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Carcinoma of the rectum is one of the common malig-
nant lesions in the United States [1]. Dietary factors,
family history, a variety of polyposis syndromes, and
longstanding inflammatory bowel disease are risk fac-
tors for the development of colorectal carcinoma.

Because specific treatment options vary with tumor
location, the preoperative evaluation of rectal carcinoma
is important for planning therapy and the assessment of
the prognosis. So far, there are several limitations in
determining the infiltration of the wall layers in rectal
tumors (adenoma and carcinoma) in width and depth by
the usually applied endoscopic and X-ray procedures
(barium enema examination and computed tomography
endosonography, and conventional magnetic resonance
imaging (MRI).

Staging with computed tomography (CT) is accurate
within the range of 48–74% [2]. Early studies using
MRI showed no increase in accuracy over CT [3]. In
particular, initial studies demonstrated that the depiction
of tumor infiltration at MRI through the bowel wall was
difficult. Transrectal ultrasound (US) is now an estab-
lished imaging modality for the evaluation of the integ-
rity of the wall layers in colorectal lesions [4]. Over-
staging seems the most frequent error, both in staging
of rectal cancer [5] and screening of adenomas for in-
filtrating malignancy [6].

MRI is helpful for tumor staging and the detection
of tumor recurrence, particularly in clarifying remaining
questions after endoscopic diagnosis. It is necessary to
minimize the movement of the patient to improve image
quality. Especially the use of rapid scanning techniques,
endoluminal surface coils, and paramagnetic contrast
agents are expanding the applications of MRI in the
evaluation of rectal and perirectal disease.
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We report on our experience using high-resolution
endorectal surface coil MRI to evaluate rectal carcino-
mas and rectal adenomas in a variety of clinical appli-
cations. In a prospective study, we compare the results
of high-resolution MRI and histopathology.

Materials and Methods

Conventional and endorectal contrast-enhanced MRI of the rectum
was performed in volunteers and patients by using a supraconducting
MR unit (1.5 Tesla Magnetom SP 63, Siemens, Erlangen, Germany).
In 10 healthy volunteers (five male, five female), the normal topo-
graphical details of the rectum with its different layers and the adjacent
tissues was evaluated. Twenty-nine patients (male/female: 14/15;
mean age Å 61.7 years old, range Å 36–80 years) underwent an ex-
tensive clinical examination protocol including endoscopy and a bar-
ium enema study before MRI. Two different types of endorectal sur-
face coils (Medrad, Pittsburgh, PA, USA) were used. A prostate
endorectal surface coil was used and in eight patients, a colon endo-
rectal surface coil was used in 21 patients. Before placement of the
endorectal surface coil, a digital examination of the rectum was per-
formed to make sure that there were no obstructions within the lumen.
The distance from the rectal lesion to the anus was determined pre-
viously at barium enema examination and endoscopy. The center of
the coil was positioned at the center of the lesion. With the prostate
coil, the balloon was filled with 60 cm3 of air; with the colon endo-
rectal coil, no filling of the balloon was necessary. The position of the
coil was controlled in the supine position of the patients with a sagittal
localizer. With the body coil, the sequence protocol started with a T2-
weighted spin-echo (SE) sequence (TR/TE Å 2500/22–90, field of
view Å 350 mm, imaging matrix Å 192 1 256, slice thickness Å 4
mm, no gap). All endorectal surface coil images were obtained with
a 160-mm field of view, 4-mm slice thickness, and an imaging matrix
of 192 1 256 to achieve an optimal spatial resolution. T2- (TR/TE Å
2500/22–90) and T1- (TR/TE Å 700/15) weighted SE precontrast
sequences were peformed. For comparative evaluation, 21 patients
received an additional Turbo SE sequence TSE (TR/TE Å 3700/90).
At the slice position with the visually largest tumor extension, dynamic
MRI was performed by using a TurboFLASH sequence (TR/TE/TI Å
7/3/300, flip angleÅ 157) and starting with a bolus of 0.1 mmol/kg b.w.
Gd-DTPA (Schering, Berlin, Germany) to evaluate the dynamic contrast
enhancement. This sequence, with an acquisition time of 2 s, was re-
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Table 1. Study protocolsa

Coil Sequence TR/TE FOV SD Matrix Plane

Protocol 1: plain imaging

Body T2 SE 2500/22-90 350 4 256 1 512 Transverse
EC T2 SE

T SE
T1 SE

2500/22-90
3700/90
700/15

160
160

1180

4
4
4

160 1 512
192 1 256
180 1 512

Transverse
Transverse
Transverse

Protocol 2: dynamic imaging and Gd-DTPA (0.1 mmol/kg b.w.)

