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GASTROINTESTINAL

The mesorectum: morphometric assessment
with magnetic resonance imaging

Abstract The purpose of the present
study was to assess the size and
configuration of the perirectal fatty
tissues using magnetic resonance
imaging, including the volume occu-
pied by the rectum itself, and to
establish a simple method by which
such analysis could be derived. In-
cluded in the study were 25 consecu-
tive patients without any large pelvic
tumor (diameter of potential pelvic
tumor less than 3 ¢cm in any plane)
referred for high-resolution pelvic MR
imaging. The volume and cross-sec-
tional parameters based on the amount
of mesorectum to different sides of the
rectum, and the total area occupied,
including the rectum, were retrospec-
tively measured using a transaxial
three-dimensional T1-weighted gradi-
ent—echo sequence. The mesorectum,
including the rectum within, occupied
an axial area ranging from 320 to 5992
mm?, and a total volume of 54323 ml.
There was a good correlation between
anteroposterior diameter of the peri-
rectal fat at 4 cm below S1-2 and the
left-to-right diameter 7 cm below S1-2,
and the total volume. Furthermore, the
form of mesorectal tissue differed
significantly between male and female

Introduction

Rectal cancer is one of the most common form of large
bowel cancer [1, 2]. The prognosis of the disease is related

subjects. In male subjects, measure-
ments in the anteroposterior dimension
accurately reflected the volume of
mesorectal tissue, while in women,
assessment of both the anteroposterior
and the size parameters of the meso-
rectum from the left to right were
required for the best evaluation of the
volume of mesorectal tissue. The
amount of fat posterior to the rectum
was significantly more in men than in
women, with or without consideration
of length of the pelvis. Finally, the
contour of the mesorectal fascia was
subject to impression by other nearby
visceral organs. There is a great
individual variation in the amount of
mesorectal fat, and in morphometric
parameters between the two sexes. The
morphological variations of the meso-
rectum can be assessed by magnetic
resonance imaging using a formula
based on two simple measurements of
the anteroposterior and left-to-right
dimensions.

Keywords Mesorectum - MRI -
Rectum - Perirectal fat - Perirectal
visceral fascia - Rectal
adenocarcinoma - Rectal cancer -
Anatomy

mural tumor infiltration, and the presence of local lymph
node metastases, vascular invasion, and the extent of ex-

to the stage of the tumor at diagnosis [3]. The degree of

tramural spread as well as distance to the mesorectal fascia
all influence the prognosis [4, 5].
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The mesorectal fat refers to the loose perirectal tissue,
while the mesorectal fascia usually denotes the visceral
perirectal fascia. The latter is the tissue that ought to be
removed intact when a successful total mesorectal exci-
sion (TME) for treatment of rectal cancer is contemplated
[6, 7]. The importance of these anatomical structures was
first brought to attention by the work of Heald et al. in
1982 [8] and this led to a dramatic reduction in local re-
currence rates [9].

Ever since the importance of this anatomical structure
became known, attempts have been made by radiologists
to convey to the surgeon in the most accurate manner the
necessary information about the relation of the tumor to
the fascia [10, 11]. Indeed, after knowledge of the ex-
tension of the tumor to nearby structures, endangered
perirectal visceral fascia is the most valuable information
that the radiologist can provide the surgeon and/or oncol-
ogist preoperatively, regarding the local staging of rectal
adenocarcinoma [10, 11]. This information will have an
impact on the decision as to how to perform the surgical
procedure as well as whether neoadjuvant therapy should
be administered [2].

Previous studies have explored the relationship of the
mesorectal fascia and encroachment of the tumor on it by
magnetic resonance imaging (MRI) [12—15], yet there has
been no work done to describe the form, shape and con-
figuration of the mesorectum. In the following work, the
structure of mesorectal fatty tissue with regard to shape
and configuration was studied by state-of-the-art high-
resolution pelvic MRI. It was our hypothesis that the mor-
phology of the mesorectum could be morphometrically
approximated in a simple fashion.

