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Introduction

Rectal cancer is a common but serious disease for which the 
mortality rate is high. Despite major advances in surgical, 
radiologic, and oncologic treatments, the management of 
rectal cancer remains difficult, with a high local recurrence 
rate of up to 33% (1). Local recurrence is related to the 
surgeon’s skill and experience. Because of the risk of local 
recurrence and the associated poor prognosis, appropriate 
surgical resection is required. Patients’ quality of life 
is another issue, and for this reason, sphincter-sparing 
surgery has become a desirable option; it results in fewer 
complications than those associated with abdominoperineal 
resection (2).

The tumor location and the distal tumor margin are 

important factors upon which the surgical plan for patients 
with rectal cancer is based. Accurate measurement of the 
distal tumor margin is essential in planning the surgical 
procedure, even sphincter-saving resection. However, in 
the major rectal cancer trials, there has been no standard 
definition of the distal tumor margin in terms of the anal 
landmark used for measurement (3).

The National Cancer Institute consensus group 
recommends use of the anal verge (AV) in measuring the 
distal tumor margin (4). The AV is the outer margin of 
the anal canal and has, for decades, been recognized as an 
important anatomical landmark, especially since double 
contrast barium enema (BE) came into widespread use 
as the standard examination for colorectal cancer. The 
European Society of Gastrointestinal and Abdominal 
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Radiology recommends use of the anorectal ring (ARR) as 
the landmark (5). The ARR is a muscular structure at the 
junction between the anal canal and the rectum and can be 
thought of as the top of the puborectalis muscle. It may be 
the best landmark because it is well defined by magnetic 
resonance imaging (MRI) and is not affected by the length 
of the anal canal.

In Asia, BE is still commonly used to evaluate both tumor 
volume and tumor location in patients with rectal cancer. 
However, in Western countries, preoperative assessment 
of rectal cancer has shifted toward MRI because it serves 
as an essential tool for investigating the relations between 
the tumor, the sphincter, and the levator ani muscle (6). 

Traditionally, rectal cancers located less than 5 cm from the 
AV or less than 2 cm from the ARR have been treated by 
abdominoperineal resection (7). Because a few centimeters 
can amount to a large difference for patients who desire 
a sphincter-saving procedure, determining the exact level 
of the tumor in the rectum is crucial in deciding upon the 
appropriate surgical procedure. An additional factor that 
influences measurement of the distal tumor margin and 
the distance between the tumor and the anal landmark is 
the imaging modality used. Neither the landmarks nor 
the imaging modality applied have been investigated in 
sufficient detail.

We conducted a retrospective study to evaluate whether 
a difference exists between BE and MRI in depiction of the 
level of the tumor in patients with rectal cancer. Included in 
our evaluation was an assessment of whether image-based 
measurement of the distal tumor margin should be to the 
AV or to the ARR.

Methods

Study patients 

Included in the study were 52 patients (34 men, 18 women) 
with primary rectal cancer who underwent sphincter-saving 
resection between April 2014 and March 2015 and for whom 
both BE and MRI had been performed preoperatively. 
Median age of these patients was 67 (range, 45–90) years, 
and median body mass index was 21.5 (15.1–28.7). All 
patients provided written informed consent for the surgical 
procedure.

BE, MRI, and measurements for surgical planning 

BE was performed as a standard double contrast study under 

fluoroscopic guidance, by which we monitored progression 
of the barium column, colon distension, and mucosal 
coating. The following spot and overhead radiographs were 
obtained: anteroposterior, posteroanterior, and lateral views 
of the rectum. MRI was performed with a 1.5-tesla magnet 
(GE Healthcare Japan, Tokyo, Japan) and axial T1-, T2-, 
and diffusion-weighted images were obtained through the 
pelvis as well as sagittal 3D Cube T2-weighted sequences 
at the level of the tumor in the rectum. All T1- and T2-
weighted sequences were turbo spin echo sequences. The 
distance from the distal end of the tumor at the rectal wall 
to the AV and then to the ARR was measured on both BE 
and magnetic resonance (MR) images. All measurements 
were recorded in centimeters.

