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Abstract. Background/Aim: To determine whether a
prototypical compressed-sensing volume-interpolated breath-
hold (csVIBE) provides diagnostic in detecting
rectosigmoid infiltration in deep infiltrating endometriosis
(DIE). Patients and Methods: csVIBE was employed in 151
women undergoing pelvic magnetic resonance imaging, of
whom 43 had undergone surgery for suspected endometriosis.
The accuracy of T2-weighted BLADE and BLADE/csVIBE,
additional diagnostic value of csVIBE, and diagnostic
confidence were rated by two readers. Additionally, the
presence of the “mushroom cap sign” was assessed on BLADE
and csVIBE. Results: The diagnostic accuracy, sensitivity, and
specificity of BLADE and BLADE/csVIBE were not significantly
different between Readers A and B. For both readers, the
confidence in the diagnosis increased with csVIBE, but this
increase in the odds ratio was not significant for both readers.
Both readers preferred csVIBE over BLADE with regard to
detection of the “mushroom cap sign.” Conclusion: c¢sVIBE

value
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may provide a diagnostic benefit for surgical strategy selection
through better delineation of the “mushroom cap sign.”

Endometriosis is a common gynecological disease affecting
10% to 15% of all women of reproductive age (1). In women
with endometriosis, functioning ectopic glands and stroma
are found outside the uterus and can invade organs such as
the rectosigmoid (2). Deep infiltrating endometriosis (DIE)
is defined by the presence of one or more endometriotic
nodules deeper than 5 mm under the peritoneal surface (3,
4). DIE is often accompanied by fibrosis, and the tissue is
well innervated. Affected patients may exhibit a wide range
of symptoms including severe chronic pain, dyspareunia, and
infertility (5, 6). Moreover, DIE is associated with an
increased risk of ovarian cancer. Approximately 70% of
women with chronic pelvic pain are affected by DIE (7). It
is therefore extremely important to continuously improve
both diagnostics and therapy.

DIE of the posterior compartment accounts for
approximately 90% of cases in which endometriosis is
clinically suspected. Intestinal endometriosis is a serious
form of endometriosis with a high prevalence (8-12), and the
rectosigmoid is involved in about 90% of cases of bowel
infiltration (13). Symptoms include diarrhea, constipation,
tenesmus, and rectal bleeding.

For the initial assessment, transvaginal ultrasound is the
imaging method of choice. In complex cases, especially in
DIE, magnetic resonance imaging (MRI) is being
increasingly used; it is considered a procedure with very high
diagnostic accuracy that can be of significant importance for

2217



in vivo 35: 2217-2226 (2021)

surgical planning (9, 10, 14-16). MRI is also recommended
by the European Society of Urogenital Radiology in
symptomatic patients with negative ultrasound findings (5).
However, laparoscopy with subsequent histopathological
detection of endometrial glands or stroma is still considered
the gold standard for evaluation (17).

The most important sequence for the detection of pelvic
endometriosis is T2-weighted (T2W) imaging without fat
suppression (9). Conversely, T1-weighted (T1W) sequences
with Dixon fat suppression without contrast agent are best
suited for the detection of small endometrial hemorrhagic
implants (18, 19).

Contrast-enhanced imaging is recommended to
differentiate ovarian endometrioma from other indeterminate
adnexal lesions and to rule out malignancy (20). However,
only a few studies have addressed the value of gadolinium-
based contrast agent administration in the assessment of
endometriosis (21-23). Scardapane et al. (22) found that
colorectal infiltration can be detected with high accuracy and
good interobserver agreement using contrast-enhanced
sequences. In contrast, Bazot et al. (23) found no significant
benefit of postcontrast sequences over native MRI for the
detection of DIE in a retrospective analysis of 158 patients.

In the present study, we compared the performance of T2W
BLADE versus the combination of T2W BLADE and a
prototypical contrast-enhanced, dynamic, compressed-sensing—
accelerated volume-interpolated breath-hold examination
(csVIBE) with flexible temporal resolution for the detection of
rectal infiltration in DIE. The image quality of this innovative
sequence has already been tested in technical feasibility studies
(24, 25). The high temporal resolution allows a detailed
morphological assessment of the uterus in numerous contrast
phases at a spatial resolution higher than T2W BLADE and is
even sufficient to generate parametric perfusion maps (25).

