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Abstract

Imaging of both benign and malignant anorectal diseases
has traditionally posed a challenge to clinicians, and as
a result history and physical exam have been relied on
heavily. CT scanning and endorectal ultrasound have
become popular in assessment of anatomy and staging of
tumors, but have limitations. Magnetic resonance imaging
(MRI) has the capability to fill in the gaps left open by
more conventional imaging modalities and continues
to be promising as the definitive imaging technique in
the pelvis, especially with advancement of emerging
technologies in this field. A comprehensive review of this
topic has been undertaken. Anorectal disease is divided
into three broad categories: cancer, fistula/abscess,
and pelvic floor disorders. A review of the literature is
performed to evaluate the use of MRI and other imaging
modalities in these three areas. Preoperative imaging is
useful in the evaluation of all three areas of anorectal
disease. MRI is an effective tool in delineating anatomy
and, when correlating with the specific clinical scenario,
is an effective adjunct in clinical decision-making in order
to optimize outcome. MRI continues to be a promising
and novel approach to imaging various afflictions of the
anorectum and the pelvic floor. Its role is more well-
established in some areas than in others, and there are
still significant limitations. As technology advances, MRI
will shed more light on a complex anatomical area.
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INTRODUCTION

Imaging of anorectal disease has always posed a challenge
to clinicians. This is an area of the body with a complex
array of muscle groups and tissue planes which can easily
mask extension of a tumor, conceal the path of a complex
fistula, or hide the subtle anatomic defect responsible
for disordered defecation. Because of these difficulties,
clinicians rely heavily on history and physical examination
to guide diagnosis and management of anorectal disorders.
There are certain areas where imaging can provide crucial
information, and these include malignancy, fistula, and
pelvic floor disorders. Traditionally, the modalities of
choice for imaging anorectal disease have been ultrasound
and CT scan. Each of these has unique limitations, but
they provide helpful information, especially when used
in combination. With the advent of recent technology
including endoanal coils and phased array imaging,
magnetic resonance imaging (MRI) has begun to play
a more prominent role in imaging anorectal disease. In
many cases it surpasses the ability of ultrasound and CT
scan, and often accomplishes in one test what would have
previously only been possible with multiple, if any. This
paper will review the imaging modalities that ate used in
anorectal cancer, fistula disease and pelvic floor disorders,
with a focus on MRI.

RECTAL CANCER

The management of rectal cancer has evolved over the
years, with preoperative imaging playing an increasingly
prominent role. Formetly, patients with rectal cancer would
often be diagnosed clinically and proceed to the operating
room without any further preoperative workup. Surgeons
had limited knowledge of tumor characteristics and the
presence of metastatic disease, which led to a high rate of
incomplete disease resection.

With the advent of neo-adjuvant chemotherapy, pre-
operative imaging has become even more essential. 1f
patients ate imaged pre-operatively and the extent of their
disease determined in this manner, they can be reliably
placed into one of several treatment categories. If the
tumor is truly superficial (T1 or less) and there is no locally
advanced or nodal disease, the patient may be a candidate
for transanal endoscopic excision of the tumor!”, For a
deeper tumor which is still confined to the rectum (T2 or
Ts) and with no nodal disease, total mesorectal excision
and postoperative chemoradiation is likely the best
choice. For locally advanced tumors which may involve
the mesorectal fascia (Figure 1) or very distal tumors,
neo-adjuvant therapy is indicated to increase chances of
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resectability or allow for a sphincter-preserving operation
and avoid a permanent colostomy'.

Preoperative imaging is key in determining the degree
of local invasion of a tumor, the presence of nodal
metastases, whether there is invasion of the meso-rectal
fascia, and the presence of a circumferential resection
margin. There are several imaging modalities which have
been utilized for this purpose, and there is currently no
consensus as to which ones identify preoperative stage
most reliably.

Endorectal ultrasound may be the most reliable
method for evaluating the degree of tumor invasion into
the rectal wall (accuracy 69%-97%)". Tt is more accurate
for superficial tumors than more advanced rectal cancer,
since there is a sudden drop off in tissue resolution a
certain distance away from the probe. Overstaging can be a
problem, as scarring and hematomas from previous biopsy
sites can be mistaken for tumor. Also, ultrasound provides
limited evaluation of lymph node involvement and the
mesorectal excision plane. Lastly, it is highly operator-
dependent which can lead to inconsistencies.

