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Abstract

Background: To compare endorectal coil magnetic res-
onance imaging (MRI) with body coil MRI in detecting
local recurrence of gynecologic tumors and prostate and
rectal cancers.

Methods. Forty-six patients with suspected recurrent
pelvic malignancies (13 gynecologic, 15 prostatic, and
18 anorectal primaries) were enrolled in the study. Axia
T1- and T2-weighted body coil imagesand T2- and con-
trast-enhanced T1-weighted axial endorectal coil im-
ages were obtained on a 1.5 T system. Results of the
MR examinations were compared with histogical find-
ings and follow-up examinations with respect to the di-
agnostic accuracy and diagnostic confidence for assess-
ment or exclusion of local recurrence.

Results: Recurrent disease was histologically confirmed
in eight patients with primary gynecologic malignan-
cies, seven with suspected prostatic recurrence, and
seven with suspected anorectal recurrence. Overall, ac-
curacy of body coil MRI was 67% for gynecologic tu-
mors, 36% for prostatic recurrences, and 59% for rectal
recurrences. T2- and contrast-enhanced T1-weighted
endorectal sequencesyielded similar results, with an ac-
curacy of 73% for depiction of gynecologic recurrence,
77% for prostatic recurrence, and 77% for rectal recur-
rence. The differencein accuracy between body coil and
endorectal coil examinationswas statistically significant
(p < 0.05) only for prostatic cancer. Diagnostic confi-
dence was, however, significantly improved (p < 0.05)
in al tumors (T2-weighted endorectal coil examination
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was superior to T2-weighted body coil images in 71%
of cases).

Conclusion: Although the results of endorectal coil MRI
are only dlightly superior to those of body coil MRI for
the detection of recurrent gynecologic and anorectal tu-
mors, diagnosis can be made with greater diagnostic
confidence in many cases. For detection of prostatic re-
currence, endorectal MRI is highly recommended.

Key words. MRI—Endorectal surface coil—Body
coil — Recurrence— Prostate carcinoma— Gyneco-
logic cancer— Anorectal carcinoma.

Diagnosis of recurrent malignant disease in the pelvis
is often difficult. The symptoms may be unspecific,
and scar tissue or fibrosis following surgery or radi-
ation therapy can mimic tumor recurrence. Clinical
examination and tumor markers are used for follow
up of oncologic patients; however, their value islim-
ited. At present, endoluminal sonography, computed
tomography (CT), and magnetic resonance imaging
(MRI) are the most accepted imaging modalities for
detection of recurrent gynecologic, prostatic, and rec-
tal tumors [1-7].

Endorectal surface coils proved to be useful for MR
examination of the pelvis [8—12]. Due to an increased
signal-to-noise ratio, they provide higher spatial reso-
lution than body coil MRI. This increased spatia reso-
lution should be beneficial, especialy in patients with
suspected recurrent malignancies, in whom anatomic
structures are altered by previous surgery.

The aim of this study was to compare endorectal
coil MRI with body coil MRI in the detection of local
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recurrent gynecologic tumors and prostate and rectal
cancers.

Materials and Methods

Patient Population

Forty-six consecutive patients with suspected recurrent malignancies
of the pelviswere enrolled in the study. Fifteen of these patients (mean
= 59.8 years old, range = 19-85 years old) were referred for sus-
pected local recurrence of malignant gynecologic tumors. Primary tu-
mors were cervical (n = 9), endometria (n = 5), and ovarian carci-
noma (n = 1). Twelve patients had undergone total hysterectomy and
bilateral adnexectomy, with additional radiation therapy in three cases.
Two patients had had hysterectomy without adnexectomy. One patient
underwent radiation therapy only. All patients were examined at |east
10 months (10 months to 15 years) after completion of initial treat-
ment. Suspicion of recurrent disease was based on gynecologic ex-
amination in seven patients, clinical symptoms (tenesms, stool irreg-
ularities, pain, dysuria) in four, equivocal findings at CT in two, and
transvagina ultrasound in two. In eight of these patients, recurrent
disease was confirmed by biopsy; in the other seven patients, arecur-
rence was excluded based on biopsy (n = 5) or follow-up examina-
tions for over 12 months (n = 2).