EC Turbo/FLASH
T1 SE
T1 SE

7/3
700/15
700/15

160
180
180

1
4
4

128 1 128
180 1 512
180 1 512

Transverse
Transverse
Sagittal

a FOV, field of view; SE, spin echo

Table 2. TNM staging for cancer of the colon and rectuma

Stage Level of involvement

Tumor
Tx Tumor cannot be assessed
To No evidence of tumor
Tis Carcinoma in situb

T1 Tumor invades the submucosa
T2 Tumor invades the muscularis propria

T3 Tumor invades trough the muscular is propia
into the subserosa or into nonperitonealized
pericolic or perirectal tissues

T4 Tumor invades other organs or structures

Nodes
Nx Regional lymph nodes cannot be assessed
No No involved lymph nodes

N1 Fewer than four regional nodes positive for
tumor

N2 More than four regional nodes positive for
tumor

N3 Central nodes positive for tumor

Metastasis
Mx Presence of distant metastasis cannot be assessed
Mo No distant metastasis
M1 Distant metastasis

a From the American Joint Committee on Cancer (AJCC). Manual for
staging of cancer, 4th ed. Philadelphia: JB Lippincott, 1992
b Cancer cells within the basement membrane or lamina propria with
no extension through the muscularis propia into the submucosa

peatedly started with a delay of 2 s. Thereafter, axial and sagittal T1-
weighted sequences were peformed (Table 1). The total examination
time including placement of the coil took 60–75 min.

Qualitative and Quantitative Evaluation

All images of patients and volunteers were evaluated separately by a
panel of three radiologists by using a four-point rating scale (1 Å
excellently distinguishable, 2 Å well distinguishable, 3 Å poorly dis-
tinguishable, 4 Å not distinguishable) for evaluating the layers of the
rectal wall and the perirectal tissue. The lesions were staged according
to the TNM staging system (Table 2). The radiologists read the images
with knowledge of the clinical information but without knowledge of
the results of other examinations (endoscopy, CT, and endosonogra-
phy). The quantitative evaluation was performed by using a region-
of-interest (ROI) technique.

The preoperatively posted staging of the lesions were compared
with the results of intraoperative inspection and histology after resec-
tion or electrolaser resection in all cases (n Å 17 rectal carcinomas
and n Å 12 rectal adenoma).

Histopathology was obtained via biopsy (n Å 10) and operative
resection (n Å 19). Tubulovillous adenomas were proven with epithe-
lial dysplasia grade II in six patients, grade II–III in four, and tubu-
lovillous adenoma grade III with beginning carcinoma in situ in two.
Five patients presented a rectal carcinoma stage pT1, six presented
stage pT2, four presented stage pT3, and two presented stage pT4.

Results

Normal Findings

The zonal anatomy of the rectal wall is best appreciated
in transverse-plane images. The evaluation of the per-
irectal space is also easily accomplished in the trans-
verse plane. Plain MRI with the body coil demonstrates
a high soft tissue contrast of adjacent structures and
allows the differentiation of the mucosa as a band with
high signal intensity in the T2-weighted sequence sur-
rounded by a layer of low signal intensity related to
the muscularis propria. When the rectum is imaged af-
ter intravenous administration of Gd-DTPA, the en-
hancement of the submucosa and mucosa allows visual

differentiation of the layers of the rectal wall on T1-
weighted scans. A further differentiation of other rectal
layers is uncertain.

Plain and contrast-enhanced MRIs with the endo-
rectal surface coil using T2- and T1-weighted se-
quences allows the identification of all layers of the
circumference of the rectal wall (Fig. 1). These layers
consist of an inner layer of medium signal intensity
(mucus and fluid between the coil and the rectal wall),
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Fig. 1. Endorectal MRI of the normal rectal wall (sagittal T1-weighted
SE, 700/15). Note the multiple layers visualized in the rectal wall:
high signal intensity mucus within the rectal lumen (thin white arrow),
low signal intensity mucosal layer (mucosa and muscularis mucosa)
(small white arrowhead), high signal intensity submucosal layer
(large white arrowhead), low signal intensity muscularis propria
(white arrow), and high signal intensity perirectal fat (small black
arrowhead), vessel (large black arrowhead).

