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Pathologies of gastrointestinal tract are various and affect
patients of different ages. Both of these conditions influ-
ence the imaging modalities of gastrointestinal tract that
underwent relevant changes during recent years. Magnetic
Resonance (MR) and Computed Tomography (CT) tech-
niques, optimised for gastrointestinal imaging, are playing
today an increasing role in the evaluation of gastrointestinal
disorders, and several studies have shown the advantage of
these techniques over tradition barium fluoroscopic exam-
inations secondary to improvements in spatial and tempo-
ral resolution combined with improved bowel distending
agents. Based on recent literature and guidelines, there is a
change of paradigms regarding the diagnosis of esophagus
and gastrointestinal cancer towards CT, whereas for small
bowel imaging in inflammatory disease MRI with a new
focus on Diffusion Weighted Imaging (DWI) are the most
important imaging modalities, because DWI can be easily
implemented in standard MRI for routine use to further
enhance the diagnostic accuracy in disease assessment [1–
4]. CT and MRI play an important role also in functional
disorders. In particular, the recent development of faster
MRI pulse sequences provides rapid, real-time imaging of
the gastrointestinal tract, pinpointing areas of stricture and
providing valuable information on motility.

This special issue is devoted to current and emerg-
ing techniques in gastrointestinal tract, focusing on some
selected topics that are both interesting and challenging:

neoplastic pathologies, chronic inflammatory diseases, func-
tional pathologies, and nontraumatic emergency causing
occlusion. The first section covers cross-sectional imaging
of the gastrointestinal tract in neoplastic disease, including
lymphoma, both through a review (“Radiological Features of
Gastrointestinal Lymphoma” by G. Lo Re et al.) and through
an original paper (“Staging of Primary Abdominal Lym-
phomas: Comparison of Whole-Body MRI with Diffusion-
Weighted Imaging and 18F-FDG-PET/CT” by A. Stecco et
al.) and small-bowel neoplasms (“Small-Bowel Neoplasms:
Role of MRI Enteroclysis” by A. Faggian et al.). The imaging
of hepatocellular carcinoma after locoregional treatments is
also reviewed (“CTAppearance of Hepatocellular Carcinoma
after Locoregional Treatments: A Comprehensive Review”
by D. Marin et al.). Cross-sectional imaging modalities
are fundamental also in the management of patients with
inflammatory bowel disease (IBD) from the first diagnosis
and throughout the entire course of the disease. In this sense,
MRI, owing to the lack of ionizing radiation, represents the
main technique in young patients with IBD who may require
multiple studies over a lifetime. New imaging of chronic
inflammatory pathologies is focused on Crohn’s disease,
where the imaging is essential also in scoring the activity of
disease (“3D-EAUS and MRI in the Activity of Anal Fistulas
in Crohn’s Disease” by M. E. Alabiso et al.; “Assessment of
DiseaseActivity in Small Bowel Crohn’sDisease: Comparison
between Endoscopy and Magnetic Resonance Enterography
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Using Mria and Modified Mria Score” by A. Scardapane et
al.). Some functional pathologies are also discussed: achalasia
and pelvic floor disfunction (“Imaging in the Evaluation
of Endoscopic or Surgical Treatment for Achalasia” by D.
Palladino et al.; “MR Imaging in Diagnosis of Pelvic Floor
Descent: Supine versus Sitting Position” by F. Iacobellis et
al.). Finally nontraumatic emergency causing occlusion is
discussed in three different papers, with emphasis on the role
of MDCT and dynamic MRI (“Intussusception in Adults:
The Role of MDCT in the Identification of the Site and
Cause of Obstruction” by V. Valentini et al.; “A Novel
Diagnostic Aid for Detection of Intra-Abdominal Adhesions
to the Anterior Abdominal Wall Using Dynamic Magnetic
Resonance Imaging” by D. Randall et al.; “Adhesions to Mesh
after Ventral Hernia Mesh Repair are Detected by MRI but
Are Not a Cause of Long Term Chronic Abdominal Pain” by
O. Langbach et al.).

The contributions of this special issue could stimulate the
spread of new imaging modalities in daily practice, pinpoint
technical aspects, and share some strategies to optimise CT
and MR protocols.

Roberto Grassi
Antonio Pinto

Lorenzo Mannelli
Daniele Marin

Maria Antonietta Mazzei
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Introduction. Functional disorders of the pelvic floor represent have a significant impact on the quality of life. The advent of open-
configuration systems allowed for the evaluation of defecationwithMR imaging in sitting position.The purpose of the present study
is to compare the results of static and dynamic pelvic MR performed in supine position versus sitting position, using a new MR
prototype machine, in the diagnosis of pelvic floor descent.Materials and Methods. Thirty-one patients with pelvic floor disorders
were enrolled, and underwent MR Defecography in supine position with 1.5 T closed magnet (MAGNETOM Symphony, Siemens,
Germany) and in sitting position with a 0.25-Tesla open magnet system (G-Scan ESAOTE, Italy). Results. In rest and squeezing
phases, positions of bladder, vagina, and ARJ were significantly different when the patient was imaged in supine versus sitting
position. In the defecation phase, a significant difference for the bladder and vagina position was detected between the two exams
whereas a significant difference for the ARJ was not found. A statistically significant difference exists when the pelvic floor descent
is evaluated in sitting versus supine position. Conclusion. Our results show that MRDefecography in sitting position may represent
a useful tool to correctly diagnose and grade the pelvic organ descent.

1. Introduction

Functional disorders of the pelvic floor represent common
clinical problems and have a significant impact on the
quality of life. They comprise a wide range of clinical condi-
tions, including urinary incontinence, sensory and emptying
abnormalities of the lower urinary tract, fecal incontinence,
defecatory dysfunction, chronic pelvic pain syndromes, and
pelvic organ prolapse [1, 2]. Pelvic floor disorders often
coexist and, therefore, incontinence, descensus, and organ
prolapse may occur in many different combinations [3–5].
Risk factors for pelvic floor dysfunction include pregnancy,
multiparity, advanced age, menopause, obesity, connective

tissue disorders, smoking, and chronic obstructive pul-
monary disease, as well as any other component that results in
a chronic rise in intra-abdominal pressure [2, 6, 7]. Although
the collection of the clinical history and the physical examina-
tion represent the first step in the evaluation of patients with
pelvic floor dysfunctions [8], a multidisciplinary approach
and the employment of panoramic radiological investigations
with a wide and detailed view of the pelvis are needed for a
more detailed diagnosis and grading of pelvic floor disorders
[2, 9–11] and for the surgical planning [12–16].

Weakness of the pelvic floor can involve anterior, middle,
and posterior compartments, producing an abnormal descent
of the bladder, uterus, and bowel.
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In case of pelvic floor weakness, traditionally diagnosed
via physical exam, pelvic magnetic resonance (MR) imag-
ing, with its superior soft-tissue contrast resolution, allows
direct visualisation of the pelvic organs and their supportive
structures in a single, dynamic, and noninvasive examination
[1, 3, 6, 7, 10, 17]; the supine position of the patient during the
examinationmay be a disadvantage, because it may influence
the pelvic floor physiology as well as the dynamic defecation
process [1, 3].

The advent of open-configuration systems allowed the
evaluation of defecation withMR imaging in sitting position,
and several studies were performed [5, 18–23]. However, the
magnet configuration and the examination technique, as well
as the accuracy of the sitting position in the diagnosis of the
pelvic floor disorders, are not standardised, not completely
defined, and currently debated in literature.

The purpose of the present study is to compare the results
of static anddynamic pelvicMRperformed in supine position
versus sitting position, using a new MR prototype machine,
in the diagnosis of pelvic floor descent.

2. Materials and Methods

2.1. Patients and Methods

2.1.1. Ethics. The study was approved by the institutional
ethical committee. All patients gave their written informed
consent to take part in this study.

From January 2012 to December 2014, all the patients
referring to our Radiology Department for pelvic dynamic
MRI for the evaluation of pelvic floor disorders were inves-
tigated about their clinical history and considered for enrol-
ment in this study.

All the patients eligible for their physical prerequisites
(hip circumference less than 100 cm) were asked to be
enrolled in the study and so patients that gave their consent
underwent sitting MR examination after supine MR exami-
nation.

2.1.2.MRI Technique. MR images were obtained after admin-
istration of contrast agent (ultrasound gel) into the rectum
and vagina in both sitting and supine positions. To ensure
an adequate bladder filling, all patients were invited to drink
500–700mL of water 15–20min before the examination.
Rectum and vagina were filled with 200mL and about
25–30mL, respectively, of ultrasonographic gel (Aquasonic,
Parker Laboratories, Fairfield, NJ, USA). Rectal cleaning was
considered unnecessary.

1.5 T Dynamic MR Defecography. All supine imaging studies
were performed on 1.5 T closed magnet (MAGNETOM
Symphony, Siemens, Germany). All the patients were supine
imaged with a four-channel body-phased-array receiver coil.

After an initial localizer in three different planes, the
study protocol includes the following morphological (static)
sequences: axial TSE T1-W (TR/TE 611/11; slices: 25; thick-
ness: 5mm; matrix: 256 × 256; flip angle: 150∘), axial
TSE T2-W (TR/TE 6430/114; slices: 25; thickness: 5mm;

Figure 1: “Pelvic scan” prototype.

matrix: 256 × 256; flip angle: 180∘), and sagittal TSE T2-W
(TR/TE 4650/127; matrix: 256 × 256; slices: 20; thickness:
4mm; flip angle: 150∘).

Functional dynamic sequences TRUE FISP T2-W sagittal
(TR/TE 3.75/1.6; matrix: 256 × 256; slices: 1; thickness: 8mm;
flip angle: 80∘) during maximal pelvic floor contraction
(squeezing) and defecation phases were acquired. During
the dynamic sequences of the examination, patients were
instructed via headphones: they were asked first to squeeze
and after to strain emptying the rectum as completely as
possible. The MR-D images so obtained were assembled in
cineview in postprocessing. Examination time (static and
dynamic sequences) took about 25–30min to be completed.

0.25 TOpenMagnetMRDefecography. After the examination
in supine position, patients were transferred to a 0.25-Tesla
open magnet system (G-Scan ESAOTE) and underwent the
examination in sitting position.

The adopted magnet is a prototype made modifying the
G-Scan ESAOTE tilting open magnet system to carry out
the examination with the patient in sitting position on a
dedicated commode (Figure 1).

The G-Scan ESAOTE MRI system was originally
designed to study the joints and the spine, either in a
clinostatic (supine) or in an orthostatic (weight-bearing)
position since magnet and patient can rotate from 0 to 90
degrees.

The prototype available in our institution was obtained,
positioning the magnet at 90 degrees, increasing the distance
originally existing in the G-Scan ESAOTE magnet to insert a
dedicated commode equipped with a flexible single channel
receiving coil. The coils were specifically designed to maxi-
mize the signal/noise ratio in the pelvic floor and they consist
of a belt part with solenoidal coils arranged to optimize the
signal reception from the lower trunk area, connected to a
surface part with concentric coils allowing us to detect signal
from the lower part of the pelvic floor.The coils were realized
in two different lengths: small, 96 cm, and large, 116 cm.

This allowed patients to be studied in the physiological
position adopted during defecation.

The sequence adopted for the dynamic study (2D HYCE
sagittal) was specifically developed for this new prototype
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Table 1: Synthesis of the measures (in cm) of pelvic organs in respect to the PCP, in rest, squeeze, and defecation phases in both sitting and
supine examinations in all patients. SD: standard deviation.

Sitting position Supine position
Rest Squeeze Defecation Rest Squeeze Defecation

Bladder
Mean (±SD) 9.29 (1.37) 1.72 (1.26) −1.35 (1.78) 2.41 (0.9) 2.68 (0.88) −0.41 (2.06)
Median
(range) 1.40 (3.56–−2.72) 1.80 (4.70–−2.20) −1.37 (1.90–−4.30) 2.34 (4.90–0.48) 2.51 (5.18–1.40) −0.70 (3.23–−4.35)

Vagina
Mean (±SD) 3.23 (0.79) 3.70 (0.76) 0.13 (2.61) 4.47 (0.87) 4.47 (0.87) 1.48 (2.45)
Median
(range) 3.27 (4.48–0.74) 3.80 (5.25–1.94) 1.04 (3.20–−5.40) 4.49 (6.21–2.57) 4.49 (6.21−2.57) 2.14 (5.95–−4.32)

ARJ
Mean (±SD) −2.88 (1.05) −1.51 (1.36) −5.15 (1.99) −1.45 (1.78) −0.59 (1.78) −4.72 (1.70)
Median
(range) −3.00 (−0.97–−5.30) −1.66 (1.30–−4.86) −5.08 (−1.00–−8.97) −1.87 (4.19–−5.12) −1.87 (4.19–−5.12) −4.96 (−1.14–−8.56)

and it is a balanced steady-state gradient-echo sequence that
allows one to acquire images of the same layer previously
selected by the user, repeatedly.

The rectum and vagina were filled of gel and static
images were first obtained acquiring the following sequences:
axial FSE T2 (TR/TE/NEX, 3140/100/1; slices: 19; thickness:
6mm; FOV: 420 ∗ 420; oversampling: 130), sagittal FSE
T2 (TR/TE/NEX, 3200/100/1; slices: 11; thickness: 6mm;
FOV: 300 ∗ 300; oversampling: 182). During squeezing and
defecation, functional 2DHYCE sagittal (TR/TE/NEX 14/7/1;
slices: 1, thickness: 12.5mm, FOV: 280∗280, matrix: 208∗206)
sequences were acquired in sitting position. Overall MR time
for the study was approximately 25–30 minutes.

2.1.3. Image Analysis. Images were analysed in consensus by
an experienced board-certified abdominal radiologist (SC)
and a radiology resident with four years of experience in
abdominal radiology (FI).

The degree of the pelvic organs descent was evaluated
measuring the perpendicular distance between the pubococ-
cygeal plane (PCP) and the bladder base and the posterior
vaginal fornix or the vaginal vault (if the patient was hysterec-
tomized) and the anorectal junction (ARJ) during each of the
three phases: rest, squeezing, and defecation in both supine
and sitting MR examinations. The reference plane used for
MRI, the PCP, is defined as the plane of the pubococcygeal
line (PCL) which connects the inferior margin of the symph-
ysis pubis with the last coccygeal joint.The anorectal junction
is defined as the point of taper of the distal part of the rectum
as it meets the anal canal, corresponding to the posterior
impression of the transition between puborectal muscle and
levator plate, and it represents the point of reference for
posterior compartment descent [24, 25].

According to the majority of the authors, an ARJ position
lower than 3 centimetres (cm) in respect to PCP in the resting
phase or a descent of more than 3 cm during the evacuation,
if compared with the position at rest, is the definition of fixed
and dynamic perineal descent, respectively [5, 26–30].

A descent of more than 1 cm at rest or during evacuation
of the bladder base and of the posterior vaginal fornix or

vaginal vault in respect to the PCP is considered suggestive
for anterior and middle prolapse, respectively [5, 25]. The
distances in centimetres between PCP and bladder and
vaginal fornix or vaginal vault and ARJ were considered
positive if they have a position above PCP, negative if they
have a position under PCP, and null value if they have a
position on the PCP.

Data were compared analysing the difference between
the two different positions in the three different phases (rest,
squeeze, and defecation), the difference in the detection of
fixed and dynamic perineal descent, and the existence of
possible correlation between supine and sitting positions.

2.1.4. Statistical Analysis. The statistical analyses were per-
formed using MATLAB statistical toolbox version 2008
(MathWorks, Natick, MA, USA) for Windows at 32 bits
on random sample of 31 patients, 12.90% males and 87.10%
females. ANOVA test [31], Fisher’s exact test, Pearson linear
correlation [32], Student 𝑡-test, and 𝑍-test [33] were used for
data analysis. A 𝑝 value < 0.05 was considered significant.

3. Results

Two hundred patients with clinical symptoms suggestive for
pelvic floor descent referred to our Radiology Department
for pelvic dynamic MRI for the evaluation of pelvic floor
disorders.

Fifty patients satisfied the physical prerequisite to be
examined in sitting position and they were asked to take part
in the study.

Out of these, 31 patients (27 female, 473male; mean age:
48.5 years; range: 21–74) gave the consent to participate in the
study and were imaged in both positions.

The procedures were well tolerated by all the patients and
were successful in all cases. The average total examinations
time was 60 minutes per patient.

In all cases, the images quality was diagnostic.
In Table 1, the measures (in centimetres) of pelvic organs

in respect to the PCP, in rest, squeeze, and defecation phases,
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BB: 1.45 cm
VF: 2.34 cm

ARJ: −3.59 cm

(a)

BB: 2.61 cm

VF: 2.98 cm

ARJ: −1.90 cm

(b)

BB: −1.79 cm VF: −1.81 cm

ARJ: −4.81 cm

(c)

BB: 0.67 cm

VF: 1.19 cm

ARJ: −4.86 cm

(d)

Figure 2: MR Defecography. Rest phase in sitting (a) and supine (b) position. Evacuation phase in sitting (c) and supine (d) position. The
pathological fixed descent was detected only in sitting position in rest phase (a). In evacuation phase, a cystocele became evident (d), whereas
the maximal descent of the ARJ is similar in both sitting and supine position (c, d). BB: bladder base; VF: vaginal fornix; ARJ: anorectal
junction.

in both sitting and supine examinations in all patients are
reported.

In rest phase, both positions of bladder and ARJ were
significantly different when the patient was imaged in supine
versus sitting position (𝑝 value ≤ 0.0001 and 𝑝 value ≤
0.001, resp.) (Figures 2(a), 2(b), 3(a), and 3(b)); also during
squeezing, both positions of bladder and ARJ were signifi-
cantly different when the patient was imaged in supine versus
sitting position (𝑝 value = 0.0011; 𝑝 value = 0.0154). In
the defecation phase, a significant difference for the bladder
position was detected between the two exams (𝑝 value
≤ 0.001) whereas a significant difference for the ARJ was
not found (𝑝 value = 0.373) (Figures 2(c), 2(d), 4(c), and
4(d)).

In the rest phase, a fixed pelvic floor descent was detected
in sitting position in 16/31 (51.6%) patients whereas only in
2/31 (0.64%) the supine MR detected a descent of more than
3 cm (𝑝 > 0.0005) (Figures 2(a), 2(b), 3(a), 3(b), 4(a), and
4(b)).

In rest phase, a cystocele was detected in sitting position
in 4/31 (12.9%) patients whereas in 0/31 (0%) the supine MR
detected a descent of more than 1 cm (𝑝 > 0.11).

In evacuation phase, a cystocele was detected in sitting
position in 20/31 (64.5%) patients whereas in 14/31 (45.16%)
the supine MR detected a descent of more than 1 cm (𝑝 =
0.20) (Figures 3(c) and 3(d)). The dynamic descent for the
bladder and the ARJ was also evaluated and compared: a
statistically major descent was detected in supine position if
compared with sitting position for both bladder and the ARJ
(𝑝 value = 0.04; 𝑝 value = 0.0157) (Figure 2).

In Figure 5, the graphic representation of theANOVA test
is shown.

A dynamic descent was detected in sitting position in
10/31 (32.25%) patients and in 18/31 (58%) in supine position
(𝑝 = 0.3).

The measures of pelvic organs in respect to the PCP were
also examined for the female and male subgroups as shown
in Table 2.

In the female subgroup (𝑛 = 27), in rest phase, the posi-
tions of bladder, ARJ, and vagina were significantly different
(𝑝 value≤ 0.0001) when the patient is imaged in supine versus
sitting position.

In squeezing phase only for bladder and vagina, there
was a statistically significant difference (𝑝 value = 0.0002
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BB: 0.65 cm

VV: 1.64 cm

ARJ: −3.08 cm

(a)

BB: 2.44 cm

VV: 4.61 cm

ARJ: −0.56 cm

(b)

BB: −2.05 cm

VV: −1.91 cm

ARJ: −5.41 cm

(c)

BB: −1.54 cm
VV: 0.29 cm

ARJ: −4.28 cm

(d)

Figure 3: MR Defecography. Rest phase in sitting (a) and supine (b) position. Evacuation phase in sitting (c) and supine (d) position. The
pathological fixed descent was detected only in sitting position in rest phase (a). In evacuation phase, a cystocele and a vaginal vault prolapse
became evident (c), and the MR examination in supine position overestimates the dynamic descent, nonpathological in (a) and (c) and
pathological in (b) and (d). BB: bladder base; VV: vaginal vault; ARJ: anorectal junction.

and 𝑝 value = 0.0013) whereas for ARJ measure a significant
difference was not detected with a probability more than or
equal to 95% (𝑝 value = 0.0735). In the defecation phase for
ARJ measures, a significant difference was not detected (𝑝
value = 0.572), whereas there was a statistically significant
difference for bladder and vagina measures (𝑝 values < 0.001;
𝑝 value = 0.019).

The dynamic descent of bladder, ARJ, and vagina between
rest and defecation phases in both positions was also com-
pared and for the ARJ a statistically significant major descent
was detected in supine position versus sitting position (𝑝
value = 0.018). A significant difference between sitting and
supine positions in the degree of descent of the bladder (𝑝
value = 0.0239) was found; a significant difference was not
detected for the vagina measure with a probability more than
or equal to 95% (𝑝 value = 0.278).

In Figure 6, the graphic representation of theANOVA test
for the female subgroup is shown.

In the male subgroup (reported for completeness, 𝑛 = 4),
in rest phase, there was a statistically significant difference in
the bladder measures between supine and sitting positions (𝑝
value = 0.0217), whereas there were not significant differences

for ARJ measures (𝑝 value = 0.09) between supine and sitting
positions.

In squeezing phase, significant differences for bladder and
ARJ measures between supine and sitting positions were not
found (𝑝 value = 0.346 and 𝑝 value = 0.124, resp.).

In the defecation phase, significant differences for both
bladder and ARJ measures between supine and sitting posi-
tions were not found (𝑝 value = 0.066 and 𝑝 value = 0.297,
resp.).

The dynamic descent of the bladder and the ARJ between
rest and defecation phases in both positions was also com-
pared and statistically significant differences were not found
for both bladder and ARJ (𝑝 value = 0.906 and 𝑝 value =
0.982, resp.).

The results of the Pearson correlation test are shown in
Table 3.

A strong linear correlation in the bladder measures
detected in sitting and supine MR examination was found in
all phases (rest, squeeze, and defecation) (Figure 7).

In the female subgroup, amoderate correlationwas found
for the vagina measures in rest phase and a strong correlation
was detected in defecation phase (Figure 8).
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Table 3: Pearson’s test correlation coefficient and related 𝑝 value (in parentheses).

Sitting/supine
Rest Squeeze Defecation

All patients
Bladder 0.71 (8.07 ⋅ 10−6) 0.854 (9.64 ⋅ 10−10) 0.753(1.04 ⋅ 10−6)
ARJ 0.228 (0.217) 0.517 (0.0029) 0.696 (1.36 ⋅ 10−5)

Female subgroup
Bladder 0.678 (1.02 ⋅ 10−4) 0.808 (3.35 ⋅ 10−7) 0.806 (3.82 ⋅ 10−7)
Vagina 0.611 (6.77 ⋅ 10−4) 0.31 (0.176) 0.796 (1.61 ⋅ 10−5)
ARJ 0.277 (0.162) 0.568 (0.002) 0.805 (4.03 ⋅ 10−7)

BB: 0 cm VF: 0.93 cm

ARJ: −5.32 cm

(a)

BB: 1.92 cm

VF: 3.30 cm

ARJ: −2.07 cm

(b)

BB: −3.99 cm

VF: −2.45 cm

ARJ: −6.57 cm

(c)

BB: −3.65 cm

VF: −4.34 cm

ARJ: −6.74 cm

(d)

Figure 4: MR Defecography. Rest phase in sitting (a) and supine (b) position. Evacuation phase in sitting (c) and supine (d) position. The
pathological fixed descent was detected only in sitting position in rest phase (a). In evacuation phase, the MR examination in supine position
overestimates the dynamic descent; the rectocele is seen only in sitting position. BB: bladder base; VF: vaginal fornix; ARJ: anorectal junction.

A strong correlation for the ARJ measure was found in
defecation phase,whereas it wasweak in rest phase (Figure 8).

4. Discussion

Weakening of the pelvic floor is a debilitating disorder
usually involving middle-aged and elderly parous women,
even if pelvic floor disorders may also occur in male patients

[23, 34, 35]. Weakening of the pelvic floor may result in
an abnormal descent of the bladder, the uterus, or the
vaginal vault and the rectum, with pelvic organ prolapse
and related symptoms including urinary incontinence, fecal
incontinence, or obstructed defecation syndrome. The diag-
nostic limitation of the pelvic examination alone has led to
the need of using more direct and comprehensive diagnostic
methods [3]. In the assessment of patient with pelvic floor
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Figure 5: ANOVA box plot for bladder (a) and ARJ (b) measures of all the patients.
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Figure 6: ANOVA box plot for bladder (a), vagina (b), and ARJ (c) measures of the female subgroup.
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Figure 7: Strong linear correlation for bladder measures in all phases between sitting and supine positions, for all patients.

disease, several radiological investigations are used [9]: RX-
Defecography is considered the “gold standard” in the evalu-
ation of pelvic floor diseases, being a cost-effective procedure,
easy to perform, and widely available. However, it is an
invasive procedure due to the ionizing radiations and the
administration of four contrasts and it allows one to evaluate
only the opacified organs, neither muscular structures nor
soft tissues of the pelvic floor [36]. Ultrasound (US) has the
advantage of the lack of ionizing radiation, but this method
has several limitations in evaluating pelvic organs prolapse
[2]. The alternative, especially in complex combined pelvic
floor disorders, is represented by dynamicMR, first described

by Yang et al. in 1991, that allows for a multiplanar and
multiparametric evaluation of the three pelvic compartments
(anterior urinary, middle genital, and posterior digestive)
and the direct and detailed visualization of the pelvic floor
structures without using ionizing radiation because of its
intrinsic soft-tissue contrast capability [3, 4, 12, 37, 38].

In the axial, T1 and T2 weighted, and sagittal, T2
weighted, dynamic sequences, the three different pelvic com-
partments are displayed to evaluate their morphology and
signal characteristics and their position across the different
phases (rest, straining, and evacuation) in respect to the
PCL with a real-time evaluation of patterns of dysfunction;
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Figure 8: Linear correlation graphs of bladder andARJmeasures on all patients and of bladder, vagina, andARJmeasures on FG in defecation
phase between sitting and supine positions.

the supporting ligaments and the muscles can be adequately
investigated to detect if there are associated muscular and
fascial defects, thus providing the surgeon with a road map
for tailored treatment. The assessment of the peritoneal
compartment (the fourth pelvic compartment) is important
especially for the surgical planning and it appears clearly
visible onMRI as a thin, low signal band, outlined by the high
signal of fat [37].

MR evaluation of pelvic floor descent is limited by the
closed architecture of conventional MR systems allowing the
patient to be examined only in supine position. Pelvic floor

abnormalities may not be detected or misinterpreted if the
examination is not completed with evacuation phase; this
can be difficult to perform in supine position, limiting the
diagnosis [3, 39].

The availability of open magnet systems allows us to per-
formMRDefecography in sitting position: this is an ideal tool
to assess pelvic floor disorders in a physiological positionwith
the advantage of good delineation of all pelvic soft tissues [3].
The use of this technique is limited by worldwide availability.
Some authors reported that to perform the examination
using a state-of-the-art technique, which means dynamic
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MR imaging in supine position in closed magnet at rest,
during squeezing, straining, and evacuation is probablymore
important than to consider the patient position [11, 17, 40, 41].
In our previous experience, imaging the patients in supine
position has been shown to be satisfactory in the evaluation
of symptomatic pelvic floor weakness even if defects are best
demonstrated when patients are sitting [42, 43]. According to
this, the results of the present study show that a statistically
significant difference exists when the pelvic floor descent
is evaluated in sitting versus supine position, and the MR
study in supine position can underestimate the fixed descent
(Figures 2, 3, and 4). In our series, the percentage of patients
with a pathological fixed pelvic floor descent (ARJ more than
3 cm below the PCP) evaluated in rest phase significantly
differs between the two procedures.