Thirteen patients (mean = 67.8 years old, ragne = 53—78 years
old) had suspected recurrent prostate cancer. All patients had un-
dergoneradical prostatectomy at least 12 months prior to the actual
examination. None of the patients was treated by additional radi-
ation therapy. The primary lesion was stage pT2 in seven patients
and stage pT3 in the other six. One patient with stage pT3 disease
had a positive surgical margin at pathology. Suspicion for a re-
currence was raised by increasing and elevated prostate-specific
antigen (PSA) levels (>5.0 mg/L, n = 10) or unclear digital rectal
examination (n = 5). In seven of these patients, a recurrent tumor
was confirmed by biopsy; in the six other patients, a recurrence
was excluded by multiple biopsies (n = 3) or by follow-up ex-
aminations for 11-17 months (n = 3).

Eighteen patients (mean = 59.1 years old, range = 38—76 years
old) were enralled in the study for suspected recurrent anorectal can-
cer. The primaries were adenocarcinomeas of the rectum or sigmoid (n
= 16) and anal carcinoma(n = 2). None of the patients had undergone
additional radiation therapy. The primary tumors had been treated at
least 12 months prior to the actual exam by rectosigmoid resection in
10 patients, lower anterior resection in four, and local tumor extirpa-
tion in four. Recurrent disease was suspected because of patients
symptoms (tenesms, melena, stool irregularities, n = 11), equivocal
or suspicious endorectal ultrasound findings (n = 10), digital exami-
nation (n = 1), and elevated serum CEA levels (n = 3). In one patient
with recurrent disease, the endorectal coil could not be inserted, and
only body coil images were obtained. This case was therefore ex-
cluded from the study population. A recurrent tumor was confirmed
by biopsies in six patients amenable to endorectal coil examinations.
In the other 11 patients, tumor recurrence was excluded by multiple
biopsies (n = 5) or by follow-up by endoscopic ultrasound and clinical
examination for over 12 months (n = 6).

MRI

All imaging was performed on a 1.5 T MRI system (Signa, General
Electric Medical Systems, Milwaukee, WI, USA). For the body coil
examination, axial T1-weighted spin echo (SE; TR = 500 ms, TE =
11-17 ms) and axia T2-weighted fast spin echo (FSE; TR = 3500—
5000 ms, TE = 85-102 ms) images were performed. The images
were acquired by using a 256 X 192 image matrix, a 28—32-cm field

of view (FOV), two NEX, and 7-mm section thicknesswith a 1.5-mm
intersection gap. In 17 patients, additional sagittal T2-weighted FSE
images were obtained with the body coil. In five cases, fat saturation
was employed for the axial T2-weighted sequence.

Following insertion of the endorectal surface coil (Medrad, Pitts-
burgh, PA, USA), sagittal localizing images using the body coil as a
receiver were obtained to confirm the correct coil position. Based on
these, subsequent images were planned. Axial and additional oblique
corona (n = 19) or sagittal (n = 5) T2-weighted FSE images (TR =
4500-5000 ms, TE = 95-115 ms) were acquired with the endorectal
coil with the following imaging parameters: 3-mm section thickness,
1-mm intersection gap, 256 X 256 image matrix, two NEX, and a 16-
cm FOV. Axial T1-weighted images (TR = 500 ms, TE = 12—27 ms)
with the endorectal coil were performed following administration of
contrast material (0.1 mmol/kg bw Gd-DOTA, Guerbet, Charles de
Gaulle, France) in all cases.

Image Analysis

MR examinations were assessed retrospectively, blinded to the final
histologic results for the presence of recurrent tumor, size of the le-
sions, and involvement of adjacent anatomic structures. In patients
with rectal or gynecologic tumors as primaries, recurrence was sus-
pected if alesion was detected that was relatively hyperintense on T2-
weighted images and enhanced on contrast-enhanced T1-weighted im-
ages[1, 2]. In patients with primary prostate cancer, a recurrence was
diagnosed if the remaining hyperintense tissue in the prostatic fossa
showed hypointense areas on T2-weighted sequences and contrast-
enhancement on T1-weighted images.