Fig. 2. A Axial T2-weighted SE image (TR/TE Å 2500/22) with con-
ventional MRI demonstrates an inexact differentiation of a polypoid
lesion of the rectum with a low signal intensity (white arrowheads).
B Endorectal MRI (T1-weighted SE, 700/15, after injection of 0.1

mmol/kg b.w. Gd-DTPA) demonstrates a sessile tubulovillous ade-
noma of the rectum. The different layers of the rectal wall can be
identified. From lateral to medial, the high signal intensity of the per-
irectal fat tissue (large white arrowhead), followed by the low signal
intensity of the musculars propria (large white arrow), followed by a
layer of high signal intensity representing the submucosal core (small
white arrowhead), and the low signal intensity of the muscularis mu-
cosa (small white arrows). Note the high signal intensity of the thick-
ened mucosal layer (black arrowheads) with mucus within the rectal
lumen (thin white arrows). C Histologic section demonstrates the nor-
mal muscularis mucosa (arrowheads) and the thickened mucosa with
typical dysplasia grade III (small arrows), and the muscularis propria
(large arrows).

a layer of low signal intensity (mucosa and muscularis
mucosa), a middle layer of medium-to-high signal in-
tensity (submucosa), a second layer of low signal in-
tensity (muscularis propria), and an outer layer of high
signal intensity (perirectal fat) in the T1-weighted se-
quence. On T2-weighted SE images, the inner layer

(mucus and fluid between the coil and the rectal wall)
and the middle layer (submucosa) appear with a high
signal intensity. All layers of the rectal wall were vis-
ible in all patients (n Å 29). The multiple layers of the
rectal wall were demonstrated in the proximity of rec-
tal tumors in all patients.
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Table 3. Comparison of tumor stage at MR imaging and histopatho-
logic examination

MRI

Pathologic examination

Adenomas T1 T2 T3 T4

Adenomas 10 0 0 0 0
T1 2 4 0 0 0
T2 0 1 5 0 0
T3 0 0 1 4 0
T4 0 0 0 0 2

Pathologic Findings

By using conventional MRI, rectal carcinomas are dem-
onstrated with high signal intensity in the T2-weighted
sequence and are therefore more conspicuous than in
T1-weighted images. Infiltration of the bowel wall is
best demonstrated in T2-weighted scans because these
images optimally show the normal zonal anatomy of the
wall and because the contrast between high signal in-
tensity of tumors and low signal intensity of muscle tis-
sue is maximized. The evaluation of perirectal fat and
soft tissue infiltration by the tumor is most conspicuous
in T1-weighted images. Rectal carcinomas are enhanced
after the administration of Gd-DTPA, and Gd-DTPA-
enhanced T1-weighted images assist in determining the
depth of tumor growth. In general, transverse images
are the most useful in evaluating rectal wall invasion
and perirectal tumor extension.

All patients tolerated endorectal MRI well and with-
out complications. Endorectal MRI enabled correct
identification of all layers of the rectal wall and differ-
entiation between the different tumor stages. The cor-
relation between the histopathologic stage and MRI
stage is summarized in Tables 3 and 4. The prethera-
peutical MRI stage agreed with the staging results from
pathology in 25 of 29 (85%) patients. By using endo-
rectal MRI, the extent of invasion was overestimated in
four patients and detailed in two patients in whom tub-
ulovillous adenomas were overstaged. One patient with
a stage pT1 tumor was staged as T2, and one patient
with a pT2 tumor was staged as T3. The rectal lesions
were different in shape and size. Lesion size ranged
from 2.5 to 6.5, cm and the distance between the lesion
and the external sphincter varied from 4 to 10 cm.

Criteria for the diagnosis of an adenoma are the vi-
sualization of the intact muscularis mucosa, a clear de-
marcation of the submucosa, sharp borders of the lesion,
and a highly homogeneous contrast enhancement of the
lesion in the dynamic sequences. In T2-weighted se-
quences, the tumors characteristically presented with a
homogeneous high signal intensity that was brighter
than the surrounding structures. T1-weighted sequences
proved optimal for the exact delineation of the lesions
versus the different wall layers (Fig. 2).