No significant differences were found in the percentage
of patients with cystocele detected in sitting position versus
supine position at rest, even if the positions of the bladder
significantly differ when the patient is imaged in supine
versus sitting position.

In defecation phase no significant differences were found
in the percentage of patients with cystocele detected in sitting
position versus supine position.

No significant differences exist between the supine and
sitting positions in the measures of the ARJ in the defecation
phase, suggesting that the maximal level of pelvic floor
descent ismore influenced by themuscles elasticity and by the
pelvic floormuscle voluntary contractions than by the gravity
force (Figures 2, 4(c), and 4(d)).

Although the percentage of patients with pathological
dynamic descent did not significantly differ between the two
procedures, a statistically significant difference was found
comparing the grade of dynamic descent between supine and
sitting positions. This is explained considering that in supine
position pelvic organs are located more cranially in respect
to the PCP than in sitting position whereas in defecation
phase the values in evacuation do not significantly differ
between the two positions of examination. So, the MR in
supine position may overestimate the grade of the dynamic
descent of the pelvic floor.

The existence of a significant linear correlation between
the measures detected in supine versus sitting position for
most of the considered measures will encourage further
studies for the definition of new cut-off values to be adopted
when examining the patients in supine position, since the
cut-off values currently used are taken from studies on RX-
Defecography, performed in sitting position [10].

It will be also of interest to investigate if the MR in
sitting position allows one to improve the detection and
the accuracy in diagnosing and grading pelvic pathologies
(rectocele, pelvic floor hernias).

To our knowledge, this is the largest series of patients
who underwent MR Defecography both in supine 1.5 T and
in sitting 0.25 T magnets; a new prototype was used allowing
one to obtain diagnostic quality of the images in all the exam-
inations. The limit of the prototype is currently due to the
width of the magnet, allowing one to image only patient with
hip circumference less than 100 cm.This can be optimized in
the future, once the accuracy of this new system is validated.

5. Conclusion

Our results show that MR Defecography in sitting position
may represent a useful tool to correctly diagnose and grade
the pelvic organ descent. This is of pivotal importance in the
assessment of patients with pelvic floor disorders since it may
help the surgeon in the definition of the appropriate surgical
therapy.
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Introduction. Abdominal adhesions can cause serious morbidity and complicate subsequent operations. Their diagnosis is often
one of exclusion due to a lack of a reliable, non-invasive diagnostic technique. Development and testing of a candidate technique
are described below.Method. During respiration, smooth visceral sliding motion occurs between the abdominal contents and the
walls of the abdominal cavity. We describe a technique involving image segmentation and registration to calculate shear as an
analogue for visceral slide based on the tracking of structures throughout the respiratory cycle. The presence of an adhesion is
attributed to a resistance to visceral slide resulting in a discernible reduction in shear. The abdominal movement due to respiration
is captured in sagittal dynamic MR images. Results. Clinical images were selected for analysis, including a patient with a surgically
confirmed adhesion. Discernible reduction in shear was observed at the location of the adhesion while a consistent, gradually
changing shear was observed in the healthy volunteers. Conclusion. The technique and its validation show encouraging results for
adhesion detection but a larger study is now required to confirm its potential.

1. Introduction

Abdominal adhesions are pathological formations of fibrous
scar tissue that tether or adhere abdominal structures. As a
complication of abdominal surgery they may be the cause
of serious morbidity and may complicate subsequent opera-
tions. A combination of non-specific symptoms and an aver-
sion to unnecessary surgery leads to a conservative patient
management strategy that often fails to tackle the underlying
condition. Surgical procedures (laparoscopy, laparotomy) are
currently the only reliable way to determine if a patient has
adhesions, but such intervention may induce further adhe-
sions. A non-invasive diagnostic technique would therefore
be invaluable for effective patient management and reducing
surgical complications.

During the respiratory cycle the abdominal contents slide
smoothly against the confines of the abdominal cavity

(abdominal wall, etc.)—a process termed visceral slide.
Although absence of, or disturbance to, visceral slide is
considered an indicator of adhesions, the literature contains
very few quantitative attempts at visceral slide measurement
[1–3].The use of dynamicMR for adhesion detection has had
reported success but examination of the images in sufficient
detail to detect abnormal slide has proven labour intensive
and results are subject to high inter-operator variability [4–6].
We have previously presented a technique to mathematically
analyse movement within the whole of the abdomen to
help infer the presence of gross abnormalities (extensive
adhesions) [6]. This current paper outlines a refinement of
this technique using image segmentation and registration to
exclusively interrogate more subtle abnormalities on the
abdominal wall by examination of visceral slide.

Image registration is a mathematical process which aims
to warp points in one image to match their corresponding
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points in another. It has a proven value in tracking features or
structures between incrementally varying images. However,
sliding geometry (such as in the abdomen) is recognised to
challenge registration algorithms [7–11]. To address this issue
the literature has largely focused on development of highly
sophisticated, bespoke registration algorithms to accurately
account for sliding [7–11]. In this paper our focus is different:
we intend to evaluate the sliding motion itself. We consider
that there is benefit in using “off-the-shelf” registration
technology combined with a protocol optimised for shear
detection, and for this purpose we promote a segmentation-
registration method. Such a pragmatic approach makes the
technique more transparent and the technology more acces-
sible, hopefully encouraging clinical adoption.

To the authors’ knowledge nobody has accomplished
quantitative characterisation/measurement of the sliding
motion in the abdomen nor has a reliable technique been
developed for non-invasive abdominal adhesion detection.
With this inmind this paper is a “work in progress” that com-
municates an overview of the methodology developed and
presents preliminary results.

2. Method

Our scanning protocol was developed independently which
led to a protocol that echoed that of Lienemann et al. (2000)
[4]. Dynamic MR images are acquired using a True FISP
(true fast imaging with steady-state precession) MR imaging
sequence. Images are obtained in the sagittal plane from the
mid ascending colon to mid descending colon, which covers
the full extent of the abdominal contents. Scanning param-
eters include a matrix size of 256 × 256, a slice thickness of
7mm, and 10mm gaps between slices. 30 frames are acquired
at each sagittal slice location with an approximate time
between frames of 0.4 seconds. Patients are scanned in the
supine position and asked to bear down and breathe normally
during the acquisition of each sagittal slice (for ∼12 seconds)
capturing approximately 3 respiratory cycles.

The focus of our method is a particular sliding motion
system, characterised as one in which two adjacent struc-
tures in contact slide independently against each other. A
schematic of the type of motion observed in the abdomen
during respiration is shown in Figure 1.

These types of systems involve a discontinuity in the
motion along the boundary separating the two moving
objects. The method aims to determine the degree of sliding
by quantifying shear as an analogue for the sliding motion
taking place at the discontinuity.The amount of shear refers to
the difference in the relative displacement of the two objects
on either side of the motion discontinuity along the bound-
ary.

The method relies on a segmentation step that requires
that the boundary between the two regions of motion be
defined, as shown in step 1 of Figure 2. This is done semi-
automatically by manually defining the boundary on a single
frame, after which the position of the boundary is tracked
for all subsequent frames.Themotion within the two regions
can now be mathematically interrogated separately without

Figure 1: Schematic of the motion discontinuity in the abdomen
during respiration. The horizontal green arrow indicates the pre-
dominant motion of the abdominal wall whilst the mostly vertical
arrow represents the predominant motion of the abdominal con-
tents. The dotted red line indicates the approximate location of the
motion discontinuity.

interference from one another. Separate registrations quan-
tify the motion in each region which are then recombined
to reconstruct a full description of motion over the whole
image. The motion is depicted as arrows (vectors) in step 2
of Figure 2.The relative motions along the boundary over the
whole dynamic image sequence are then computed to deter-
mine the amount of shear. The result is a “sheargram”: the
coloured band in step 3 of Figure 2 depicting the total shear
along the boundary over approximately 3 respiratory cycles.

3. Results

For the purposes of this exercise we obtained a selection of
suitable MR images in which complementary surgical confir-
mation was available to clarify the degree of adhesive pathol-
ogy. Of particular interest was a patient with a surgically
confirmed adhesion to the anterior abdominal wall following
a hernia repair.The result of the shear summed over approxi-
mately 3 respiratory cycles for this patient is compared to two
healthy volunteers without adhesions in Figure 3.

An apparent reduction in shear is observed at the site
of the surgically confirmed adhesion (highlighted by the
arrow) which contrasts with the relatively uniform, gradually
changing shear observed along the abdominal wall of the two
healthy volunteers.

4. Validation

A critical assessment of our method demands evidence that
the technique is robust and bereft of artefacts. In the absence
of a clinical trial or a pilot study this section discusses two
examples of validation tests, with interpretation of results and
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High shear

Low shear
Step 1 Step 2 Step 3

Figure 2: Flow chart describing themethodology. Step 1: typical region drawn to separate (segment) the two regions of different motion; step
2: depiction of the mathematically quantified movement; step 3: depiction of the shear taking place along the boundary in a “sheargram”.

High shear

Low shear
(a) (b) (c)

Figure 3: Comparison of the sheargrams from (a) a patient with an adhesion (arrow) and (b) and (c) two healthy volunteers.

implications for clinical use. Validation tests that have been
performed to assess the robustness of the technique include:

(1) A highly idealised computer-generated stretching of a
rectangular region of an MR image

(2) Imaging of a physical system involving the compres-
sion of a sponge in a syringe to generate a sliding
against the syringe wall.

4.1. Test 1. A rectangular section of an abdominal MR image
was artificially stretched relative to the surrounding MR
image (shown in Figure 4(a)) to create amovie of discontinu-
ous sliding with known, time-dependent shear at the bound-
ary. The shear along the boundary was calculated with and
without the segmentation step and compared to the known
shear along the boundary in Figure 4(b).

The shear calculated when motion segmentation is
included closely matched the known shear at the boundary
of the stretched section. The largest discrepancy occurred at
the top of the image (see Figure 4(b)) and is attributable to
detail being stretched outside the image space. Even with the
relatively small shears present in this example the measured

shear agreed within approximately 5% of the actual shear.
The simple nature of the deformation (uniform stretch) does
not challenge the registration algorithm but it does demon-
strate the inherent accuracy of the procedure in the absence
of “real-world” complexities.

4.2. Test 2. The second validation test was physical rather
than computationally simulated and involved the compres-
sion of a textured sponge within a syringe (Figure 5). The
plunger was used to gradually compress the sponge while
images were taken with a standard DSLR camera (Cannon
EOS 1100D). Two separate sets of acquisitions were made:
in the first, the sponge was allowed to be freely compressed;
for the second, an adhesive piece of double sided sticky tape
was added to the inside of the syringe to create a localised
resistance to the sponge’s “motion” thereby disrupting slide
(an analogue for an adhesion).The images in Figures 5(a) and
5(b) show the uncompressed and compressed sponge while
the images in Figures 5(c) and 5(d) used our segmentation-
registration protocol to depict the shear summed over the
whole compression with and without the presence of the
adhesive tape. This test offers a more realistic challenge for
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Figure 4: Validation experiment 1 with an idealised stretch of the portion of a MR image shown in (a) and shear results compared to actual
shear in the system in (b).
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Sponge

Figure 5: Syringe test object displaying (a) uncompressed sponge, (b) compressed sponge, (c) shear result without adhesive tape, and (d)
shear result with adhesive tape (indicated by red block).

the algorithm as it includes non-uniform deformation and
localised variations in sliding motion. It not only assesses
the technique’s ability to quantify shear but also its ability
to detect an adhesive area along the boundary—proof of
principle for adhesion detection.

When qualitatively observing the sponge’s motion
unaided by the sheargram, determining the location of the
adhesion was extremely challenging. When combined with
the images in Figures 5(c) and 5(d), a sufficient reduction in
shear around the location of the adhesion was observed to
accurately raise awareness of its presence.

5. Discussion

Intra-abdominal adhesions can form anywhere in the
abdomen, vary in shape and size, and therefore cause a
spectrum of symptoms: little or none at one end to severe,
frequent pain at the other. A proportion of patients with
adhesions are forced to repeatedly seek medical attention for
their unexplained abdominal pain. In current clinical practice
a patient with severe abdominal pain and suspected bowel
obstruction will undergo non-invasive imaging [12–15]. Pla-
nar X-ray, fluoroscopy, CT orMRImay be used in an attempt
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to detect a proximal region of distended bowel with an abrupt
reduction in bowel calibre to a collapsed distal region [13].
Importantly, the radiological features determine the site of
obstruction but not necessarily the cause: an adhesion may
be likely but not proven. The only definitive method to
prove the presence of adhesions is by surgery (laparotomy
or laparoscopy) which itself is often the primary cause of
adhesions [16]. As a result they place a significant burden on
healthcare worldwide [16–18] and the lack of a reliable non-
invasive diagnostic technique results in conservative patient
management and prolonged patient discomfort [12].

It is recognised that improved diagnostic methods are
required to reliably inform patient management strategies for
adhesive bowel obstruction [12] but additionally we propose
a requirement for diagnosis of adhesions in symptomatic
patients without intestinal obstruction. A potential diagnos-
tic technique is radiological examination of cine-MRI to
observe the motion of the abdominal contents. This was first
described by Lienemann et al. in 2000 [4] and has led to
several further publications [5, 19, 20] from the same group.
The cine-MRI acquisition acquires slices in the transverse and
sagittal planes and requires a radiologist to identify regions
of absence of movement which could correspond to adhesive
pathology. The technique has shown promise and reported
impressive accuracies, identifying up to 89% of surgically
confirmed adhesions [19].

However, in our experience, radiological assessment of
cine-MR images is limited by its difficulty, high inter-operator
variability, and excessive reporting time. These factors led
to our previous publication which described mathematical
mapping and depiction of movement in the abdomen to aid
the radiologist [6]. This current paper offers a refinement to
our previous approach by presenting shearmeasurements as a
diagnosticmetric for the presence and location ofmore subtle
adhesive pathologies around the perimeter of the abdominal
cavity. The measurement of shear could be used to influence
decisions on whether to operate, facilitate more efficient
surgery due to improved adhesion localisation, and reduce
the risk of serious surgical complications such as bowel
perforation during incisions.

5.1. Non-Clinical Validation. The validation tests were ide-
alised and non-clinical but permitted the analysis method to
be verified, offering a proof of principle for the detection of
adhesive regions. The result of Test 1 (stretched MRI region)
showed a close match between the output of the computer
analysis and actual shear, indicating correct shear calculation.
This was echoed equally well in the less idealised experiment
of Test 2 (textured sponge). Although a small amount of shear
was observed at the site of the adhesion (see Figure 5), this
was visibly attributable to the weakness in bonding between
tape and sponge as a small amount of slippage occurred.
A more subtle observation is the reduction in shear on the
opposite wall to the adhered region in Figure 5(d) when com-
pared to the acquisition without an adhesion in Figure 5(c).
Close examination of the images and registration deforma-
tion field confirm that this is not a failing in the shear analysis
but rather the adhesion influenced the deformation at the
right-hand boundary as well as the left.With the region below

the adhesion remaining largely uncompressed some sponge
moved laterally into this space rather than sliding vertically
downward against the syringe wall.

The results of both tests offer support for the technique
showing that it accurately captured shear and that this could
be used to detect an area disturbed by an adhesive influence.

5.2. Clinical Test. Application to a handful of clinical exam-
ples has thus far continued to produce promising results. In
the case reported here reduced shear was observed at the
site of a surgically confirmed adhesion while in a sample of
healthy abdominal scans (𝑛 = 4) a smoother more gradual
change in shear was observed. The combined evidence of the
clinical outcome and the validation tests provides reassurance
that the technique has merit. Developing our system for clin-
ical use requires two major steps: retrospective application
to a larger patient cohort with surgical confirmation and a
prospective programme.

The clinical results in Figure 3 also reveal areas of reduced
shear which do not correspond to a confirmed adhesion (e.g.,
upper left Figure 3(a) and at the very base of the abdomen
in all images). Inspection of movement in these areas reveals
that this is not a failure of the technique to measure shear
correctly but rather confirms that sliding is genuinely reduced
in these areas. At this stage of development the aim of this
technique is not to provide a standalone diagnostic outcome
but to draw the eye of the radiologist toward specific suspect
areas, which when combined with other diagnostic infor-
mation can enable an informed decision to be made. This
initial extra investment by the radiologist is potentially more
than offset by increased accuracy of diagnosis and reduction
in examination time. It is likely that there will be common
sites of shear reduction which, with experience, should be
easily identified and interpreted appropriately. A future ambi-
tion is the production of a shear “atlas” to provide a typical
map of shear in health and disease to help clarify such issues.

5.3. Challenges and Future Work. This paper has reported on
awork in progress and there remain challengeswhichmust be
addressed before the proposed diagnostic protocol for ante-
rior wall adhesions can be considered reliable. The principal
concerns relate to (i) sensitivity of the results to position of
boundary placement between the moving regions and (ii)
possible artefacts introduced by structures moving through
the 2D imaging plane. With reference to (i), our experience
confirms that the placement of the boundary is relatively
consistent due to high contrast anatomy; consequently repro-
ducible results are achievable. With respect to (ii), through
plane motion in 2D is most effectively addressed by 3D
imaging. However, advantages gained from the 2D imple-
mentation are the high temporal resolution not available in
3D imaging and the simplicity and speed of implementation.
Also, notably, movement within the abdomen is mostly
superior-inferior; therefore objects largely remain in the
sagittal imaging plane. It is for these reasons that complemen-
tary 2D and 3D analyses are being pursued.

As a final comment, the protocol is intentionally designed
to support the use of different “off-the-shelf” registra-
tion algorithms. Currently the majority of work has been



6 Gastroenterology Research and Practice

performed using the Sheffield Image Registration Toolkit
(ShIRT) but ANTs (Advanced Normalisation Toolkit, an
open source registration algorithm) has also been success-
fully incorporated and used.

6. Conclusion

A technique to measure shear to infer the amount of vis-
ceral slide along the extremities of the abdominal cavity
has been proposed, investigated, and validated. Despite the
acknowledged limitations of the current implementation, the
preliminary results have shown the adopted methodology
to be successful in determining and detecting the locations
of adhesions. Clinical application is currently limited by the
small number of patients examined but an additional study
is being pursued with a larger cohort of patients for further
assessment.
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Aim. This study aspires to assess the role of 3D-Endoanal Ultrasound (3D-EAUS) and Magnetic Resonance Imaging (MRI) in
preoperative evaluation of the primary tract and internal opening of perianal fistulas, of secondary extensions and abscess.Methods.
During 2014, 51 Crohn’s disease patients suspected for perianal fistula were enrolled. All patients underwent physical examination
with both themethods and subsequent surgery. Results. In the evaluation of CD perianal fistulas, there are no significant differences
between 3D-EAUS andMRI in the identification of abscess and secondary extension. Considering the location, 3D-EAUSwasmore
accurate than MRI in the detection of intersphincteric fistulas (𝑝 value = 10−6); conversely, MRI was more accurate than 3D-EAUS
in the detection of suprasphincteric fistulas (𝑝 value = 0.0327) and extrasphincteric fistulas (𝑝 value = 4 ⊕ 10−6); there was no
significant difference between MRI and 3D-EAUS in the detection of transsphincteric fistulas. Conclusions. Both 3D-EAUS and
MRI have a crucial role in the evaluation and detection of CD perianal fistulas. 3D-EAUS was preferable to MRI in the detection
of intersphincteric fistulas; conversely, in the evaluation of suprasphincteric and extrasphincteric fistulas the MRI was preferable to
3D-EAUS.

1. Introduction

Perianal fistula is a chronic inflammatory condition defined
as an abnormal perianal tract that connects two epithelial
surfaces, usually the anal canal and the perianal skin [1]. This
condition is often highly recurrent and may require repeated
surgical treatments [2, 3]. Perianal fistulas predominantly
affect young males with a male-to-female ratio of 2 : 1 [2, 4].
The most common symptom is discharge, but local pain
is also frequent [3]. Patients suffering from Crohn’s disease
(CD) often experience perianal disease and have complex

perianal sepsis requiring repeated treatments [5]. Surgery
still plays a relevant role in perianal CD, with a significant
prevalence of recurrence [4]. Accurate preoperative assess-
ment of a fistula and its complications, such as secondary
extensions or abscess, is mandatory to perform a successful
surgery [6] while preserving anal function and continence,
but no single tool can effectively depict the anatomy of
perianal fistulas in these patients. Overly aggressive fistulo-
tomy can lead to postoperative fecal incontinence, whereas
inappropriate conservative treatment could lead to fistula
recurrence [5]. Preoperative imaging modalities can alert
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the surgeon to fistula characteristics that might otherwise
be missed. Aim of this study is to assess the role of 3D-
Endoanal Ultrasound (3D-EAUS) and Magnetic Resonance
Imaging (MRI) in diagnosing primary tract, and secondary
extension, in localizing internal opening of perianal fistulas
and identifying the relation between the anal fistula and anal
sphincters.

2. Methods

2.1. Study Design and Population. Between January 2014
and December 2014, 51 patients with known CD (37M;
14 F; age range: 28–56 years; mean: 42 years), suspected for
perianal fistula, were enrolled. All patients were referred to
our department after a previous clinical diagnosis of perianal
fistula and were preoperatively evaluated with 3D-EAUS and
MRI and subsequently underwent surgery. In accordance
with our institute guidelines, every patient received and
signed written consent forms. The eventual diagnosis of the
fistula anatomy was made after combining the findings of all
of the modalities (3D-EAUS, MRI, and surgery).

2.1.1. 3D-EAUS. The examinations were performed with a
Bruel and Kjaer ProFocus system Ultra View-2202 (Mile-
parken 34, 2730 Herlev, Denmark) with a model 2050 trans-
ducer equipped with a double multifrequency crystal (range:
6–16MHz), with 360∘ mechanical rotation at a speed of 1.9–
2.8 rotations/s, focus range up to 45mm, dimensions 550
× 270 × 40 × 17mm, and automatic extraction and field
depth up to 10 cm. All patients were examined in the lateral
decubitus position without any prior bowel preparation and
without any anesthesia. The transducer was covered with a
condom and, after adequate lubrication, placed inside the
anal canal. The transducer was firstly advanced as far as the
rectal ampulla before continuing with more caudal scans; it
was then automatically withdrawn to the superficial perianal
plane. Images were viewed in planes perpendicular to the
transducer, which was kept with the same orientation so
that the anterior wall was always visualized at the 12 o’clock
position, the left wall at 3 o’clock, the posterior wall at 6
o’clock, and the right wall at 9 o’clock.

Three scan planes were acquired:

(1) The deeper plane corresponded to the proximal
extremity of the anal canal, where there is the typical
U-shaped sling appearance of the hyperechoic pub-
orectalismuscle with thewider end towards the pubis.

(2) The intermediate plane included the hypoechoic
internal anal sphincter (IAS), the perianal body, and
the transverse perianal muscle.

(3) The superficial plane corresponded to the level of
the distal extremity of anal canal and included the
hyperechoic layer of the submucosal portion of the
external anal sphincter (EAS).

All images were retrospectively analyzed by two observers
(reader 1 and reader 2), who were unaware of theMRI results.
The two observers evaluated the data independently of each
other without knowing the test results. To avoid discrepancy,

both observers examined the case together until agreement
was reached.

Radiological examination aimed to determine the fol-
lowing fistula characteristics: (1) the primary tract, defined
according to the criteria of Parks et al. [7] as intersphincteric,
transsphincteric, extrasphincteric, or suprasphincteric; in
the intersphincteric fistulas the submucosal fistulas were
included, lying in the superficial submucosal plane lateral to
the subcutaneous portion of the external anal sphincter; (2)
the internal opening, localized with respect to a clock face
as described above; and (3) secondary extension, including
horseshoe tract and abscess formation.The anatomic location
of any secondary extension arising from the primary fistula
trackwas recorded as intersphincteric, ischiorectal, or supral-
evator. A horseshoe extension was defined as any extension
from the primary track that appeared to extend to both sides
of the internal opening, and such an extension was classified
as intersphincteric or ischiorectal.

Fistula tracks were visualized as tube-like, hypoechoic
lesions. The internal fistula opening was identified as a
hypoechoic area in the intersphincteric plane, as a defect in
the internal anal sphincter, or as a subepithelial breach that
connected to the fistulous tract through an internal sphincter
defect [8].

After the EAUS procedures, the characteristics of the
fistula were classified according to the same criteria used in
the clinical evaluation.

2.1.2. MRI. MR imaging studies were performed on a 1.5 T
closed magnet (Magnetom Symphony, Siemens, Germany).
The patients were placed in the supine position.

T2-weighted turbo spin-echo (TSE) sequences (TR 5370,
TE 126, averages 2, flip angle 150, slice thickness 4, bandwidth
130, and FOVREAD230mm)were acquired in sagittal plane,
which was used as reference to obtain para-axial planes (per-
pendicular to the anal canal) and paracoronal planes (parallel
to the anal canal). In the para-axial planes the following
sequences were acquired: T1-weighted TSE (TR 611ms, TE
11ms, averages 2, flip angle 150 deg, slice thickness 5mm,
bandwidth 130, and FOV READ 270mm), T2-weighted TSE
(TR 7710ms, TE 114ms, averages 2, flip angle 180 deg, slice
thickness 3.5mm, bandwidth 130, and FOV READ 334mm),
and T2-weighted Haste with and without suppression of
fat signal (TR 9860ms, TE 114ms, averages 2, flip angle
180 deg, slice thickness 3.5mm, bandwidth 130, and FOV
READ 250mm). In the paracoronal plane T2-weighted TSE
with suppression of fat signal was acquired (TR 2500ms, TE
104ms, averages 2, flip angle 150 deg, slice thickness 4mm,
bandwidth 130, and FOV READ 300mm).

Two radiologists (reader 3; reader 4) evaluated the images
without knowing the results of the 3D-EAUS. Each com-
ponent of the anal fistula was categorized and recorded
using the similar criteria of 3D-EAUS. Fistula tracks were
visualized as tube-like, hyperintense or hypointense lesions.
The internal fistula opening was identified as a hyperintense
or hypointense area in the intersphincteric plane, as a defect
in the internal anal sphincter, or as a subepithelial breach that
connected to the fistulous tract through an internal sphincter
defect.
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Table 1: Type of perianal fistulas, according to Parks classification, observed with 3D-EAUS and MRI.

Location
3D-EAUS
Number of
patients (%)

MRI
Number of patients

(%)
Hypothesis McNemar’s exact test (𝑝 value)

Intersphincteric 23 (45.10) 3 (5.88) MRI < 3D-EAUS 10−6

Transsphincteric 12 (23.53) 10 (19.61) MRI < 3D-EAUS 0.344
Suprasphincteric 4 (7.84) 11 (21.57) MRI > 3D-EAUS 0.0327
Extrasphincteric 3 (5.88) 21 (41.18) MRI > 3D-EAUS 4 ⊕ 10−6

Absence of pathology 9 (17.65) 6 (11.76) MRI < 3D-EAUS 0.187
Total 51 (100) 51 (100) MRI > 3D-EAUS
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Figure 1: Rose plot graphs of sensitivity and specificity for MRI and 3D-EAUS.

2.2. Statistical Methods. The statistical analyses were per-
formed using Matlab statistical toolbox version 2008 (Math-
Works, Natick,MA,USA) forWindows at 32 bits.McNemar’s
exact test [9] and 𝜒2 test with Yates correction [10] were
performed to determine the higher accuracy between 3D-
EAUS and MRI in the individualization of primary tract,
according to Parks classification, and in the identification of
secondary extensions and abscess.

In addition the sensitivity and specificity with confidence
intervals at 95% [11] were defined for the diagnostic pro-
cedures. All tests with 𝑝 value < 0.05 were considered as
significant.

3. Results

All patients well tolerated the exam and there were no side
effects reported. The analysis of radiological examinations
of 51 patients, respectively, for MRI and 3D-EAUS, showed
the presence of intersphincteric fistulas in 5.88% (3/51)

Table 2: Differences between MRI and 3D-EAUS.

