense perirectal fat. How-
ever, it should be noted that an irregular outer surface of the
bowel wall is not a pathognoronic sign of extramural tumor
invasion. Even in tumors contained within the bowel wall, thin
radiating structures representing fibrous tissues were occasion-
ally seen in the perirectal fat. Sometimes a tumor pushes the
muscle layer without penetration. A more reliable finding
suggestive of extramural tumor invasion is discontinuity of the
outer longitudinal muscle layer, which is well-visualized as a
very dark line on T2-weighted imaging (Fig. 8).

In four exceptional cases in our series, the submucosal layer
showed high signal intensity on the T1-weighted images (Fig.
3). The cause for this was unclear from the viewpoint of
histopathology as well. The submucosal layer was enhanced

FHE114E8 25 H

Fig. 8 s-carcinoma (5.0 x 5.0 cm).

A: T2-weighted endorectal coil image shows a subtle dis-
- continuity of the outer longitudinal muscle layer (arrow).
B: MR image of ex-vivo specimen after surgery shows a
hypointense muscle layer interrupted by tumor (arrow).
C: The outer surface of the muscle layer is irregular, and
small foci of tumor invasion are present (arrows).

as an area of high signal intensity on T1-weighted images with
Gd-DTPA administration. The muscle layer, however, was
enhanced as well, and the difference in contrast between the
two layers was small, because we used a spin echo sequence
for the T1-weighted image and the scanning time was about
three minutes. Therefore, the evaluation of tumor invasion was
based on the T2-weighted images in this study.

The most crucial distinction in the tumor penetration of early
colorectal cancer lies between minute (sm, ) and massive (smj-3)

17 reviewed 357 cases of cancer

submucosal invasion, Inoue et al.
infiltrating into the submucosal layer and found that 18 cases
(5.0% ) were positive for lymph node metastasis. The penetra-
tion of carcinomatous invasion was sm; or deeper in all these
cases (sms ina bout 90% ). Sakai et al.'® reported similar clinical
data from our institution. We concluded that local resection
including endoscopic polypectomy was the treatment of choice
for the group with minute submucosal invasion (sm;). The
diagnostic accuracy of for m- and smj-carcinoma and sm;.3-
carcinoma was 65% (13 out of 20 cases) with MRI. This rela-
tively low figure is attributable mainly to the fact that the sub-
mucosal layer is too thin to resolve with current MRI techniques.

To make the submucosa physically thicker, we endoscopi-

33



464 MR imaging of rectal cancer

Fig. 9
A: A misleading hyperintense zone between the tumor and muscle layer (arrow) on a T2-weighted image was errone-
ously interpreted as cancer-free submucosa.
B: This hyperintense zone turned out to be a colloid formation at the tip of the cancerous tissue (). On microscopic
section, the tumor was seen to infiltrate the superficial layer of the muscularis propria.

cally injected saline into the submucosa before inserting the
endorectal coil. Figure 10 illustrates the method of submucosal
saline injection, and Figure 11 shows the differences among
m- and sm,-carcinoma, sm;.;-carcinoma, and mp-carcinoma.
Figure 12 compares pre- (A)and post-submucosal injection (B)
T2-weighted images. With the saline injection, the evaluation
of tumor penetration was easier and more accurate. The signs
indicative of submucosal tumor invasion, best observed on T2-
weighted images, were a fluffy boundary between the mucosa
(tumor) and submucosa (Fig. 5)or direct visualization of the
invasion, which was often seen as a bump projecting into the
hyperintense submucosa (Fig. 6).

The accuracy of staging rectal cancer with endoscopic
ultrasound (EUS) or transrectal ultrasound (TRUS ) varies from
60% to 88%'-2". Hulsmans et al. pointed out the difficulty

Table 3 Correlation of in-viva MR imaging and histopathologic
diagnosis of regional lymph node metastasis in rectal
carcinoma (n = 50)

MR assessment Histopathologic diagnosis
no ni
NO 23 4
N1 8 15

Sensitivity 78.9%, Specificity 74.1%.