Statistical analysis 

Distances from the distal margin of the cancer to the AV 
and the ARR were measured for all patients individually, 
and mean (SD) and median (range) values were calculated 
for the total patients. Wilcoxon matched-pairs analysis 
was applied to differences in measured distances between 
imaging modalities. A P value of ≤0.05 was considered 
statistically significant. Bland-Altman plots were constructed 
to show the difference between the BE- and MRI-based 
measurements against the mean of the two measurements 
for each patient. Pearson correlation coefficients were 
calculated, and proportional bias between the two methods 
was estimated with a test of non-correlation.

Results

As shown on Table 1, mean distance from the distal end 
of the tumor to the AV was 8.9 (3.0) cm (median, 8.0 cm; 
range, 4.8–17.2 cm) on BE radiographs and 7.7 (2.6) cm 
(median, 7.0 cm; range, 4.3–15.5 cm) on MR images. The 
maximum difference between the BE-based and MRI-based  
distances to the AV was 4.7 cm, with a mean distance 
of 1.2 cm, and this difference was significant (P=0.013). 
Differences between the BE- and MRI-based measurements 
varied, as shown on the Bland-Altman plot in Figure 1. The 
plot also shows significant proportional bias: as the distance 
to the AV increased, the difference between the BE- and 
MRI-based measurements increased. 

As shown on Table 2, mean distance to the ARR was 6.8  
(2.8) cm (median, 5.8 cm; range, 2.8–15.0) cm on BE 
radiographs and 5.6 (2.6) cm (median, 5.0 cm; range, 2.0– 
12.5 cm) on MR images. This difference was not significant 
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(P=0.070). Differences between these BE- and MRI-based 
measurements varied, as shown on the Bland-Altman plot 
in Figure 2, and a proportional bias was again evident: as the 
distance to the ARR increased, the difference between the 
BE- and MRI-based measurements increased. The mean 
difference from the distal tumor margin to the ARR was, 
like that to the AV, 1.2 (median 1.1; range, −0.8–4.4) cm, 

and the difference in measurements, whether to the AV or 
to the ARR, was not significant (P=0.74).

Discussion

Studies conducted in Japan have documented 98–100% 
correspondence between the location of the tumor as 
detected on BE radiographs and the location of the 
tumor determined at the time of surgery. The reported 
correspondence when MRI is used is 75–83%. However, 
the precise difference between measurements determined 
by means of the two modalities was not described (8). We 
found an average difference of 1.2 cm in our total patient 
group. When the distance met the standard criteria for 
choosing a sphincter-preserving procedure, i.e., less than 
5 cm to the AV or less than 2 cm to the ARR, the mean 
differences were 0.78 and 0.87 cm, respectively. The 
depth of extramural tumor spread and involvement of 
the mesorectal fat and mesorectal fascia are important 
factors when it comes to treatment planning. MRI is an 
excellent tool for depicting the tumor and the mesorectal 
fat by showing the contrast between them and also 
showing relations between the tumor, the sphincter, and 
the levator ani muscle. Reported agreement between MRI 
and pathologic T staging has ranged from 66% to 94% 
(9,10). MRI is often preferred because it contributes to 
both tumor detection and preoperative staging of the rectal 
cancer without radiation exposure, which poses a slight 
carcinogenic risk. BE remains an important complementary 
modality for evaluating the colon when intestinal stenosis 
prevents colonoscopy, and, over the past 40 years, BE has 
been widely used in Asia, including Japan, as the most cost-
effective screening tool. BE is believed to be safer than 

Table 1 The distance from the distal end of the tumor to the AV

Variable Barium enema (cm) MRI (cm)

Mean (SD) 8.9 (3.0) 7.7 (2.6)

Minimum 4.8 4.3

25th percentile 6.8 5.9

Median 8.0 7.0

75th percentile 11.2 9.4

Maximum 17.2 15.5

AV, anal verge; MRI, magnetic resonance imaging.