The goal of this study was to determine whether csVIBE in
combination with T2W BLADE leads to an additional diagnostic
benefit in terms of the detection rate of rectal infiltration,
diagnostic confidence, and improved detection of the
“mushroom cap sign,” which is indicative of rectal infiltration.

Patients and Methods

Ethics statement. The study was approved by the ethics committee
of our institution (2018-01586). The requirement for individual
written informed consent was waived.

Patient selection and gold standard. The prototypical TIW gradient-
echo sequence (csVIBE) was employed in 151 women who
underwent MRI examinations of the pelvis from May 24th, 2018 to
December 4th, 2019 (Figure 1). Among these, 80 MRI examinations
performed to assess or exclude endometriosis were retrospectively
selected from our imaging archive. The clinical information system
was searched to determine which of these patients (age of 36+6
years) had undergone a surgical procedure after the MRI examination
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by February 2020 at the latest (n=43). From this group, the surgical
reports were reviewed for patients with rectal wall infiltration due to
DIE (n=25). In two cases, rectal infiltration was surgically suspected
but not confirmed histopathologically. The pathological report
confirming the rectal infiltration by endometriosis was considered
the gold standard for the study (n=23). The cases in which the
surgical report stated that a colorectal surgeon was consulted for
possible rectosigmoid resection were classified as more extensive
rectal invasion for statistical analysis (n=13).

MRI acquisition. All examinations were performed with clinical 1.5T
MRI machines (MAGNETOM Aera/Avantofit; Siemens Healthineers,
Erlangen, Germany) equipped with a 50-channel coil setup (18-
channel body coil and 32-channel spine coil). The patients were
positioned head-first in the supine position in the MRI machine. All
patients abstained from food for 4 hours before the examination and
were premedicated with glucagon to reduce peristalsis (26).

In our routine protocol, we do not use rectal opacification. The
results in the literature are contradictory in this respect. While some
authors postulate improved evaluation of the Douglas space and
rectosigmoidal endometriosis (27-29), other studies have not shown
a significant advantage in the detection of posterior DIE (10, 23).

csVIBE images were acquired during free respiration after
administration of gadopentetate dimeglumine (Dotarem®; Guerbet,
Paris, France) as part of our clinical standard protocol and
reconstructed immediately afterward using compressed sensing. For
csVIBE, 0.1 mmol/kg of gadopentetate dimeglumine was
administered at a rate of 2 ml/s. Contrast was injected 5 s after the
sequence had started. The temporal resolution ranged from 5 s in the
initial phase to about 14 s in the later phases. The duration of the
dynamic contrast-enhanced sequence was 2 min 24 s. The protocol
parameters of T2ZW BLADE and csVIBE are detailed in Table I.

MRI assessment. Two radiologists with 20 years and 2 years of
experience in female imaging (Reader A and B, respectively)
separately performed a second reading of the MRI examinations of
all operated patients (n=43) without knowledge of the
histopathological results.

Overall performance of T2W BLADE and T2W BLADE/csVIBE.
First, only the sagittal T2ZW BLADE images were considered and
evaluated with regard to the question of rectal infiltration. The
sagittal contrast-enhanced dynamic TIW csVIBE images were
subsequently included in the evaluation. When the two readers
obtained different results (n=5), a third reader with 10 years of
experience in female imaging was consulted. The results of this
consensus read were used for statistical evaluation.

Additional diagnostic value of csVIBE and scan preference. Both
readers independently assessed the additional benefit of csVIBE in
addition to T2W BLADE for the detection of rectal infiltration
(O=none, 1=moderate, 2=high). Furthermore, the sequence preferred
by both readers was noted (O=equal, 1=csVIBE preferred,
2=BLADE preferred).

Diagnostic confidence. Both the less experienced and the
experienced reader rated the diagnostic confidence for the presence
of rectal infiltration by DIE on T2W BLADE alone and on the
combination of T2W BLADE and additional csVIBE (0O=low,
I=moderate, 2=high).
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Figure 1. Flowchart of study population. Of the 151 patients initially included, 43 underwent operations and were included in the study.
Histopathological deep infiltrating endometriosis with rectal infiltration was confirmed in 23 cases. MRI: Magnetic resonance imaging; c¢sVIBE:

compressed-sensing volume-interpolated breath-hold examination.