34

in differentiating between tumors limited to the muscularis pro-
pria(T2) and those penetrating further into the perirectal fat
(T3). Fifty percent of pT2 tumors were overstaged as pT3
due to inflammatory (desmoplastic)reaction or retraction of the
muscularis propria®. In contrast, the signal intensity of the
outer longitudinal muscle layer is darker than that of tumor
on T2-weighted MR images. MR imaging can detect a very
small tumor penetrating the perirectal fat from the disconti-
nuity in the very dark outer longitudinal muscle layer on T2-
weighted images. Other advantages of MR imaging over EUS
include a larger field of view and arbitrarily selectable slice
planes that make it easier to determine not only the stage of
the tumor but also its location, and to produce the slice plane
exactly perpendicular to the rectal wall, for the best view.
The endorectal coils used in this study were similar to the
prostate probe developed by Schnall et al.*®, but were made
in our laboratory with some modifications to accommodate
rectal lesions. Oval-shaped surface coils, 6 X 3 cm to 12 X 6
cm in size, were mounted between the outer and inner balloons.
The inner balloon was used to extend the coil to a designed,
tuned shape. These balloons were softer and more ellipsoidal
in cross-section than those for prostate coils, so as to keep the
coils closer to the lesion. The coil shaft is covered with a thick
silicone tube and is not rigid. Although the endorectal coil

HAER SR #59% H9%5
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needle !ngryc saline
injection

Fig. 10 Submucosal sa-
tumor line injection. A small
amount of saline is in-
jected into the submucosa
by a needle delivered
through the forceps chan-
nel of the encdoscope, for
better mucosa-muscularis
propria separation.

muscularis mucosa
———— submucosa

/

~ mucosa and
P

v

SMe~a-carcinoma

mp-carcinoma

Fig. 11 Schematic distinction among m- and
sm1-carcinoma, $m..s-carcinoma, and rp-carci-
noma after submucosal saline injection. Note the
fluffy boundaries between the tumor-mucosa and
submucosa in smz_s-carcinoma.

« ﬂzl III!

Fig. 12 A minute cancerous invasion is better appreciated after submucosal saline injection (B: arrow) than before the
procedure (A) (T2-weighted images).

improved the signal-to-noise ratio, we found that image qual-
ity was not quite satisfactory with overly distended bowels
owing to excessive coil mobility, coil-object separation, and
thinned bowel wall. These problems could be solved simply
by air-aspiration through the drainage tube. The drainage tube
was placed posterior to the coil, because the coil usually stayed
close to the anterior wall of the rectum.

In some cases we had difficulty inserting the coil owing to
the narrow, angulated rectum. Air-inflation into the rectum
worked well in 20 cases. In seven cases, we placed the coil
on the tumor located at the recto-sigmoid junction by dint of
the endoscope and grasping forceps. Once the coil was prop-
erly placed, the aspiration of air was carried out through the
endoscopic channel. This maneuver can transport the endo
luminal coil beyond the rectum, although it requires an endo-
scopic technique and is somewhat complicated.

In conclusion, MR images obtained with an endorectal coil

FHE114E8 25 H

can depict intramural tumor infiltration with all the layers of
the normal intestinal wall. The smoothness of the outer
surface of the muscle layer on T1-weighted images and the
continuity of the outer longitudinal muscle layer on T2-weighted
images were most valuable in differentiating intramu-
ral carcinoma from that penetrating through the muscularis
propria. Submucosal saline injection was useful in differen-
tiating between m- and sm,-carcinoma and sm,.3-carcinoma,
and between sm-carcinoma and mp-carcinoma on T2-weighted
images. Endorectal MRI is advantageous in that the form of
small lymph nodes above and below 5 mm in diameter can be
evaluated more precisely in terms of the diagnosis of lymph
node metastasis. Even if small in size, a lymph node that is
more spherical or irregular in shape should be considered for
the possibility of metastasis.

Our results suggest that endorectal MR imaging can improve
the accuracy of staging of rectal cancer and the depiction of
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tumor growth pattern. Further study will be required to evaluate
the potential of endorectal coil MR imaging for the manage-
ment of patients with rectal cancer, especially in comparison
with endoscopic ultrasonography.
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