Traditionally, CT scan has been used to assess the
anatomy of the entire pelvis as well as identify distant
metastases. CT has been shown to have high accuracy
for locally advanced tumors, but its limited contrast
resolution does not allow for detailed evaluation of the
rectal wall. It is therefore suboptimal for staging of more
superficial tumors. CT is relatively low-cost and more
quickly and easily available than MRI, and can survey the
whole body in seconds for transmural spread, involvement
of surrounding structures, and the presence of distant
metastases'".

Initially, MRI was comparable to CT in the limited
degree of resolution of the layers of the rectal wall it
provided. With the advent of new MRI technology such
as endoluminal and phased array coils, this method has
been gradually replacing CT in many institutions for the
assessment of local disease. It is superior in identifying
layers of the rectal wall and provides a more accurate
tumor stage (71%-91%)". Endoluminal coil MRI is not
widely available. It also shares some of the limitations
of endorectal ultrasound with a limited field of view
which does not include mesorectal fascia and surrounding
pelvic structures. Also, the positioning of the coil can be
a problem in patients with high tumors or tumors which
significantly narrow the rectal lumen.

Phased array coil MRI is a surface coil system with
four or more coils in the anterior and posterior positions.
Each coil produces separate images which are combined
to provide high-resolution images. It, therefore, achieves
more detailed tissue resolution over a larger field of view.
Its accuracy for tumor staging has been reported to be
comparable to that of endorectal ultrasound, providing
optimal visualization of the anal sphincter complex as
well as the anal canal including the levator ani muscle
and puborectalis[ﬁ]. With the use of external coils, MRI
has an accuracy of 65%-86% for tumor staging of
rectal cancer!™". It also provides good visualization of
the mesorectal fascia, which allows for prediction of a
circumferential resection margin (CRM). In one study of
76 patients, accurate prediction of the CRM was close
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Figure 1 A 52 years old woman with rectal cancer. Axial T2 (A) and axial fat
suppressed gadolinium-enhanced T1-weighted (B) MR images demonstrate
circumferential soft tissue thickening and abnormal enhancement of the rectum
consistent with a neoplasm. Direct mesorectal invasion is present (arrows in B) as
well as perirectal adenopathy (arrows in A).

to 100%"”. Tt is well established that tumoral invasion of
the CRM leads to a high rate of recurrence!'”. The subset
of patients with T3 tumors who have CRM involvement
benefit from neoadjuvant treatment, and surface coil
MRI has been consistently shown to accurately identify
CRM involvement. This modality may, therefore, have the
most potential in terms of its ability to reliably determine
whether immediate resection or neoadjuvant therapy is
indicated in patients with borderline tumor stage.
Identifying nodal disease is problematic in any
of the previously discussed imaging modalities, since
micrometastases are often found in normal sized lymph
nodes. Radiologic criteria for abnormal nodes rely on
the size and shape of the nodes, and alterations in these
characteristics are often not present in rectal cancer'"".
Alternative methods for identifying nodal involvement
include positron emission tomography (PET) scanning,
which has proven more useful in identifying distant
metastases or recurrent rectal cancer than the primary.
MR imaging with ultrasmall superparamagnetic iron
oxide (USPIO) contrast agents is a new method for the
evaluation of nodal metastasis. This is an agent that is
taken up by the reticular endothelial system (RES) in
normal lymph nodes and decreases T2 signal intensity. In
pathologic nodes where the RES is replaced by tumor
deposits there are deficits in USPIO uptake and, therefore,
increased signal. This technique has been validated in
urologic tumors, but its role in rectal cancer is not yet

defined".
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Once patients have been radiographically evaluated
and it is determined that neoadjuvant therapy is indicated,
the next challenge lies in tumor restaging. This is a
significant problem, since radiation causes scarring and
fibrosis which can easily be mistaken for tumor and lead
to overestimation of the tumor stage. Alternatively, there
may be residual cancer beneath normal mural structure
which can be missed on MRI and lead to understaging.
Chen ¢t al™” evaluated 50 patients with rectal cancer who
had undergone preoperative chemoradiation and found
that MRI had a 52% accuracy rate in tumor stage and
68% in node stage. Most of the inaccuracy was caused by
overstaging, Kuo ¢/ a/'" in a similar series of 36 patients,
found accuracy rates of 74% for tumor stage and 64% for
node stage, with a similar bias towards overstaging, The
authors of both studies concluded that although MRI is
valuable in the initial staging of rectal cancet, its accuracy
is greatly decreased after chemoradiation.

