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Purpose: Some groups consider magnetic resonance imaging the gold standard
to diagnose urethral diverticula with up to 100% reported sensitivity. We de-
scribe cases contradicting this paradigm and identify reasons for discrepancies.
Materials and Methods: We searched a database for women who underwent
urethral diverticulum surgery from 1998 to 2008 and also underwent preopera-
tive magnetic resonance imaging. Images were reviewed by a blinded panel of
urologists and a radiologist. They came to consensus on the presence or absence,
site and anatomy of urethral diverticulum or cancer, and compared operative
findings. Discrepancies were classified as errors in urethral diverticulum or
cancer diagnosis and errors in urethral diverticulum anatomy or site.
Results: Of 76 patients who underwent diverticulectomy 41 also underwent
magnetic resonance imaging, of whom 10 (24.4%) had a discrepancy between
magnetic resonance imaging and surgical findings. In 6 of these cases there were
diagnosis errors and diverticula were not seen on magnetic resonance imaging in
3. One urethral diverticulum each was misdiagnosed as Bartholin’s cyst and as a
typical post-collagen injection appearance. A sterile abscess was incorrectly di-
agnosed as a urethral diverticulum. In 2 patients magnetic resonance imaging
did not detect cancer within the diverticulum. A major discrepancy in anatomy
made intraoperative decision making difficult in 2 patients.
Conclusions: In cases clinically suspicious for urethral diverticulum magnetic
resonance imaging had a 24.4% error rate. Serious consequences are failure to
detect cancer and suboptimal treatment for urethral diverticulum. The reason for
the high magnetic resonance imaging accuracy rate in other series may be that in
the absence of radiological confirmation some surgeons may choose not to perform
surgery. Magnetic resonance imaging is useful to assess urethral diverticula but
physicians should be aware of its limitations.
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CT � computerized tomography

LUTS � lower urinary tract
symptoms

MRI � magnetic resonance
imaging

UD � urethral diverticulum

VCUG � voiding cystourethrogram
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imaging, diagnostic errors
URETHRAL diverticula are not uncom-
mon. The prevalence in unselected
patients is 0.006% to 3%.1–3 In women
with LUTS the published prevalence is
between 1.4% and 10%.3,4 In our unre-
ported experience with more than 9,000
videourodynamic studies in women
with LUTS the prevalence was no more

than 0.3%. The most commonly re-
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ported symptoms at presentation are
nonspecific LUTS, particularly over-
active bladder, pain and infection.5,6

Presentation may vary highly, result-
ing in diagnostic difficulty.7 Some
groups regard MRI as the gold stan-
dard for UD diagnosis with 100% re-
ported detection sensitivity.8,9 Imag-

ing has an important role in diagnosis
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and preoperative planning. Imaging also aids in
evaluating UD complicating features, such as ab-
scess, cancer and other conditions, including endo-
metriosis. Stones may form within UDs but are not
easily detected by MRI.

UD are most commonly reported in the posterior
wall of the mid urethra,10–12 although they may
involve any part of the urethral circumference.
Large UDs may wrap around the urethra in a horse-
shoe configuration. On MRI UDs are most evident
on T2-weighted sequences as hyperintense lesions
adjacent to or surrounding the urethra.13 Definitive
diagnosis can be made when communication is visu-
alized between urethra and UD but a communica-
tion is not usually seen due to its small size.

Studies suggest that MRI can increase UD detec-
tion and alter surgical management. Foster et al
retrospectively reviewed the records of 27 women
who underwent surgery for UD, of whom 21 also
underwent preoperative MRI.14 Management was
altered based on MRI in 4 women. Lorenzo et al
retrospectively reviewed a series of 140 patients who
presented with LUTS and underwent endorectal coil
MRI as part of evaluation.4 Of the patients 10% had
UD diagnosed only by MRI. They concluded that
endorectal coil MRI likely has a role in evaluating
women with symptoms difficult to explain by other
diagnostic modalities.

Some retrospective studies show that MRI is
100% accurate to diagnose UD but Kim et al found
only 70% MRI sensitivity to diagnose UD.15 In our
experience MRI was potentially misleading in diag-
nosis and in preoperatively determining UD ana-
tomical features. We describe cases in which preop-
erative MRI provided misleading diagnostic or

Discrepancies between MRI and surgical findings

Pt No. Error Type MRI I

1 Innacurate diagnosis No findings suggested UD 2

2 Innacurate diagnosis No findings suggested UD 2

3 Innacurate diagnosis No findings suggested UD 5

4 Innacurate diagnosis Bartholin’s gland cyst D
5 Innacurate diagnosis Periurethral mass filled with large

amount of proteinacious
material, collagen injection?