“Mushroom cap sign”. The “mushroom cap sign” is a
pathognomonic imaging sign that indicates the presence of
extensive rectal infiltration and describes the characteristic
appearance of the infiltration of endometriosis in the rectal wall (30,
31). Infiltration causes the mucosa to be raised, thus forming the
roof of the fungus, and the extension to the rectum forms the stalk.
Both readers assessed the presence of the mushroom cap sign
(O=none, I=unsure, 2=yes) first on T2W BLADE and then on
csVIBE. Both readers’ preferred sequence was determined.

Statistical analyses. All statistical analyses were performed using
R version 3.6.3 (2020-02-29) and dedicated packages. All analyses
were produced programmatically using the R Markdown format in
RStudio, compliant with the principles of reproducible research
(32). We determined whether the combined analysis of TIW and
T2W images led to a more accurate diagnosis than analysis using
T2W images alone, and we performed Fisher’s exact test for each
method and each reader. Accuracy, sensitivity, and specificity were
calculated separately for each reader. We calculated the 95%
binomial proportion confidence interval and checked for
significant differences in accuracy, sensitivity, and specificity
between TIW+T2W and T2W imaging alone with a two-
proportion Z-test. Additionally, we investigated whether the
combined analysis of TIW and T2W images improved the
diagnostic confidence of rectal/bowel infiltration compared with

Table 1. The most relevant sequence parameters of T2ZW BLADE and
csVIBE.

Imaging Slice FOV TR TE Flip angle Temporal
protocol  thickness (mm)  (ms) (ms) ) resolution
(mm) (s)
csVIBE 2.5 260 4.75 1.83 12 4.6-13.8
BLADE 4.0 210 5730 88 n/a n/a

T2W: T2-weighted; csVIBE: compressed-sensing volume-interpolated
breath-hold examination; FOV: field of view; TR: repetition time; TE:
echo time; n/a: not available.

the analysis of T2W images alone, and we calculated the 95%
Poisson confidence intervals for the observed counts of cases. In
particular, we determined the odds ratio with the 95% confidence
interval of increasing the confidence for TIW and T2W images
compared with T2W images using ordinal regression. Finally, the
preference of the mushroom subset was analyzed for both readers,
and we used an exact Poisson test to identify any significant
differences between the two methods.
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Table II. Confusion matrix of T2W BLADE and csVIBE for each rater
separately.

No (n=19) Yes (n=23) Total (n=42)

Age, years

Mean+SD 35.47+7.86 36.26+£5.10  35.91+6.42

Range 1-51 28-45 19-51
BLADE_A

No 18 (94.7%) 6 (26.1%) 24 (57.1%)

Yes 1(5.3%) 17 (73.9%) 18 (42.9%)
BLADE_B

No 18 (94.7%) 521.7%) 23 (54.8%)

Yes 1(5.3%) 18 (78.3%) 19 (45.2%)
BLADE/csVIBE_A

No 15 (78.9%) 4 (17.4%) 19 (45.2%)

Yes 4 (21.1%) 19 (82.6%) 23 (54.8%)
BLADE/csVIBE_B

No 18 (94.7%) 3(13.0%) 21 (50.0%)

Yes 1(5.3%) 20 (87.0%) 21 (50.0%)
BLADE_Agree

No 18 (94.7%) 5(22.7%) 23 (56.1%)

Yes 1(5.3%) 17 (77.3%) 18 (43.9%)
BLADE/csVIBE_Agree

No 15 (93.8%) 3(13.6%) 21 (47.4%)

Yes 1(6.2%) 19 (86.4%) 21 (52.6%)

Note: p-Values (Fisher’s exact test) were calculated for each confusion
matrix. T2W: T2-weighted; csVIBE: compressed-sensing volume-
interpolated breath-hold examination; SD: standard deviation.