There are few alternatives to traditional imaging for
restaging in patients who have undergone neoadjuvant
therapy. Diffusion-weighted magnetic resonance imaging
(DWI) creates images with signal intensity that is sensitized
to the random motion of free water molecules”. Tumor
water mobility is altered by chemoradiation; DWI can
thereby differentiate radiation-induced fibrosis from
residual tumor. Functional imaging modalities such as
PET-CT are also useful for restaging, taking advantage of
the functional aspects of tumor biology and interpreting
this in the context of the radiographic appearance.

Even with preoperative imaging and neoadjuvant
chemoradiation, local recurrence rates have still been
quoted to be as high as 32%"". Considering the high
rate of recurrence after curative resection, continued
surveillance is crucial. This can be achieved with a vatiety
of biochemical markers and imaging modalities. Local
recurrence is a significant problem after resection of
rectal cancer, and more consistent preoperative radiologic
evaluation is likely to lead to improved rates of complete
resection and decreased local recurrence. The role for MRI
in elucidating this disease process continues to evolve. As
MRI technology advances, it will increase the accuracy of
patient stratification into appropriate treatment groups
with or without neoadjuvant therapy, thereby improving
the efficacy of operative intervention.

ANAL FISTULA

Peri-anal abscess and fistula disease are relatively common
conditions which can be challenging to manage surgically
because of their high recurrence rate after operative
therapy. Traditionally, these patients are diagnosed clinically,
and examination under anesthesia is the primary method
of defining the extent of the disease process. This method
often leads to misinterpretation of fistula anatomy and
failure to detect complex fistulas, especially in patients with
inflammatory bowel disease or recurrent fistula disease. It
has been shown that previous fistula surgery, complexity
of fistula anatomy, failure to identify the internal opening,
wrongly diagnosed primary tracks, and missing secondary
tracks are all independent risk factors associated with poor
outcome after surgery”. Tt has more recently become the

Figure 2 A 34 year old
woman with a transphincteric
peri-anal fistula. Coronal fat
suppressed T2-weighted MR
images demonstrate a long
right sided peri-anal fistula
(arrows in A) which drains
to the right gluteal cleft.
In B, notice the fistulous
tract (long arrow) extending
through the levator muscle
(short arrows). There is no
evidence of abscess along
the tract.

standard of care to obtain preoperative imaging in order
to better define fistula anatomy, design a more effective
operation, and avoid recurrent disease. Anorectal MRI,
CT scan, endoanal ultrasound, and anal fistulography are
routinely used in the pre-operative evaluation of these
patients.

Anal fistulography and CT scan are suboptimal imaging
modalities for this purpose. Fistulography is limited in
several Waysm. Firstly, subtle extensions from the primary
tract may not fill with contrast if they are plugged with
debris, or if they are simply too remote. Also, there is no
visualization of the anal sphincter complex or levator
plate. Thus, the relationship of the fistula to the anal
sphincters, or a supra- or infra-levator location, cannot
be identified"”. CT attenuation of the anal sphincter and
pelvic floor is similar to that of the fistula itself, therefore,
it is impossible to see unless it is filled with air or contrast
material. CT is only useful in diagnosing fistula-associated
abcesses!"”!

MRI and anal endosonography may be the only viable
options for preoperative imaging of anal fistulas (Figure 2).
Endosonography is a quick exam which is usually well-
tolerated by patients. It is very accurate in identifying the
location of the internal opening of the fistula, since this is
usually at the tip of the ultrasound probe. Intersphincteric
fistulas are very well visualized, and trans-sphincteric
fistulas are seen as tracts that cross the external sphincter
to reach the ischioanal fossa. Fistula extensions are seen as
hypoechoic fluid collections"”

MRI can be performed with surface coils or
endoluminal coils, or a combination of both. The best
spatial resolution is achieved by using a dedicated endoanal
coil, and this can be combined with a surface coil to
increase the field of view. Endoluminal coils are especially
useful in evaluating patients with recurrent fistulas or
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Crohn’s disease. The precise location and size of the internal
opening can be cleatly described, and ano- or recto-vaginal
fistulas can also be visualized. Information about sphincter
integrity can also be obtained, which is useful in patients
who have had previous fistula surgery and may not have
an intact anal sphincter complex. These coils can at times
be difficult to place because of anal stenosis or anal pain in
this patient population, and in these cases the surface coil
alone can provide adequate information!”