Figure 1 Bland-Altman plot of differences in barium enema- and 
magnetic resonance imaging-based measurements of the distance 
from the distal end of the tumor at the rectal wall to the anal verge.
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Table 2 The distance from the distal end of the tumor to the ARR

Variable Barium enema (cm) MRI (cm)

Mean (SD) 6.8 (2.8) 5.6 (2.6)

Minimum 2.8 2.0

25th percentile 4.6 4.0

Median 5.8 5.0

75th percentile 8.4 7.0

Maximum 15.0 12.5

ARR, anorectal ring; MRI, magnetic resonance imaging.

Figure 2 Bland-Altman plot of differences in barium enema- and 
magnetic resonance imaging-based measurements of the distance 
from the distal end of the tumor at the rectal wall to the anorectal 
ring.
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colonoscopy, and it shows the shape of the colon more 
precisely than does MRI (6). In cases of rectal cancer, a 
distal resection margin greater than 2 cm is considered 
optimal for avoiding local recurrence. The anal canal is 
approximately 3–4 cm in length; thus, rectal cancers located 
less than 5 cm from the AV are not generally considered 
for sphincter-saving resection (11). Therefore, the distance 
from the distal end of the tumor to the AV is an important 
factor in determining whether sphincter-sparing surgery 
can be performed. If the distance is inadequate, patients 
must undergo standard abdominoperineal resection, i.e., 
removal of the rectum with the anal sphincter complex, 
before creation of an abdominal colostomy. Complete 
tumor resection that spares the anal sphincters serves to 
preserve patients’ quality of life.

Accurate measurement of the distal tumor margin is 
essential in planning the surgical procedure, but there is no 
standard definition that accounts for the imaging modality 
used. Ferri et al. (12) described measuring the distance 
from the distal tumor margin to the ARR on MR images to 
assess whether sphincter-sparing resection with an adequate 
tumor margin is feasible in their patients. They reported 
that invasion of the anal sphincter was correctly identified 
by means of MRI in 87% of their patients. 

In our study, we evaluated and compared two imaging 
modalities for measurements upon which to base a decision 
to perform sphincter-preserving resection. We believe that 
when BE is performed, air pumped into the colon to achieve 
a double contrast effect is responsible for the difference 
we found between BE- and MRI-based measurements. We 
documented an average difference of 1.2 cm, which hitherto 
had not been reported. Whether the AV or ARR was used 
as the landmark, the results were the same.

We also found that the difference between MRI- and 
BE-based measurements increased as the distance from 
the AV increased. The maximum difference was 4.7 cm 
to the AV and 4.4 cm to the ARR, and these values are 
enough to warrant a change in the surgical plan from 
abdominoperineal resection to sphincter-saving resection. 
In fact, the tumor in 8 (15.3%) of our patients was less than 
5 cm from the AV upon MRI-based measurement. On BE 
radiographs, however, the tumor was more than 5 cm from 
the AV in five of these eight patients. All eight patients were 
treated by sphincter-saving resection, some of whom might 
have undergone abdominoperineal resection if we had not 
relied on the MRI-based measurements.

Our study results appear to be of clinical importance. The 
difference between modalities in the resulting measurements 

is a critical factor upon which surgical decisions should be 
made. Rectal cancers initially determined on BE radiographs 
to be less than 5 cm from the AV might actually be indicated 
for sphincter-preserving resection.

MRI is being used increasingly for preoperative 
evaluation of rectal cancer. However, the distance from the 
distal tumor margin to the chosen anal landmark, which is 
a key factor in the feasibility of sphincter-sparing surgery, 
may be underestimated by MRI-based measurement. 
Clinicians should bear in mind that BE can more precisely 
locate the tumor within the rectum.
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