Results

Overall performance of T2W BLADE and T2W
BLADE/csVIBE. The sensitivity, specificity, and accuracy of
the consensus read for the assessment of rectal invasion was
0.77, 0.95, and 0.85 for sagittal T2ZW BLADE alone and
0.86, 0.94, and 0.90 for the combination of T2W BLADE
and csVIBE (Tables II and III, Figure 2). Overall, the
specificity was higher than the sensitivity, but there was no
significant difference between the methods and readers. The
mutual agreement rate between the readers was 97.62% for
T2W BLADE with a Cohen’s kappa of 0.95 (p=6.61x10"10)
and 90.48% for csVIBE with a Cohen’s kappa of 0.81
(p=1.36x1077).

Additional diagnostic value of csVIBE and scan preference.
Both readers preferred T2ZW BLADE over csVIBE (Reader A:
68.29%, Reader B 63.41%). CsVIBE added diagnostic value in
53.66% of the patients for Reader A and 56.10% for Reader B.

Diagnostic confidence. We investigated whether the
combined analysis of csVIBE and T2W BLADE images
improved the diagnostic confidence of rectal/bowel
infiltration compared with analysis of T2ZW BLADE alone
(Figure 3). The odds ratio of increasing the confidence for
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Figure 2. Accuracy, sensitivity, and specificity of the two methods
(BLADE and csVIBE) and readers (Readers A and B). csVIBE:
Compressed-sensing volume-interpolated breath-hold examination.

T2W BLADE/csVIBE compared with T2W BLADE alone
using ordinal regression for Reader A was 1.254 (2.5%:
0.569, 97.5%: 2.777), and that for Reader B was 1.520
(2.5%: 0.684, 97.5%: 3.420). For both readers, the
confidence in the diagnosis increased with the addition of
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Table III. Accuracy, sensitivity, and specificity of the two methods.

Accuracy p-Value Specificity p-Value Sensitivity p-Value
BLADE_A 0.833 (0.686-0.93) 1 0.947 (0.74-0.999) 0.337 0.739 (0.516-0.898) 0.721
BLADE/csVIBE_A 0.81 (0.659-0.914) 0.789 (0.544-0.939) 0.826 (0.612-0.95)
BLADE B 0.857 (0.715-0.946) 0.736 0.947 (0.74-0.999) 1 0.783 (0.563-0.925) 0.697
BLADE/csVIBE_B 0.905 (0.774-0.973) 0.947 (0.74-0.999) 0.87 (0.664-0.972)
BLADE_Agree 0.854 (0.708-0.944) 0.834 0.947 (0.74-0.999) 1 0.773 (0.546-0.922) 0.696

BLADE/csVIBE_Agree 0.895 (0.752-0.971)

0.938 (0.698-0.998)

0.864 (0.651-0.971)

Data are presented as the estimated value (95% confidence interval). csVIBE: Compressed-sensing volume-interpolated breath-hold examination.
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Figure 3. Raters’ confidence in the methods. Red: BLADE, blue: BLADE/csVIBE. csVIBE: Compressed-sensing volume-interpolated breath-hold

examination.

csVIBE, but this increase in the odds ratio was not
statistically significant. We also compared the readers’
confidence in the correctness of their prediction (Table IV).
No misclassifications for predictions occurred, and
confidence was high for both readers and methods. The
predictions with moderate confidence were also correct in
most cases. The number of incorrect predictions increased
for predictions with low confidence.

“Mushroom cap sign”. The “mushroom cap sign” was detected
in nine patients. In this subset, T2ZW BLADE and csVIBE were
directly compared regarding scan preference. csVIBE was
preferred by both readers in the subset of the data with this
imaging sign, with statistically significant differences (Reader
A: p=0.031, Reader B: p=0.031) (Figures 4, 5, 6 and 7).

Discussion

In the present study, high diagnostic accuracy for the
detection of rectal infiltration by endometriosis was
determined with good to very good agreement between
readers. The accuracy of csVIBE/T2W BLADE (90%) was
better than that of T2W BLADE alone (85%). However, the
differences were not significant for both readers and for the
mutual agreement. This is explained by the fact that T2W
BLADE already had very high accuracy and the overall
sample size was too small to detect small differences. A
power analysis was performed with the assumption that T2W
BLADE had an accuracy of 80% and that the combination
T2W BLADE/csVIBE had an accuracy of 90%. To obtain an
effect at a 5% significance level with a power of 80%, the
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Table IV. Confusion matrix of raters’ confidence.