Materials and methods

Included in the study were 25 consecutive adult patients
without exclusion criteria studied with high-resolution
pelvic MRI for various indications. Patients with previous
abdominal or pelvic surgery, previous or ongoing local
radiotherapy, large (>3 cm any diameter) pelvic tumors
(because of the fear of disturbing the normal anatomy),
and patients with congenital anomalies were excluded.
Pelvic MRI examinations were performed on a 1.5-T
system (Philips Intera, Best, The Netherlands) using either
a four-channel body phased-array coil or a five-channel
cardiac phased-array surface coil. In addition to localizer
images, sagittal and transaxial T2-weighted turbo spin-
echo sequences were performed. A transaxial three-dimen-
sional Tl-weighted sequence gradient-echo with 2-mm
slice thickness [TR/TE 9.3/4.6, matrix size 205/256, FOV
240, RFOV (rectangular field of view) 80%, NSA (num-
ber of signal averages) 2, flip 10°] was performed from the
promontory to the lower level of the pubic symphysis.

Image preparation

The three-dimensional T1-weighted sequence was chosen
for the morphometric analysis. From the data set, axial
reformatted images perpendicular to the long axis of the
rectum with 10-mm interval were created which served
as the basis for the quantitative measurements. In cases
where the boundaries of the mesorectal fascia were not
clear cut on the reformatted images, the original acquisi-
tions were reviewed for guidance. The analysis was per-
formed on a dedicated workstation (Easy Vision, Philips,
Best, Netherlands).

Quantitative measurements

On each axial reformatted image the measurements shown
in Fig. 1 were made. The measurements were defined as
follows:

AA The most anterior portion of the outer
wall of rectum was identified, and then
an anteroposterior, i.e. parasagittal, line
was drawn until the line made contact
with the anterior part of the mesorectal
fascia (Fig. 1a). AA was defined as the
distance between the most anterior
point of the rectum and the intersection
of the parasagittal line with the meso-
rectal fascia.

Correspondingly derived from the pos-
terior, right and left outer wall of the
rectum to the outer border of the meso-
rectal fascia, respectively (Fig. 1a).
The distance between the most anterior
part of the fascia and the most posterior
part of the fascia interpolated on a para-
sagittal plane (Fig. 1b).

Defined in a similar manner to AP, but in
the right to left (coronal plane) direction
(Fig. 1b).

For each slice the area occupied by the
whole fascia was measured by plani-
metry on the software provided by the
manufacturer (Easy Vision) (Fig. 1c).
This was done manually by one of the
authors (M.R.T.).

PP, RR, and LL

AP

RL

Area

The total mesorectal volume (which also included the
volume occupied by rectum) was derived from the sum-
mation of the measured areas and multiplication by the
thickness of the slices (10 mm).

Simply adding or multiplying the above-mentioned val-
ues leads to the combined variables, e.g. AP + RL is de-
rived by adding AP and RL values.
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Semiquantitative measurements

In the craniocaudal direction, the first slices that showed
the following structures in relation to the anterior border of
the S1-2 disc (disc between the first and the second sacral
vertebrae) in the midsagittal plane were noted: a complete

Fig. 1 a Parameters AA, RR, LL, and PP as defined in the text and
how they were measured. b Parameters AP and RL as defined in the
text and how they were measured. ¢ Area as defined in the text and
how it was measured

circular mesorectum, the upper part of the rectum, and the
pelvic floor musculature as the muscles approached to
make the puborectal ring. The last slice where the fatty
tissue surrounding the rectum was no longer visible (de-
fined as anorectal junction on axial images) was also noted.
The upper part of rectum was defined as the junction
between the sigmoid colon and the rectum. This junction
was defined when the posterior part of rectum was no longer
intraperitoneal.

Qualitative measurements

Special note was made regarding the interface between
other visceral organs and mesorectal fascia. These struc-
tures included: the intestines, the female genitalia, the uri-
nary bladder in the male, the seminal vesicles, the prostate
and ascites (when present). The interface was noted as
convex or concave if the indentations were convex or con-
cave in relation to the mesorectal fascia.

Ethics

The study was approved by the local ethics committee.

Statistics

For statistical purposes, Microsoft Office 2000 Excel was
used. In addition, linear stepwise regression was calculated
for significant (P<0.05) independent single determinants of
the mesorectal volume. Finally, a ¢-test and Mann-Whitney
U-test were used for comparison between male and female
patients depending on whether or not the distribution
followed a normal pattern.