Buchanan e# a/*” performed a prospective trial involving
104 patients with suspected fistula in ano who underwent
digital examination, anal endosonography, and body-coil
MR imaging. Each modality was used independently to
classify fistula disease, and compared with an outcome-
derived reference standard, which was determined based
on MR findings, surgical findings, and outcome after
surgery. The proportion of correctly classified fistula
anatomy was lowest by clinical examination (61%), better
by ultrasound (81%), and best by MRI (97%). Ultrasound
showed good resolution of fistulas and their relation to the
internal and external anal sphincter muscles, but it did have
a limited field of view. The authors concluded that MRI
is the most accurate way to define fistula anatomy, but it
is also expensive and requires expert interpretation which
may not be available in all centers. Anal endosonography
is more readily accessible and interpretable and provides
a reasonable alternative in the absence of MRI.
Discrepancies in endosonography are probably related
to operator expertise, as ultrasound is highly operator
dependent.

Phased array (PA) MR imaging can provide even more
detailed and accurate information when compared with
body coil MR. Beets-Tan e a/*" performed high-resolution
PA coil MR imaging in 56 patients prior to fistula surgery.
Patients were analyzed in groups according to whether
they had a primary fistula in the absence of Crohn’s
disease (simple fistula), a recurrent fistula or primary fistula
with Crohn’s disease (complex fistula). Surgeons started
the operation without knowledge of the MRI findings, but
findings were revealed to them intra-operatively and then
they proceeded with further exploration when necessary.
MRI imaging provided important information in 12 of the
56 patients, with the highest benefit being in the groups
with Crohn’s and recurrent fistula disease (40% and 24%,
respectively) and less benefit in the group with primary
fistulas (8%). The authors concluded that in patients with
complex or recurrent disease, MRI has a more marked
benefit over ultrasound or clinical examination alone,
since it has increased sensitivity for detecting abscess and
horseshoe extensions.

High-resolution MR fistulography uses image
subtraction in a protocol containing a contrast-enhanced,
three-dimensional fast low-angle shot (FLASH) sequence.
Images are obtained before and after intravenous injection
of gadolinium helate contrast agents, and then the images
are subtracted which show only enhancing tissues, i.c.
the wall of the fistula. Schaefer ¢ a/*” studied 36 patients
with clinically diagnosed fistula disease and performed
subtraction MR-fistulography preoperatively. MR results
were withheld from the surgeons at the time of operation
and operative findings were compared with MR findings.
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Opverall there was an 89% complete agreement. Lack of
agreement occurred in four patients, all of whom had
multiple fistulas and abscesses in the setting of Crohn's
disease. The authors concluded that this relatively new
technique may be especially useful in evaluating complex
anal fistulas in patients with inflammatory bowel disease.

Overall, it seems that MR imaging, with body coil,
phased array coils, or subtraction fistulography, has an
unequivocal benefit in the preoperative evaluation of
patients with complex fistula disease. MRI has the ability
to accurately classify disease preoperatively, and alert the
surgeon to disease that might have otherwise been missed
in patients with recurrent fistulas or Crohn’s disease. For
simple primary fistulas, examination under anesthesia alone
can be just as effective.

PELVIC FLOOR DISORDERS

Disorders of the posterior pelvic floor may present
with obstructed defecation or fecal incontinence. The
pathophysiology of these disorders can involve impaired
coordination of skeletal and autonomic muscle activity,
or simply muscle weakness and atrophy which can be
secondary to obstetric injury or neuropathy. Treatment
is dependent on accurate diagnosis of the problem, and
imaging is essential in this aspect. Given that this discase
process is dynamic in nature, it is necessary to obtain
dynamic and anatomic imaging. Traditional methods
include endoanal ultrasound and evacuation proctography.
Endosonography depicts anal sphincter anatomy and
defecography visualizes dynamic pelvic floor motion
during simulated defecation.