Parameters 3D-EAUS MRI
Value % IC 95% Value IC 95%

Sensitivity 97.80 (87.9, 100.0) 91.11 (79.2, 97.6)
False negative 2.20 (2.0, 17.1) 8.89 (3.0, 20.2)
Specificity 100.00 (91.3, 100.0) 100.0 (91.3, 100.0)
False positive 0.00 (0.2, 6.8) 0.00 (0.2, 6.8)
Accuracy 98.00 (88.2, 100.0) 92.20 (80.3, 98.2)

of cases versus 45.10% (23/51), transsphincteric fistulas in
19.61% (10/51) versus 23.53% (12/51), suprasphincteric fistulas
in 21.57% (11/51) versus 7.84% (4/51), and extrasphincteric
fistulas in 41.18% (21/51) versus 5.88% (3/51) and absence of
pathology in 11.76% (6/51) versus 17.65% (9/51) (Table 1).

There was no significant difference betweenMRI and 3D-
EUAS (Table 2 and Figure 1) in specificity (100% versus 100%)
and sensitivity (91.30%,with IC=79.2%–97.6%versus 97.80%,
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Table 3: Proportion of positive patients to 3D-EAUS and MRI in the diagnosis of primary tract of anal fistulas, secondary extensions, and
abscess and 𝜒2 test with Yates correction.

MRI % 3D-EAUS % Hypothesis 𝜒
2 test (𝑝 value)

Primary tract 58.82 (30) 52.94 (27) MRI > 3D-EAUS 0.55
Secondary extension 86.27 (44) 80.39 (41) MRI > 3D-EAUS 0.42
Abscess 15.69 (8) 5.88 (3) MRI > 3D-EAUS 0.11

with IC = 87.9%–100%) (Table 2). McNemar’s exact test con-
firmed that there was no significant difference between MRI
and 3D-EAUS in the evaluation of patients with pathology (𝑝
value = 0.187). Considering each location, according to Parks
classification, 3D-EAUS result was more accurate than MRI
in the detection of intersphincteric fistulas (𝑝 value = 10−6);
conversely, MRI was more accurate than 3D-EAUS in the
detection of suprasphincteric fistulas (𝑝 value = 0.0327) and
extrasphincteric fistulas (𝑝 value = 4⊕10−6), while there was
no significant difference between MRI and 3D-EAUS in the
detection of transsphincteric fistulas.

In Table 3 we showed the different accuracy between
MRI and 3D-EAUS in the identification of primary tract,
secondary extension, and abscess, considering that one
patient could be affected from more symptoms too. The 𝜒2
test with Yates correction showed that in the evaluation of
primary tract, secondary extension, and abscess therewere no
significant differences between MRI and 3D-EAUS (58.82%
versus 52.94% with 𝑝 value = 0.55; 86.27% versus 80.39%
with 𝑝 value = 0.42; 15.69% versus 5.88% with 𝑝 value =
0.11, resp.). Concerning secondary extensions, there were 27
patients (61.4%) with concomitant abscesses and 17 (38.6%)
with horseshoe extension. No differences were observed
concerning detection of each of these findings between the
two modalities (abscess, 27 versus 25, 𝑝 = 0.15; horseshoe
track, 17 versus 16, 𝑝 = 0.31MRI versus 3D-EAUS).

4. Discussion

Anal fistulas are a significant cause of morbidity associated
with a severe reduction of quality of life. It represents a
common clinical problem affecting approximately 0.01% of
the general population, predominantly young adults, and,
differently from pelvic floor disorders, afflicts men two times
more often than women [2, 4, 12]. Up to 60% of CD patients
have perianal disease, of whom 30% have perianal fistula [5].
Ten percent of CD can have perianal fistula as first presenting
symptom, before receiving CD diagnosis.

Anal fistula is defined by an abnormal perianal tract
that connects two epithelized surfaces: the anal canal to
the perianal skin. Some fistulas have a tendency to recur,
despite seemingly curative surgery. Recurrence is usually
due to infection that has gone undetected and untreated
[1]. The most common symptom is discharge (65% of the
cases), but local pain due to inflammation is also common.
Perianal fistulas may be caused by several inflammatory
conditions and events, including CD [13, 14]. The aetiology
of perianal disease in CD is debated, and no single factor can

be identified as responsible of subsequent anorectal sepsis,
probably resulting from a combination of microbiological,
immunological, and genetic factors [5].Themost widely used
one is Parks et al. classification system that was derived from
analysis of 400 consecutive patients referred for specialist
evaluation of perianal fistulas. Parks et al. [7] classified fistulas
into fourmain groups. Intersphincteric fistulas were themost
commonly noted (45%) and are characterized by a primary
tract that courses in the intersphincteric space without
penetrating the external sphincter. In the intersphincteric
fistulas we included the submucosal fistulas, lying in the
superficial submucosal plane lateral to the subcutaneous por-
tion of the external anal sphincter; transsphincteric fistulas
were slightly less common (30%) and traverse the external
sphincter and pass into the ischioanal fossa, below the level
of the puborectalis muscle. Suprasphincteric fistulas (20%)
extend within the intersphincteric plane superior to the
puborectalis before penetrating the levator musculature to
course within the ischioanal fossa. Extrasphincteric fistulas
(5%) course within the ischioanal fossa and penetrate the
levator musculature without traversing either the internal or
the external sphincters opening directly into the rectum [4,
7]. All of these fistula types may be complicated by abscesses
and by secondary tracks. In addition fistulas can spread
circumferentially in the intersphincteric space, ischioanal
fossa, or supralevator space. Circumferential branches or
abscesses that extend on both sides of the interior opening
are known as horseshoe branches or abscesses [7].

Incorrect classification and/or determination of extent
increases risk of incomplete healing, recurrent fistula, and
inadvertent sphincter injury.

3D-EAUS is a valuable tool to represent the normal
anatomy of the anal canal and it is simple, cheap, readily
available, less demanding for the patient, and with high
diagnostic accuracy. It allows rapid evaluation for specialized
equipment, is easy to perform and easily reproducible and
painless, and does not require patient preparation.

It provides excellent imaging of the rectal wall, of the
internal and external sphincters and of the intersphincteric
plane, of muscle mobility, and of the position of the internal
opening, essential for planning surgical approach to reduce
the risk of incontinence. This method can be very useful
also in the follow-up of anal diseases, both to study surgical
drainages and in the postoperative study of anal fistulae.
3D-EAUS represents the first investigation in patients with
perianal fistulas that allows real-time visualization; it has
the potential to become the initial and most cost-effective
investigation for fistula disease, which may alleviate the need
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(a) (b)

Figure 2: Submucosal fistula in the superficial plane corresponding to the level of the distal extremity of anal canal. In (a) 3D-EAUS, including
the hyperechoic layer of the submucosal portion of the external anal sphincter (EAS), shows a submucosal fistula extending from 3 o’clock to
5 o’clock, lying external to the submucosal portion of the EAS (yellow arrows). The same plane on MRI (b), which could be avoided in this
kind of fistulas (white arrow); 3D-EAUS is often sufficient as a preoperative diagnostic method.

(a) (b)

(c) (d)

Figure 3: Intersphincteric fistula at 9 o’clock. 3D-EAUS demonstrates the proximal origin of the fistulous tract from the internal anal sphincter
and its location in the intersphincteric plane on both axial (a) and coronal plane (c), better depicting the fistulous tract in the intersphincteric
space than MRI (b, d).
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(a) (b)

(c) (d)

Figure 4: Extrasphincteric fistula at 6 o’clock with abscess. Sagittal (a) and axial (b) view of anal canal on 3D-EAUS showing at 6 o’clock (6) the
proximal origin of an extrasphincteric fistula which drains into a big extrasphincteric abscess (calibers 1–3). On (c) and (d) sagittal and axial
view, respectively, of anal and perianal region on MRI which is indispensable to demonstrate the complete extension of the extrasphincteric
abscess (black star) and the appearance of edematous surrounding tissues.

forMRI inmost patients. It is fully sufficient as a preoperative
diagnostic method inmost patients with intersphincteric and
transsphincteric/submucosal fistula above all with single tract
and without abscess, better depicting the intersphincteric
plane and both the internal and external sphincters (Figures
2 and 3). 3D-EAUS has some limitations since it is highly
operator dependent, it has limited ability to resolve ischioanal
and supralevator infections, and it does not allow a reliable
distinction between infection and fibrosis [4, 6, 15–18].

MRI has the advantage of an excellent intrinsic soft-tissue
resolution, thus showing the fistula tract in the context of the
surrounding structures. It has a wider FOV than 3D-EAUS
and it is more suited for the assessment of complex branching
tracts, the lateral extension into the perianal spaces, and the
cranial extension above the levator ani (Figure 4) [19, 20].

It is useful to improve treatment by correct assessment of
the extent of disease, in the treatment response/monitoring
of perianal fistulas, especially in CD; it is also valuable
to differential diagnosis between infections from fibrosis,
ischioanal and supralevator infections, and supra- and infral-
evator extension. It could be a valid second-level examination

in case of abscesses or complex tracts and also through the
pelvic diaphragm and finally where internal opening cannot
be simply shown [20–25].

In our series we were able to demonstrate that both MRI
and 3D-EAUS can be used to assess transsphincteric fistulas.
However, basing on 3D-EUAS exams alone, up to 14% of
suprasphincteric fistulas can be overlooked or not correctly
diagnosed (Table 1, Figure 5).

In conclusion, both EAUS and MRI have a crucial role
in the evaluation and detection of perianal fistulas. 3D-EUAS
is more accurate in comparison to MRI in the individuation
of intersphincteric/submucosal fistulas, where it could be
fully sufficient as a preoperative diagnostic method, better
depicting the intersphincteric plane and both the internal
and external sphincters. In fact, the introduction of 3D
technique has optimizedUS evaluation.MRI ismore accurate
in comparison to 3D-EUAS in the individuation of supras-
phincteric and extrasphincteric fistulas with the reported
advantage of an excellent intrinsic soft-tissue resolution and
higher panoramicity, thus showing the fistula track in the
context of the surrounding structures. 3D-EUAS and MRI
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(a) (b)

Figure 5: Transsphincteric fistula at 5 o’clock. Both 3D-EAUS (calibers) (a) and MRI (white arrow) (b) are accurate in the detection of
transsphincteric fistulas. Thanks to 3D technique 3D-EAUS may show the entire extension of the fistula while on MRI it appears on two
different planes.

are statistically equivalent in the detection of transsphincteric
fistulas and in the evaluation of abscess and secondary
extension.
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Purpose. Aim of the study is to evaluate the efficacy of the endoscopic (pneumatic dilation) versus surgical (Heller myotomy)
treatment in patients affected by esophageal achalasia using barium X-ray examination of the digestive tract performed before
and after the treatment. Materials and Methods. 19 patients (10 males and 9 females) were enrolled in this study; each patient
underwent a barium X-ray examination to evaluate the esophageal diameter and the height of the barium column before and after
endoscopic or surgical treatment. Results. The mean variation of oesophageal diameter before and after treatment is −2.1mm for
surgery and 1.74mm for pneumatic dilation (OR 0.167, CI 95% 0.02–1.419, and 𝑃: 0.10). The variations of all variables, with the
exception of the oesophageal diameter variation, are strongly related to the treatment performed. Conclusions. The barium X-ray
study of the digestive tract, performed before and after different treatment approaches, demonstrates that the surgical treatment
has to be considered as the treatment of choice of achalasia, reserving endoscopic treatment to patients with high operative risk
and refusing surgery.

1. Introduction

Achalasia is the most frequent primary motor disorder of the
esophagus. It is still a rare disease thatmay occur in both sexes
at any age with a prevalence of less than 1/10,000 and with a
new cases’ incidence of 0.6–1/100,000 citizens/year [1]. At the
base of this disease there is a primitive neuromuscular alter-
ation with a myenteric plexus degeneration causing a patho-
physiological disorder consisting in the failure of the lower
esophageal sphincter (LES) relaxation during swallowing and
the complete loss of peristaltic coordination of the esophagus
body [2]. Dysphagia is the typical symptom, consisting in the
difficulty in swallowing food; usually the patients have a very
long and often unrelated history [3]. Other times the patients
may show a sudden onset and, rarely, the symptomatology
may be “paradoxical,” more pronounced for liquids than

solids. Patients may also feel chest pain and regurgitation.
Pain is a less frequent symptom and it is usually observed
in the early stages of the disease. It is probably related to the
smooth muscles contraction of the esophageal body. Regur-
gitation is the symptom occurring in later stages, when the
esophagus is dilated, and may be misdiagnosed as a gastroe-
sophageal reflux disease, leading to diagnosis delay. In this
phase, aspirations of food material may be also present
leading to “ab ingestis pneumonia” in 12% of cases [1]. Other
times, finally, the only sign of this disease can be a persistent
halitosis, due to stagnation of endoesophageal food material.
The diagnosis is usually made with X-rays of the digestive
tract with barium contrast medium (cm) administration and
esophageal manometry [4].The therapeutic approachmay be
pharmacological, endoscopic, and surgical [5].
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Figure 1: X-rays show the height of barium column 0, 1, 2, and 5 minutes after barium oral administration.

Aim of the study is to evaluate the efficacy of the
endoscopic (pneumatic dilation) versus surgical (Heller
myotomy) treatment in patients affected by esophageal
achalasia through the analysis of parameters deriving from
the barium X-ray examination, performed before and after
surgical or endoscopic treatment.

2. Materials and Methods

The study was approved by the Institutional Ethical Commit-
tee and conducted according with the ethical principles of
the Declaration of Helsinki. Written informed consent was
obtained in all patients.

From January 2009 to December 2014 all the patients
referring to our radiology departments for radiological evalu-
ation of achalasia, based on previous esophageal manometry,
and planned for surgical or endoscopic treatment were
investigated about their clinical history and eligible patients
were considered for enrolment in this study. Patients with
concomitant systemic neurological and/or rheumatologic
disease (e.g., Parkinson disease, scleroderma) were excluded.

Each patient underwent barium X-rays evaluation before
and after endoscopic or surgical treatment.

The examination was performed with Siemens AXIOM
Luminos DRF equipment. Pronto Bario HD (Bracco, Milan,
Italy) has been used as contrast medium; each patient
received 98,45 g of powder for oral suspension diluted in
90mL of water and administered as a single bolus prior to
the execution of swellings at 0, 1, 2, and 5 minutes (Figure 1).
The esophageal diameter and the height of the barium
column were evaluated at the different times after the barium
administration. The procedure was successful and was well
tolerated in all patients and no complications were reported
during the exam execution.

2.1. Statistical Analysis. To obtain the logistic model we
calculated, for each variable, the mean change was observed
after the intervention of the total sample. For each patient
were introduced five dichotomous variables (one for each
initial variable), assuming value 1 if the reduction found in

a particular patient results to be greater than or equal to the
average reduction and 0 otherwise. Finally, for each variable,
we evaluated the possible relationship with the treatment and
we calculated odds ratio.

3. Results

Fifty-two patients were initially considered for the study, 12
patients were excluded due to the presence of concomitant
systemic neurological disease, 17 did not give their consent,
and 4 patients were lost to the evaluation after treatment.
Nineteen patients were finally enrolled: 10 males and 9
females, age range was 27–76 y.o. for men and 41–75 for
women. Eleven patients underwent surgical Heller myotomy
treatment and Dor fundoplication and 8 had endoscopic
pneumatic dilation treatment performed, due to the high
operative risk and refusal of surgical treatment.

The mean variation of esophageal diameter before and
after treatment is −2.1mm for surgery and 1.74mm for
pneumatic dilation (OR 0.167, CI 95% 0.02–1.419, and 𝑃:
0.10). Table 1 shows the variation of esophageal diameter and
the height of barium column before and after surgical or
endoscopic treatment at 0, 1, 2, and 5 minutes after barium
administration. Table 2 shows the odds ratio calculated with
the logistic regression model to demonstrate postoperation
mean changes in relation to the two treatments.

4. Discussion

The standard in diagnosing and classifying achalasia is
represented by the esophageal manometry documenting the
impaired relaxation of the LES and the absence or the
alteration of peristaltic waves in the distal esophagus [4, 6–9].

Upper endoscopy is usually performed to rule out cancer
or a peptic stricture and, particularly in patients older than
50 years with dysphagia and weight loss, attention should be
paid on the possible presence of a tumor underlying achalasia
(pseudoachalasia) [10, 11]. Cytohistological samples should
always be taken in the cardiac region and in the suspicious
areas, to find possible neoplastic degeneration [12, 13]. Chest
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Table 1: Table shows the variation of esophageal diameter and the
height of barium column before and after surgical or endoscopic
treatment at 0, 1, 2, and 5 minutes after barium administration.

Surgery Endoscopy
Myotomy Pneumatic dilation
11 patients 8 patients

Before After Δ Before After Δ

Esophagus
diameter (cm) 5.20 3.10 –2.10 4.80 6.54 +1.74

Column baryta
height

0 23.95 11.9 –12.05 26.50 14.66 –11.89
1 21.30 7.31 –14.00 25.85 12.61 –13.24
2 19.64 4.84 –14.79 24.42 11.56 –12.86
5 16.69 3.75 –12.94 23.06 8.61 –14.45

Table 2: Table shows OR, CI 95%, and 𝑃 value calculated with
logistic regression model to evaluate statistical significance of the
variation between pneumatic dilation and myotomy treatment in
patients with diagnosis of achalasia.

Odd
ratio Confidence interval (95%) 𝑃

value
Reduction >mean
Esophagus 0.167 0.02 1.419 0.1011
Column baryta
height

0 0.625 0.093 4.222 0.6297
1 0.625 0.093 4.222 0.6297
2 0.429 0.062 2.972 0.3911
5 0.9 0.133 6.080 0.9139

and abdominal CT scan without and with intravenous cm
may be helpful in specific, not so common cases [9, 14].

The barium X-ray examination allows to confirm the
diagnosis and to assess the degree of esophageal dilation,
the axis of the esophagus, and the presence of an associated
epiphrenic diverticulum [6], the esophagus appears dilated,
aperistaltic, or with uncoordinated peristaltic contractions,
sometimes stuffed of food previously ingested and with the
“tail mouse” characteristic appearance of the cardiac region
[6].

In the early stages, the only sign may be the endoluminal
stagnation of cm, with a progressive increase in the height
of the barium column until its pressure causes the forced
opening and subsequent rapid emptying of the LES.

The cause for an initial reduction of inhibitory neurons in
achalasia is unknown; then etiological therapies still do not
exist, but only symptomatic treatments [9]. These treatments
are designed to solve the lack of LES relaxation. The thera-
peutic approaches may be pharmacological, endoscopic, or
surgical. Drug therapy is not very effective, because, even in
the early stages of the treatment, the benefits can be seen only
in about 2/3 of the patients, with a chronic drug intake that
may cause a reduction in the pharmacological effects with

tolerance and addiction phenomena; the possible presence of
side effects, such as low blood pressure and related headaches,
has to be considered [15]. Some studies have shown a partial
efficacy of calcium channel blockers and nitrated derivatives
[16], but the use of thesemedical therapies should be reserved
for those patients who cannot tolerate surgical approaches or
to who refuse to use them.

Another type of treatment consists of endoscopic therapy
that includes the botulinum toxin injection (BTI) and the
pneumatic dilation (PD) [17, 18].

BTI is based on a botulinum toxin endoscopic injection in
the cardia leading to an inhibition of release of acetylcholine
from the myenteric plexus resulting in reduction of smooth
muscle contraction of the cardiac region. The effects of a
single treatment can persist for six months or more (up to 2-3
years).

The PD consists in the endoscopic introduction, through
the mouth, of special dilators, on a metal guide introduced
until after the cardia, with the patient maintained under
sedation. The dilators consist in cylindrical balloon length
of about 12 cm and with variable diameter (2.5 to 4 cm),
progressively positioned in the cardiac region. Once placed,
it is swollen for 1minute at 15 PSI pressure. Usually one or two
dilations are sufficient to obtain a good result. In 3% of cases,
however, there is a cumulative risk of incurring postoperative
complications such as tearing and/or perforation of the esoph-
agus. With this method 60–70% of good results may be
obtained [19]. The surgical Heller extramucosal myotomy
represents the surgical treatment of choice [20]. The inter-
vention consists in the longitudinal section of the cardial
esophageal smooth musculature for 6-7 cm; then, an antire-
fluxDor fundoplication is associated, protecting the esophag-
eal mucosa from the gastroesophageal reflux. According to
the available literature, good or excellent results may be
obtained in up to 90% of the cases [21].

In our study, the barium X-ray examination of the esoph-
agus (Figure 1) in patients with achalasia, performed before
and after the surgical and endoscopic pneumatic treatments,
has shown that the average reduction of barium column
height observed in patients surgically treated was more
noticeable if compared with those treated with pneumatic
endoscopic dilation as well as the reduction in the esophageal
caliber. The barium X-ray examination was a good test to
evaluate the outcome after surgery or endoscopic dilation,
being well tolerated and poorly invasive and allowing objec-
tively defining, with a quantitative analysis of the esophageal
caliber andmorphology. In conclusion, the surgical treatment
represents the treatment of choice of achalasia, giving better
and more stable results in comparison with endoscopic
pneumatic dilation reserved for patients with high operative
risk and who refuse surgery; the esophagus X-ray barium
study is the modality of choice in the preoperative and
postoperative imaging evaluation of these patients.
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Unlike pediatric intussusception, intestinal intussusception is infrequent in adults and it is often secondary to a pathological
condition. The growing use of Multi-Detector Computed Tomography (MDCT) in abdominal imaging has increased the number
of radiological diagnoses of intussusception, even in transient and nonobstructing cases. MDCT is well suited to delineate
the presence of the disease and provides valuable information about several features, such as the site of intussusception, the
intestinal segments involved, and the extent of the intussuscepted bowel. Moreover, MDCT can demonstrate the complications of
intussusceptions, represented by bowel wall ischemia and perforation, which aremandatory to promptly refer for surgery. However,
not all intussusceptions need an operative treatment. In this paper, we review the current role of MDCT in the diagnosis and
management of intussusception in adults, focusing on features, as the presence of a leading point, that may guide an accurate
selection of patients for surgery.

1. Introduction

Intestinal intussusception in adults is considered uncommon,
accounting for an estimated 5% of all intussusceptions and
representing only 1% of intestinal obstructions [1, 2]. Unlike
pediatric intussusception, which is usually idiopathic, adult
intussusception is most often secondary to an identifiable
cause [3]. Many pathological conditions [4, 5], such as malig-
nant or benign neoplasms, polyps, Meckel’s diverticulum,
and postoperative adhesions, may act as leading points by
altering bowel peristalsis. Association withmalignant tumors
is more common in large bowel intussusception (65–70% of
cases), while small bowel intussusceptions are secondary to a
malignancy in 30–35% of cases only.

Before the widespread use of Multi-Detector Computed
Tomography (MDCT), the diagnosis was based on surgical
findings in patients with obstructive symptoms [4]. The
significant advancements in CT technology, along with the
progressive use of MDCT in the diagnosis of abdominal
emergencies, have determined an increment in the detection
of intestinal intussusceptions [6, 7].The typical bowel-within-
bowel appearance [1, 8–10] is often found in asymptomatic

patients, with transient intussusception and no underlying
disease [11–13]. Although surgical intervention is consid-
ered necessary in symptomatic patients with leading point
intussusception [14], not every patient with CT evidence of
intestinal intussusception may require surgery [15, 16]. The
distinction between lead point and non–lead point intussus-
ception, as well as the detection of obstructive complications
on MDCT, is important in determining the appropriate
treatment, avoiding unnecessary surgery. In this paper, we
review the current role of MDCT in the diagnosis and
management of intussusception, focusing on features that
may guide an accurate selection of adult patients for surgery,
both in small bowel and large bowel intussusceptions.

2. Anatomy, Pathophysiology, and
Classification

Intussusception results from altered intestinal motility, deter-
mining the telescoping of one bowel segment (intussus-
ceptum) into the lumen of the contiguous intestinal tract
(intussuscipiens) [1, 8]. Although this invagination can occur
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anywhere along the gastrointestinal tract, most intussuscep-
tions occur in the junctions between mobile and retroperi-
toneal fixed intestinal segments.

Intussusceptions can be classified into three types based
on the location:

(i) Enteroenteric, when confined to the small bowel.
(ii) Colocolonic, when involving the large bowel.
(iii) Enterocolonic, which can be ileocaecal or ileocaeco-

colonic.

According to the literature, ileocaecal intussusceptions are
the most common of all the gastrointestinal intussuscep-
tions, followed by enteroenteric intussusceptions, which can
account for up to 40% of cases. Colocolonic intussusceptions
are the less common type of intussusceptions [11].

Intussusception in an adult can be further classified on
the basis of whether a lead point is present. Intussusceptions
without a lead point tend to be transient, self-limiting, and
nonobstructing. Patients present with nonspecific symptoms
if any, like vague abdominal pain. In asymptomatic patients,
the diagnosis of intussusception is often an incidental finding
on MDCT performed for other reasons [17]. In these cases,
most of the time, the small bowel intussusception is self-
limited; the length of intussusception is the most reliable
predictive indicator of the outcome. Intussusception shorter
than 3.5 cm rarely requires surgery [16].

Clinical diagnosis can be difficult even in symptomatic
patients with a leading point intussusception, because of the
variety of clinical findings at presentation (crampy abdominal
pain, nausea, vomiting, and bloody mucoid stools), depend-
ing on the underlying cause. Complicated intussusceptions,
with bowel wall engorgement due to impaired mesenteric
circulation and signs of parietal ischaemia, are associated
with a higher risk of perforation and peritonitis [3, 5].

3. Role of Imaging

Abdominal MDCT has been shown to be the imaging
modality of choice for the detection and assessment of adult
bowel intussusception, with a reported accuracy of 58–100%
[1, 18]. MDCT is well suited to delineate the presence of
the disease and provides valuable information about several
features, such as the site of intussusception, the intestinal
segments involved, and the extent of the intussuscepted bowel
[19]. MDCT has the ability to differentiate between presence
and lack of a leading point.

Moreover, MDCT can demonstrate the complications of
intussusceptions, represented by bowel wall ischemia and
perforation, which are mandatory to promptly refer for
surgery.

Merine et al. [15] in 1987 described three CT patterns of
intussusception as corresponding to different stages of the
disease: the target-like pattern, the reniform pattern, and the
sausage-shaped pattern. The first appearance, the target-like
pattern, described as a round mass with intraluminal soft-
tissue and eccentric fat density, was thought to correspond
to an early intussusception with no or minimal obstruction
andwithout signs of ischemia [9].The second appearance, the

reniform pattern, appearing as a bilobed mass with central
low attenuation and peripheral higher density, was thought
to result from ischemic thickening of the intussusceptum’s
bowel wall. The latter appearance, the sausage-shaped pat-
tern, was thought to result from alternating areas of low and
high attenuation related to the bowel wall, mesenteric fat and
fluid, intraluminal fluid, contrast material, or air.

Actually, intussusception often appears as a complex
soft-tissue mass on MDCT images. It is composed of a
central intussusceptum and outer intussuscipiens, separated
by mesenteric fat, which appears as a low-attenuation layer.
Enhanced vessels are often seen within the mesenteric fat
(Figure 1). The image pattern varies according to location,
axis of section, bowel wall thickness, and lumen patency.The
appearance of an intussusception on CT images is similar to
that of a “target” mass when the CT beam is perpendicular
to the longitudinal axis of the intussusception and to that of a
“sausage”mass when theCT beam is parallel or oblique to the
longitudinal axis [10] (Figure 2).The presence of a lead point,
the configuration of the lead mass, the degree of bowel wall
edema, and the amount of invaginatedmesenteric fat all affect
the radiological aspect of an intussusception. Intussusception
with a lead point usually appears as an abnormal target-like
mass with a cross-sectional diameter greater than that of the
normal bowel and may be associated with proximal bowel
obstruction (Figure 3). It is often not easy to distinguish the
distinct anatomic features of the lead mass, because of poor
recognisability of the edematous intestinal wall and the lead
mass. If there is bowel wall edema due to impaired circulation
of the mesenteric vessels, it is difficult to differentiate a lead
mass from inflammation because the former may appear
amorphous (Figure 4). Even when a leading mass is seen, it is
not always possible to reliably distinguish a malignant from
benign neoplasm.