Results

Of the 25 patients, 12 were female and 13 male. Patients
ranged in age from 30 to 88 years at the time of MRI
examination, with a mean age of 63 years. Unintentionally,
the men were found to be older than the women (P=0.003,
Fig. 2a).

Quantitative measurements

Area A total of 214 areas were measured. The axial area
ranged from 320 to 5992 mm?, with a mean of 1798.36
mm? and standard deviation of 1223.83 mm? (Table 1 and
Fig. 2). There was no significant difference between gen-
ders regarding the measured areas.
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Fig. 2 a Box plot of age of patients in relation to gender (P<0.05).
b Box plot of volume in relation to gender (P<0.05). ¢ Box plot of
sum of P values by gender (P<0.05)

Volume The volume ranged from 54,300 to 322,570 mm?®
(92,070-322,570 for men and 54,300-188,470 for women),
with a mean of 153,949.2 mm> (181,667.7 for men
and 123,900 for women), and standard deviation of
65,390.1 mm> (70,110.7 for men and 45,538.4 for women).
The difference in mesorectal volume between men and
women (Fig. 2b) was significant (P=0.038).

The remaining results are shown in Table 1, which shows
the correlation between each individual parameter as de-
fined above and the area occupied by mesorectal tissue on
the same plane. The highest correlation (non-adjusted r)
was observed for AP alone, or when this parameter was
added to or multiplied by RL (0.92-0.96). The lowest
correlation was observed for AA, RR and LL (0.56-0.57).
Table 2 shows the adjusted correlation coefficients and the
results of the linear stepwise regression analysis for me-
sorectal volume for independent significant (P<0.05) deter-
minants. Among the single parameters (AA, PP, RR, LL,
AP and RL), only PP showed statistically significant dif-
ferences (P<0.05) between men and women (P=0.003,
Fig. 2c). Figure 3 shows the trend between the total vol-
ume and the AP diameter in different patients. AP mea-
sured 4 cm below the level of S1-2 disc showed the highest
independent adjusted correlation coefficient among the
single parameters. The next most significant independent
determinant was RL measured at 7 cm below the level of
S1-2.

As shown in Fig. 4, the largest axial area occupied by
the mesorectal tissue was located at an axial level 7 cm
caudal to the level of S1-2 in 16 of the patients who had
the largest volume of mesorectal tissue. In these patients,
the mesorectal area tapered cranially as well as caudally in
a smooth and rather predictable fashion. In six patients, the
mesorectal tissue was more flat in the middle part, with a
shift of the point of maximum area to a lower level (8—10
cm from S1-2). Finally, in the group with the smallest
mesorectal volume, the mesorectal area curve showed a
rather flattened dumb-bell configuration. Thus it seems
that larger mesorectal volumes are generally bulkier higher
up (cranially) than smaller mesorectal volumes.

Semiqualitative measurements

The rectum was recognized as a discernible structure on
the plane 1-4 cm caudally from the plane of S1-2, with a
mean of 2.56 cm. A complete circular mesorectal fascia
could be identified 1-4 cm from SI1-2 with a mean
distance of 2.26 cm vertically from S1-2. Fat surrounding
the rectum, at least partially, could be followed at least 8—
12 cm from S1-2 with a mean of 10.12 cm. The mean
length of the rectum on a vertical axis was thus 7.76 cm
with a range of 5-9 cm and a standard deviation of 1.13.
There was no significant difference in the above-men-
tioned measurements between the two sexes.

Qualitative assessments

The intestines caused varying degrees of convex indenta-
tions toward the mesorectal fat in 22 patients (10 men and
11 women; Fig. 5). The female genitalia caused mesorectal
indentations in 10 patients, while the prostate and seminal
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Table 1 Range, mean, standard
deviation and the correlation (r)
with area of the mesorectal

Range (mm, and
mm? for area)

Mean (mm, and
mm? for area)

Standard deviation (mm, Correlation with area

and mm?*for area)

tissue on the same slice for the

different parameters as defined 0-28

in the text PP 0-36
RR 0-34
LL 042
RL 21-107
AP 10-98
AP+RL 43-203
APxRL 1653.8-2694.8
Area 320-5992

3.03 5.29 0.56
3.48 5.21 0.62
9.09 7.77 0.56
9.94 8.02 0.57
59.19 17.99 0.77
42.40 16.72 0.92
101.59 31.23 0.93
2694.80 1653.83 0.96
1798.36 1223.83 -

vesicles were responsible for similar changes in 11 patients.
Most prominent was the effect of ascites in two women,
which made a convex interface with mesorectal fat (Fig. 6).