Interpretations were performed separately based on axial body coil
images, axial T2-weighted endorectal coil images, and axial contrast-
enhanced T1-weighted endorectal coil images. Diagnostic confidence
was further compared between body coil and endorectal coil T2-
weighted and between endorectal T2-weighted and endorectal con-
trast-enhanced T1-weighted image sets and classified as equa, infe-
rior, or superior. The extent of motion artifacts for each sequence was
classified as artifact free (0), mild (+), moderate (++), and severe
(+++).

Satistical Analysis

Diagnostic accuracy, sensitivity, specificity, and negative and posi-
tive predictive values were determined for body coil and endorectal
coil T2- and T1-weighted MR examinations. For the purpose of sta-
tistical analysis, equivocal findings were considered as fal se results.
Body coil, endorectal T2-weighted, and endorectal contrast-en-
hanced T1-weighted sequences were compared pairwise with regard
to sensitivity, specificity, and accuracy: a fourfold table was con-
tructed by cross-tabulating results of two different sequences, and
off-diagonal elements were tested for hypothesis of equal frequency
(McNemar’s test).

Diagnostic confidence in establishing a correct diagnosiswas com-
pared for the body coil versus endorectal coil T2-weighted sequences
and for the endorectal T2-weighted versus endorectal contrast-en-
hanced T1-weighted sequences by the Wilcoxon rank-sum test (su-
perior = 2, equa = 1, inferior = 0).

Results

Recurrenct Gynecologic Cancer

Recurrent disease was correctly detected with body coil
MRI in four of eight patients; on endorectal T2-weighted
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and T1-weighted contrast-enhanced sequences, recurrence
was detected in one additiona patient. Maignancy was
correctly excluded with each sequence in six of the seven
other patients (Figs. 1, 2, Table 1). The differencesin ac-
curacy, sensitivity, and specificity of endorecta coil MRI
versus body coil MRI were not statistically significant.

The diagnostic confidence of the T2-weighted en-
dorectal coil examinations was superior to the T2-
weighted body coil examination in 11 patients (68.8%)
and comparablein five (31.2%). The difference between
body coil and endorectal coil sequences was statisticaly
significant (p < 0.05). The endorectal T2-weighted and
endorectal contrast-enhanced T1-weighted sequences
yielded a similar diagnostic confidence in eight patients
(53.3%). In two patients (13.3%), the endorectal T2-
weighted images were superior due to better delineation
of pathologic structures. In the remaining five patients
(33.3%), the T2-weighted sequence was inferior: in one
case, delineation of the pathology was superior on the
contrast-enhanced sequence, and in the other four cases,
image quality of the T2-weighted sequence was de-
graded by artifacts. However, the difference in diag-
nostic confidence between T2-weighted and contrast-
enhanced T1-weighted endorectal coil images was not
dtatisticaly significant. Severe motion artifacts were
seen in two T2-weighted endorectal examinations
(12.5%). Six endorectal T2-weighted and two endorec-
tal T1-weighted examinations were degraded by mod-
erate artifacts (Table 4).

Recurrent Prostate Cancer

On the body coil examination, recurrent disease was
correctly detected in only two patients and excluded in
two others. The results were falsely positive in one pa-
tient and falsely negative in four; in the remaining four
patients, the findings were equivocal, and a definite di-
agnosis was not possible (Table 2).

On T2-weighted and T1-weighted contrast-en-
hanced endorectal coil images, recurrence was correctly
diagnosed in six patients and excluded in four. Diag-
noses were falsely positive in two patients and falsely
negative in one (Figs. 3-5, Table 2).

The diagnostic accuracy of the T2-weighted and
contrast-enhanced T1-weighted endorectal coil images
was significantly higher than that of the body coil se-
guence (p < 0.05). Due to the small number of cases,
a significant difference could not be shown for sensitiv-
ity and specificity values.

The diagnostic confidence was significantly im-
proved by the endorectal coil examination. The endo-
rectal T2-weighted sequence was superior to the body
coil examination in eight patients (61.5%). In four pa-
tients (30.8%), the two modalities were equivalent, and,
in one case (7.7%), the body coil examination was su-

perior dueto a pararectal enlarged lymph node that was
not visible on the endorectal coil examination. Com-
paring the two endorectal coil sequences, diagnostic
confidence was equal with both modalities in seven pa-
tients (53.8%). In four patients (30.8%), the T1-
weighted contrast-enhanced sequence was superior due
to the additional information of enhancement patterns.
In two patients (15.4%), the T1-weighted sequence was
inferior.