4. Imaging Features:
Enteroenteric Intussusception

Adult enteroenteric intussusceptions are thought to be
relatively rare. They can be classified as duodenojejunal,
jejunojejunal, or jejunoileal. Duodenojejunal intussusception
is rare, because of anatomic fixation of a large portion
of the duodenum. Retrograde jejunal intussusceptions, in
which retrograde peristalsis determines the telescoping of a
distal bowel segment into the adjacent proximal segment,
are reported as postoperative complications of Roux-en-Y
anastomoses [20].

Most cases of small bowel intussusceptions are secondary
to benign intra- or extraluminal lesions, such as inflam-
matory lesions, Meckel’s diverticulum [21], postoperative
adhesions, lipoma (Figure 5), and adenomatous polyps [3],
but they can also be iatrogenic (placement of intestinal
tube, gastrojejunostomy) or caused by abdominal trauma
[22] (Figure 6). Malignant pathologies, accounting for 15%
of cases, include adenocarcinoma, malignant GIST, metas-
tasis from various primary sites (lung or breast, malignant
melanoma, osteosarcoma, and lymphoma), and primary
lymphoma [3] (Figure 7).
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(a) (b)

(c) (d)

Figure 1: Enteroenteric intussusception. Axial CT images (a, b) demonstrate a round mass with “target” pattern and central hypodense area
of mesenteric fat in which vessels are seen as linear enhanced structures (arrow). Oblique CT reformatted images (c, d) oriented parallel to the
longitudinal axis of the intussusception depict intussusception as a large “sausage-shaped” mass, showing length of involvement. Gas-fluid
levels in the dilated proximal loops are signs of small bowel obstruction.

Enteroenteric intussusceptions without a lead point tend
to be nonobstructing and are usually smaller in transverse
diameter and shorter in length than intussusception with
a lead point (Figure 8). In some cases, the enteroenteric
intussusception is due to increased peristalsis of the intestinal
loops caused by distal obstruction, such as a stenosis caused
by a neoplasm of the colon (Figure 9). Obstructing enteroen-
teric intussusceptions, often caused by a lead point, may
present at CT with thickening and alterated enhancement
of the bowel wall and engorgement of mesenteric vessels
(Figure 10).

5. Imaging Features:
Colocolonic Intussusception

Unlike small-bowel intussusception, more than half of large
bowel intussusceptions are associated withmalignant lesions.
Adenocarcinoma is the most common malignant neoplasm
associated with colocolonic intussusception, followed by
lymphoma and metastatic disease [1]. Among about 30%
of large bowel intussusceptions caused by benign lesions,
lipomas are the most common cause, followed by GISTs,
adenomatous polyps (Figure 11), and other benign conditions
like endometriosis and a previous anastomosis [8]. Idiopathic
intussusception occurs less often than those of the small
bowel, accounting for approximately 10% of intussusceptions
[5].

Sigmoid-rectal intussusception (Figure 12) is a very rare
condition in which concentric invagination of distal sigma
progresses towards rectal ampulla but does not protrude
through the anus [23].

6. Imaging Features:
Enterocolonic Intussusception

In enterocolonic intussusception, the lead point can be
located in the small bowel, in the large bowel, often in the
caecum (Figure 13), or in the appendix. Enterocolonic intus-
susception can be further classified as ileocaecal, in which
the ileocaecal valve is in site, or ileocaecocolonic (Figure 14),
in which the ileocaecal valve is displaced. Appendiceal
intussusception is rare and difficult to diagnose radiologically
[24].

7. Conclusions

Because of significant advancements in MDCT scanners
along with increasing use ofMDCT in abdominal emergency
imaging, the detection of enteroenteric intussusceptions by
CT has increased. Intussusceptions are now being detected
incidentally on MDCT in patients being scanned for unre-
lated reasons [8] or in asymptomatic patients, often with
transient intussusceptions and without an identifiable lead
point. The radiologist can readily make a correct diagnosis,
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(a) (b)

(c) (d)

Figure 2: Enterocolonic (ileocaecocolonic) intussusception. Intussusceptionmaypresent as a target (a), reniformbilobed (b, c), and a sausage-
shaped (d) mass depending on the different axial CT scans or reformatted planes. Mesenteric vessels appear as enhanced linear structures
between hypodense mesenteric fats (arrow). Dilated proximal bowel loops are opacified with oral contrast.

(a) (b)

(c) (d)

Figure 3: Enterocolonic (ileocaecocolonic) intussusception caused by intestinal lymphoma, with proximal bowel obstruction. Plain
abdominal radiography (a) shows gas-fluid levels within distended small bowel loops. Intussusception is well depicted on axial CT scans
(b, c) and coronal reformatting (d).
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(a) (b)

(c) (d)

Figure 4: Enterocolic (ileocaecocolonic) intussusception due to a caecal carcinoma. CT images on axial scans (a, b) and oblique reformatting
(c, d) show lymph nodes and vascular engorgement in the intussuscepted mesentery and fluid distention of the intussuscipiens. Extraparietal
air indicates local perforation (arrow).

(a) (b)

(c) (d) (e)

Figure 5: Colocolonic (sigmoid) intussusception caused by a lipoma. Ultrasound scan (a) shows a pelvic layered ovoid mass. CT images on
axial (b) and oblique reformatting (c, d) demonstrate an intraluminal lesion with fat attenuation (arrow) that serves as the intussusception
lead point.
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(a) (b)

Figure 6: Enteroenteric (ileoileal) transient intussusception in a traumatized patient. Axial CT images oriented perpendicular to the
longitudinal plane of the intussusception demonstrate the typical multilayered appearance of small bowel intussusception. Heterogeneous
“target”mass with the intussuscipiens, intussusceptum, and vessels within the invaginatedmesenteric fat. No signs of significative obstruction,
only mild stasis in the small bowel.

(a) (b)

(c) (d)

Figure 7: Enteroenteric (ileoileal) intussusception caused by lymphoma. Axial CT images show the typical appearance of small bowel
intussusception (a, b, and c).Marked circumferential thickening of the wall of a distal ileum loop (d) is due to lymphoma, which is responsible
for intussusception.

(a) (b)

Figure 8: Enteroenteric (ileoileal) intussusception. Target-like mass on axial CT images. Transient intussusception with no signs of intestinal
obstruction or intestinal ischemia.
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(a) (b) (c)

(d) (e) (f)

Figure 9: Enteroenteric (ileoileal) intussusception secondary to colic obstruction caused by a sigmoid cancer. Intussusception appears as a
small target mass (a, b) in a condition of intestinal obstruction with massive small and large bowel dilatation, due to stenosing sigmoid cancer
(d). Coronal (e) and sagittal (f) reformatting better depict the site and the extent of intussusception.

(a) (b)

(c) (d)

Figure 10: Enteroenteric (ileoileal) intussusception. Bowel wall of intussusception is thickened and enhanced. Signs of small bowel
obstruction are seen on axial scans (a, b) and coronal (c) and sagittal (d) reformatting.
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(a) (b)

(c)

Figure 11: Colocolonic intussusception caused by a sigmoid lipoma. The intussusception is well depicted on axial CT scan (a). Both axial
scan (b) and coronal reformatting (c) show the hypodense polypoid mass that acts as the lead point.

(a) (b) (c)

(d) (e)

Figure 12: Colocolonic (sigmoid-rectal) intussusception (a) caused by sigmoid adenocarcinoma. The enhanced neoplastic mass, which acts
as the lead point, is located in the rectum (arrow), at the tip of intussusceptum (b, c, d, and e).
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(a) (b)

(c) (d) (e)

Figure 13: Enterocolic (ileocaecocolonic) intussusception caused by a caecal carcinoma. Ultrasound scan (a) shows a heterogeneous target-
like mass located in right flank. CT images on axial scans (b, c) and coronal and oblique reformatting (d, e) demonstrate lead point
intussusception with invaginated mesenteric fat, vessels, and lymph nodes.

(a) (b)

(c) (d)

Figure 14: Enterocolonic (ileocaecocolonic) intussusception caused by a polyp. Axial CT images (a, b) demonstrate a soft-tissue density
round mass with thin eccentric hypodensity (arrow). Oblique CT reformatting (c, d) clearly shows the enhancement of the lead mass, which
facilitates its identification.
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detecting specific MDCT findings such as the bowel-within-
bowel appearance. Some findings on CT may be helpful in
guiding management and reducing the prevalence of unnec-
essary surgery. The radiologist’s aim is not only to recognize
intussusception, but also to define its location, enteroenteric,
colocolonic, or enterocolonic, to evaluate underlying pathol-
ogy, and to identify complicated intussusceptions, associated
with obstruction or ischemia, which represent indications for
surgical exploration.
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Juez, and A. M. de Alegŕıa, “Intussusception in adults: what
radiologists should know,” Emergency Radiology, vol. 19, no. 2,
pp. 89–101, 2012.

[7] J. D. Rea, M. E. Lockhart, D. E. Yarbrough, R. R. Leeth, S. E.
Bledsoe, and R. H. Clements, “Approach to management of
intussusception in adults: a new paradigm in the computed
tomography era,” The American Surgeon, vol. 73, no. 11, pp.
1098–1105, 2007.

[8] D. M. Warshauer and J. K. T. Lee, “Adult intussusception
detected at CT or MR imaging: clinical–imaging correlation,”
Radiology, vol. 212, no. 3, pp. 853–860, 1999.

[9] Y. H. Kim, M. A. Blake, M. G. Harisinghani et al., “Adult
intestinal intussusception: CT appearances and identification of
a causative lead point,”Radiographics, vol. 26, no. 3, pp. 733–744,
2006.

[10] G. Gayer, R. Zissin, S. Apter, M. Papa, and M. Hertz, “Pictorial
review: adult intussusception—a CT diagnosis,” The British
Journal of Radiology, vol. 75, no. 890, pp. 185–190, 2002.

[11] O. Catalano, “Transient small bowel intussusception: CT find-
ings in adults,” British Journal of Radiology, vol. 70, pp. 805–808,
1997.

[12] R. Zissin, G. Gayer, O. Konen, and M. Shapiro-Feinberg,
“Transient colocolic intussusception,” Clinical Imaging, vol. 24,
no. 1, pp. 8–9, 2000.

[13] K. M. Horton and E. K. Fishman, “MDCT and 3D imaging
in transient enteroenteric intussusception: clinical observations
and review of the literature,”American Journal of Roentgenology,
vol. 191, no. 3, pp. 736–742, 2008.

[14] N. Erkan, M. Haciyanli, M. Yildirim, H. Sayhan, E. Vardar,
and A. F. Polat, “Intussusception in adults: an unusual and
challenging condition for surgeons,” International Journal of
Colorectal Disease, vol. 20, no. 5, pp. 452–456, 2005.

[15] D. Merine, E. K. Fishman, B. Jones, and S. S. Siegelman,
“Enteroenteric intussusception: CT findings in nine patients,”
American Journal of Roentgenology, vol. 148, no. 6, pp. 1129–1132,
1987.

[16] N. Lvoff, R. S. Breiman, F. V. Coakley, Y. Lu, and R. S.
Warren, “Distinguishing features of self-limiting adult small-
bowel intussusception identified at CT,” Radiology, vol. 227, no.
1, pp. 68–72, 2003.

[17] P. Jain and S. W. Heap, “Intussusception of the small bowel
discovered incidentally by computed tomography,”Australasian
Radiology, vol. 50, no. 2, pp. 171–174, 2006.

[18] G.Gayer, S. Apter, C.Hofmann et al., “Intussusception in adults:
CT diagnosis,” Clinical Radiology, vol. 53, no. 1, pp. 53–57, 1998.

[19] L. C. Dawes, R. Hunt, J. K. Wong, and S. Begg, “Multiplanar
reconstruction in adult intussusception: case report and liter-
ature review,” Australasian Radiology, vol. 48, no. 1, pp. 74–76,
2004.

[20] J. O.Waits, R.W. Beart Jr., and J. W. Charboneau, “Jejunogastric
intussusception,” Archives of Surgery, vol. 115, no. 12, pp. 1449–
1452, 1980.

[21] K. M. Elsayes, C. O. Menias, H. J. Harvin, and I. R. Francis,
“Imaging manifestations of Meckel’s diverticulum,” American
Journal of Roentgenology, vol. 189, no. 1, pp. 81–88, 2007.

[22] Z. T. Stockinger andN.McSwain Jr., “Intussusception caused by
abdominal trauma: case report and review of 91 cases reported
in the literature,” Journal of Trauma, vol. 58, no. 1, pp. 187–188,
2005.

[23] M. Assenza, G. Ricci, A. Antoniozzi et al., “Sigmoidorectal
intussusception in adults: a case report,”ClinicaTerapeutica, vol.
161, no. 1, pp. 65–67, 2010.

[24] A. J. Siddiqi, O. Arafat, P. Nikolaidis, and V. Yaghmai, “MDCT
diagnosis of ileocolic intussusception secondary to an appen-
diceal mucocele: value of multiplanar reformation,” Emergency
Radiology, vol. 13, no. 5, pp. 273–275, 2007.



Research Article
Small-Bowel Neoplasms: Role of MRI Enteroclysis

Angela Faggian,1 Maria Rosaria Fracella,2 Grazia D’Alesio,2

Maria Eleonora Alabiso,3 Daniela Berritto,1 Beatrice Feragalli,4

Vittorio Miele,5 Francesca Iasiello,3 and Roberto Grassi1

1 Institute of Radiology, Second University of Naples, Piazza Miraglia 2, 80138 Naples, Italy
2Department of Radiology, San Paolo Hospital, Contrada Caposcardicchio, 70123 Bari, Italy
3Department of Radiology, IGEA Sant’Antimo, Italy
4Department of Oral Science, Nano and Biotechnology, University G. d’Annunzio of Chieti-Pescara, Italy
5Department of Emergency Radiology, S. Camillo Hospital, Circonvallazione Gianicolense 87, 00152 Rome, Italy

Correspondence should be addressed to Angela Faggian; angela.faggian@libero.it

Received 18 June 2015; Accepted 3 September 2015

Academic Editor: Rami Eliakim

Copyright © 2016 Angela Faggian et al.This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Small-bowel neoplasms are the 3%–6% of all gastrointestinal tract neoplasms. Due to the rarity of these lesions, the low index of
clinical suspicion, and the inadequate radiologic examinations or incorrect interpretation of radiologic findings, a delay in diagnosis
of 6–8months from the first symptoms often occurs. Even if conventional enteroclysis and capsule endoscopy are themost common
procedures used to accurately depict the bowel lumen and mucosal surface, their use in evaluating the mural and extramural
extents of small-bowel tumors is limited. Instead multidetector computed tomographic enteroclysis and magnetic resonance
enteroclysis have the potential to simultaneously depict intraluminal, mural, and extraintestinal abnormalities. In particular MR
enteroclysis has an excellent soft tissue contrast resolution and multiplanar imaging capability. It can provide anatomic, functional,
and real time information without the need of ionizing radiation. MR findings, appearances of the lesions, combined with the
contrast-enhancement behavior and characteristic of the stenosis are important to differentiate small-bowel neoplasm from other
nonneoplastic diseases.

1. Introduction

Small-bowel neoplasms are the 3%–6% of all gastrointestinal
tract neoplasms, although the small-bowel represents 75%
of the length and 90% of the mucosal surface of the gas-
trointestinal tract. They can develop from all the various
tissue components of the wall: mucosa, submucosa, and
muscle layers [1]. Patients may present obscure GI bleeding
and nonspecific symptoms such as abdominal pain, nausea
and vomiting, weight loss, diarrhea, anaemia, and intestinal
obstruction. However, many patients may remain asymp-
tomatic until the late stages of disease [2].

Due to the rarity of these lesions, the low index of
clinical suspicion, and inadequate radiologic examinations
or incorrect interpretation of radiologic findings, a delay
in diagnosis of 6–8 months from the first symptoms often

occurs, conditioning surgical therapy and survival of patients
[3].

Conventional enteroclysis and capsule endoscopy are
the most common procedures used to accurately depict
the bowel lumen and mucosal surface, but their use in
evaluating the mural and extramural extents of small-bowel
tumors is limited.Multidetector computed tomographic (CT)
enteroclysis and magnetic resonance (MR) enteroclysis have
the potential to simultaneously depict intraluminal, mural,
and extraintestinal abnormalities.

Multidetector CT enteroclysis involves the use of ionizing
radiation, limiting repeated imaging, which is important in
determining whether an area of intestinal narrowing is due to
a contraction in the intestinal or to fixed strictures [2, 4–6].
MR enteroclysis has an excellent soft tissue contrast resolu-
tion, multiplanar imaging capability, and a lack of ionizing
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radiation. The possibility to repeat data acquisition over
time and the ability to perform real time functional imaging
permit functional evaluation of small-bowel mobility [7, 8].
The purposes of our studywere to retrospectively evaluate the
accuracy ofMR enteroclysis, using histological findings as the
reference standards, and to assess the interobserver variability
for detection of small-bowel neoplasms.

2. Materials and Methods

2.1. Study Design and Population. Between March 2009
and December 2014 a retrospective study was performed
evaluating exams of 67 patients (male/female ratio 3 : 1; mean
age: about 57 years) with a clinical suspicion of intestinal
neoplasia. Patients had already performed a gastroscopy
and/or colonoscopy. Clinical suspicion was represented by
intermittent bouts of intestinal obstruction and abdominal
pain (N 9), obscure GI bleeding or chronic anemia (N 35),
protein-losing enteropathy (N 7), and asthenia (N 16). All
patients underwent MR enteroclysis. Diagnostic confirma-
tion was obtained by histological examination of the sur-
gical specimen or biopsy specimen or by follow-up with
colonoscopy, videocapsule endoscopy, enteroclysis, or con-
ventional enteroclysis RM after 6 months.

2.2.MREnteroclysis. Three days before the exam each patient
reduces or totally eliminates fiber, from the afternoon of the
day before the exam, an isosmolar laxative (SELG ESSE 1000)
diluted in 4 liters of water was prescribed, and only fluid diet
was allowed.

MR imaging studies were performed with phased-
array coil on a 1.5-T closed magnet (Magnetom Symphony,
Siemens, Germany). In accordance with our institute guide-
lines, every patient received and signed written consent
forms. After fluoroscopically guided nasojejunal intubation,
while the patient lay prone inside themagnet, the small bowel
is distended with 1,500–2,000mL of polyethylene glycol-
(PEG-) water solution using an electric infusion pump with
a speed of injection of 120–150mL/min. The MR proto-
col consists of MR fluoroscopy using RARE (T2-weighted
half-Fourier rapid acquisition with relaxation enhancement)
single-shot sequences in real time, starting at the begin-
ning of the infusion and repeated every 8 seconds during
normal breathing until the PEG-water solution reached the
ascending colon and the entire small bowel was adequately
distended. Then 20mg of hyoscine butylbromide (Buscopan;
Boehringer-Ingelheim, Ingelheim, Germany) was adminis-
tered intravenously to reduce small-bowel peristalsis and
prolong small-bowel distention and the MR examination
was completed with cross-sectional imaging. Axial, sagittal,
and coronal single-shot HASTE, TrueFISP with and without
fat suppression (repetition time msec/echo time msec 3.6–
3.8/1.5–1.7; matrix 192 × 340; section thickness/gap mm 5/0)
were performed for morphological study of small bowel.
Then VIBE T1 Flash 3D FAT-SAT sequences (repetition time
msec/echo time msec, 3.24/1.24; field of view, 400mm, even
if it depends on the size of the patient; matrix, 288 × 512;
flip angle, 10∘; one signal is acquired; section thickness,
2.50mm) in multiple breath-hold series repeated at least

seven times in a row in expiratory apnea were obtained at 0∘,
30, 60, 90, and 120 after contrast injection (0.1mmol/kg
gadolinium at 2mL/sec). Diffusion-weighted MR imaging
(DW-MRI) was also performed in the true axial plane
using a single-shot spin-echo echo-planar imaging (SE-EPI)
sequence with 𝑏 values of 50, 400, and 800 s/mm2 (repetition
time msec/echo time msec, 5600/80; field of view, 500mm,
even if it depends on the size of the patient; matrix, 288 ×
512; section thickness, 6mm) in multiple breath-hold series
repeated at least seven times in a row. Apparent diffusion
coefficient (ADC) measurement by DW-MRI was done.

Images were analyzed by two experienced observer
board-certified abdominal radiologists (Maria Rosaria Fra-
cella and Roberto Grassi) with 25- and 30-year experience.
Both reviewers were blinded to clinical details, results of
previous investigations.

2.3. Statistical Analysis. For each reader, sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive
value (NPV), and the diagnostic accuracy have been cal-
culated. Furthermore interobserver agreement was assessed
(con il test 𝜅 di cohen) with 𝜅 statistics. A 𝜅 value greater
than or equal to 0.75 was considered to represent excellent
agreement.

3. Results

MR enteroclysis was successfully performed in all patients.
For one reader MR enteroclysis revealed 24 lesions (35.8%)
and 23 for the second one (34.3%). Diagnosis was confirmed
in 23 patients. Malignant neoplasms were diagnosed in
17 cases: 3 adenocarcinomas, 6 lymphomas, 3 small-bowel
metastases, 1 neuroendocrine tumor, and 4 GIST. Benign
neoplasms were diagnosed in 6 cases: 2 leiomyomas, 1
adenoma, and 3 hamartomatous polyps.

False positives were due to two adhesions and a sub-
stenosis with wall thickening. False negatives were cases of
hamartomatous polyps and jejunal metastases.

Sensitivity of MR enteroclysis in the diagnosis of small-
bowel neoplasms in our sample data was 87.5% and 91.6%,
while specificity was 93 and 97.6%, respectively, for readers 1
and 2 (Table 1).

There was excellent agreement between the readers, with
a 𝜅 value > 0.9 for MR enteroclysis diagnosis of small-bowel
neoplasm.

4. Discussion

The lack of ionizing radiation, the possibility of combining
themorphologic information of cross-sectional imaging with
functional information, the excellent soft-tissue contrast, and
a relatively safe intravenous contrast agent profile make MR
imaging the method of choice for the study of the small
intestine. Moreover the opportunity of visualizing the entire
thickness of the bowel wall and studying the surrounding
structures makes MR imaging an excellent method not
only for diagnosis but also for staging and prognosis [9–
11]. Our results confirm that MR enteroclysis is an accurate
modality with which to diagnose or exclude small-bowel
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(a) (b)

Figure 1: MRI, TrueFISP coronal sequence (a): a circumferential thickening protruding in the intestinal lumen with tendency to invagination
is detected, in absence of local infiltration. In theVIBE sequences after the i.v. contrastmedium administration (b), there is an inhomogeneous
contrast enhancement. Definitive histology: adenocarcinoma.

(a) (b)

(c)

Figure 2: Lesion with nodular aspect protruding into the intestinal lumen with infiltrative growth. A significant desmoplastic reaction and
fibrosis of adjacent loop are also present. Definitive histology: neuroendocrine tumor.
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(a) (b)

(c)

Figure 3: Lesion with infiltrative pattern, protruding into the intestinal lumen, with intense contrast enhancement in the VIBE sequences
after the i.v. contrast medium administration (c). No evident lymphadenopathy. Definitive histology: lymphoma.

Table 1: Results of MR enteroclysis in the diagnosis of small-bowel
neoplasms in our sample data for readers 1 and 2.

Reader 1 Reader 2
Number of true-positive cases 21 22
Number of false-positive cases 3 1
Number of true-negative cases 40 42
Number of false-negative cases 3 2
Sensitivity (%) 87.5 91.6
Specificity (%) 93 97.6
PPV (%) 87.5 95.6
NPV (%) 93 95.4
Diagnostic accuracy 91 95
interobserver agreement 𝜅 value∗ > 0.9
∗Interobserver agreement regarding lesion detection was excellent (𝜅 >
0.85).
NPV: negative predictive value; PPV: positive predictive value.

neoplasms [1, 12]. Bowel cleansing and optimal distention of
the small-bowel loops are crucial for the correct evaluation

of the bowel wall because collapsed bowel loops can hide
lesions or mimic disease by suggesting an abnormality-
related thickened bowel wall in collapsed segments [13, 14].

Small-bowel distention was obtained with nasojejunal.
Although this procedure was not always well accepted
by patients and was characterized by longer time of the
examination, as well as the use of X-rays, it improves the
quality of the investigation since distension of bowel loops
is controlled and uniform in contrast to the result obtained
with the administration of contrast per os during procedures
of MR enterography (Figures 1 and 2) [1, 15]. The use of
coronal single-shot spin-echo (MR fluoroscopy) sequences
is important for determining the distensibility of narrowed
areas and facilitating the differentiation of contractions from
strictures in the evaluation of prestenotic dilatation, of small-
bowel mobility. The excellent soft tissue contrast allows
evaluation of the layers of the wall and then the mucosal,
submucosal or extraparietal origin of the diseaseof the disease
[1, 8, 16, 17]. Furthermore ADC measurement by DW-MRI
provided useful information to better characterize small
lesions. An additional result was the excellent interobserver
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(a) (b)

Figure 4: MRI, VIBE sequences after the i.v. contrast medium administration (a) and HASTE sequences (b): large mass with endophytic
growth with intense and heterogeneous enhancement. Small lymph nodes are evident in the root of the mesentery. Definitive histology:
metastases from melanoma.

(a)

5.1 cm

3.6 cm

(b)

Figure 5: Round lesion, with regular contours, in patients with frequent occlusive syndromes. It shows moderate enhancement in post-
gadolinium sequences (a). Definitive histology: leiomyoma.

agreement achieved with MR enteroclysis, which indicates
that this procedure can enable reproducible evaluation of
small-bowel abnormalities.

Lymphomas represented the most common malignant
tumors in our results, even if in the literature it is reported
that they are about 20% of primary malignancies of the
small intestine (Figure 3) [10]. B-cell lymphoma (4 cases) and
follicular lymphoma (2 cases) were identified in our sample
data. The first were located in the distal ileum, in agreement
with the most frequent site described in the literature [16, 18]
and appeared as polypoid lesions that protruded into the
lumen and in one case ulceration and fistula were associated.
Follicular lymphoma was located in the duodenum and
appeared as thick walls without proximal obstruction, as
the neoplasm does not elicit a desmoplastic response, and

discreet parietal enhancement after intravenous contrast
medium.

Cases of primitive adenocarcinoma were all localized in
jejunal (2 cases of proximal jejunum, 1 case of distal jejunum),
even if the incidence is the highest in the duodenum [19].

Characteristics of these lesions were sub-stenosis and
concentric wall thickening with length between 2.7 and
3.3 cm (2 cases) and irregular intraluminal vegetation (1 case),
with moderate enhancement after administration of contrast
medium. In all cases a marked restriction of the diffusion
signal was observed. In one case there was perivisceral
adenopathy. One neuroendocrine tumor was identified with
the appearance of focal and asymmetric bowel-wall thicken-
ing in the medium ileum (maximum diameter of 3 cm) with
desmoplastic reaction infiltrating the adjacent ileal loops.
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Gist appeared as well-circumscribed masses with intra-
mural submucosal location and exophytic growth in three
cases; in one case mucosal association was present and in
another case a focal intraluminal polypoid mass was iden-
tified. For all these lesions after intravenous administration
of gadolinium the solid portions enhanced in a peripheral
heterogeneous fashion.

Three metastases was observed in our sample data. Two
of these were caused by haematogenous spread from small
cells lung cancer and melanoma (Figure 4) and appeared as
round polypoid mass; the last one was an intraperitoneal
metastasis from colon cancer that appeared as thick walls on
the antimesenteric border of the small-bowel wall. In these
three patients lymph nodes were identified at the mesenteric
root.

Leiomyoma (Figure 5) was identified as an oval mass
with regular margins in the distal ileum and intense uniform
enhancement. Adenoma and the hamartomatous polyps
appeared as solid polypoid pedunculatedmasses, with regular
margins and the maximum diameter of 2 cm.