Two patients with the MR diagnosis of a carcinoma
stage T1 were histopathologically staged as an adenoma
with severe cell dysplasia. In both cases, we were retro-
spectively unable to verify the muscularis mucosa.

The follow-up evaluation in six patients with large
tubulovillous adenomas demonstrated the total removal
of the tumor after endoscopic electrolaser resection. Af-
ter therapy, MRI with the endorectal surface coil dem-
onstrated the resection of the mucosa and parts of the
submucosa. Again, a clear visualization of the different
rectal layers was found. Only T2-weighted and Turbo
SE images showed a slight increase of signal intensity

and an edematous infiltration of the submucosa at the
former localization of the adenoma due to the ongoing
repair mechanism (Fig. 3).

The presence of mucosal thickening with preserva-
tion of the submucosal layer is indicative of a stage T1

lesion (Fig. 4). One patient with MR diagnosis of a rec-
tal carcinoma stage uT2 was histopathologically staged
as a pT1. This was caused by the thinning of the mus-
cularis propria with compression and nonvisualization
of the submucosa (mechanical compression) near the
base of the lesion. The retrospective evaluation of the
dynamic TurboFLASH sequence demonstrated an intact
muscularis propria without suspicious irregularities.

The extension into, but not through, the muscularis
propria with high signal intensity in the T2-weighted
images in a band of low signal intensity with the asso-
ciated visualization of a partially intact muscularis pro-
pria and contrast enhancement in the T1-weighted im-
ages appear to represent valid criteria for diagnosing a
stage T2 lesion. One patient with the MR diagnosis of a
rectal carcinoma stage uT3 was histopathologically
staged as a pT2. This was caused by the irregularity of
the border between the muscularis propria and the per-
irectal fat tissue in the T1-weighted sequence (Fig. 5A–
B). However, the retrospective evaluation of the dy-
namic TurboFLASH and the Turbo SE sequences
demonstrated a clear demarcation of the muscularis pro-
pria without infiltration into the perirectal fat tissue (Fig.
5C–D). The complete disruption of the muscularis pro-
pria and an unsharp border to the perirectal fat tissue
are criteria for a T3 lesion. The tumor was identified by
its extension beyond the contour of the rectum wall in
all four cases with stage T3 under gross examination
(Fig. 6A–B).

A T4 lesion is presented with an infiltration of ad-
jacent structures. Two patients with clinical diagnosis
of stage T4 were included in this study in the course of
hyperthermic treatment protocol. In both cases, the en-
dorectal MRI stage agreed with the staging results from
pathology. On the T1-weighted images, the rectal wall
demonstrated a relatively homogeneous intermediate
signal intensity pattern. These images provided good
contrast between the perirectal fat and the bowel wall
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Table 4. Statistical evaluation (%) of carcinoma and adenoma of the rectum

Adenomas (n Å 12) T1 (n Å 5) T2 (n Å 6) T3 (n Å 4) T4 (n Å 2)

Sensitivity 83.3 80 83.3 100 100
Specificity 100 100 100 100 100
Positive predictive value 100 100 100 100 100
Negative predictive value 89.5 96 95.8 100 100

and were helpful for identifying perirectal vessels and
lymph nodes (Figs. 4B, 6B).

Discussion

Accurate preoperative staging has a definite impact on
the surgical management of rectal carcinoma. The stan-
dard surgical therapy for rectal cancer is abdominoper-
ineal resection [7]. Because of the morbidity associated
with this procedure, the most notable of which are the
social and physical problems of a permanent colostomy,
a number of alternative surgical approaches have been
proposed. These include anus-sparing radical resec-
tions, such as low anterior resection [8] and local ex-
cision [9], and nonsurgical approaches such as low-
kilovoltage endorectal irradiation, electrocautery, and
transanal fulguration.