U

6 Innacurate diagnosis
or site error

UD H

7 Anatomy or site error C-shaped 2 cm UD 6 mm distal
to bladder neck

M

8 Anatomy or site error Mid to distal urethral UD C

9 Failed to detect Ca UD U
10 Failed to detect Ca UD U
adjacen
anatomical information on UD. A further objective
was to identify reasons for the discrepancies.

MATERIALS AND METHODS

We searched a database for all women who underwent
surgery for UD and preoperative MRI from 1998 to 2008.
Indications for surgery were symptoms consistent with
UD as well as findings on physical examination, VCUG,
computerized tomography, MRI and transvaginal ultra-
sound. Patients were scanned on a 1.5 Tesla scanner with
between 3 and 4 mm slice thickness, between 24 and 33
cm field of view and 256 � 160 matrix using a torso phased
array coil. In plane resolution was between 1 and 1.3 mm.
Multiplanar multisequence imaging included T1 and T2-
weighted sequences with and without fat saturation, and
pre-administration and post-administration intravenous
gadolinium contrast medium. Images were stored as dig-
ital images and communications in medicine images and
reviewed on picture archiving and communication system
workstation by a radiologist trained to interpret pelvic
MRI. We (1 radiologist and 2 urologists) reviewed MRI
images in blinded fashion. The panel came to a consensus
on the presence or absence of UD or cancer, and UD site
and anatomy. The consensus position was then compared
to the MRI report, intraoperative findings described in the
operative note and surgeon discussion. Discrepancies in
MRI and surgical findings were classified as errors in
detecting UD, errors in UD anatomy or site and failure to
detect cancer.

RESULTS

We identified 77 patients, of whom 41 underwent
MRI within 1 month before surgery, including 10
(24.4%) with a substantial discrepancy between MRI
and surgical findings. In 6 patients (14.6%) MRI did
not accurately diagnose UD (see table). In a subset

CUG or Other Radiographic Findings Disparity Reason

on VCUG UD may have been full of debris or
collapsed at MRI

tal UD filled with fluid, thick walled
ated on CT for flank pain

UD may have been filled with
calcium, air or blood

vious UD on physical examination
atus

Tic may have been too small to
detect or not filled at MRI

thral UD Distal, lat UD
wide connection to urethra filled
s

Pus may have made UD difficult to
diagnose � made appearance on T2
dark

-shaped sterile noncommunicating
parallel to urethra

Bright coaptite T2 signal on T2
imaging was thought to be fluid

lated, thick 4 cm UD, 2 cm opening Configuration change between OR
operation � MRI?

ential UD from bladder neck to
ethra

UD may have become more extensive
between imaging � operation

Ca (adenoca) Inadequate MRI sensitivity
Ca (squamous cell Ca), 5 mm mass Inadequate MRI sensitivity
ntraop V

cm UD

cm Dis
� locul
mm Ob

near me
istal ure
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with pu

ourglass
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ultilocu
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of 3 of these patients (7.3%) UD was not seen on MRI
(fig. 1, A and B). One UD was misdiagnosed as
Bartholin’s cyst due to its unusual distal, lateral site
(fig. 2, A). A patient with a sterile abscess was in-
correctly diagnosed with UD (fig. 1, C). Another pa-
tient with LUTS who had UD based on physical
examination findings was incorrectly diagnosed by
MRI with a urethra with a typical post-collagen
injection appearance. In 2 patients (4.9%) there was
a major discrepancy in UD site or anatomy that
made intraoperative decision making difficult (see

Figure 1. Inaccurate UD diagnosis. A and B, in patient 1 UD wa
suspicion, perhaps due to lack of contrast medium. A, MRI. B, V
17 was diagnosed with UD by MRI but had dumbbell-shaped ste
filled with thick white urethral bulking agent fluid. When ab

protruding from meatus became tense.
table). At operation the UDs were substantially dif-
ferent in size and configuration than on MRI (fig. 2,
B). Thus, decision making became challenging in
terms of dissection and excision extent and direc-
tion. Two patients (4.9%) were diagnosed with can-
cer (squamous cell carcinoma and adenocarcinoma
in 1 each) within the UD by palpation in the oper-
ating room but had no suspicious findings on preop-
erative MRI (see table and fig. 2, C). In each case the
only abnormality was UD wall hardness and thick-
ness. No discrete mass was noted. Each patient had

ous at operation and on VCUG but no MRI findings caused UD
shows anterior vaginal wall, similar to surgical view. C, patient
scess. No communication with urethra was seen and cavity was
proximal portion was compressed with finger, distal portion
s obvi
CUG

rile ab
scess
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extensive UD wall involvement with cancer. In the
woman with adenocarcinoma all margins were pos-
itive despite what appeared to be complete removal.