5. Conclusion

According to the literature our results show that MR ente-
roclysis is an accurate modality for detecting small-bowel
neoplasm. It can provide anatomic, functional, and real
time information without the need of ionizing radiation.
MR findings, appearances of the lesions, combined with
the contrast-enhancement behavior and characteristic of the
stenosis are important to differentiate small-bowel neoplasm
from other nonneoplastic disease [1, 20, 21].
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Aim.The aim of the present study was to performMRI in patients after ventral hernia mesh repair, in order to evaluateMRI’s ability
to detect intra-abdominal adhesions.Materials and Methods. Single-center long term follow-up study of 155 patients operated for
ventral hernia with laparoscopic (LVHR) or open mesh repair (OVHR), including analyzing medical records, clinical investigation
with patient-reported pain (VAS-scale), and MRI. MRI was performed in 124 patients: 114 patients (74%) after follow-up, and 10
patients referred for late complaints after ventralmesh repair. To verify theMRI-diagnosis of adhesions, laparoscopywas performed
after MRI in a cohort of 20 patients. Results. MRI detected adhesions between bowel and abdominal wall/mesh in 60% of the
patients and mesh shrinkage in 20–50%. Adhesions were demonstrated to all types of meshes after both LVHR and OVHR with a
sensitivity of 70%, specificity of 75%, positive predictive value of 78%, and negative predictive value of 67%. Independent predictors
for formation of adhesions weremesh area as determined byMRI andCharlson index.The presence of adhesions was not associated
with more pain. Conclusion. MRI can detect adhesions between bowel and abdominal wall in a fair reliable way. Adhesions are
formed both after open and laparoscopic hernia mesh repair and are not associated with chronic pain.

1. Introduction

Ventral hernia mesh repair is a common surgical procedure
and may be performed by open or laparoscopic technique.
Most patients have favorable outcome after surgery, but
some patients experience problems such as pain, discomfort,
and hernia recurrences [1]. Hernia recurrence may explain
some of the complaints and can be diagnosed by clinical
investigation with the supplement of ultrasonography or
computed tomography (CT). Inmany cases, however, there is
no detectable cause of the patient’s symptoms. The problems
in these patients are often assumed to come from neuralgias
caused by sutures, inflammatory reaction to mesh fixation
materials or mesh, or even intra-abdominal adhesions, even
if such causes are difficult to verify. The MRI technology
is a sensitive method to diagnose abdominal wall pathol-
ogy, but also adhesions [2] and is increasingly used in

the diagnosis of abdominal disease. Although ultrasound is a
dynamic tool, its capacity to detect adhesions is limited to the
subsurface of the abdominal wall. CT can detect seroma and
can also demonstrate typical adhesion-related complications
like strangulated obstruction or bowel ischemia. Even with
contrast-enhanced CT scan, adhesions cannot be detected
directly in most cases but can be assumed due to scar tissue,
bowel conglomerations, and luminal changes. Liberal use of
dynamic CT-imagines, however, should be selective due to
the radiation exposure.

The aim of the present study was to perform MRI in a
clinically defined group of patients after LVHR and OVHR,
respectively, in order to evaluate to what extent MRI is able
to detect the mesh implant and adhesions between the bowel
and the mesh or the abdominal wall. We also wanted to find
if adhesions could explain chronic pain after ventral hernia
mesh repair.
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Figure 1: Consort diagram of 124 patients who attended MR-investigation.

2. Materials and Methods

We conducted a single-center follow-up study of 155 patients
after LVHR (𝑛 = 82/53%) or OVHR (𝑛 = 73/47%)
from January 2000 until November 2010. The follow-up
included registration of perioperative data from medical
records, clinical investigation of the patients, and evaluation
of patient-reported pain in relation to different activity levels.
Pain was assessed by using a 100mmVAS scale, 0meaning no
pain and 100 worst imaginable pain.

Comorbidity was classified according to Charlson et
al. [3]. All patients were invited to a magnetic resonance
imaging- (MRI-) examination. MRI was finally performed
in 114 of these patients (74%), 50 (44%) after OVHR, and
64 (56%) after LVHR, whereas 41 patients were excluded as
shown in Figure 1. To increase the number of diagnosticMRI-
examinations, another 10 patients, previously undergone
ventral hernioplasty with mesh, were included. In these
patients data from medical records were not obtained. Thus,
MRI was performed in a total of 124 patients.

The MRI study was performed with a 1.5 tesla system
(Achieva, Philips Medical Systems, the Netherlands). No
premedication or contrast media were administered. First an
axial TSE T2-weighted series throughout the abdomen was
performed (field of view, 400mm; matrix, 288 × 200mm;
flip angle, 90∘; slice thickness 5mm) to get an anatomical
overview, identify themesh, and diagnose adhesions between
abdominalwall/mesh andbowel.The studywas then followed
by a cine-MRI, balanced FFE (field of view, 300mm; matrix,
192×224; flip angle, 50∘; slice thickness 15mm).One sequence
consisted of 30 dynamic scans in the same position. The
patients were asked to increase intra-abdominal pressure and
to relax repeatedly throughout this examination. Transverse

1 2 3

4 5 6

7 8 9

Figure 2: Abdominal map with field segmentation (segments 1–9).

series covered the abdomen in a craniocaudal direction,
sagittal series covering the abdomen from right to left and
a few coronal series covered the anterior abdominal wall in
an anterior-posterior direction. The distance between every
sequence was 15mm. Depending on the patients size, the
number of dynamic scans varied from 400 to 600. The mean
examination time was 30 minutes.

A nine-segment map (Figure 2) was used as localization
reference of the abdominal wall. Two experienced radiol-
ogists evaluated the MRI-studies in consensus. They were
informed that the patients had been operated with mesh
hernioplasty for ventral hernia but were blinded to other
clinical and per-operative findings. Restricted visceral slide
between bowel and adjacent abdominal wall or surgicalmesh,
with a missing separation between them, had been used as
MRI criteria for diagnosis of adhesion. The adhesions were
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Table 1: Characteristics of 114 patients investigated with MRI.

Laparoscopic (𝑛 = 64) Open (𝑛 = 50) 𝑝

Age at hernia repair (y) 55.2 ± 14.1 55.1 ± 11.7 0.959
Gender (male : female) 24 : 40 25 : 25 0.181
Charlson score 0.3 ± 0.7 0.4 ± 0.8 0.613
Charlson index 1.6 ± 1.4 1.6 ± 1.4 0.914
BMI at hernia repair (kg/m2), mean ± SD 30.1 ± 5.5 29.0 ± 5.0 0.289
BMI at follow-up (kg/m2), mean ± SD 29.7 ± 6.1 28.5 ± 5.8 0.241
Area of hernia (cm2) 55 ± 59 40 ± 45 0.123
Area implanted mesh (cm2) 227 ± 115 180 ± 129 0.101
Area mesh determined MR (cm2) 131 ± 79 106 ± 73 0.145
Days in hospital 2.4 ± 1.6 2.4 ± 2.2 0.932
Time from surgery to follow-up (y) 3.8 ± 1.4 4.6 ± 2.3 0.035
Time from follow-up to MRI (y) 0.9 ± 1.3 1.3 ± 2.5 0.222

classified according to the location and involved structures.
Adhesions between different bowel loops or other organs
were not evaluated. Other unrelated abdominal pathology
was also recorded.

MRI’s true ability of detecting adhesions was validated in
a prospective double-blinded study of a cohort of 20 of these
patients, in whom laparoscopy was performed after theMRI-
scans due to hernia recurrence with complaints.

3. Statistics

The analyses were performed on the per-protocol basis. Data
in text and tables are given as mean ± standard deviation.
Analyses of categorical data were performed by the Pearsons
Chi-square test (2-sided) (𝑛 ≥ 5 in all subgroups) and Fisher’s
2-sided exact test (𝑛 < 5 in any subgroup).The Student’s 𝑡-test
was used in analyses of continuous distributed data. Variables
associated with the formation of adhesions at the 𝑝 < 0.1
level in the bivariate analyses were included in multivariate
analyses using a binary logistic regression model to estimate
independent predictors, the odds ratio, and 95% confidence
interval. Pearson correlationwas used to establish association
between variables. Differences between groups are given as
actual𝑝 value and considered different at𝑝 values below 0.05.
The analyses were performed using the SPSS version 22.

4. Results

MRIwas performed in 124 patients. Patient characteristics are
shown in Table 1. The mesh type used and the technique for
mesh repair in 114 patients are shown in Table 2.

The ability of MRI to detect and assess the location
of the implanted meshes was dependent on mesh type,
with detection rates between 50% and 100%. Information of
detectable mesh type and size was available in 68 patients
(52%). Size-reduction/shrinkage of mesh occurred in most
mesh types and varied between mesh types as shown in
Table 3.

106 of the 124 MRI-examinations were evaluable with
regard to adhesions between bowel and abdominal wall/
mesh. There were variations in patients compliance with

Table 2: Detection ofmesh byMRI in 114 patients treatedwithmesh
hernioplasty.

Laparoscopic Open All
(𝑛 = 64) (𝑛 = 50) (𝑛 = 114)
𝑛 % 𝑛 % 𝑛 %

Parietex composix 29/32 91 6/6 100 35/38 92
Polypropylene 1/1 100 11/20 55 12/21 57
Bard Comp. 12/14 86 2/4 50 14/18 78
Goretex dual mesh 7/8 88 6/9 67 13/17 72
Proceed 7/7 100 0 — 7/7 100
Marlex 0 — 3/6 50 3/6 50
TiMESH 2/2 100 1/1 100 3/3 100
Unknown 0 — 1/4 25 1/4 25
SUM 58/64 91 30/50 60 88/114 77

respect to deep breath during cineMRI.Thebreath procedure
by the patient was inadequate in 18 patients (15%), in whom
evaluation of adhesions could not be performed. Adhesions
between bowel and abdominal wall/mesh were described in
63 out of 106 patients (59%) (Table 4) and mostly occurred in
the middle and lower midline sectors (sectors 5 and 8). The
upper (sectors 1, 2, and 3) and lateral sectors (sectors 4, 6, 7,
and 9) had few detectable adhesions as shown in Table 5. 43
patients (41%) were devoid of adhesion on MRI.

In 60 patients, there was available information about the
size of the implanted mesh, and MRI could define both the
mesh size and the presence or absence of adhesions. In these
patients there was a significant correlation between mesh
shrinkage and adhesion formation (𝑝 = 0.003, 𝑅 = 0.374).

The placement of mesh in open surgery was onlay (𝑛 =
8/16%), sublay (13/26%), and open IPOM (𝑛 = 29/58%).
Adhesions between bowel and abdominal wall/mesh were
detected in 59 of 97 patients (60.8%) with evaluable MRI-
scans and clinical data. Adhesionswere demonstrated regard-
less of mesh type, however with a variation between 33% and
75% (Table 6). There was no significant difference between
laparoscopic and open mesh repair with regard to formation
of adhesions. Adhesionswere identified in 67%of the patients
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Table 3: Size of implanted mesh compared to mesh size at follow-up determined by MRI in patients with clinical data (𝑛 = 68).

Area of implanted mesh Area by MRI % shrinkage 𝑝

All (𝑛 = 68) 223 cm2
± 115 cm2 133 cm2

± 79 cm2
−30% 0.000

Parietex composix (𝑛 = 34) 227 cm2
± 128 cm2 117 cm2

± 72 cm2
−49% 0.000

Polypropylene (𝑛 = 4) 99 cm2
± 52 cm2 101 cm2

± 96 cm2 +1% 0.941
Bard composix (𝑛 = 13) 240 cm2

± 96 cm2 153 cm2
± 74 cm2

−36% 0.003
Goretex dual mesh (𝑛 = 9) 263 cm2

± 123 cm2 202 cm2
± 95 cm2

−23% 0.110
Proceed (𝑛 = 4) 217 cm2

± 81 cm2 136 cm2
± 56 cm2

−37% 0.082
Marlex (𝑛 = 1) 236 cm2 65 cm2

−72% —
TiMESH (𝑛 = 3) 157 cm2

± 34 cm2 75 cm2
± 20 cm2

−52% 0.040

Table 4: Adhesions between bowel and abdominal wall and/or
mesh as determined by MRI in 106 evaluable MRI-investigations.

Adhesions 𝑛 %
Small bowel and mesh 32 30
Small bowel and mesh and abdominal wall 4 4
Colon and mesh 4 4
Small bowel and colon and mesh 8 8
Small bowel and colon and mesh and abdominal wall 2 2
Small bowel and abdominal wall 11 10
Small bowel and colon and abdominal wall 2 2
No adhesions 43 40
All 106 100
Not evaluable 18

Table 5:Adhesions between bowel and abdominalwall and/ormesh
as determined by MRI in 106 evaluable MRI-investigations.

Region No adhesions Adhesions between bowel
and abdominal wall/mesh

𝑛 % 𝑛 %
1 103 98% 2 2%
2 96 91% 9 9%
3 103 97% 3 3%
4 104 98% 2 2%
5 59 55% 46 45%
6 103 97% 3 3%
7 99 93% 7 7%
8 71 67% 35 33%
9 105 99% 1 1%

after LVHR and in 49% after OVHR (Table 7). Adhesions to
mesh were detected in 14/29 (48%) of the patients with “open
IPOM.”

The diagnosis of adhesions by MRI was validated by
laparoscopy in 20 patients (Table 8). Laparoscopywas consid-
ered the “gold standard.” 18 patients in this group had evalu-
able MRI-investigations. In the cohort where the results of
MRI were investigated by subsequent laparoscopy, adhesions
between bowel and abdominal wall were diagnosed by MRI
in nine patients. At laparoscopy, 10 patients had adhesions
between bowel and abdominal wall/mesh. MRI diagnosed

adhesions between bowel and abdominal wall/mesh in two
patients that did not have adhesions at laparoscopy. MRI
failed to diagnose adhesions in three patients with adhesions
at laparoscopy (Table 8). From this limited cohort, sensitivity
of MRI was calculated to 7/10 = 70%, specificity 6/8 = 75%,
and positive predictive value. 7/9 = 78%, negative predictive
value: 6/9 = 67%.MRIwas unable to detect adhesion between
the omentum and the abdominal wall. At laparoscopy, 17
patients had such adhesions,mostly in region 5. Furthermore,
some kind of adhesions was detected in all patients in one or
more regions. Thus, the MRI underestimated the presence of
adhesions.

To identify predictors for the genesis of adhesions, factors
considered as important were investigated. In univariate
analysis, the Charlson index, hernia width, mesh area, and
operative time was associated with the presence of adhesions
as determined by MRI (Table 9). When tested in a multivari-
ate model, mesh area as determined by MRI and Charlson
index were independent predictors of adhesions (Table 10).

The patient-reported pain during average-, normal-,
moderate-, and maximal activity at follow-up was deter-
mined by the VAS-scale. In the laparoscopic hernia repair
group we used nonabsorbable tackers (𝑛 = 37/58%),
nonabsorbable sutures (𝑛 = 14/22%), or both (𝑛 = 13/20%).
We could not find any significant correlation between type
of mesh fixation and chronic pain. There were similar results
in patients with adhesions compared to patients without
adhesions, except during normal activity, where patients with
adhesions reported less pain than patient with adhesions
(Table 11). Of the 114 patients, eight (7%) patients reported
chronic pain (VAS > 30) during normal activity, six (5%)
during average activity, 15 (13%) during moderate activity, 30
(36%) duringmaximal activity, and seven (6%) reported pain
at follow-up.Thenumber of patientswith chronic pain during
normal activity was lower in the group with adhesions (2%)
compared to the group without adhesions (15%) (Table 12).

5. Discussion

In the present study, MRI could identify mesh in 77%
of patients, with a rage of 50–100% depending on mesh
type. Polypropylene allows for tissue ingrowth to an extent
that makes detection difficult. Many of the recent meshes,
however, like polytetrafluoroethylene mesh (ePTFE), are well
detected on MRI. In 28 patients, laparoscopically inserted
ePTFE were all visible, whereas inserted polypropylene
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Table 6: Adhesions between bowel and mesh as determined by MRI in 97 patients with medical records from the operation and evaluable
MR-investigations.

Adhesions to mesh Adhesions to abdominal wall No adhesions Evaluable Not evaluable
𝑛 % 𝑛 % 𝑛 % 𝑛 % 𝑛 %

Goretex 6 46 1 8 6 46 13 100 4 23
Parietex composix 20 61 3 9 10 30 33 100 5 13
Titan 1 33 0 0 2 67 3 100 0 100
Proceed 2 29 2 29 3 42 7 100 0 100
Bard composix 9 60 1 7 5 33 15 100 3 17
Polypropylene 6 38 2 12 8 50 16 100 5 25
Marlex 1 17 1 17 4 66 6 100 0 100
Unknown 1 25 2 50 1 25 4 100 0 100
SUM 46 47 12 12 39 40 97 100 17 15

Table 7: Adhesions between bowel and mesh/abdominal wall as
determined by MRI in 114 patients with medical records after
laparoscopic or open mesh repair.

Laparoscopic Open All
𝑝

𝑛 % 𝑛 % 𝑛 %
Adhesions to mesh 32 55 14 36 46 47

0.063

Adhesions to abdominal
wall 7 12 5 13 12 13

No adhesions 19 33 20 51 39 40
All evaluable 58 100 39 100 97 100
Not evaluable 6 9 11 22 17 15
All 64 50 114

Table 8: Comparison between laparoscopy (considered as gold
standard) and MRI.

MRI Laparoscopy Sum
Adhesions No adhesions

Adhesions (positive) 7 (true positive) 2 (false positive) 9
No adhesions
(negative) 3 (false negative) 6 (true negative) 9

SUM 10 8 18

meshes were not detectable [4]. Laparoscopically placed
mesh may be more easily detected than mesh placed by open
surgery [5]. In the present study, 57% of the polypropylene
meshes were detected, possibly due to a more sensitive MRI-
machine.

By MRI, we could demonstrate a size-reduction of 20–
50% in mesh-implants depending on mesh types. Parietex
composix showed about 50% shrinkage.This is in accordance
with previous studies, reporting 20–40% shrinkage [6, 7].
In an experimental study in goats, Zinther et al. could
demonstrate a 40% shrinkage of Parietex and 20% shrinkage
of DynaMesh three months after insertion, with no further
shrinkage thereafter [8]. In a study of polypropylene mesh
with radioopaque markers, CT, after mesh insertion and two
years postoperatively, demonstrated no shrinkage in 46 out of
50 patients and 3–22% shrinkage in the rest [9].The observed

size-reduction in our studymight therefore have other causes
than true shrinkage, like bulging and doubling, as previously
described [10].

Intra-abdominal adhesions may have deleterious effects,
like intestinal obstruction followed by chronic pain and
reduced quality of life [1]. Previous studies using MRI after
hernia mesh repair have reported adhesion rates of 70−100%
[4, 11–13]. Adhesion seems to be associated with abdominal
pain and discomfort [11]. The question however remains if
these adhesions, in the absence of bowel obstruction, are
capable of eliciting pain. In the present study, the rates ofMRI
diagnosed adhesions between bowel loops and abdominal
wall/mesh are in agreement with others [12]. Adhesions to
mesh were demonstrated in all mesh types, and there were
no differences between patients operated with laparoscopic
or open mesh repair. Larger mesh size at MRI was associated
with higher degree of adhesions. Adhesions are thought
to be caused by inflammation. In the present study, many
factors were recorded and tested that might contribute to
the formation of adhesions. We could demonstrate a signif-
icant correlation between mesh shrinkage and presence of
adhesions.The implantedmeshmay induce an inflammatory
reaction, inducing shrinkage and creating adhesions, which
in turn may amplify mesh shrinkage. The area of mesh
as determined by MRI and Charlson comorbidity index
was independent predictors of adhesion formation. Notably,
laparoscopic and open mesh repair had similar rates of
adhesion formation.

The MRI-investigation was designed to detect adhesions
between bowel and abdominal wall/mesh and not between
bowel segments. In 15% of patients, the MRI-investigation
was not evaluable. During the MRI-scan period for 20–
25 minutes, the patient must continuously use the abdom-
inal muscles, which weakens in several patients during the
procedure, followed by reduction in intestinal motility, and
difficulty in interpretations. In some previous reports, aMRI-
slice-thickness of 5–15mm has been used [1]. To increase
patient compliance, the MRI-slice-thickness of 15mm was
selected in the present study to reduce the scan-time, which
in theory could overestimate the presence of adhesions.

The presence of adhesions was also associated with expe-
rience of pain during normal activity. Surprisingly, patients
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Table 9: Univariate analysis of clinical parameters of possible importance for creations of adhesions in 97 patients with clinical data and
evaluable MR-scans.

Adhesions No adhesions
𝑝

𝑛 = 58 𝑛 = 39

Age at surgery (years) 57.8 ± 12.1 50.4 ± 13.9 0.007
Charlson score 0.41 ± 0.75 0.21 ± 0.62 0.153
Charlson index 1.8 ± 1.4 1.1 ± 1.4 0.012
BMI (kg/m2), mean ± SD 29.0 ± 4.8 29.1 ± 5.3 0.978
Hernia length (preoperative measure) (cm) 6.5 ± 3.7 5.3 ± 3.5 0.121
Hernia width (preoperative measure) (cm) 6.2 ± 3.4 4.7 ± 2.3 0.018
Mesh area (cm2) 233.6 ± 130.6 173.6 ± 68.8 0.036
Number of tacker rows 2.25 ± 0.7 2.47 ± 0.7 0.133
Operative time (min) 113.4 ± 56.1 88.2 ± 41.3 0.021
Postoperative stay (d) 2.7 ± 2.3 2.0 ± 1.2 0.064
Time from surgery to follow-up (y) 4.37 ± 1.77 3.92 ± 2.14 0.258
Time from surgery to MRI (y) 5.1 ± 1.8 5.0 ± 2.7 0.971
Area of mesh determined by MRI (cm2) 134.7 ± 79.9 92.6 ± 55.8 0.023
Gender (male/female) 30/28 15/24 0.199
LVHR/OVHR 39/19 19/20 0.141
Postoperative complications (no/yes) 40/18 27/12 0.420

Table 10:Multivariate analysis of clinical parameters of possible independent importance for creation of adhesions in 97 patients with clinical
data and evaluable MR-scans.

𝐵 S.E. Wald 𝑝 Exp(𝐵)
Age at hernia mesh repair 0.039 0.065 0.361 0.548 1.040
Charlson index −1.813 0.898 4.073 0.044 0.163
Hernia width 0.088 0.195 0.205 0.651 1.092
Mesh area determined at mesh repair −0.002 0.007 0.113 0.736 0.998
Mesh area determined by MRI −0.019 0.010 3.851 0.050 0.981
Operative time −0.006 0.011 0.298 0.585 0.994
Postoperative stay 0.078 0.473 0.027 0.869 1.081

Table 11: VAS-scores in patients with and without adhesions
between bowel and abdominal wall as determined by MRI in 97
evaluable patients with registered VAS-scores.

Adhesions No adhesions
𝑝

(𝑛 = 58) (𝑛 = 39)
Average pain 2.4 ± 7.0 4.5 ± 13.2 0.317
Pain during normal activity 3.8 ± 8.3 9.9 ± 17.6 0.025
Pain during moderate activity 7.7 ± 12.2 14.0 ± 21.8 0.072
Maximal pain in last 30 days 17.6 ± 20.5 20.9 ± 22.8 0.488
Pain at follow-up (today) 3.9 ± 8.5 6.5 ± 12.6 0.217

with adhesions experienced less pain than patients without
adhesions. This is in contradiction to the general hypothesis
today that adhesionsmay cause pain. Patientswith abdominal
pain thought of as being caused by adhesions are often
scheduled for surgical adhesiolysis. Some support for this
was found in a study by Demco, where laparoscopy was
performed in 20 sedated but awake patients, and a system-
atic traction of adhesions was performed, which induced
pain depending on type of adhesions [14]. In the present

Table 12: Number of patients with chronic pain (VAS ≥ 30) in 97
evaluable patients with or without adhesions.

Adhesions No adhesions
𝑝

(𝑛 = 58) (𝑛 = 39)
Average pain 1 (2%) 4 (10%) 0.154
Pain during normal activity 1 (2%) 6 (15%) 0.016
Pain during moderate activity 5 (9%) 9 (23%) 0.075
Maximal pain in last 30 days 16 (28%) 12 (31%) 0.820
Pain at follow-up (today) 2 (3%) 4 (10%) 0.216

study, MRI was able to detect adhesions between bowel and
abdominal wall. About 6% developed chronic pain at long
term follow-up. Patients with adhesions did not have more
pain than patients without adhesions.Thus, the present study
does not support that adhesions produce pain. This is in
accordance with a study by Swank et al., who randomized
patients with chronic abdominal pain and adhesions to either
laparoscopy with adhesiolysis or laparoscopy alone. There
was no difference between the groups, except for more
complications after adhesiolysis [15]. Adhesions between
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omentum and abdominal wall could also be of importance
in pain generation, but these adhesions could not be detected
with MRI. The study was also not designed to detect
adhesions between bowel loops, or between female internal
genitals and bowel loops, which also may generate pain.
Previous studies have validated the use of MRI. In one
study, with intraoperative validation of the MRI’s ability to
detect adhesions, a prevalence of 96%, an accuracy of 90%,
a sensitivity of 93%, a positive predictive value of 96%, and
a specificity of 25% were found [16]. The low specificity
was explained by the very low number of patients found
without adhesions both with cine-MRI and intraoperatively.
In a study of preoperative MRI before planned laparotomy,
MRI could detect adhesions with a sensitivity of 21.5%, with
a specificity of 87% [12]. In the present study the sensitivity
was better, and specificity about the same. Interestingly, the
absence of adhesions may be more accurately defined by
ultrasound than by MRI [12], but the presence of adhesions
is best detected with MRI compared to high-resolution
ultrasonography. In a study, intra-abdominal adhesions were
determined in 53 patients with MRI and 3 with ultrasonog-
raphy, where most adhesions were between small bowel
and abdominal wall, thereafter bowel-bowel adherences [16].
Only adhesions between intestines and abdominal wall could
be detected in the present study. The use of 15mm slices
versus 10mm slices may be an explanation.

6. Conclusion

MRI is a sensitive tool to detect various types of implanted
mesh, as well as adhesions between bowel and abdominal
wall/mesh with a fair sensitivity and specificity. There is no
difference between the tendency to form adhesions after open
or laparoscopic mesh repair. The area covered by the mesh is
associated with formation of adhesions. Adhesions between
bowel and abdominal wall cannot explain chronic pain after
laparoscopic or open hernia mesh repair.
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Gastrointestinal lymphomas represent 5–20% of extranodal lymphomas and mainly occur in the stomach and small intestine.
Clinical findings are not specific, thus often determining a delay in the diagnosis. Imaging features at conventional and cross-
sectional imaging must be known by the radiologist since he/she plays a pivotal role in the diagnosis and disease assessment, thus
assisting in the choice of the optimal treatment to patients. This review focuses on the wide variety of imaging presentation of
esophageal, gastric, and small and large bowel lymphoma presenting their main imaging appearances at conventional and cross-
sectional imaging, mainly focusing on computed tomography and magnetic resonance, helping in the choice of the best imaging
technique for the disease characterization and assessment and the recognition of potential complications.

1. Introduction

Gastrointestinal (GI) lymphoma accounts for 5–20%of extra-
nodal lymphomas [1, 2]: the stomach is the most common
site, followed by small intestine (ileum (60–65%), jejunum
(20%−25%), and duodenum (6%–8%) and then colorectal
lymphomas (6–12%)) [3–8].

GI lymphomas most commonly occur around the sixth
decade of life and, although rare in childhood, they are the
most common GI tumours in this age [9, 10].

Etiology is usually unknown although the increase of the
incidence of non-Hodgkin lymphoma has been related to the
increase of congenital and acquired immunodeficiency [1, 11].

Risk factors implicated in the pathogenesis of GI lym-
phoma are some infections due to Helicobacter pylori,
human immunodeficiency virus infection, Campylobacter
jejuni, Epstein-Barr virus, hepatitis B virus, human T-cell
lymphotropic virus-1, and some inflammatory conditions as
celiac disease, inflammatory bowel disease, atrophic gastritis,
and parasitic infection [2, 9].