FALSE (n=7) TRUE (n=35) Total (n=42)

BLADE_A
Low 5 (71.4%) 7(200%) 12 (28.6%)
Moderate 2 (28.6%) 13 (37.1%) 15 (35.7%)
High 0 (0.0%) 15 (42.9%) 15 (35.7%)
FALSE (n=6) TRUE (n=36) Total (n=42)
BLADE_B
Low 4 (66.7%) 6 (16.7%) 10 (23.8%)
Moderate 2 (33.3%) 16 (44.4%) 18 (42.9%)
High 0 (0.0%) 14 (38.9%) 14 (33.3%)
FALSE (n=8) TRUE (n=34) Total (n=42)
BLADE/csVIBE_A
Low 4 (50.0%) 7(20.6%) 11 (26.2%)
Moderate 4 (50.0%) 9(26.5%) 13 (31.0%)
High 0 (0.0%) 18 (52.9%) 18 (42.9%)
FALSE (n=4) TRUE (n=38) Total (n=42)
BLADE/csVIBE_B
Low 1 (25.0%) 6 (158%) 7 (16.7%)
Moderate 3 (75.0%) 14 (36.8%) 17 (40.5%)
High 0 (0.0%) 18 (474%) 18 (42.9%)

csVIBE: Compressed-sensing volume-interpolated breath-hold examination.

optimal sample size would be 201 patients per group, which
was not achievable.

The results of this study show that rectal infiltration can
be clearly detected with a native protocol and that the
administration of contrast medium only leads to relatively
small diagnostic improvements. In individual cases (n=3),
however, rectal infiltration was only detectable after contrast
agent administration.

In the literature, the sensitivity and specificity of MRI for
bowel endometriosis ranges from 76% to 88% and from 76%
to 80%, respectively (8, 9, 11, 12). In the present study,
sagittal T2W BLADE achieved a sensitivity of 77% and
specificity of 95%, while the combination of T2W
BLADE/csVIBE achieved a sensitivity of 86% and specificity
of 94% in identifying rectosigmoidal endometriosis.

In a retrospective evaluation of 158 patients by Bazot et al.
(23), 3 readers achieved 77.2%, 73.4%, and 86.1% accuracy,
respectively, for the detection of rectosigmoid colon
infiltration using a non-contrast protocol. The administration
of contrast medium was of little additional value (accuracy of
77.8%, 83.5%, and 87.3%, respectively). There was no
significant difference among the readers. As in our cohort, the
diagnostic confidence could not be significantly improved by
the administration of contrast medium (p=0.67) (23).

Conversely, however, Scardapane et al. (22) detected a
benefit from the administration of contrast medium. Among
104 patients, endometriosis was detected intraoperatively in
89 patients and DIE was diagnosed in 51 (57%) of these 89
patients. Bowel endometriosis was further diagnosed in 21
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(41%) of the 51 patients. With the use of contrast-enhanced
sequences, the sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy for the
diagnosis of colorectal endometriosis improved from 76%,
96%, 84%, 93%, and 91% to 95%, 97%, 91%, 99% and 97
% for the experienced radiologist and from 62%, 93%, 72%,
89%, and 85% to 86%, 94%, 82%, 96%, and 92% for the
less experienced radiologist (22).

From a surgical point of view, reliable preoperative
detection of rectosigmoid endometriosis and a detailed
description of the depth of infiltration and the circumferential
and craniocaudal extension is of decisive importance for the
choice of surgical technique. Similar to MRI of the prostate
and breast, structured reporting based on defined criteria is
increasingly required, which demands high image quality
(33). It is important to be able to preoperatively assess
whether the operation can be performed by a gynecologic
surgeon alone or whether a specialized rectal surgeon will
have to be consulted because of the prospect of rectosigmoid
resection. Rectosigmoid resection is associated with a risk of
severe complications such as postoperative anastomotic
leakage and rectovaginal fistula formation. In this regard,
patients with extensive findings must be prospectively
informed. Some authors even recommend a protective
ileostomy for this reason.