Patient selection is considered essential for obtain-
ing a good outcome in the treatment of early rectal can-
cer. Carlson et al. [10] reported that prognosis of pa-
tients treated for cure with conservative local therapy
depends on the extent of the lesion. Consequently, the
exact staging of the local extent of rectal cancer is im-
portant to the sucessful enforcement of any conservative
treatment regime. In addition, the preoperative staging
is important in selecting patients for planning an adju-
vant preoperative radiation therapy, chemotherapy, and
hyperthermia therapy. O’Connell et al. [11] reported
that preoperative radiation therapy resulted in a better
outcome than postoperative radiation therapy in patients
with invasive disease. The hyperthermia therapy sys-
tems based on radiowave irradiation have been com-
mercially available for regional hyperthermia of the pel-
vis since the mid-1980s. This technology allows one to
perform sufficiently tolerable and effective regional hy-
perthermia on rectal carcinomas. When used as part of
curative preoperative and postoperative multimodal
therapeutic stratagies, hyperthermia can lead to im-
provement in local control.

For years, the mainstay of local staging of rectal
cancer has been the digital rectal examination. The ac-
curacy of the digital rectal examination in correctly stag-
ing rectal cancer has been reported to be approximately
70–75% [12].

Radiological modalities that have been used in the
staging of rectal carcinoma include CT, transrectal US

and MRI. The accuracy of staging with CT was reported
to be as high as 92% in initial reports [13]. Later articles
showed that CT studies have limited usefulness for en-
abling accurate staging of local disease or depth of wall
invasion [14]. However, CT does not permit evaluation
of less extensive tumors because differentiation of the
normal layers of the intestinal wall is impossible due to
poor soft tissue contrast. A recent study showed the sen-
sitivity and specificity of CT for the detection of exten-
sion of perirectal fat to reach [15]. Tumors located low
in the rectum were particularly difficult to stage because
of the paucity of perirectal fat in this region [14].

Transrectal US is now an established imaging mo-
dality for the evaluation of the integrity of the wall layers
underneath the colorectal lesion [4]. Some articles re-
ported that transrectal US is 77% accurate in demonstrat-
ing invasion of carcinoma into the perirectal fat and 50%
accurate in demonstrating perirectal lymph node involve-
ment [15]. Recent articles have reported a 75–83% ac-
curacy for staging rectal cancer with transrectal US [16].
However, transrectal sonography does not provide reli-
able contrast between the tumor and the muscularis pro-
pria. Thus, once the submucosa is breached, it is often
diffucult to determine the depth of muscle invasion and
to detect early perirectal fat invasion. In addition, the
effect of different US criteria on differentiation of T2 and
T3 tumors is limited. Spontaneous or iatrogenic inflam-
mation is a major limiting factor [17].

Complete removal of adenomatous polyps is the
most important measure in prophylaxis of colorectal ad-
enocarcinomas [18]. Laser photocoagulation is often
used in broad-based villous adenomas in patients with
a poor surgical or medical condition [19]. Often in fol-
low-up examinations with transrectal sonography, the
inflammatory changes in the rectal wall after treatment
of colorectal adenoma with photocoagulation may sim-
ulate malignant infiltration (generally during the first 6
weeks) [20].

Few articles have been published about the use of
MRI with a body coil to stage rectal carcinoma [3, 14].
The depth of bowel wall invasion cannot be determined,
and the accuracy of staging with conventional MRI has
been reported as being not than higher 60% [14]. The
limitation of conventional MRI in the initial studies was
the result of inadequate resolution. De Lange et al. [21]
described results with an external surface coil for MRI
of rectal cancer. They were able to decrease the voxel
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Fig. 3. Eight weeks after electrolaser resection of a sessile tubulovillous ade-
noma. The endorectal surface coil image demonstrates a clear visualization of
the different rectal layers. The Turbo SE image (3700/90), shows a slight in-
crease of signal intensity and an edematous infiltration of the remaining parts
of the submucosa (small arrowheads), including the muscularis propria (ar-
rows) and the perirectal fat (large arrowheads).

Fig. 4. A Axial T2-weighted SE image (2500/22) with conventional MRI
demonstrates a sessile lesion of the rectum (white arrows), with a suspicious
extention into the muscularis propria (black arrows), which was initially and
mistakenly interpreted as a T2 lesion. B Endorectal MRI (T2-weighted SE,
2500/22) demonstrates the same lesion of the rectum manifested by focal
mucosal thickening with a high signal intensity submucosal core (black ar-
rowheads); the muscularis propria (small white arrowheads) layer has not
been involved. In addition, one small, 3-mm-diameter perirectal lymph node
is completely replaced by soft tissue (large white arrowhead). This was posi-
tive for carcinoma at pathologic examination (stage pT1N1).

volume to 5.7 mm3 and reported a high accuracy for
identifying lesions invading the perirectal fat (89%).
This technique is nonadvantageous in obese patients be-
cause the sensitive volume of the surface coil configu-
ration is limited to approximately 1 radius.