Clinical findings are not specific and this causes a delay
in the diagnosis. The most common symptoms are epigastric
pain, weight loss, and anorexia; nausea and vomiting in case
of gastric lymphoma is uncommon, except in the later stage
of the disease [9]. Other symptoms encountered in these

patients are GI bleeding and the presence of an abdominal
mass and bowel perforation, mainly in the small bowel [9].

Concerning the histological diagnosis, the appearance of
GI lymphomas is an accumulation of lymphocytic tumour
cells with a uniform pattern with an admixture of mature and
immature elements [9].

The majority of GI lymphomas are of B-cell origin,
while just 8%–10% show a T-cell origin [9]. Most low-grade
B-cell GI lymphomas are of mucosa-associated lymphoid
tissue (MALT) type, while enteropathy-associated T-cell
lymphoma is the most common primary gastrointestinal T-
cell lymphoma. GI lymphomas represent a heterogeneous
group of entities originating from different cell lineage,
with lymphoid cell at different stage of development, and
with different biologic behaviour [10]. Certain histological
subtypes most commonly occur in a precise location as
MALT lymphoma in stomach, mantle cell lymphoma in
terminal ileum, jejunum, and colon, enteropathy-associated
T-cell lymphoma in jejunum, and follicular lymphoma in
duodenum [2].

After a diagnosis of GI lymphoma is confirmed, the
extent of disease has to be determined. Laboratory studies
should include a complete blood count, HIV, HBV, and
HCV serology, and liver and renal function blood tests and
electrolytes.
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Imaging plays a pivotal role both in the diagnostic
phase and in the recognition of potential complications, as
perforation, obstruction, and fistulas of the involved GI wall
with the adjacent structures [12].

GI lymphoma has a wide variety of morphological imag-
ing features at conventional and cross-sectional imaging.
Primary GI lymphomas are best classified according to the
classification of the Consensus Conference in Lugano in 1993
[13]: stage I is defined when the tumour is confined to GI
tract, while in stage II, the most common one, the tumour is
extended into the abdominal cavity with nodal involvement
that can be either local (II1) or distant (II2).When the tumour
penetrates through serosa involving adjacent structures, it is
classified as stage III, while when a disseminated extranodal
involvement or a GI tract lesion with supradiaphragmatic
nodal involvement occurs it is classified as stage IV.

GI lymphoma must be differentiated from other primary
GI tumours and from primary nodal lymphomas because
they require different treatment management and they have
a substantial different prognosis [9].

2. Esophageal Lymphoma

Primary esophageal lymphomas account for less than 1% in
all primary GI lymphomas, while usually result from lymph
node metastasis of the lymphomas from the cervical or
mediastinal region [14]. Both findings on barium studies, as
irregular filling defects, and on CT, as thickened esophageal
wall with narrowed lumen, are nonspecific and mimic
esophageal adenocarcinoma [14]. However, CTmay be useful
to differentiate primary esophageal lymphoma from lymph
node involvements in the cervical or mediastinal regions, in
staging of the disease and in evaluating response to therapy
[14].

3. Gastric Lymphoma

Concerning gastric lymphoma, the most accepted hypothesis
is that a chronic infection of the stomach by Helicobacter
pylori causes lymphoid proliferation in the gastric mucosa,
with subsequent development of gastricMALT lymphoma [5,
6]. Diffuse infiltrates of small centrocyte-like cells invading
the epithelial lining of glands or crypts are the classical
lymphoepithelial lesions of low-grade MALT lymphoma [15,
16]. In high-grade MALT lymphoma, confluent clusters or
sheets with or without areas of low-grade component can
be recognized [17]. Endoscopic ultrasonography (EUS) turns
to be quite useful to demonstrate all the components of the
gastric wall, the thickening of the intermediate anatomic lay-
ers (submucosa, muscularis propria), extramural infiltration,
and lymph node involvement [18]. Yet, it has been proposed
for evaluating the extension of gastric tumours.

Three different EUS patterns can be detected in gastric
lymphomas [18]:

(i) Giant rigid gastric folds, sometimes determining a
polypoid appearance.

(ii) Localized or extended hypoechoic infiltration.

(iii) Thickening with superficial stellate-shaped ulcera-
tions.

For the differential diagnosis of lymphoma with gastric
carcinomas, on EUS amore echogenic pattern and a different
trend of diffusion can be demonstrated in patients with
gastric carcinoma (the pattern of growth may be fungating
or ulcerative and infiltrative) (no extended longitudinal
hypoechoic infiltration of the superficial layers or extended
hypoechoic transmural infiltration) [18].

The impact of EUS on clinical outcome is consistent, as
it can predict MALT remission after the simple eradication
therapy of Helicobacter pylori [19]. EUS is superior to CT for
the staging and the assessment of the T and N parameters [6,
20]. However, compared toCT it cannot demonstrate the true
extraluminal extent of the disease (M) or the involvement of
distant lymph nodes.

Regarding conventional X-ray, the role of barium studies
is limited to the detection of a lesion and to the demonstration
of its location and extent.

The most common radiological signs on barium meal
vary from normal to bull’s eye appearance due to central
ulceration, filling defects, thickened gastric mucosal folds,
and linitis plastica.

Moreover, it is possible to distinguish the predominant
features of early and advanced gastric lymphomas: the first
usually present as shallow ulcerations or unevenmucosa with
enlarging radiation folds [21]; the second are usually revealed
as multiple masses or ulcerations, diffuse thickening of the
folds, extensive submucosal infiltration, extension across the
pylorus or the esophagogastric junction, large tumours over
10 cm in diameter, and preservation of pliability of the gastric
wall due to a lack of the desmoplastic reaction [22, 23].

Though barium studies may demonstrate subtle lesions
not seen at CT, they do not demonstrate the true extraluminal
extent of the disease and are of little value in staging [7].

The most common CT patterns of gastric lymphoma
are the presence of diffuse or segmental wall thickening
of 2–5 cm with low contrast enhancement and extensive
lateral extension of the tumour due to submucosal spread
(Figure 1) [24]; moreover, CT can assess the presence of
lymphadenopathies. Less commonly, gastric lymphoma may
present on CT as a polypoidal mass, an ulcerative lesion, or a
mucosal nodularity.

Considering the CT features of lymphoma, in low-grade
ones there is less severe gastric wall thickening than in high-
grade lymphoma, and abdominal lymphadenopathy is less
common [25, 26].The absence of abnormality or the presence
of just minimal gastric wall thickening or a shallow lesion at
CT suggests low-grade MALT lymphoma [26]; yet, CT is of
limited value in its diagnosis [7]. A greater thickening may
indicate transformation to a higher grade lymphoma [24].

Comparing EUS and CT, EUS is better in the evaluation
of parietal extension of the tumour while CT better assesses
the extraparietal involvement.Moreover, as previously stated,
CT has several limitations in the detection of low-grade and
MALT lymphomas; yet for their diagnosis and staging EUS
is the best imaging technique since it can accurately assess
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Figure 1: Abdominal CT scan in a 48-year-old female with gastric lymphoma. Axial pre- (a) and postcontrastographic CT scan in the arterial
(b) and portal venous (c) phase show diffuse segmental (length: 9 cm) wall thickening (thickness: 1,8 cm) (arrows) of the gastric corpus and
antrum with mild contrast enhancement. The patient underwent gastrectomy with ileal-jejunum anastomosis.

the intramural infiltration, local node involvement, and
response to therapy [27].

Comparing MR and CT, they show a similar diagnostic
capability and overlapping radiological features [27], but due
to high costs, long time required for each examination, and
possible artifacts, MR is used just when the patient cannot be
submitted to CT.

4. Small Bowel Lymphoma

Concerning small bowel lymphoma, small bowel is usually
studied through endoscopic or radiological imaging tech-
niques. Video capsule endoscopy is the preferred imaging
technique for the visualization of mucosal abnormalities
in patients with obscure bleeding when gastroscopy and
colonoscopy are negative; however, this method is not always
able to identify the source of bleeding and is contraindicated
in suspected stenosis or obstruction, because of the risk of
retention of the video capsule [28, 29].

Single or double balloon enteroscopy partially displays
the bowel and allows biopsies; however, it is limited by its
invasiveness, the long timing of the examination, and the
technical difficulties [7]. Conventional radiological imaging
techniques, such as the study of the small intestine through
enterography or enteroclysis, allow the diagnosis of mucosal
abnormalities, masses, and/or invaginations but provide only
indirect information on the intestinal wall and on the
surrounding structures; yet, they are actually considered

obsolete [2]. CT and MR enteroclysis and enterography have
an increasingly important role in the study of small intestine
tumours. Thanks to their high spatial resolution, they allow
a direct visualization of both the wall (assessing any luminal
anomaly) and surrounding structures (mesentery, adjacent
adipose tissue, lymphnodes, andperitoneal spaces) [3, 30, 31].

MR, thanks to its multiplanarity, has an excellent contrast
resolution, does not use ionizing radiation, and provides
both anatomical and functional information about bowel
loops, allowing distinguishing organic stenosis from normal
peristaltic waves [32].

CT is particularly useful both for staging and in the
follow-up after surgery or chemoradiotherapy.Nowadays, CT
allows the evaluation of wall thickness, mesenteric vascula-
ture, and any associated extramural findings [7, 29]. Small
bowel CT, or entero-CT, performed through a multislice CT
scanner has led to considerable advances in the detection and
staging of intestinal diseases.The advantage of this technique
lies in its panoramic view, which allows the evaluation of the
intestinal wall thickness, the degree of bowel distension, and
the circular folds. Yet, ileal loops and also those of the deep
pelvis, the mesentery, the surrounding adipose tissue, and
other abdominal organs are studied (Figure 2) [20, 33].

CT-enterography is more and more used in place of
conventional double contrast enteroclysis. It is performed
with the patient in supine/prone position, and with cranio-
caudal scans, after oral administration of an isotonic solution,
in order to obtain an adequate distension of small bowel
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Figure 2: Abdominal CT scan in a 46-year-old male with celiac disease who developed an ileal lymphoma. Abdominal CT scan in the
precontrastographic phase ((a) and (b)) and in the postcontrastographic phase ((c) and (d)) shows diffuse segmental (length: 8 cm) wall
thickening (thickness: 1,5 cm) (arrows) with mild contrast enhancement in an ileal loop. Multiple subcentimetric lymph nodes are detected
near the affected loop in the mesenteric fat.

wall. Less frequently, an enteroclysis CT is performed, after
nasal-jejunal intubation, and subsequent introduction of a
diluted barium solution. Neutral contrast media (i.e., PEG)
are generally preferred for the assessment of bowel wall,
particularly after intravenous contrast medium injection
since the water density of the solution is opposed to that of
the wall that is enhanced in the vascular phase, mainly in
inflammatory diseases [20, 29, 33].

MR has played a secondary role for years compared
to CT, especially due to the increased length of time of
acquisition and the motion artifacts [11, 34]. However, the
rapid development of the technical innovations, the intro-
duction of new equipment, and higher gradients magnetic
fields has allowed the development of fast T1- and T2-
weighted sequences, single-shot fast spin-echo, or gradient-
echo, acquired during a single apnoea, which enabled the
development of MR protocols for the study of small bowel
using an intraluminal contrast medium (enterography-MR)
[29]. The absence of ionizing radiation makes this method
particularly suitable in the follow-up [11, 34]. At MR a
diagnosis of small bowel lymphoma is suggested by the
presence of an infiltrative lesion with patency of bowel lumen
or a nonstenotic bowel mass, mesenteric involvement with
enlarged lymph nodes, splenomegaly, and mesenteric and
retroperitoneal lymphadenopathy (Figure 3) [35].

However, the imaging diagnosis of small bowel lym-
phoma is still based on the use of enterography CT [33, 36].

The most common CT/MR patterns of small bowel
lymphoma are 5 [34, 37]:

(i) Polypoid/nodular pattern.
(ii) Infiltrative pattern.
(iii) Aneurismal pattern.
(iv) Exophytic mass.
(v) Stenosing mass (rare).

The polypoid pattern is characterized by the presence of a
solid nodule, with a homogeneous signal density/intensity,
that develops in the submucosa and protrudes into the lumen
appearing as a polypoid mass. There is no wall thickening
and/or lymph adenopathy and themucosa is intact.Thismass
may cause intussusception.

The infiltrative form is characterized by segmental sym-
metrical or slightly asymmetrical infiltrating lesions with
a medium diameter of 1.5 cm and 2 cm, associated with
mild circumferential thickening of the small bowel wall.
Usually, the infiltrative lesions show ill-defined margins
and a homogeneous contrast enhancement; the latter may
rarely be inhomogeneous because of the presence of hypo-
dense/hypointense areas due to development of necrosis
and/or ischemia in the context of the lesion. These lesions
may extend to thewhole bowel thickness, from the endolumi-
nal mucosa to the tunica serosa. The length of the thickened
small bowel segment is variable.

The aneurismal pattern (diameter of dilatation of the
lumen over 4 cm), firstly diagnosed byCupps et al. in 1969 [4],
represents 31% of small bowel lymphomas (Figure 4). It usu-
ally coexists with the infiltrative form since it can represent
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Figure 3: Abdominal MR enterography in the same patient of Figure 2. MR enterography shows the presence of a circumferential thickening
of an ileal bowel loop (arrows) in the coronal (a), sagittal (b), and axial ((c) and (d)) planes, before contrast medium injection. Compared to
the coronal precontrastographic phase (e), this thickening shows mild contrast enhancement in the arterial (f) and portal venous phase (g)
(arrowheads).

its natural evolution [38, 39]. Several factors are responsible
for the aneurismal dilation secondary to infiltrative growth
of neoplastic lesion, as a progressive destruction of myenteric
plexus, destruction of muscle layers with stretching of the
muscle fibers, and loss of contractile cells; on the other hand,
the infiltration of arterial and lymphatic vessels determines
anoxia and necrosis within the lesion. According to some

authors, this tumour necrosis could lead to cavitation and be
also responsible for the aneurismal dilatation [38, 39].

The stenosing form is a rare formof presentation of intesti-
nal lymphoma. This pattern generally occurs in Hodgkin’s
lymphoma.The growth of the tumour determines concentric
fibrotic stenosis of the affected loop, resulting in dislocation
of the contiguous loops. It is thought that this pattern is
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Figure 4: Aneurismatic jejunal lymphoma in a 43-year-old female. (a, b, c) Precontrastographic and postcontrastographic axial CT scan
show severe circumferential wall thickening (thickening 17mm), inhomogeneously hyperdense after contrast medium injection, of a jejunal
ileal loop (length: 20 cm) located in the left side and left upper quadrant (red circle). Moreover, endoluminal dilatation and air-fluid level
inside and enlarged lymph nodes and the surrounding mesenteric fat can be noticed (arrowheads). (d) Infiltration of the left colonic and
sigmoid bowel wall (arrow). (e)Thickened bowel walls are entwined with a newly formed lymphomatous mass of the left abdominal wall that
infiltrates the left abdominal wall muscles and the superior edge of the left iliac muscle.

associated with a greater fibrotic component. Compared
to the stenosis occurring in other malignancies, the one
observed in stenosing lymphoma determines just a minimal,
if any, dilation of the upstream bowel segments, and this is
due to the absence of a desmoplastic reaction.

The mesenteric pattern is characterized by the develop-
ment of lymphoid tissue outside of the intestinal wall through
the adventitia, extending in the context of nearby structures,
in particular in the mesentery. In this form, lymphomas
present as large exophytic masses (bulky appearance) with
secondary involvement of surrounding tissues. The diameter
of 70% of these tumours is at diagnosis larger than 5 cm
[34, 37]. In the larger masses, larger ulcerative complications,

tissue necrosis, perforation, and enteroenteric fistula forma-
tion are not uncommon [37].

Differential diagnosis includes all inflammatory, neoplas-
tic, andmetastatic lesions involving the small bowel. Primary
carcinoma, metastases (especially those from melanoma
and renal cancer), and the intestinal leiomyosarcoma are
characterized by large necrotic/colliquative cavitations. In
rare cases, inflammatory conditions, such as Crohn’s disease
and intestinal tuberculosis, have to be differentiated: the
significant thickening of the bowel wall (greater than 2 cm),
the presence of lymphomatous nodules, and the coexistence
of perivisceral multiple lymph nodes are CT features that are
suggestive for a lymphoproliferative process. On the other
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(a) (b) (c)

Figure 5: Abdominal CT scan of ileal and sigmoid lymphoma in a 78-year-old male. Axial CT scan in the portal venous phase shows a
non-Hodgkin lymphoma seen as abnormal circumferential bowel thickening of the sigmoid colon ((a) arrow) and of the last ileal loop ((b)
and (c) arrowheads). Enhanced lymphomatous small bowel loops (b) represent the halves of a sandwich, enveloping enhanced vessels (the
sandwich filling). The patient underwent chemotherapy with marked reduction of the thickening at the follow-up CT scan.

hand, discontinuous, segmental circumferential thickening
(thickness of approximately 0.5–2 cm), with symmetrical
and circumferential contrast enhancement, characterized by
alternation of hyperdense mucosa, a submucosal hypodense
halo (halo-sign), and a hyperdense outer layer, suggests
inflammatory diseases [40].

5. Large Bowel Lymphoma

Primary lymphoma of the large bowel accounts for 0.4% of all
tumours of the colon, and colorectal lymphomas constitute
6%–12% of gastrointestinal lymphomas [26]. The cecum and
rectum are most commonly affected parts compared to other
tracts of the large bowel [5].

Primary large bowel lymphoma may appear as local-
ized, large, extraluminal masses or constricting simulating
annular-type carcinomas and may present with different
radiological patterns that are often quite similar to other large
bowel tumours or inflammatory diseases, thus leading to
a difficult differential diagnosis [3]. These patterns include
bulky polypoidal mass, focal infiltrative tumour, and aneuris-
mal dilatation [3].

On barium studies and on CT the most common pattern
is the polypoid one: polyps may vary from few millimetres
to 20 centimetres and are mainly located in the ileocecal
valve. Usually, bulky lymphomatoid polypoid masses are
larger than the ones that can be encountered in colorectal
adenocarcinomas and may extend beyond the bowel wall,
thus presenting as enormous peritoneal masses, that can also
be cavitated [27].

Colorectal lymphomas may also present as a concen-
tric circumferential bowel wall thickening (with or without
ulceration) or as exophytic tumours, mucosal nodularity, and
fold thickening (Figure 5) [26]. Furthermore, focal strictures,
aneurismal dilatation, or ulcerative forms with fistula for-
mation may be encountered [26]. However, some features
as well-defined margins with preserved fat planes, absence
of involvement of adjacent structures, and perforation with-
out any desmoplastic response may help in the differential

diagnosis of lymphoma from adenocarcinoma [7]. The latter
feature is responsible for the fact that obstruction is less
frequent in lymphoma compared to adenocarcinoma [7].

Colonic lymphoma usually presents with larger lesions
and involves a longer segment compared to adenocarcinoma;
moreover, colonic lymphoma is usually located near the
ileocaecal valve and grows into the terminal ileum, not
invading or obstructing neighbouring viscera [41].

However, there are no imaging findings pathognomonic
for lymphoma.

GI lymphoma has a wide variety of morphological imag-
ing features at conventional and cross-sectional imaging.The
goal of the radiologist when there is a clinical suspicion of
GI lymphoma is to provide a diagnosis according to the
WHO classification in order to provide an optimal treatment
to patients. Fiberoptic endoscopy of the GI tract has still a
pivotal role in the evaluation of lymphoma occurring in the
oesophagus or in the stomach; however it does not allow the
evaluation of concomitant localization of the lymphoma in
the GI tract, as CT does.

In patients with obscure bleeding with negative gas-
troscopy and colonoscopy, video capsule endoscopy is usually
the preferred imaging technique for the detection of mucosal
abnormalities; however, it is contraindicated to use video
capsule in suspected stenosis or obstruction, because of the
risk of its retention, while CT can be performed in these
patients.

Moreover, while conventional imaging provides just sug-
gestive findings of the presence of the disease, cross-sectional
imaging plays an emerging role in the diagnosis and staging
of GI lymphoma.

The main imaging appearance of GI lymphoma may be
summarized as follows:

(i) Diffuse infiltrative form, which is characterized by
a circumferential wall thickening of the involved GI
wall, leading to destruction of the muscularis propria
and autonomic plexus and subsequent dilatation of
the involved segment.
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(ii) Focal GI involvement, which may appear as a solitary
or multiple nodular involvement.

(iii) Ulcerative form.

Thanks to CT it is possible to study not only the GI tract using
enterography technique, but also local and distant lymph
nodes and other thoracic and abdominal organs that can be
affected also by the disease, thus allowing an imaging staging
of the disease according to the classification of the Consensus
Conference of Lugano [13].

The role of CT is also considered pivotal in the evaluation
of complications of the disease, as perforation, fistulisation,
and obstruction, and in the differential diagnosis with other
neoplastic or inflammatory conditions, whichmay also coex-
ist with the lymphoma [42].

Lastly, CT must be actually considered also the preferred
technique for the evaluation of response to therapy when
medical therapy with targeted therapy is used; in this case
according to the used drug, the imaging appearance may be
substantially different.

However, CT has still many limitations for staging,
restaging, and response to therapy assessment of lymphoma
[43]. To date, 2-[fluorine-18]fluoro-2-deoxy-d-glucose
(FDG) positron emission tomography (PET) is considered
the imaging modality of choice for staging and follow-up
in Hodgkin disease and most non-Hodgkin lymphomas
[44]. In particular, considering GI lymphoma, FDG uptake
is different according to the different location: esophageal
lymphoma manifests as circumferential thickening of
the esophageal wall with increased FDG uptake; gastric
lymphoma presents with a variable, usually diffuse FDG
uptake that can involve all portions of the stomach and
that is usually higher than the liver one; small bowel
lymphoma is characterized on FDG PET/CT by the presence
of multiple foci of intense radiotracer activity arranged in a
curvilinear pattern; finally, large bowel lymphoma manifests
with a characteristic pattern of uptake consisting of focal,
nodular, or diffuse hypermetabolic activity [44]. However,
normal peristaltic activity, normal gastrointestinal lymphoid
tissue, and granulomatous or inflammatory conditions
represent a limit of the PET/CT for the evaluation of possible
lymphomatous involvement in both small and large bowel
lymphoma [44].

On the other hand, MR provides a better evaluation of
the bowel wall and of the local infiltration by the disease.
Whole-body MR with diffusion weighted imaging proved to
be useful in nodal and bone marrow staging of lymphoma
[45]. Concerning GI lymphoma, diffusion weighted imaging
proved to be useful in the detection of gastric lymphoma,
since the latter shows an increased signal on diffusion
weighted imaging sequence and decreased signal on apparent
diffusion coefficient maps, and in the differentiation from
adenocarcinoma with significantly lower apparent diffusion
coefficient values of adenocarcinoma compared to lymphoma
[46]. According to our opinion, also for small bowel lym-
phoma, diffusion weighted imagingmay help in its detection.
However,MR study ismainly focused on the evaluation of the
gastrointestinal tract, not allowing an accurate evaluation of
the thoracic and other abdominal organs.

However, although findings of the different imaging
techniques may be suspicious for lymphoma, tissue biopsy is
always necessary for a specific diagnosis.
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Hepatocellular carcinoma (HCC) is amajor health problemworldwide, affectingmore than 600,000 new patients per year. Curative
treatments are available in a small percentage of patients, while most of them present in stages requiring locoregional treatments
such as thermoablation, transarterial chemoembolization, and/or radioembolization. These therapies result in specific imaging
features that the general radiologist has to be aware of in order to assess the response to treatment and to correctly manage the
follow-up of treated patients. Multiphasic helical computed tomography has become a popular imaging modality for detecting
hypervascular tumors and characterizing liver lesions. On this basis, many staging and diagnostic systems have been proposed for
evaluating response to all different existing strategies. Radiofrequencies and microwaves generate thermoablation of tumors, and
transarterial chemoembolization exploits the double effect of the locoregional administration of drugs and embolizing particles.
Eventually radioembolization uses a beta-emitting isotope to induce necrosis. Therefore, the aim of this comprehensive review is
to analyze and compare CT imaging appearance of HCC after various locoregional treatments, with regard to specific indications
for all possible procedures.

1. Introduction

Hepatocellular carcinoma (HCC) is a major health problem
worldwide, affectingmore than 600,000 newpatients per year
[1]. Curative treatments are hepatic resection, liver transplan-
tation, and percutaneous ablation [2]. Unfortunately, such
treatments are generally indicated in less than 20% of patients
[3, 4], while most of them present with advanced-stage
disease or multifocal tumor, contraindicating any radical
treatment option [5]. To date, several alternative approaches
have been proposed, both systemic or locoregional [6]. Some
of them such as transarterial chemoembolization (TACE)
or radioembolization (TARE) are also used as a bridge
to liver transplantation or to downstage tumors exceeding

Milan criteria [7–11]. Some others, such as thermoabla-
tion using microwaves or radiofrequency, are designed to
destroy tumors by heating tissue to temperatures higher than
60∘C [12–14]. Irrespective of which locoregional treatment
is performed, imaging plays a pivotal role in the follow-
up of hepatic tumors, as it is the means by which local
treatment efficacy, recurrent disease, and therapy-induced
complications are evaluated [15]. Nowadays, multidetector
computed tomography (MDCT) is still the most widely used
imaging technique to describe the appearance of hepatic
tumors treated with locoregional therapies. Moreover, it
allows us to accurately assess the response to therapy through
the evaluation of tumor size, tumor margins, tumor necrosis,
and early detection of residual or recurrent tumor and new
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tumor. The evaluation of treatment success is crucial in the
next treatment decisions and for prognosis [16]. Therefore,
the aim of this paper is to review and compare CT imaging
appearance of HCC after various locoregional treatments.

2. Locoregional Treatment Options for HCC

The Barcelona Clinic Liver Cancer classification has been
widely accepted as guideline for all therapies available in
different stages of HCC [17]. This staging system links the
stage of the disease to a specific treatment strategy, such
as curative treatments or palliative therapies. Very early-
stage (BCLC Stage 0) and early-stage HCC (BCLC Stage A)
are still amenable to potentially curative therapies, such as
hepatic resection, liver transplantation [2], providing best
5-year survival of more than 50% [18]. In case of focused
disease with no extrahepatic spread, resection is the first-
choice treatment, even if transplantation is preferred bymany
authors because, if possible, it removes underlying diseased
liver that predisposes to the development of new hepatic
lesions [19]. However, most patients show intermediate
(BCLC Stage B) or advanced HCC (BCLC Stage C) at pre-
sentation, thus making sorafenib or locoregional treatments
recommended [20]. These therapies have the advantages
of preserving a larger part of hepatic parenchyma with
overall lessmorbidity andmortality comparedwith resection,
thanks to reduced intraoperative blood loss [21–24]. The
most used locoregional treatment is the imaging-guided
percutaneous thermal ablation using radiofrequency (RFA)
or microwaves, transarterial chemoembolization (TACE),
and radioembolization (TARE). Moreover, RFA is also used
during nonconventional liver resection to obtain parenchy-
mal dissection by creating a zone of coagulative necrosis
along the transection plane [25]. This technique is indicated
in patients with preserved liver function and single HCC,
ideally in subcapsular position [26], reducing the risk of
intraoperative blood loss when compared with conventional
liver resection [25, 27]. Instead, percutaneous RFA is indi-
cated for early-stage HCC in patients who are not suitable
candidates for resection. In particular, this technique showed
being more efficient than percutaneous ethanol ablation in
tumors with a diameter greater than 3 cm [28]. Differently
from ethanol, thermal ablation is not chemical but uses
high temperatures to induce cellular disruption and tissue
coagulation necrosis [29]. Patients with very early-stageHCC
show complete response rates of 97% with 5-year survival
rates of 68% [30]. However, vessels greater than 3mm in
diameter surrounding the site of ablation may limit RFA
action, due to heat loss caused by perfusion-mediated tissue
cooling [10].This is not a limit formethods usingmicrowaves.
Indeed, despite the little amount of studies on effectiveness,
microwave methods are currently emerging thanks to the
many advantages, such as larger tumor ablation volumes,
faster tumor ablation, and the resistance to tissue cooling due
to adjacent vessels [31]. Intermediate-stage and advanced-
stage HCCwith no extrahepatic spread are rather suitable for
transarterial therapies, such as TACE or TARE. Contrary to
normal liver, HCC receives blood supply almost entirely by
hepatic artery, thus making transarterial therapies effective

on HCC lesions only. Iodized oil acts as a drug carrier, while
embolizing particles occlude the tumor feeding arteries. On
the basis of randomized controlled trials [32–34], TACE has
been recommended byBCLCas the standard of choice in case
of multiple or big lesions with no vascular invasion or extra-
hepatic spread and for lesions not accessible percutaneously.
This method consists of a transarterial administration of
chemotherapy, mostly Doxorubicin, mixed with iodized oil
(Lipiodol, Guerbet, France), followed by the superselective
injection of embolizing particles (polyvinyl alcohol (PVA))
[35]. On the other hand, TARE has emerged for the treatment
of advanced-stage HCCs, that is, in patients nonresponding
to TACE, in elderly patients with large HCCs, in case of
vascular invasion, and prior to liver resection in order to
downstage tumor [36] (Figure 1). It consists of releasing
microspheres containing yttrium-90, a 𝛽-emitting isotope,
straight in the tumor feeding arteries after superselective
catheterization. In this way, high-energy, low-penetration
radiation causes tumor destruction by coagulative necrosis
and avascularity [37]. Some studies have shown the efficacy
of this therapy to be similar to TACE, with lower toxicity
[38–40]. TARE has also shown an overall survival outcome
similar to sorafenib, in particular in patients with segmental
and main portal vein tumor thrombosis [41, 42].