There are significant limitations in both of these
modalities, however. Ultrasound, with its limited field of
view, is unable to identify external anal sphincter (EAS)
defects and differentiate these from normal anatomic
vatiants. This can be a problem specifically with anterior
defects that can occur after obstetric traumal®™. Tts
weakness in identifying EAS atrophy is related to an
inability to distinguish between similarly echogenic muscle
and surrounding peri-rectal fat. Defecography has been
criticized for lack of inter-observer reproducibility and
the poor relationship of defecographic abnormalities to
symptoms”’, It provides no information about anatomy
of pelvic floor musculature or other surrounding organs,
and for younger patients, the degree of radiation is a
significant limitation™,

MR imaging has been examined as an alternative to
these limited modalities, because of the intrinsic soft
tissue contrast that is available with MRI. MRI with an
endoanal coil and MRI fluoroscopy has been studied in
the evaluation of anatomic and functional deficits. The
value of dynamic MRI have been enhanced over the past
few years with the advent of surface coils and fast T2-
weighted imaging techniques. These advances allow for
rapid imaging of the entire pelvic floor at rest and duting
straining to localize defects (Figure 3)*".

Fletcher ez a/’” studied six patients with fecal
incontinence and seven with obstructed defecation. These
patients were evaluated with a combination of endoanal
coil MRI, endoanal ultrasound, MR fluoroscopy, and
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Figure 3 A55 years old woman
with a pelvic floor relaxation. A:
Sagittal T2-weighted MR image
obtained at rest demonstrates
a rectocele (arrow); B: Sagittal
T2-weighted MR image
obtained during a Valsalva
maneuver demonstrates a
severe cystocele (arrow) which
impinges on the anterior wall of
the rectum.

scintigraphic defecography. Endoanal MRI was performed
using a disposable endorectal colon coil to obtain images
in the axial, coronal and sagittal plane. The coil was then
removed and 120 mL of ultrasound gel instilled into the
rectum. A four-element, phased array coil system was used
to obtain dynamic MR proctography during rest, squeeze,
and defecation. Once the gel had been fully expressed,
further images were taken at rest and during Valsalva to
assess for levator hernias and extracolonic abnormalities.
In this group of patients, endoanal ultrasound and MRI
were comparable in imaging anal sphincter defects, but
only MRI revealed atrophy of the external anal sphincter
and puborectalis. MR fluoroscopy was found to be
superior to scintigraphy in identifying excessive perineal
descent. The authors concluded that pelvic MRI is the
single modality which can accurately assess anatomical and
functional pelvic floor disorders.

MR defecography was also examined by Rentsch
et al, who studied 20 patients with varied pelvic floor
disorders including both fecal incontinence and obstructed
defecation. Dynamic images were obtained at a frequency
of one image per second during evacuation of a contrast-
enhanced gel from the rectum. This technique resulted in
the diagnosis of descending perineum, rectocele, cystocele,
enterocele, intussusception, and puborectalis dyskinesia.
Diagnoses were consistent with clinical results in 77% and
additional diagnoses were revealed in 34%. The authors
concluded that dynamic MR imaging had a significant
impact on the diagnosis and treatment of these disorders.

MR imaging is advantageous in assessing obstructed
defecation and fecal incontinence. It provides better details
of structural anatomy with good soft tissue contrast to
define anatomical planes, and also has superior temporal
resolution for the examination of functional abnormalities.
Its role may be most essential in patients with complex

multi-compartment disorders, as it provides an accurate
and detailed representation of the whole pelvis, and can
guide interdisciplinary treatment. Although MRI has
certain advantages, endoanal ultrasound and evacuation
defecography are more widely available and have had a
significant impact on the diagnostic approach to pelvic
floor disorders.

CONCLUSION

Preoperative imaging is essential to effective diagnosis
and treatment of anorectal cancer, complex fistulas, and
pelvic floor disorders. The extent of a tumor can be
fully described, and patients appropriately referred for
neoadjuvant treatment when indicated. Complex fistulas
can be more readily identified and fully explored in the
operating room with knowledge gained by preoperative
imaging. Pelvic floor disorders are more effectively
diagnosed and managed when functional and anatomic
studies are performed. The role of imaging has been well
established as a valuable tool to be used in conjunction
with a thorough history and physical examination in
these patients. Advances in imaging technology, largely
MRI, contribute to the improvements in outcome that
have been seen. There are, however, still significant
limitations, such as tumor restaging in patients who have
undergone neoadjuvant therapy. Perhaps further advances
in technology will enable us to distinguish scar tissue from
neoplastic growth, or identify residual tumor lying beneath
normal mural structures. Despite the progress that has
been made in elucidating anatomical and functional defects
in a complex system, there is still significant need for more
research.
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