None of the examinations showed severe motion ar-
tifacts. Moderate artifacts were present in three endo-
rectal T2-weighted (23.1%) and one endorectal T1-
weighted (7.7%) examinations. Mild artifacts were
found in six T2-weighted (46.2%) and one T1-weighted
(7.7%) endorectal coil examinations.

Recurrent Anorectal Cancer

Malignancy was correctly detected on body coil MRI
in one patient and correctly excluded in nine (Fig. 6).
In two patients, recurrent tumors were missed, and a
false positive diagnosis was made in one. In the re-
maining four patients, body coil MRI findings were
equivocal (Table 3).

Recurrent tumors were depicted in three of six cases
on the endorectal coil T2-weighted images (Fig. 6). Due
to avid contrast enhancement, recurrence was correctly
diagnosed on the endorectal coil T1-weighted imagesin
four patients. Recurrence was correctly excluded in 10
of 11 cases on endorectal T2-weighted and nine of 11
cases on contrast-enhanced T1-weighted images (Table
3). The differences in accuracy, sensitivity, and speci-
ficity of endorectal coil MRI versus body coil MRI were
not statistically significant.

Diagnostic confidence was significantly improved
by the use of the T2-weighted and contrast-enhanced
T1-weighted endorectal sequences (p < 0.05). In 13
patients, the diagnostic confidence of the endorectal coil
sequences was superior to the body coil examination
(76.5%) mainly due to the distended bowel and in-
creased spatial resolution. In the other four patients,
body coil and endorectal coil examinations were equiv-
aent. In two of these cases, the diagnosis was already
obvious on the body coil examination; the endorecta
surface coil could not be placed correctly in one case,
and image quality of the endorectal examination was
strongly degraded in the last case.

Diagnostic confidence of T2-weighted and T1-
weighted contrast-enhanced endorectal coil sequences
was similar in eight cases (47.1%). In one case (5.9%),
recurrence could be excluded on the T2-weighted en-
dorectal coil image, and a diffuse enhancement on the
contrast-enhanced T1-weighted sequence yielded an
equivocal result. In the other eight cases (47.1%), the
contrast-enhanced sequence was superior due to fewer
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Table 1. Detection of recurrent gynecologic cancer?

Sequence Sensitivity Specificity ppv (%) npv (%) Accuracy

(%) (%) (%)
bcT1, T2 50.0 85.7 80.0 60.0 66.7
ecT2 62.5 85.7 83.3 66.7 733
ecTIC 625 85.7 83.3 66.7 733

# ppv = positive predictive value, npv = negative predictive value, bc
T1, T2 = body coil MRI, ec T2 = T2-weighted endorectal coil images,
ec T1C = T1-weighted contrast-enhanced T1-weighted image

Table 2. Detection of recurrent prostate cancer

Sequence Sensitivity Specificity ppv (%) npv (%) Accuracy

(%) (%) (%)
bcT1, T2 286 333 25.0 286 36.4
ec T2 85.7 66.7 75.0 80.0 76.9
ecTIC 857 66.7 75.0 80.0 76.9

-
<«

Fig. 1. A 50-year-old woman with histologicaly confirmed, second
recurrence of a primary cervica stage Ilb carcinoma. A Axial T2-
weighted fat-suppressed FSE body coil MRI: inhomogeneous, mostly
hyperintense right parasagittal lesion located behind the urinary blad-
der (arrow). B Axial T2-weighted FSE endorectal coil image: the
inhomogeneous lesion is visualized with a higher spatial resolution,
and the relation to the compressed bladder wall is more obvious (ar-
row).

Fig. 2. A 58-year-old woman with clinically suspected, recurrent cer-
vical carcinoma (primary stage 11B). Recurrence could be excluded
by clinical and ultrasonographic follow-up examination over 1.5
years. A Axia T2-weighted FSE body coil image shows the normal
appearance of the vagina. B Axial T2-weighted endorectal coil image:
the normal vaginais clearly visualized, and a recurrent tumor can be
excluded with greater diagnostic confidence. C Axial contrast-en-
hanced T1-weighted endorectal coil image shows the homogeneous
enhancement of the vaginal wall and confirms the result of the other
sequences.