3. MDCT Technique for HCC Evaluation

Multiphasic helical CThas become a popular imagingmodal-
ity for detecting hypervascular tumors and characterizing
liver lesions. In patients with cirrhosis, MDCT performed
during the hepatic arterial phase and portal venous phase
is often used as the first-line diagnostic modality for detec-
tion of HCC, follow-up after local treatment or surgical
excision, and assessment of hemodynamic changes in the
liver [43]. Despite its high reliability in examining patients
with HCC, it is unclear whether biphasic MDCT is the best
technique to evaluate the effects of locoregional therapies
and the possibility of tumor recurrence. Contrast-enhanced
magnetic resonance imaging (MRI) has also been assessed
as a valuable method to study patients with HCC, especially
after transcatheter arterial therapies, such as TACE and
TARE [44]. In particular, lesions treated with RFA or TACE
typically undergo coagulative hemorrhagic necrosis that may
appear hyperintense on unenhanced T1-weighted imaging,
making contrast-enhanced evaluation difficult [45]. Image
subtraction techniques with MRI have been shown to be
beneficial in depicting residual enhancement, with excellent
correlation with histopathologic degree of tumor necrosis
[46]. However, the increased cost and comparative lack of
availability of thismodalitymakeMDCT themainstay of liver
andHCC imaging for both initial tumor characterization and
posttreatment follow-up for response assessment [47–49].
MDCT uses 16, 62, 128, or even more contiguous detectors to
increase effective pitch without consequent loss of spatial res-
olution along the axis of scanning, thus allowing thin-section
images to be obtained in a single breath-hold with greatly
improved speed and longitudinal resolution, resulting in
high-resolution multiplanar reformations. For patients with
HCCeligible for liver transplantation, theUnitedNetwork for
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Figure 1: RFA. HCC of the 7th segment treated with RFA: (a) before treatment, MDCT arterial phase with multiplanar reconstruction; (b) 6
months after treatment, MDCT arterial phase; (c) 12 months after treatment, MDCT portal phase with multiplanar reconstruction.

Organ Sharing currently recommends the use of a quadruple-
phase CT protocol that includes unenhanced images (to
characterize residual enhancement in posttreatment cases), a
single late arterial phase based on a bolus-tracking method
(for accurate peak arterial enhancement), a portal venous
phase, and a late venous phase, respectively, at 70 and 120
seconds after iodine contrast injection at a rate of 4-5mL/s
[50] (Figure 2).

4. Assessment of Tumor Response in HCC

In the past, tumor response evaluation systems have focused
on anatomic biomarkers. The Response Evaluation Criteria
in Solid Tumors (RECIST) considered the largest diameter of
the lesion and was intended to evaluate changes in tumor size
over months to years after systemic treatments, without tak-
ing into account changes in tumor tissue composition [51, 52].
Similarly, the World Health Organization (WHO) guidelines
consider bidimensional perpendicular measurements [53].
However, these systems fail in evaluating the outcome of
locoregional therapies, because the aim of these treatments is
to obtain the tumor necrosis rather than the lesion removal.
Indeed, after these therapies, HCC is likely to increase in size
because of intratumoral edema, hemorrhage, or necrosis [54].
Due to these limitations, new criteria have been proposed
by European Association for the Study of the Liver (EASL)
[26], which modified the previous bidimensional measure-
ments proposed by the WHO guidelines. More recently, the
modified RECIST has been introduced in order to address

many shortcomings affecting older evaluation systems [55].
As the unmodified RECIST, the modified version uses the
single largest diameter of the tumor, considering only the
component enhancing during the arterial phase [52]. This
system is based on dynamic MDCT examination performed
1 month after locoregional therapy and has been endorsed
by EASL and European Organization for Research and
Treatment of Cancer (EORTC) [56].

However, even modified RECIST has some limitations,
especially in the assessment of response after RFA and TARE,
since these criteria are difficult to applywith confidence in the
measurement of diffusely necrotic lesions with interspersed
viable components [57].Therefore, a previous study proposed
a reduction in volume as standard of reference for tumor
response [51], with partial response representing a volume
reduction of 65% according to standard oncologic criteria.

5. Appearance of Treated HCC

5.1. Overall Considerations. Due to the exceedingly complex
therapeutic approach to HCC, a therapy-tailored imaging
evaluation of tumor response in HCC is mandatory [58].
Indeed, the correct evaluation of posttherapeutic changes in
tumor viability and vascularization may alter the manage-
ment of the patient, with regard to the treatments to perform.
This is particularly true in case of locoregional treatments,
whose ultimate goal is the tumor cell death and necrosis, with
sparing of healthy surrounding tissue [59].
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Figure 2: TACE. Large HCC treated with TACE: (a) before treatment, angiography; (b) after treatment, angiography; (c) before treatment,
MDCT arterial phase; (d) 1-month assessment control after treatment, MDCT arterial phase; (e) 12 months after treatment, MDCT arterial
phase.

5.2. Imaging after RFA. The aim of this kind of treatment
is to generate an area of thermocoagulation larger than
the tumor, by forming a necrotic scar that usually shrinks
very slowly with time. This fact makes WHO criteria not
applicable in the response assessment of thermal ablation
[60]. Previous reports [14, 61–63] show the reduced value
of unenhanced US in the evaluation of RFA efficacy, due
to the similar appearance of necrotic and viable tumor
tissue on US images. The use of contrast medium may
help [64]. Anyway, contrast-enhanced CT or MR imaging
is at present considered the most useful modalities, using
as major criterion of efficacy the absence of enhancement
in RF-induced necrosis. Moreover some reports suggested
high confidence of these modalities in the identification
of the ablation area, with only 2 mm miscalculation of
the coagulated necrosis measured at histologic examination
[65, 66]. On unenhanced CT images, areas treated with
RFA generally appear as homogeneously hypoattenuating or
heterogeneous with interspersed hyperattenuating foci in a
hypoattenuating area. Contrast-enhanced CT images may
show no enhancement in case of successful treatment or
some area of irregular enhancement in case of incomplete
ablation. In the latter case, the enhanced area may appear

as a thin rim surrounding the treated lesion or as a thick
nodule abutting the site of RF ablation. Local regrowths
are usually seen as irregular thickening of one margin of
the treated area. Peripheral recurrence may be explained by
lower energy deposition and reduced heating in the locations
further from the needle electrode. Moreover, tissue perfusion
lowers heat accumulation by cooling, thus allowing more
likely recurrence close to larger vessels abutting the site of
ablation [65]. Peripheral thin and regular rimof enhancement
(<1mm)may be seen at the later phase after contrast medium
administration and represents a ring of vascularized inflam-
matory reactionwith granulation tissue surrounding necrosis
[67]. This finding should never be diagnosed as regrowth,
whose contrast enhancement is always thicker and irregular
[62]. Wedge-shaped enhancement in the liver parenchyma
adjacent to the ablation site has also been described [15] and is
probably due to peripheral arterioportal shunts caused either
mechanically by needle puncture or physically by thermal
damage. Treatment-related complications to look for during
post-RFA imaging are intrahepatic abscesses at the site of
ablation, necrosis along the path of the RF electrode, and
segmental dilation of intrahepatic bile ducts in contact with
the ablation area.
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5.3. Imaging after Microwaves. Percutaneous microwave
coagulation therapy is considered to be a possible treat-
ment of unresectable small HCCs [68, 69], due to definite
tissue necrosis around the electrode and hemostatic effect
of microwave irradiation [70]. Contrast-enhanced CT is
commonly used to assess the complete necrosis of the tissue
and possible recurrence [71, 72]. However, CT findings
after HCC ablation using microwaves may be challenging
and sometimes tricky. Indeed, the use of this percutaneous
modality often causes an early enhancement of the normal
hepatic tissue around the treated area. This postprocedural
sign is likely to be a transient reaction of normal tissue to
thermal damage, as it is detectable also in other procedures
inducing tissue heating. On histologic specimen, this finding
has been explained with a massive sinusoidal dilatation at the
boundary between the coagulated area and the surrounding
normal tissue, determining a peripheral granulation tissue
and fibrosis after treatment [73, 74]. After treatment, an
increase of arterial blood flow may occur at the margin of
the treated area, leading to hepatic hypoperfusion during the
arterial phase as a result of inflammation changes caused
by microwaves irradiation as well as radiofrequency thermal
ablation [67, 75]. Moreover, the formation of arterioportal
shunts is another source of abnormal enhancement mimick-
ing hypervascular lesions [76, 77]. The arterioportal shunts
are caused by the piercing of an artery in the portal tract
by the needle. Therefore, they may be recognized as wedge-
shaped areas of enhancement during the arterial phase on CT
[78–80] and are essentially due to the number of punctures
performed rather than to thermal changes.

5.4. Imaging after TACE. This modality consists of transar-
terial administration of a mixture of chemotherapy and
embolizing particles directly in the tumor feeding arteries,
after a superselective catheterization. Contrary to normal
liver, HCC receives blood supply almost entirely from the
hepatic artery, and this fact allows drug accumulation pref-
erentially into HCC lesions. CT images evaluation of tumor
response to TACE is based on the assumption that the
necrotic area of the tumor retains iodized oil, with enhanced
foci representing viable tissue. However, beam hardening
artifacts due to iodized oil retention may conceal arterial
enhancement [57]. Therefore, the use of unenhanced phase
is crucial to detect any additional foci of viable tumor, when
compared to biphasic CT [81]. In this case, an HCC treated
with TACE is to be considered as viable if showing hyper-
attenuation or isoattenuation on hepatic arterial phase and
hypoattenuation on unenhanced and portal venous phases. A
thin peripheral pseudocapsule enhanced on hepatic arterial
and delayed phases may be visualized, such as other arterio-
portal shunts due to small hepatic arteries chemically injured
iodized oil. All of these lesions differ fromviable tumor for the
absence of any sign of washout. Possible complications of this
therapy are hepatic artery dissection or thrombosis, biloma,
hepatic abscess, and embolization of nontarget vessels, which
may cause gastrointestinal ulcers, skin ulcerations, and/or
cholecystitis [82, 83]. Moreover, this therapy often results
in a postembolization syndrome that occurs in 60–80% of

patients and consists of fatigue, transient abdominal pain,
ileus, fever, and increased serum levels of liver enzymes and
bilirubin [84]. Different procedures have been proposed to
avoid this syndrome, such as the use of drug eluting beads
[85], or the replacement of chemotherapy with ethanol [86],
whose imaging does not differ from the conventional TACE.

5.5. Imaging after TARE. Radioembolization is an emerging
transarterial therapy for the treatment of hepatic malignan-
cies, involving the administration ofmicron-sized radioactive
particles featuring yttrium 90 (90Y), a pure beta emitter [87]
(Figure 3). Once these particles lodge in the tumor feeding
arterioles, they impart a very intense local radiotherapeutic
effect [88], penetrating the surrounding tissue for approxi-
mately 1 cm in diameter. Before decaying to inactive zirco-
nium90, the emitting particles allow the administration of up
to 150Gy to specific target areas of the liver [89].The carrier is
amicrosphere ranging from 20 to 60𝜇m in diameter, with the
radioactive element bound directly in the resin (SIR spheres)
or an integral constituent of the glass (TheraSphere). The
predominance of arterial blood supply to the tumor grants
a preferential deposition of microspheres in the lesions, min-
imizing irradiation to the normal parenchyma [90]. As the
other ablative therapies, TARE induces an area of coagulative
necrosis and relative avascularity with an overall reduction in
tumor size, as a result of the lethal insult to cancer cells [26,
91]. Follow-up imaging is usually performed with multiphase
CT 30 days after treatment and at regular 3-month intervals
thereafter. On unenhanced CT images, coagulative necrosis
generally results in homogeneously hypoattenuating area.
Although uncommon, complete disappearance of tumorwith
no enhancement of the treated lesion may occasionally be
seen. Differently from complete response, a partial response
is seen in case of viable tumor volume reduction of more
than 65% [51]. Other posttreatment findings are peritumoral
edema and hemorrhage, due to a sort of inflammatory reac-
tion to the intense radiation effects of 90Y. This sign is tricky,
when associatedwith apparent lesion enlargement and tumor
progression if the assessment is made on the basis of the sole
lesion size [92]. Another possible pitfall is the ring enhance-
ment, due to the preferential flow of blood vessels to the
periphery of the tumors as well as the intense radiation effect.
Previous studies have shown that after TARE this finding
represents fibrous rather than residual viable tissue [93] and
may persist for months without necessarily implying residual
tumor [94]. Contralateral liver hypertrophy has also been
demonstrated in patients receiving TARE, with no alteration
of normal liver function [95]. Further findings after TARE are
capsular retraction, hepatic fibrosis, and portal hypertension,
probably due to shrinkage of the tumor with resultant scar
formation and nodularity in uninvolved area [92]. Eventually,
in case of lesions close to the Glisson capsule and the
right pleural space, the induced radiation may cause reactive
perihepatic fluid and pleural effusions [96]. Hepatic abscess,
biliary dyskinesia and cholecystitis, biloma and biliary necro-
sis, and radiation hepatitis may all represent complications of
this therapy. Also peptic ulceration and gastritis are known
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Figure 3: TARE. HCC treated with TARE: (a) before treatment, PET; (b) after treatment, PET; (c)-(d) during the procedure, angiography;
(e) before treatment, MDCT arterial phase; (f) 12 months after treatment, MDCT arterial phase.

complications of radioactive 90Y microsphere treatment,
when deposited outside of the desired location [97].

6. Conclusion

The recent progress in HCC treatment involves the develop-
ment of several locoregional therapies that allow a focused
aggression on hepatic lesions, while sparing the surrounding
normal parenchyma. The posttreatment evaluation of tumor
response is a crucial milestone in directing the patient
management, thus making the imaging appearance of treated
HCC essential for accurately assessing treatment response.
Therefore, the HCC appearance on multiphase CT after
locoregional therapies is a challenging matter for every

radiologist, who is asked to be able to distinguish the normal
posttreatment alterations from residual or recurrent disease.
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Background. The purpose of this study was to compare the accuracy of whole-body MRI with diffusion-weighted sequences
(WB-DW-MRI) with that of 18F-FDG-PET/CT in the staging of patients with primary gastrointestinal lymphoma. Methods. This
retrospective study involved 17 untreated patients with primary abdominal gastrointestinal lymphoma. All patients underwent
18F-FDG-PET/CT and WB-DW-MRI. Histopathology findings or at least 6 months of clinical and radiological follow-up was
the gold standard. The Musshoff-modified Ann Arbor system was used for staging, and diagnostic accuracy was evaluated on
a per-node basis. Results. WB-DW-MRI exhibited 100% sensitivity, 96.3% specificity, and 96.1% and 100% positive and negative
predictive values (PPV and NPV), respectively. The sensitivity, specificity, and PPV and NPV of PET/CT were 95.9%, 100%, and
100%and 96.4%, respectively.Therewere no statistically significant differences between the two techniques (𝑝 = 0.05).Theweighted
kappa agreement statistics with a 95% confidence interval were 0.97 (0.95–0.99) between the two MRI readers and 0.87 (0.82–
0.92) between the two methods. Conclusions. WB-DW-MRI appears to have a comparable diagnostic value to 18F-FDG-PET/CT
in staging patients with gastrointestinal lymphoma.

1. Introduction

The gastrointestinal (GI) tract is the most common extran-
odal site in lymphoma, accounting for 5% to 20% of all cases
[1]. Indeed, lymphomas frequently arise in the mesenteric or
retroperitoneal nodes, and the abundance of lymphoid tissue
in the GI tract makes this a susceptible site for secondary
involvement.

Primary GI lymphomas are, however, uncommon, com-
prising fewer than 5% of all (GI) cancers. Indeed, according
to Dawson et al. [2], a diagnosis of primary GI lymphoma
should be restricted to localized disease of stages IE and IIE,
whereas Lewin et al.’s [3] system requires that patients exhibit
GI symptoms or a predominant lesion.

The stomach is the most common site of primary GI
lymphomas, followed by the small intestine and then the
ileocaecal valve [4]. The majority of such tumours (90%) are
of B-cell lineage, and T-cell lymphomas and Hodgkin’s lym-
phoma are rare. Some histological subtypes are more often
found at certain locations, for example, mucosa-associated
lymphoid tissue (MALT) lymphoma in the stomach, mantle
cell lymphoma (MCL) in the terminal ileum, jejunum, and
colon, enteropathy-associated T-cell lymphoma (EATL) in
the jejunum, and follicular lymphoma (FL) in the duodenum
[5]. Multifocal tumours are particularly common in MALT
lymphoma and follicular lymphoma.

Accurate diagnosis and staging of primary GI lym-
phomas, an especially heterogeneous group of tumours, are
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fundamental for treatment stratification [6]. Staging of GI
lymphomas is generally performed by means of Musshoff ’s
modified version of Ann Arbor staging [7], with the interna-
tional prognostic index being used to define the prognostic
subgroups. However, the system is less than optimal for doc-
umenting certain features specific to primary GI lymphoma,
in particular diffuse and incurable infiltration of the GI tract.
Due to this deficiency, many staging protocols and reporting
systems have been proposed, and among these the Paris
staging system stands out due to its ability to record the depth
of tumour infiltration and specific lymphoma spread, as well
as the extent of nodal involvement [8].

Various procedures are employed in diagnosis and follow-
up and to provide data for pretreatment staging, including
endoscopic ultrasound (EUS), endoscopic biopsies, com-
puted tomography (CT),magnetic resonance imaging (MRI),
18F-fluorodeoxyglucose positron emission tomography (18F-
FDG-PET), and/or molecular markers [9]. EUS and CT
are the most widely performed techniques, and CT of the
chest, abdomen, and pelvis exhibits high sensitivity and
specificity in staging GI lymphomas. The sensitivity and
specificity of CT-based staging of FL, MCL and diffuse large
B-cell lymphoma (DLBCL) can be increased even further, to
80% and 90%, respectively, by the integration of 18F-FDG-
PET. However, this provides no added benefit for MALT
lymphomas [10]. Moreover, EUS is considered superior to
CT scan in terms of locoregional staging, as it provides
details of visceral wall involvement, and for the detection of
perivisceral adenopathies [11].

Whole-body diffusion-weighted MRI (WB-DW-MRI)
has also been extensively studied as a method of staging
lymphomas [9, 12], in addition to other tumours [13, 14].
Indeed, whole-body imaging techniques can be used to assess
supradiaphragmatic nodal and extranodal sites, thereby pro-
viding information vital for abdominal lymphoma staging.
Despite the promise being shown by WB-DW-MRI in this
area, 18F-FDG-PET/CT remains the standard of reference
[14]. Nevertheless, as WB-DW-MRI does not expose the
patient to ionizing radiation, its validation as a GI lymphoma
staging tool would be of great clinical significance. However,
to the best of our knowledge there have been no studies
investigating the role of WB-DW-MRI in the staging of this
type of lymphoma to date.

We therefore set out to evaluate the performance of WB-
DW-MRI in staging primary abdominal GI lymphomas with
respect to the current preferred method, 18F-FDG-PET/CT.
As Paris staging has not yet been universally accepted,
we elected to use the modified Ann Arbor system, using
histopathological findings to confirm the diagnoses.

2. Materials and Methods

2.1. Patients. This retrospective study involved 17 untreated
patients with primary abdominal GI lymphoma (12 males
and 5 females; age range: 34.8–82 years, mean age: 63.1
years) diagnosed between July 2007 and February 2015. All
patients underwentWB-DW-MRI and 18F-FDG-PET/CT for
staging purposes. Five patients also underwent EUS and nine

Table 1: Clinicopathological features and sites of origin of tumours
investigated.

Characteristics Gastric Intestinal
Mean age (yrs) 60.2 64.5
Gender
Male 3 9
Female 2 3
Histology
Low-grade B-cell 5 4
High-grade B-cell 0 8
Stage
IE 2 0
IIE 3 4
IIIE 0 6
IVE 0 2
Treatment
Surgery alone 0 0
Nonsurgical 6 10
Both 0 1
Response to treatment
Complete remission 5 4
Partial remission 0 6
No response 0 2

Table 2: Histological classification and sites of origin.

Histology type Gastric Intestinal Total
Low-grade B-cell
MALTL∗ 3 5 8
Follicular lymphoma 1 4 5
High-grade B-cell
DLBCL∗∗ 1 3 4
∗MALTL,mucosa-associated lymphoid tissue lymphoma; ∗∗DLBCL, diffuse
large B-cell lymphoma.

abdominal CT scan with contrast before therapy. Diagnosis
of primary GI lymphoma was confirmed histopathologically
in all patients. At least 6 months of clinical and radiological
follow-up was available for each patient.

According to Ann Arbor staging with Musshoff ’s modifi-
cation, no patients were classed as stage 0 (0), two as stage I,
seven as stage II, five as stage III, and three as stage IV.

All patients underwent PET/CT and MRI in the 3 weeks
preceding treatment. The time interval between MRI and
PET/CT scans was 0–33 days. Subsequently, 1 patient was
treated by means of surgical resection and chemotherapy,
while 11 received chemotherapy alone and 5 H. pylori erad-
ication and chemotherapy. Of the treated patients, 9 achieved
complete remission, 6 achieved partial remission, and 2
showed no response. Tables 1 and 2 show the clinicopatho-
logical features of patients and the histological classification
and site of origin of the GI lymphomas diagnosed.

Informed consent was obtained from all patients and the
local ethical committee approved this study.
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2.2. Whole-Body MRI. All patients underwent MRI on
a superconductive 1.5 T magnet (Achieva, Philips, Best,
Netherlands, release 2.5) using a q-body coil, with the patient
positioned “feet first” on an extended anatomical coverage
table featuring rolling-table technology (MobiTrak, Philips).
The light visor was pointed at the orbitomeatal plane.

After multiplanar and multistack scout pulse sequence
reconstruction into a whole-body scout, by means of pro-
prietary software (MobiView, Philips), a STIR-EPI single-
shot pulse sequence (diffusion-weighted imaging with back-
ground suppression, DWIBS) (TR/TE = 4284/68ms; TI =
180ms; matrix = 108 ∗ 67; voxel size = 5mm; NSA = 8;
thickness = 6mm; gap =1mm; slices = 30; FOV = 530 (RL),
341 (AP), and 180 (FH); acquisition time: 02min 21 secs)
was acquired in the axial plane. This was repeated in free
breathing for up to four stacks to encompass all anatomical
districts, from head to foot.

The MR protocol involved the acquisition of T2-STIR
(TR/TE = 3819/165; 2 NEX; matrix = 336 ∗ 120; thickness
= 6mm; gap = 1mm; slices = 47; FOV: 530 (RL), 265 (FH),
and 328 (AP); acquisition time: 1min 8 secs) and spin echo-
T1 (TR/TE = 788/18; 1 NEX; matrix = 208 ∗ 287; thickness
= 6mm; gap = 1mm; slices = 43; FOV: 530 (RL), 300 (AP),
and 265 (FH); acquisition time: 1min 10 secs) sequences in
the sagittal and coronal planes.

2.3. PET-CT. PET-CT scans were taken on a hybrid Siemens
(Siemens, Erlangen, Germany) system consisting of a
lutetium oxyorthosilicate (LSO) PET scanner (HI-REZ) with
Pico-3D electronics and a 16-row CT device (Somatom
Sensation 16).

The PET component is a high-resolution scanner with a
spatial resolution of 4.7mmandhas no septa, thus allowing 3-
dimensional-only acquisition. Together with the PET system,
the CT scanner is used both for attenuation correction of
PET data and for localization of 18F-FDG uptake in PET
images. The intravenously administrated dose of 18F-FDG
was 3,5mBq/Kg of body weight and imaging was performed
60 minutes after administration of the tracer.

Acquired images were reconstructed using the attenua-
tion weighted-OSEM (ordered subset expectationmaximiza-
tion) iterative reconstruction, with 2 iterations, 8 subsets.
Fourier rebinning was used to reduce the 3D dataset to a
2-dimensional equivalent dataset, and a 4mm full width at
half maximum Gaussian filter was applied to the image after
reconstruction along the axial and transaxial directions. The
data were reconstructed over a 128∗ 128matrix with 5.3mm
pixel size and 2mm slice thickness. Processed images were
displayed in coronal, transverse, and sagittal planes.

3. Image Analysis

After acquisition and selection of the highest 𝑏 value, the
native axial images were reformatted on a stack-by-stack
basis as a single 340mm thick maximum intensity projection
(MIP) image in the coronal plane, multiple 4mm thick
multiplanar reconstructions (MPRs) in the coronal plane,
and multiple 4mm thick MPRs in the sagittal plane, oriented

to include the midline as well as the spine and paraspinal
regions. All reformatted images were then fused by means of
the smooth fusion algorithm in MobiView software (Philips)
to obtain whole-body MIP and MPR images. The grey scale
was subsequently inverted to enable viewing of abnormalities
(increased signal) as grey areas of varying intensity against
a white background, in a PET-like visualization window, as
suggested by Takahara et al. [15].

All whole-body MIP and MPR images were saved in the
scanner’s image database in patient-specific files. The native
axial slices were separated on the basis of the 𝑏 value, and
those acquired with 𝑏 = 1,000 s/mm2 were also saved in the
image database on optimal window settings. T2-STIR and
SE-T1 scan data were then merged into a single whole-body
image using the same method and software.

All MR and PET/CT image sets were processed by an
experienced trained radiologist, anonymized, and stored in
DICOM format on a CD-ROM marked with a patient- and
session-specific identification code.

MR images were read independently by two experienced
MRI radiologists (A.S. and A.C. with 15 and 25 years of
experience in MR imaging, resp.), both blind to each other’s
findings and the patient’s clinical status. PET/CT images were
read by a specialist with 18 years of experience in nuclear
medicine (G.S.).

The three readers recorded their findings on a pre-
designed spreadsheet (Excel, Microsoft, Redmond, USA)
listing the following nodal and extranodal sites [16]:

(1) Abdominal GI locations: stomach, duodenum, small
bowel, colon/rectum, and multiple sites.

(2) Other extranodal locations: spleen, liver, kidney, head
and neck, lung, and bone.

(3) Subdiaphragmatic nodal locations: paragastric,
mesenteric, para-aortic, paracaval, pelvic, and
inguinal.

(4) Supradiaphragmatic nodal locations: laterocervical,
axillary, supraclavicular, and mediastinal.