Recent studies have shown that csVIBE, which combines
high temporal and spatial resolution with excellent image
quality through advanced artifact reduction despite
sequence acquisition during free breathing, is superior to
conventional contrast-enhanced sequences for both upper
abdomen and female pelvic imaging (24, 25). Especially in
the uterus, the different contrast phases produce good
separation of the individual zones and allow for detailed
assessment of the anatomy (25). In the present study,
csVIBE enabled significantly improved recognition of the
“mushroom cap sign,” which indicates extensive rectal
infiltration. These cases were often more serious, and a
colorectal surgeon was required for the performance of
rectosigmoid resection in the majority of operations (6 of
9 patients). csVIBE may therefore be important for better
planning of the surgical procedure.

However, additional contrast-enhanced sequences are
associated with increased time, resulting in higher
examination costs. Because of the increase in the number of
examinations and in order to save costs, efforts are now
increasingly being made to perform the examination in a
comprehensive manner. Therefore, based on our data,
contrast-enhanced sequences for evaluation of endometriosis
should be reserved for special cases. The current 2017
European Society of Urogenital Radiology guidelines also
do not recommend contrast administration in the evaluation
of DIE because of heterogeneous study results (5). There has
been renewed discussion about the adverse effects of contrast
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Figure 4. Sequence preference in the mushroom subset. csVIBE: Compressed-sensing volume-interpolated breath-hold examination.

Figure 5. Images of a 22-year-old woman with deep infiltrating endometriosis and rectal involvement. The “mushroom cap sign” describes the
appearance of rectal infiltration; the raised mucosa forms the roof of the fungus, while the extension to the rectum forms the stalk.

administration, such as cerebral gadolinium deposits of
unclear significance and nephrogenic systemic fibrosis,
especially with repeated contrast administration and in
patients with impaired renal function (34-37).

Our study has some limitations. First, it was a
retrospective evaluation. However, a prospective re-
evaluation was performed with the readers blinded to the
histopathologic results. Second, the number of patients with
DIE undergoing surgery was relatively small (n=43).
However, a power analysis showed that 201 patients per
group would need to be included to obtain an effect at a 5%

significance level. This would not only be difficult to achieve
but also underlines the fact that such a difference would
probably not be of clinical significance in a routine setting.
Finally, the results of our study are based on subjective
assessments by the readers. No objective data were collected.

In accordance with the literature, MRI showed very good
overall performance for the detection of rectosigmoidal
endometriosis in the present study. The advantages of the
addition of a contrast-enhanced dynamic sequence (T2W
BLADE/csVIBE) compared with T2W imaging (BLADE)
alone were not significant. Improved recognition of the
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Figure 6. Images of a 32-year-old woman with deep infiltrating endometriosis. (A) The rectal infiltration was already clearly visible on T2-weighted
BLADE. (B, C) The “mushroom cap sign” was particularly clearly visible on csVIBE in different contrast phases. The sequence was preferred by
both readers, and the additional diagnostic value was considered high. Histopathologic examination revealed (D) bland-appearing endometrial
glands (black arrow) with associated dense stroma (grey arrow) between smooth muscle fibers of the intestine corresponding to deep infiltrating
endometriosis and (E) histiocytes with iron ingestion (iron stain, black arrow).

Figure 7. Images of another 32-year-old woman with extensive rectal endometriosis. Not (A) sagittal BLADE but (B-E) csVIBE was preferred by both
readers. (C) Focal endometriosis (black arrow) was observed in connective tissue with fewer endometrial glands and scant stroma. (F) Endometrial
stroma was immunohistochemically highlighted with an anti-CD10 antibody (neprilysin, brown stain), whereas glands did not stain (black arrow).
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“mushroom cap sign” is one reason why both readers found
csVIBE to be of additional value. Because this sign indicates
significant bowel involvement of DIE, which often leads to
extensive surgery requiring the assistance of a colorectal
surgeon, this could lead to an improvement in surgical
planning in selected cases.

The question of whether the relatively small additional
information gain from c¢sVIBE justifies intravenous
administration of contrast media, which is associated with
increased costs and extension of the duration of the
examination and thus a reduction in cost efficiency, must
rather be negated.
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