Fig. 3. A 67-year-old man with histologically proven, recurrent pros-
tate cancer. A Axial T2-weighted body coil image shows inhomoge-
neous |lobulated soft tissue in the prostatic fossa (arrow). B Axial T2-
weighted endorectal coil image shows inhomogeneous lesion depicted
to a better advantage (arrow). C Axia contrast-enhanced endorectal
coil image shows the lesion demonstrating a homogeneous marked
enhancement, characteristic for recurrent cancer (arrow).

Fig. 4. A 75-year-old man with recurrent prostate cancer. A Axial T2-
weighted body coil image: at the level of the vesico-urethral anasto-
mosis, low signal intensity tissue on the right suggests fibrotic scar
(arrow), and ahigh signal intensity areaon theleft represents remnant
prostatic tissue. B Axial T2-weighted endorectal coil image: the hy-
pointense area on the ride side is clearly located within the prostatic
tissue and is therefore consistent with recurrent tumor (arrow). C Ax-
ial contrast-enhanced T1-weighted endorectal coil image: the lesion
is enhanced following administration of contrast material. Lesion de-
tection is, however, not improved (arrow).

artifacts (n = 4) or additional information given by the
contrast-enhancement pattern (n = 6). The diagnostic
confidence of the T1-weighted contrast-enhanced en-
dorectal coil images was significantly improved com-
pared with the T2-weighted endorectal sequence (p
< 0.05).

Severe motion artifacts were present in three of the
T2-weighted sequences (17.6%) but in none of the T1-
weighted endorectal coil examinations. Moderate arti-
facts were present in six T2-weighted endorecta coil
examinations (35.3%) and one T1-weighted endorectal
coil examination (5.9%). The body coil examinations
were not degraded by motion artifacts.

Discussion

Most recurrent tumors appear within thefirst years after
treatment. Clinical examinations are often equivocal,
and symptoms may occur late. Tumor markers for re-
current gynecologic and anorectal cancers are not al-
waysreliable[13, 14]. Although PSA ishighly sensitive
for prostatic carcinoma, increasing levels after radical
prostatectomy can indicate recurrence and distant me-
tastases [15, 16]. Thus, imaging modalities such as en-
dolumina sonography, CT, MRI, and, more recently,
positron emission tomography are being employed in
the follow up of these patients [12—14, 17-22].

MRI proved to be most valuable in the evauation
of the pelvis by offering the advantage of high tissue
contrast, multiplanar imaging capabilites, and high spa-
tial resolution. The latter can be further increased by the
use of an endorectal surface coil [11, 23—28]. The high
spatia resolution of endorectal MRI was helpful in the
detection of the often small recurrent tumors; in our
study, only one lesion exceeded 3 cm in size.

In this study, as expected, diagnostic accuracy in
detecting recurrent pelvic malignancies could be signif-
icantly improved by using the endorectal coil (overall
accuracy for al cases was 75.6% with the endorectal
coil versus 53.3% with the body coil). The results were
different for the three included primary malignancies.
Endorectal coil examinations were significantly supe-
rior to the body coil examination in prostate carcinoma,
but only dightly better in anorectal cancer, and similar
in patients with gynecologic tumors. This different per-
formance may be explained by the high number of ex-
aminations degraded by motion artifactsin patients with
gynecologic and anorectal malignancies, probably due
to increased discomfort during the examination. In fact,
in one case with stenosing rectal recurrence, the coil
could not even be inserted. The use of antiperistaltic
agents might have mitigated these effects somewhat, but
we rejected its use to maintain standardized conditions
during the entire examination and keep the examination
protocol as simple as possible.
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Fig. 5. A 68-year-old patient with slightly increased PSA levels. A
local recurrence was excluded by MRI and biopsy. A Axia T2-
weighted endorectal coil image: at the level of the vesico-urethral
anastomosis, alow signal intensity ring suggests concentric scar for-
mation. B Axial contrast-enhanced T1-weighted endorectal coil image
demonstrates the lack of pathologic enhancement, thereby excluding
tumor recurrence.