Discussion

It should be noted that the volume of mesorectal tissue
mentioned below includes the rectum itself. The reason
that we did not deduct the size of the rectum from some of
the above-mentioned parameters was that during rectal
cancer surgery both the rectum and the surrounding meso-
rectum are removed. Nevertheless, for the sake of sim-
plicity, the term mesorectal volume has been adopted in
this article.

AA and PP AA was the shortest parameter studied, although
in some patients PP was smaller than AA. The youngest
patient (30 years of age) showed 0 AA (no discernible fat
present anterior to the most ventral part of the rectum)
throughout the whole mesorectum, and interestinglg also
showed the smallest mesorectal volume (54,300 mm”). On
the other hand, the patient with the largest sum of AAs
(a male patient) had the next largest volume of mesorectal

Table 2. Linear step-wise regression and formulae for calculation
of mesorectal volume (m®) and the adjusted correlation coefticient
(r*). The numbers after AP and RL (millimeters) denote the level in
centimeters below the level of S1-2 where the measurements were
made

Model

Adjusted correlation
coefficient (+%)

5.702+3.102xAP4 0.774
—99.724+3.207xAP4+1.472xRL7 0.900
—109.921+2.201xAP4+1.543xRL7 0.917
+1.285%AP5

—108.246+1.764xAP4+0.716xRL7 0.940
+1.560xAP5+0.894xRL8
—119.583+1.607AP4+0.843xRL7 0.956

+1.615xAP5+0.906xRL8+0.349xAP2

tissue (316,810 mm?). The correlation between the summed
PP and the area occupied by the mesorectal tissue was
interesting. While female patients showed virtually no
correlation (=—0.11), the male patients showed a rather
strong correlation (=0.86). Since the degree of correlation
between the sum of APs and volume was also great among
men, we assumed that the sums of PPs and APs are
correlated (7=0.85). Yet, while the sums of AAs showed a
correlation with the sums of APs (+=0.85), the correlation
between AAs and volume was not as impressive (#=0.70).
Another interesting and unexpected finding was the dif-
ference in the amount of fat between the two sexes. Male
subjects showed not only more fat tissue dorsum to the
rectum in total, but also per axial plane. The clinical rele-
vance of this observation, if any, is impossible to ascertain
with this study. This is more interesting in light of the fact
that no other parameters showed such a significant dif-
ference (except for total volume).

RR and LL The amount of mesorectal fat to each side of
the rectum was apparently more than the amount of fat

350

300 A

Volume (mm?)
- N N
3 ] S

=

o

o
L

50

0 20 40 60 80 100 120
AP (mm)

Fig. 3 Correlation between AP at 4 cm below S1-2 and total
mesorectal volume (volume=5.7+3.1xAP; adjusted =0.774)
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Fig. 4 The area occupied by the
mesorectal tissue for each one of
the 25 patients at different levels
from S1-2 as defined in the text.
The total area under the curve
represents the whole volume as
defined in the text

Fig. 5 The arrows indicate in-
dentations of the intestines into
the mesorectum

present either anteriorly or posteriorly, and this applied to
both men and women. It appeared that the amount of fat
was more to the left of the rectum than the right, but this
was not statistically significant.

Fig. 6 The arrow shows a clear indentation into the mesorectum of
ascitic fluid. A T2-weighted image was chosen to depict the ascites
more clearly

S

D

i i il Till

AP and RL Individual slice AP, AP + RL, and AP x RL all
showed a high correlation (>0.92) for individual same-
slice areas for all patients. For men, there was a good
correlation between the sum of (AP + RL), the sum of
(AP x RL) and mesorectal volume. In women the sum of
RLs showed almost the same correlation with volume (r=
0.84) as the sum of APs (#=0.83), in contrast to men who
show a stronger correlation for the sum of APs (+=0.94)
compared to the sum of RLs (+=0.75). There were no
significant differences in AP, RL, sum of APs and sum of
RLs between the two sexes.