DISCUSSION

The literature is not extensive but other groups have
reported almost 100% MRI sensitivity to diagnose
UD. Foster et al performed MRI in 21 patients with
a clinical diagnosis of UD before surgery and UD
was detected on MRI in all.15 In 4 patients MRI
findings changed treatment. One patient had a di-
verticular filling defect on MRI, which proved to be
urethral adenocarcinoma. She was treated with cys-
tourethrectomy. In 3 patients UD was diagnosed by
MRI but not detected by other imaging techniques.
Since they only operated in patients with radiologi-
cal confirmation of the diagnosis, treatment was al-
tered in these 3 patients due to MRI findings.
Blander et al retrospectively reviewed a series of 27
patients with suspected UD who underwent endolu-
minal (endorectal or endovaginal) MRI, including 20
with surgical repair.8 In all cases MRI and surgical
findings agreed. In contrast to these studies, Kim et
al performed MRI in 20 patients who underwent
surgery for UD.15 In 14 patients UD was identified
correctly before surgery (70% sensitivity).

Despite prior data we believe that the decision to
operate in patients with LUTS for possible UD is
multifactorial and MRI findings should be inter-
preted in the context of patient symptoms, examina-
tion and other radiographic tests. In our retrospec-
tive study 24.4% of cases clinically suspicious for UD
had a major discrepancy between MRI and surgical
findings. In 6 patients MRI failed to accurately diag-
nose UD before surgery. Clinical suspicion of UD by

Figure 2. A, inaccurate UD diagnosis in patient 6 with UD diagno
vaginal wall inclusion cyst 1 cm lateral and proximal to ur
B, preoperative MRI reveals error in anatomy/position in patient w
shows 2 cm C-shaped UD distal to bladder neck. C, failure to d
experienced surgeons based on history, physical exam-
ination or other radiographic studies was high in these
patients and, hence, they were still brought to the
operating room. Had we relied completely on MRI
findings 3 patients would have been denied surgery.

There are several explanations for these diagnos-
tic errors. UD was not diagnosed accurately on MRI
because the lesions did not appear fluid filled on
T2-weighted imaging. UDs are dynamic by nature
and some constantly fluctuate in size. A limitation of
MRI is that it captures images at a single point in
time, in contrast to more dynamic tests that capture
real-time images, such as VCUG. The differential
diagnosis of a dark cavity on T2-weighted MRI in-
cludes long-standing blood, calcium and air. At im-
aging these lesions may be filled with blood or de-
bris, making the diagnosis difficult. One patient in
whom MRI showed a urethra with the typical ap-
pearance after collagen injection had a UD filled
with pus at surgery. Other potential reasons for
failed diagnosis are size too small for MRI sensitiv-
ity and UD loss of fluid.

Bartholin’s gland cyst was diagnosed in 1 case of
UD due to the unusual distal site of UD and inability
to identify urethra-lesion communication. Fluid may
not always be present in a small connection between
the UD and the urethra, making it difficult to detect
communication. In this case the incorrect diagnosis
may have had adverse consequences since the sur-
geon may have chosen to excise the lesion on an
outpatient basis and, thus, would not have had the
tools or equipment needed for subsequent urethral
reconstruction.

Accurate delineation of UD size and extent can be
important to plan operative reconstruction and re-
pair. In our series 4 patients had a discrepancy
between anatomical and position results between

th Bartholin’s cyst on MRI. At operation lesion looked like simple
meatus. It was easily noted, thick-walled and bluish-white.

cm multiloculated, thick UD spanning entire urethral length. MRI
quamous cell carcinoma within diverticulum (arrow).
sed wi
ethral

ith 4
MRI and operative findings, complicating intraoper-
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ative decision making. One patient had a thick,
large, multiloculated UD, which was not revealed on
MRI. Had we relied only on MRI findings the UD
may have been inadequately treated. Another pa-
tient appeared to have a 2 cm simple distal divertic-
ulum that was far more extensive at operation. It
was circumferential and involved the entire urethral
length. In this sexually active woman a simple op-
eration was discussed and planned. Had the true
extent of the UD been known a more extensive pre-
operative discussion would have occurred to include
more potential surgical complications and risks.

In contrast to the findings of Foster et al14 and of
most serious consequence, 2 patients preoperatively
diagnosed with UD on MRI had urethral carcinoma
at surgery. Certain characteristics of these cancers
made them difficult to diagnose by MRI. They were
in the UD wall and did not project into the lumen or
enhance with gadolinium. As noted by Thomas et al,
there may be an association between neoplasm or
neoplastic alterations and UD.16 They reviewed the
pathology specimens of 90 women who underwent
urethral diverticulectomy and found neoplastic al-
terations in 5 (6%). Another 3 patients (3%) had high

grade dysplasia. Dalbagni et al reported that 5-year
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