Even though the difference in accuracy between en-
dorectal and body coil examination was not statistically
significant for anorectal recurrences, it was improved
by 59-82.4% by the use of the endorectal coil. This
might be due not only to increased spatial resolution but
also by the improved detection of bowel wall abnor-
malities due to the distention produced by the inflated
baloon on the endorectal device.

A significantly better and therefore clinically im-
portant result could be achieved in patients with pros-
tate cancer in whom, following prostatectomy, some
soft tissue anterior to the vesicourethral anastomosis
is found. This occurs in up to 80% of cases without
recurrent disease, making the interpretations of body
coil examination and even transrectal ultrasound dif-
ficult [6, 7].

Even if the sengitivity and specificity for detection
of pelvic recurrent tumors could not be improved by

Fig. 6. A 51-year-old man with suspected local recurrence following
rectosigmoid resection of a stage T3N2 rectal cancer. A Axial T2-
weighted body coil image shows inhomogeneous hypointense extra-
luminal lesion between the rectum and the prostate gland (arrow). B
Axial T2-weighted endorectal coil image: the lesion invades the pros-
tate and the pelvic muscles and is therefore consistent with recurrent
tumor (arrow). C Axia contrast-enhanced T1-weighted endorectal
coil image: the inhomogeneous enhancement proves the presence of
pathologic tumor tissue (arrow).

using the endorectal coil in all included entities, the sub-
jective confidence with which the diagnosis was estab-
lished was significantly higher. The usuadly smal
recurrent masses and the inhomogeneities of post-
therapeutic scarring could be identified more reliably
due to the increased spatial resolution (voxel size of the
endorectal examination was about five times smaller
than that using the body cail).

However, athough much less affected by motion
artifacts than the T2-weighted sequences, the contrast-
enhanced T1-weighted endorectal coil images did not
improve the results further. The enhancement pattern of
the thickened bowel wall yielded a significantly higher
diagnostic confidence only in patients with anorectal
primaries. In general, however, the routine use of gad-
olinium compoundsis not warranted due to the high cost
of these agents. Moreover, early postradiation fibrosis,
inflammation, and desmoplastic reactions can present
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Table 3. Detection of recurrent anorectal cancer

Sequence Sensitivity Specificity ppv (%) npv (%) Accuracy

(%) (%) (%)
bcT1, T2 167 81.9 33.0 64.3 58.8
ecT2 50.0 90.0 75.0 76.9 76.5
ecTIC 667 81.9 66.7 81.9 76.5

Table 4. Number of examinations (%) degraded by moderate or
severe motion artifacts

bc T1, T2 ec T2 ec T1C
Recurrent gynecologic tumors
(n = 15) 0.0 50.0 125
Prostatic recurrence (n = 13) 0.0 231 7.7
Anorectal recurrence (n = 17) 0.0 52.9 59

similar enhancement patterns, rendering the use of gad-
olinium questionable [1, 2].

The accuracy and diagnostic confidence of the body
coil examination in our study is somewhat lower than
thosereported in theliterature [17, 18, 24, 29]. Thismay
be due to the very small size of most recurrent tumors
in gynecologic disease in our series, whereas only pa-
tients with rectal cancer following continence-saving
surgery could be included. Krestin et al. decribed less
reliable results when comparing patients who underwent
rectal amputation [18].

In conclusion, MRI with endorectal coils did not
improve the detection of gynecologic and anorectal re-
current tumors as expected. However, because the di-
agnosis can be made with more confidence in most
cases, the use of this technique should be encourraged
if the findings on body coil examination are equivocal.
The body coil examination remains, however, essential
for assessment of tumor spread beyond the pelvis, asin
the case of ovarian cancer and possibly sigmoid cancer.

For detection of prostatic recurrence, endorectal coil
MRI according to the results in this study can be highly
recommended in all patients with elevated PSA levels,
in whom metastatic spread was ruled out by bone scan-
ning, sonography, computed tomography, and other ap-
propriate imaging techniques. Body coil MRI is of very
limited value for interpretation of the prostatic fossa but
provides additional information on regional lymph
nodes or pelvic bones. Further prospective studiesin a
greater number of patients and additional use of phased
array coils should definitely prove the value of high-
resolution MRI in early detection of pelvic recurrence.
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