Qualitative assessment Exactly how important the im-
pressions into the fat and fascia surrounding the rectum
mentioned above are cannot be determined with this study.
We have to remember that our patients were all studied in
the supine position, which is the normal position for most
MRI studies. The extent to which our observations de-
pended on the body position is difficult to estimate, but it
would be reasonable to assume that at least some organs
would have less influence on posterior structures in the
prone position. Nevertheless, we spend a great deal of our
daily time in the upright position, further complicating
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these observations. From these results one may question
whether what is reported as the distance of a rectal tumor
from the mesorectal fascia is in fact something permanent,
and if it is dependent on other factors and then to what
extent. The rectum itself is a dynamic organ, which not
only moves but also shows various degrees of dilatation.

Anatomically, the rectum does not begin at the level of
the sacral promontory in the supine position. In all our
patients the mesorectum and rectum began at least one
slice (10-mm thick slices) below S1-2. The indication for
preoperative radiotherapy in rectal adenocarcinoma is to
reduce local recurrence by killing tumor cells inside the
mesorectal fat. As shown in another study by our group
(submitted for publication), an important factor contribut-
ing to local relapse of rectal cancer is incomplete surgical
removal of mesorectal fatty tissue. This shows once again
how important is the role of mesorectum, and how es-
sential it is to target the right field in the course of pre-
operative radiotherapy. An implication of our observations
would be that the policy of having the radiation field begin
above the level of the sacral promontory could, at least
theoretically, lead to over-treatment. Despite this, the em-
pirical radiotherapy fields have been tested, though with
some variation, in large studies [16]. Furthermore, the
number of our patients was small, and the main purpose of
our study was not evaluation of the radiation field. Pru-
dently, any suggestion that the field could be reduced at
least cranially must be evaluated in large studies.

When performing local staging of rectal carcinoma, the
degree of extramural extension has been shown to correlate
with prognosis [3, 10]. MRI can assess this extension [2].
Furthermore, the distance between the encroaching tumor
and the mesorectal fascia has proven to be significant factor.
AA, PP, RR and LL, could influence the mesorectal size
when performing local staging of rectal adenocarcinoma.
For instance, a very short AA could mean that an anteriorly
situated tumor could easily compromise the anterior part of
mesorectal fascia despite a minor extramural tumor exten-
sion. The results here show that there is some degree of
correlation between some of these parameters and the area
of mesorectum at the same level (=0.56—0.62). Does this
mean that the total amount of perirectal space and fat have at
best only a moderate effect on surgical outcome?

Summary

The space referred to as the mesorectum is occupied by
vascular structures, lymphatic and blood vessels, neurons,
the rectum itself and usually small lymph nodes embedded
in the fatty tissue. This study showed that the space
occupied by these structures not only shows a high degree
of variability, but also gives way to pressure in the form of
indentations caused by normal as well as pathological
space-occupying processes. Our findings indicate that an
approximation of the total amount of mesorectal tissue can
be made by a simple formula measuring the anteroposte-
rior diameter of mesorectal fat 4 cm below S1-2 and the
right-to-left diameter 7 cm below the S1-2 disc. The amount
of fat behind the rectum as well as the anteroposterior
diameter of the mesorectal fascia provide a rather good
approximation of the total amount of mesorectal volume or
area in men while the correlation is non-existent (dorsal fat)
or weaker (anteroposterior diameter) in females. Among the
parameters calculated for a single axial section of the pelvis,
the highest correlation was seen for the anteroposterior
diameter at the level 4 cm below S1-2.

Our findings also indicate that among those with a
larger mesorectal volume the largest area is about 7 cm
from the level of S1-2 with smooth tapering above and
below, while in those with the smallest mesorectal vol-
umes the configuration is more like a flattened dumb-bell.
For those in between, the configuration is still that of a
hump with the maximum area located at a lower level in
the pelvis (mostly 8-9 cm from S1-2). Finally our data
show that mesorectal fat and tissue are probably subject to
mechanical pressure from the surrounding structures and
processes. While we have not studied the consequences
and ramifications of such pliability of the mesorectum, we
can assume that there should be variability over time in
each individual patient. If this is true, then the distance
measured from the tumor to the mesorectal fascia could
also be subject to variation. Whether these variations could
explain the discrepancies between MRI results and those
of histopathology has to be further investigated.
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