Several investigators have reported the use of a
high-resolution endorectal surface coil [22]. Schnall et
al. [23] reported an accuracy of 81% in staging the ex-
tent of the primary lesion in rectal carcinoma. In addi-
tion, his group reported a specificity of 72% for N1 dis-
ease in demonstrating perirectal adenopathy. However,
there are still some remaining problems in using the
endorectal surface coil. It is presumed to be a result of
the pressure from the balloon compressing the low sig-
nal intensity mucosa and muscularis propria together,
thereby making the layers difficult to be identified. This
phenomenon is especially problematic in the use of the
prostatic coil, whereas these artifacts could be reduced
with the rectal coil.

Our results demonstrate that endorectal MRI can be
useful for staging rectal tumors. The layers of the rectal
wall are visible in all cases. It is important that none of
the cases were understaged. Such accuracy could spare
patients with highly invasive disease from being under-
treated. The accuracy of 85% in staging the extent of a
primary lesion with MRI is better than that reported for
CT and body coil MRI and similar to that claimed for
endorectal sonography.

The follow-up examinations have demonstrated that
endorectal surface coil MRI is probably improving the
follow-up studies after electrolaser resection in com-
parison with transrectal US. This is due to the misinter-
pretation of inflammatory changes when using transrec-
tal US.

However, high-resolution endorectal MRI was ex-
cellent for depicting perirectal nodes as small as 3 mm
in diameter, but inflammatory nodes could not be dif-
ferentiated from metastatic nodes on the basis of size
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Fig. 5. A Axial T2-weighted SE image (TR/TE Å 2500/22) with conventional
MRI shows a polypoid lesion (white arrows) of the rectum with imprecise dif-
ferentiation between the muscularis propria and the perirectal fat (black arrows).
This limitation is a result of inadequate spatial resolution. B Endorectal MRI
(T1-weighted SE, 700/15) of the same patient demonstrates a polypoid rectal
cancer manifested by focal mucosal thickening with high signal intensity (black
arrowheads). In addition, an area with suspicious disruption of the muscularis
propria (small white arrowheads) and irregular extention into the perirectal fat
(large white arrowheads), which was initially mistakenly interpreted as stage
T3. Open white arrows, vessels. C Dynamic TurboFLASH sequence (TR/TE Å
7.5/3, after injection of 0.1 mmol/kg b.w. Gd-DTPA) obtained from the patient
shown in B demonstrates a depressed lesion, complete disruption of the submu-
cosa with involved, but not disrupted, muscularis propria (arrowheads) (stage
pT2). D Histopathology results with hematoxylin-eosin demonstrate tumor in-
vanding into, but not through, the muscularis propria (arrowheads).

Fig. 6. A Axial T2-weighted SE image (2500/22) with conventional MRI
demonstrates a polypoid lesion (arrows) of the rectum with an uncertain in-
volvement of the perirectal fat (arrowheads). B Endorectal MRI (T1-weighted
SE, 700/15, after injection of 0.1 mmol/kg b.w. Gd-DTPA) of the same pa-
tient demonstrates the inhomogeneous mucosal thickening of a rectal cancer
that is completely disrupting the submucosa (white arrowheads) and the mus-
cularis propria (black arrowheads), indicating a stage T3. In addition, one 5-
mm-diameter perirectal lymph node (white arrow) was positive for carcinoma
at pathologic examination (stage pT3N2).
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or signal intensity. T1-weighted sequences provided
excellent contrast between the perirectal fat and the
bowel wall and were helpful for identifying perirectal
lymph nodes. Further study of node architecture, ge-
ometry, and contrast-enhancement characteristics, es-
pecially in the use of dynamic sequences, may im-
prove our ability to distinguish between malignant
and reactive nodes.

Our results are promising for the use of high-reso-
lution endorectal surface coil MRI in the preoperative
stage and for the evaluation of rectal lesions. Additional
studies are necessary to establish additional criteria for
interpreting the high-resolution rectal images.
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