As Abdulqadhr et al. [17], the evaluation of possible nodal
lesions was performed with MIP images of the whole-body
DW sequences. The lesion was then confirmed by checking
axial DW images using a value of 𝑏 = 1000mm2/sec. A 𝑏
value of 0mm2/sec together with 𝑏 = 1000mm2/sec was used
to rule out T2 shine-through effect [18] and to get anatomical
information. The axial DW images were correlated to MIP
images by references lines.

Lesions identified onDWIBSwere considered positive for
the disease if [18]:

(1) themajor axismeasurementwas greater than 1 cm (on
axial DWIBS sequences),

(2) their signal intensity on DWIBS was greater than that
of the spinal cord,

(3) there were coalescent lymph nodes or nodal masses,
(4) lymph nodes were present in regions where there are

normally no lymph nodes.
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Central necrosis was considered a sign of malignancy,
regardless of the size of the lymph node [19].

Extranodal lesions were identified as follows:

(1) Presence of areas of restricted diffusion atGI tract and
parenchymal organs with respect to the background
signal.

(2) Correlation of the above with signal abnormalities
on the morphological sequences (coronal and sagittal
STIR/T1w sequences).

Bone marrow signals were considered abnormal when
greater than that of muscle on T2-weighted sequences and/or
when presenting a “mild” restriction of diffusion on DWIBS
[20].

As apparent diffusion coefficient (ADC) values for small
organs and tissues are affected by respiratory motion and fail
to accurately distinguish malignant from benign lesions [21],
due to partial volume effects, and since inter- and intraob-
server variability afflict reproducibility of the measures [22],
we neither calculated nor used ADC to characterize lesion
tissues. Instead, a lesionwas considered positive on 18F-FDG-
PET/CT scans in the presence of greater focal or diffuse 18F-
FDG uptake than background activity in a location incom-
patiblewith normal/physiology (or unrelated to physiological
sites of tracer uptake) [23, 24]. The location of 18F-FDG
uptake was always verified by CT. Lymph nodes with a short-
est transverse diameter of ≥1 cm [23] or masses/coalescent
lymph node were also considered positive.

The patients were staged by Ann Arbor staging with
Musshoff ’s modification using the data yielded by each imag-
ing technique. The two sets of results were then compared
with each other and the results of biopsy or when this was
not possible with at least 6months of clinical and radiological
follow-up (CT,MRI, and PET/CT), the standard of reference.
A reduction in the size of the lesion after therapy was taken
as evidence that the lesion was positive for lymphoma [22].

4. Statistical Analysis

Sensitivity, specificity, accuracy, and positive and negative
predictive values were calculated for each diagnostic method
on a “per-node” basis (N-staging). Analysis of the accu-
racy ofWB-DW-MRI, 18F-FDG-PET/CT, and 18F-FDG-PET
without CT in the assessment of the individual disease
stage of each patient was also performed. Regarding the
gastrointestinal lymphoma manifestation, we only calculated
the 18F-FDG-PET/CT and WB-DW-MRI detection rates, as
their large fields of view impede the accurate staging of
locoregional tumour extension (stage I).

Cohen’s 𝑘 statistics were used to calculate the inter-
observer agreement between the two MR readers and
between WB-DW-MRI and 18F-FDG-PET/CT. Agreement
was defined as poor at 𝑘 < 0.2, fair at 𝑘 > 0.2 < 0.4, moderate
at 𝑘 > 0.4 < 0.6, good at 𝑘 > 0.6 < 0.8, and very good at
𝑘 > 0.8.

McNemar’s test was used to determine the statistical
significance of differences between WB-DW-MRI and 18F-
FDG-PET/CT interpretations. A 𝑝 value of < 0.05 was

Table 3: Staging of lymphoma provided by WB-DW-MRI and 18F-
FDG-PET/CT.

Stage WB-DW-MRI
0 I II III IV

18F-FDG-PET/CT
0 2
I 0
II 7
III 6 1
IV 1

regarded as statistically significant. MedCalc (MedCalc Soft-
ware, Belgium) was used for all statistical analyses.

5. Results

5.1. Per-Node Basis. WB-DW-MRI was true-positive for 75
(100%) of the lymphomatous node groups and true-negative
for 79 (96%) of the nonmetastatic node groups, while 18F-
FDG-PET/CT was true-positive for 71 (94%) of the lym-
phomatous node groups and true-negative for 83 (100%) of
the nonlymphomatous node groups.WB-DW-MRI exhibited
100% (CI 95%, 95.2% to 100%) sensitivity, 96.3% (CI 95%,
89.5% to 99.2%) specificity, and 96.1% (CI 95%, 89.1% to
99.2%) and 100% (CI 95.3% to 100%) positive and negative
predictive values, respectively. The sensitivity, specificity, and
PPV and NPV of 18F-FDG-PET/CT were 95.9% (CI 95%,
88.6% to 99.1%), 100% (CI 95%, 95.60 to 100%), and 100% (CI
95%, 94.9% to 100%) and 96.4% (CI 95%, 90% to 99.27%),
respectively.

McNemar’s test revealed no statistically significant differ-
ences between 18F-FDG-PET/CT and WB-DW-MRI (𝑝 <
0.05).

The weighted kappa statistics, with a 95% confidence
interval of agreement, were 0.97 (0.95–0.99) between the two
MRI readers and 0.87 (0.82–0.92) between the two methods.

5.2. Per-Patient Analysis and Gastrointestinal Lymphoma
Detection Rate. Of the 17 lymphoma patients, 16 were staged
the same by WB-DW-MRI and 18F-FDG-PET/CT (94%). Of
those 16 patients, 1 was classed as stage IV, and the remaining
15 were distributed between stages 0 and III (Figures 1 and 2,
Table 3). In the case in which staging differed, WB-DW-MRI
classed the patient as stage IV, predicting bone marrow (BM)
invasion, while 18F-FDG-PET/CT classed the patient as stage
III. The bone marrow infiltration, and therefore the accuracy
of the higher staging, provided by MRI, was confirmed by
bone biopsy (Table 4).

In the 2 patients with low-grade MALT lymphoma, WB-
DW-MRI and 18F-FDG-PET/CT agreed (both stage II), but
18F-FDG-PET alone predicted a far lower stage (stage 0). In
the mismatched regions, enlarged lymph nodes with no F-
FDG uptake were present on CT (>1 cm) (Figure 2, Table 4).
18F-FDG-PET/CT and WB-DW-MRI both detected

the gastrointestinal lymphoma manifestation in 10 out of
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(a) (b) (c)

Figure 1: A 38-year-oldmanwith intestinal DLBCL (diffuse large B-cell lymphoma): (a)MIP image of 18F-FDG-PET, (b) coronal whole-body
CT, and (c) MIP image of DWI. All techniques detected the primary intestinal lesion (arrow).

Table 4: Staging by both techniques: mismatched sites behind differences in staging with respect to standard of reference.

Patient WB-DW-MRI 18F-FDG-PET/CT 18F-FDG-PET Mismatched regions Gold standard

Gastric MALTL∗ 0 0 0 Primary gastric lesion Stage I. Positive EUB and endoscopy
(ulcerated gastric lesion)

Gastric MALTL∗ 0 0 0 Primary gastric lesion Stage I. Positive endoscopy

Intestinal MALTL∗ II II 0 Primary intestinal lesion,
mesenteric lymph nodes

Stage II. Positive CT scan, thickened
bowel wall and mesenteric lymph
nodes. Radiological and clinical
follow-up (partial remission after
therapy on 18F-FDG-PET/CT and
WB-DW-MRI)

Gastric MALTL∗ II II 0
Primary gastric lesion,
mesenteric, paragastric,
para-aortic, and paracaval
adenopathy

Stage II. Positive endoscopy.
18F-FDG-PET/CT (only on CT) and
WB-DW-MRI detected adenopathy
but failed to find the primary lesion
18F-FDG-PET negative

Intestinal DLBCL∗∗ IV III III Bone marrow involvement Positive bone marrow biopsy
∗MALTL, mucosa-associated lymphoid tissue lymphoma; ∗∗DLBCL, diffuse large B-cell lymphoma.

the 17 patients (60%), while 18F-FDG-PET alone detected it
in only 8 of 17 (47%). In other words, WB-DW-MRI and 18F-
FDG-PET/CT downstaged 2 patients classed as stage 1 by the
gold standard, whereas 18F-FDG-PET alone downstaged 4
patients (Table 4).

6. Discussion

To our knowledge, this is the first study to evaluate the role
of WB-DW-MRI in the N-staging of primary GI lymphoma.
Although it was not possible for us to confirm the diagnosis
in all lymph nodes by histopathology (a common problem
in radiological research, as it would be highly unethical
to biopsy all suspected lesions) WB-DW-MRI staging was
generally in full agreementwith that provided by the standard
of reference. In the majority of our cases, there were no

differences betweenWB-DW-MRI and 18F-FDG-PET/CT in
this regard. However, both yielded a lower stage than the
standard of reference in two patients with indolent stage 1
MALT lymphoma (Table 4), with neither PET/CT nor WB-
DW-MRI being able to detect any morphologic abnormality
or 18F-FDG uptake/restriction of diffusivity in the known
location of the gastrointestinal lymphoma in either of these
two patients. 18F-FDG-PET alone, on the other hand, failed
to detect 18F-FDG uptake in these and a further two cases
(total 4 patients) with indolent MALT lymphoma (both stage
II), which were successfully staged by integrating CT data
(Figure 2, Table 4).

As there was a high preponderance of early-stage (I-
II) indolent MALT lymphoma in our group, it is perhaps
unsurprising that, overall, both 18F-FDG-PET/CT and WB-
DW-MRI had a GI lymphoma detection failure rate of 40%
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(a) (b) (c)

Figure 2: An 82-year-oldmanwith gastricMALT lymphoma: (a)MIP image of 18F-FDG-PET showing no uptake in any lymph node regions,
giving stage 0; (b) coronal whole-body CT, showing multiple para-aortic lymph nodes, thus giving stage II (arrow); (c) MIP image of DWI
showing the same findings, as high signal intensity in the same nodal location, giving stage II (arrow). However, all techniques, even DWI,
failed to find the primary gastric lesion.

as compared to 53% with 18F-FDG-PET alone. Indeed, in 33
cases ofMALT lymphoma, Perry et al. [25] showed 18F-FDG-
PET/CT detected active disease in 100% of advanced cases
(stages III-IV) but in only 42.3%of cases of early-stage disease
(I-II). It seems reasonable to assume, therefore, that the early
stage, small size, and low metabolism/low 18F-FDG uptake
were behind both the downstaging of two patients and the
missed gastrointestinal lymphoma manifestations.

In our study, WB-DW-MRI detected one more patient
with positive BM lesion than 18F-FDG-PET/CT, correctly
upstaging this patient with respect to 18F-FDG-PET/CT.This
finding is in line with those by Abdulqadhr et al. [17] show-
ing that WB-DW-MRI correctly upstaged 3 patients with
small lymphocytic lymphoma/chronic lymphatic leukaemia
(SLL/CLL) as compared to 18F-FDG-PET/CT. They postu-
lated that the increased signal seen in SLL/CLL lesions was
ascribable to the small, closely packed tumour cells causing
restricted water molecule movement. However, in our two
missed cases of stage 1 indolent MALT lymphoma, we failed
to find any significant restriction. However, the normal focal
or diffuse restriction of the small primary lesions may have
been hidden by the bowel loops.

On a per-node basis, we found WB-DW-MRI to be
more sensitive (100% versus 96.3%) but less specific (95.1%
versus 100%) than 18F-FDG-PET/CT. Overall, WB-DW-MRI
detected a higher number of false-positive lymph nodes
at the laterocervical, axillary, and inguinal nodal locations
than 18F-FDG-PET/CT, which were confirmed as reactive
nodes in the follow-up. That being said, McNemar’s test
revealed no statistically significant differences between the
two investigations, and the interobserver agreement was
“very good” (>0.8).

This makes an interesting contribution to the growing
debate regarding the excessive exposure to radiation during

diagnostic procedures. Indeed, although 18F-FDG-PET/CT
is widely used in the management of lymphomas, it involves
exposing patients to a substantial dose of radiation, which
is of particular concern in young adults and children [26,
27] and in patients who require repeated follow-up. A
nonionizing imaging technique, such as MRI, with similar
functional imaging capacity would therefore be afforded an
important role in this setting, especially during follow-up.

Our results, like those of Abdulqadhr et al. [17], appear
to suggest a role for WB-DW-MRI, combined with 18F-
FDG-PET/CT, in initial staging and provided that there
is agreement between the two techniques as a standalone
follow-up imaging technique. This would not only be safer
for patients, but also improve cost-effectiveness and total
examination time, both important limitations of 18F-FDG-
PET/CT, in the long term. Indeed, 18F-FDG-PET/CT costs
roughly twice as much as WB-MRI and takes considerably
longer (60 minutes of waiting time after 18F-FDG injection
versus 30–35 minutes) [28].

Nevertheless, there are some limitations to our study. First
and foremost, it was retrospective in nature and therefore not
reliant on a standardized MRI protocol. Due to the hetero-
geneity of the MRI protocols adopted in our institution over
the years, we only consideredDWIBS and STIR/T1. However,
it would have been preferable to have been able to add aWB-
DW-MRI protocol with axial T1w or T2w sequences, so as to
shed light on the morphological characteristics of the lymph
nodes at the laterocervical, axillary, and inguinal locations,
and thereby potentially eliminate false-positives. However, as
no such data was available for our patients, we were unable to
take them into account.

Secondly, the rarity of primary GI lymphoma meant that
we were only able to consider a limited number of patients.
Further studies are needed, not only to confirm our findings
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in a larger sample, but also to refine the staging procedure
for gastric MALT lymphoma. Although indolent, this type
of tumour may be multifocal [29, 30], transform to DLBCL
[31], and it is difficult to diagnose, endoscopic findings being
normal in the majority of cases. As multiple organs are
generally involved, endoscopic biopsies usually need to be
taken from multiple sites of the stomach and duodenum,
encompassing both normal and abnormal regions [10, 32].
Our results indicate that this highly invasive procedure may
one day be more accurately guided by DWIBS sequences,
which could also prove useful by predicting the transforma-
tion of this tumour into higher-grade lymphoma (indeed,
PET has already been recommended as a means of assessing
the recurrence or transformation of various lymphomas [33]),
although, once again, more research is necessary.

7. Conclusions

Our results suggest WB-DW-MRI as a promising technique
for staging patients with primary GI lymphomas, and, pend-
ing the results of future studies and improvements to its
performance, it may provide a radiation-free alternative to
18F-FDG-PET/CT.
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Objectives. To retrospectively compare the results of the MRIA (magnetic resonance index of activity) with a modified MRIA
(mMRIA), which was calculated excluding from MRIA formula the data of relative contrast enhancement (RCE). Materials and
Methods. MR-E and corresponding endoscopic records of 100 patients were reviewed. MRIA, mMRIA, and SES endoscopic index
were calculated for all the patients. Namely, MRIA was calculated as follows: (1.5 × wall thickening + 0.02 × RCE + 5 × intramural
edema + 10 × ulcers), while mMRIA was calculated with the modified formula (1.5 × wall thickening + 5 × intramural edema
+ 10 × ulcers). Results. Mean MRIA and mMRIA values were 19.3 and 17.68, respectively (𝑝 < 0.0001). A significant correlation
(𝑝 < 0.0001) was observed between MRIA and mMRIA scores and between both MR indexes and SES (𝑝 < 0.0001). Conclusions.
mMRIA was comparable to MRIA in the evaluation of disease activity in Crohn’s disease.

1. Introduction

Crohn’s disease (CD) is a chronic progressive inflammatory
disorder of the entire alimentary tract, classically involving
the terminal ileum: ileitis is observed in 90% of the patients
with small-intestinal CD, who in turn constitute 30–40% of
all CD patients [1].

The disease is characterized by a relapsing and remitting
course (flare-ups followed by clinical remission), posing the
problem of repeated follow-ups over time for the assessment
of disease activity.

To assess the severity of clinical disease activity, compos-
ite scores such as Crohn’s Disease Activity Index (CDAI) or
the Harvey-Bradshaw Index are used [2].

Ileocolonoscopy has been recognized as the gold standard
for the evaluation of lesions in the colon and terminal ileum.
To assess the severity of endoscopic inflammation, Crohn’s
Disease Endoscopic Index of Severity (CDEIS), the Simplified
Endoscopy Score (SES-CD), or, in the postoperative setting,
the Rutgeerts score was developed for use in clinical trials.
However, there are several drawbacks related to the invasive-
ness, procedure-related discomfort, risk of bowel perforation,
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and relatively poor patient acceptance; moreover, it cannot
always be complete in small bowel examination [2, 3]. Small
bowel imaging, therefore, plays a vital role in diagnosing
and phenotyping CD, thereafter assessing disease activity and
complications [4]. MR enterography (MR-E) of the small
bowel, thanks to the lack of ionizing radiation, along with
very high soft-tissue contrast and multiplanar images has
high diagnostic accuracy in the evaluation of luminal and
extraluminal abnormalities [5].

A recent study, by proving evidence that themagnitude of
quantitativeMR changes (wall thickening, presence of edema
and ulcers, and contrast signal intensity) closely parallels the
severity of endoscopic lesions, allowed the creation of an MR
index of activity (MRIA).The authors also demonstrated that
MRIA is highly correlated with endoscopic scores [6].

In this paper, we have calculated a modified MRIA
score (mMRIA) removing from the calculation suggested
by Rimola et al. the data related to the relative contrast
enhancement of bowel wall in order to correlate this score
to MRIA and endoscopic score. Our purpose was to verify
if this modified score, which is calculated from unenhanced
images, might be used with the same accuracy compared to
MRIA with possible advantages in pediatric patients, in the
case of proven intolerance to gadolinium-based contrast and
in subjects with severe renal failure and in repeated follow-up
examination.

2. Materials and Methods

2.1. Study Population. During the period between March
2013 and March 2015, 100 patients aged between 16 and
81 were retrospectively enrolled in this study. Inclusion
criteria were the following: (1) histologically proven Crohn’s
disease of the terminal ileum, (2) availability of a complete
colonoscopy with terminal ileum exploration, (3) lack of
surgical intervention related to Crohn’s disease, and (4)MR-E
performed within 60 days from endoscopy.

Disease duration ranged from 3 to 100months (average 37
months). According to their treatment patients were divided
into the following groups: (1) untreated patients (32/100), (2)
patients assuming mesalazine (14/100), (3) patients assuming
immunomodulators (31/100), and (4) patients assuming bio-
logical drugs (23/100). Our series was divided into two more
groups related to the use of systemic corticosteroids (39/100
cases).

The informed consents of all the patients were available
for both colonoscopy and MR-E. The study was approved by
the Local Ethical Committee.

2.2. Endoscopic Evaluation. In this study, the endoscopic
records of the 100 patients were reviewed. MR-E was
performed between 4 and 60 days (mean 48 days) from
endoscopy. In 28/100 cases it was performed before ileocolon-
oscopy, while in 72/100 patients MR-E followed endoscopy.
Endoscopic exams were performed by a board certified
gastroenterologist with 10 years of experience in performing
ileocolonoscopy. For calculating the SES-CD, the intestine
was divided into five segments: the ileum, the right colon,
the transverse colon, the left colon, and the rectum. The

Table 1: Endoscopic activity of Crohn’s disease according to SES
scores.

Overall SES score Crohn’s disease activity
0–2 Disease in remission
3–6 Mild disease activity
7–15 Moderate disease activity
>15 Severe disease activity

degree of disease involvement in each of the five segmentswas
determined by the assessment of four parameters: presence
and size of ulcers (score 0–3), extent of ulcerated surface
(score 0–3), extent of affected surface (score 0–3), and
presence and type of narrowing (score 0–3) [7]. Each bowel
segment may have values between 0 and 12 while the overall
SES score is calculated as the sum of each segment’s score
and may range from 0 to 60. Both overall and terminal
ileum scores were calculated in our series and disease activity
categories were assessed according to the overall SES score
(Table 1).

2.3. Magnetic Resonance Enterography Technique. All MR-E
were performed on a 1.5-Tesla MR unit (Philips Achieva 1.5 T
A-series, Koninklijke Philips Electronics N.V., Eindhoven,
The Netherlands) with a 4-channel phased-array body coil in
the prone position.

Patients were asked to take oral laxatives at variable times
and personalized doses to cleanse the bowel and to fast an
overnight before the exam.

On the day of the examination, 45–55min before theMR,
each patient received orally a solution of biphasic contrast
medium, previously prepared by dissolving 250–300mL of
18%mannitol in 1500mL of water in order to achieve a 3.5%–
4% solution.

Inhibition of bowel peristalsis was achieved by inject-
ing 10mL/mg N-butyl scopolamine (Buscopan, Boehringer
Ingelheim, Florence, Italy) intramuscularly before starting
the MR examination.

The imaging protocol consisted of the following breath-
hold sequences (Table 2):

(1) Coronal, axial, and sagittal 2D balanced turbo-field
echo (BTFE): matrix 256 × 256; slice number 40;
thickness 8mm, with 4mm overlap; shortest TE/TR;
flip angle 90∘; FOV 350–450; and acquisition time
21 s/sequence.

(2) Coronal and axial T2W single shot turbo spin echo
(SSh-TSE): thickness 4-5mm;TE 100ms; shortest TR;
flip angle 90∘; matrix 320 × 320; FOV 350–450mm;
and breath-hold acquisition.

(3) Axial T2W single shot turbo spin echo SPAIR (SSh-
TSE-SPAIR): thickness 4-5mm; TE 100ms; shortest
TR; flip angle 90∘; matrix 320 × 320; FOV 350–
450mm; and breath-hold acquisition.

(4) CoronalT1whigh-resolutionisotropicvolume(THRIVE):
matrix 256 × 256; slice number 100; thickness
2mm; SENSE factor 4; shortest TE/TR; flip angle 10;
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Table 2: MRE sequences.

Sequence Plane Thickness/overlap FOV TR/TE (ms) FA
Balanced turbo-field echo Ax./Cor./Sag. 8/4mm 350–450 Shortest/shortest 90∘

T2 single shot Ax./Cor. 4-5/0mm 350–450 Shortest/100 90∘

T1 high resolution isotropic volume (THRIVE) Ax./Cor./Sag. 4/2mm 350–450 Shortest/shortest 10∘

FOV 350–450; acquisition time 19 s/sequence; coro-
nal and axial T1w high-resolution isotropic volume
(THRIVE). This sequence was acquired before and
after i.v. administration of 0.15mL/Kg of gadolinium
diethylene-triamine penta acetic acid (Gd-DTPA)
0.5M followed by 20 of saline solution with a scan
delay of 35, 70, and 120 seconds.

(5) THRIVE acquisitions in the axial and sagittal plane:
matrix 256 × 256; slice number 100; thickness 2mm;
SENSE factor 4; shortest TE/TR; flip angle 10; FOV
350–450; acquisition time 19 s/sequence.

2.4. Image and Statistical Analysis. Two radiologists expe-
rienced in abdominal MR imaging (AS with 10 years of
experience and AASI with 15 years of experience identified
throughout the paper as R1 and R2) who were unaware of
endoscopic findings and results independently reviewed the
examinations.

The analysis was performed using a dedicated postpro-
cessing workstation DICOM viewer (OsiriX imaging soft-
ware), examining the images from all sequences.

For all the examinations MRIA (magnetic resonance
index of activity) and mMRIA (modified MRIA) of the
terminal ileum were calculated by both the readers.

MRIA was calculated according to previous paper by
Rimola et al. with the following formula:

1.5 × wall thickness (mm) + 0.02 × RCE + 5 × edema
+ 10 × ulceration (where RCE corresponds to the
relative contrast enhancement) [6].

ThemMRIAwas obtained by the same calculation, excluding
the data related to relative contrast enhancement (0.02 ×
RCE), using the following formula: 1.5 ×wall thickness (mm)
+ 5 × edema + 10 × ulceration.

Quantitative measurements (wall thickness, RCE) were
obtained from the most thickened loop. The presence of
mucosal ulceration was defined as deep depressions in the
mucosal surface within the thickened wall (Figure 1), and
the presence of mural edema was defined as the high
intensity signal on T2-weighted sequences relative to the
psoas muscle’s signal intensity (Figure 2).

Then relative contrast enhancement (RCE)was calculated
according to the following formula: RCE = [(WSI post-
gadolinium −WSI pregadolinium)/(WSI pregadolinium)] ×
100 × (SD noise pregadolinium/SD noise postgadolinium),
where SD noise pregadolinium corresponds to the average of
three SD of the signal intensity measured outside of the body
before gadolinium injection, and SD noise postgadolinium
corresponds to the SD of the same noise after gadolinium
administration.

Figure 1: MRE, T2W coronal image. Ulcerations were diagnosed
when irregular mucosal depressions were recognized within a
thickened loop (arrow).

∗

Figure 2: MRE, T2W axial image. Edema was diagnosed when the
involved loops (arrow) showed higher signal intensity compared
with psoas muscle (∗) in T2W images.

Cohen 𝐾 test was used to calculate the interobserver
agreement between R1 and R2 in recognizing qualitative
MR findings such as wall ulceration and edema and to
estimate agreement between endoscopy and MR-E. The
quantitative evaluations such as wall thickness, RCE, MRIA,
and mMRIA were compared between the two readers using
the paired samples and two-sample Student’s 𝑡-test, while
theMRIA/mMRIA correlationwas calculated using Pearson’s
correlation. The correlation between MRIA/mMRIA and
endoscopic SES index was explored by Spearman’s rank
correlation. Statistic tests were performed using the software
STATA/IC 14.

3. Results

Endoscopic evaluations andMR-E were considered adequate
to the diagnosis in all the cases.

Endoscopy demonstrated the disease in all the patients. A
terminal ileitis was diagnosed in 58/100 cases and ileocolitis
in 23/100 patients, while Crohn’s colitis was recognized in
19/100 patients. Overall SES ranged from 0 to 47 (mean 11.23,
SD 8) while SES of terminal ileum ranged from 0 to 12
(mean 4.2; SD 3.3). On the basis of endoscopy a complete
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Figure 3: MR-E of a patient with terminal ileitis (ileal SES score 10; overall SES score 15). (a) Coronal B-TFE image. (b) Unenhanced coronal
THRIVE image. (c) CE-coronal THRIVE. (d) Axial SSh-T2 image.MR-E shows a 10mm thick, hyperenhancing, and ulcerated terminal ileum
(arrowheads). T2 sequence demonstrates mural edema as terminal ileum (arrowheads) shows higher signal intensity than psoas muscle (∗).
MRIA = 31.4; mMRIA = 30.

Table 3: Disease activity of patients’ series according to SES values.

SES group Number of patients
Disease in remission 3
Mild disease activity 27
Moderate disease activity 51
Severe disease activity 19

remission (score 0–2) was diagnosed in 3/100 patients (3%),
a mild disease activity (score 3–6) in 27/100 (27%) cases,
a moderate activity (7–15) in 51/100 (51%) patients, and a
severe disease (>15) in the remaining 19/100 (19%) patients
(Table 3). Both the readers demonstrated the involvement
of the terminal ileum in 75/100 patients, while the terminal
ileum was considered normal in 25/100 cases.

Ulcerations were recognized in 52/100 patients by R1 and
in 50/100 cases by R2 (𝐾 = 0.85) while mural oedema
was diagnosed in 57/100 cases by R1 and in 60/100 by R2
(𝐾 = 0.83). Mean wall thickness was not statistically different
between R1 (mean 7.44; SD 3.16) and R2 (mean 7.31; SD 3.2).
MRIA andmMRIA indexes calculated on CEMR-E were not
different between the two readers (𝑝 > 0.05); namely, MRIA
ranged from 3.78 to 38.17 (mean 19.13; SD 10.68) for R1 and
from 4.78 to 39.45 (mean 19.014; SD 10.47) for R2, while mean
mMRIA ranged from 3 to 37.5 (mean 17.7; SD 10.38) for R1
and from 4.5 to 37 (mean 17.48; SD 10.07) for R2 (Figure 3).
Paired samples 𝑡-test demonstrated a statistically significative
difference between MRIA and mMRIA for both the readers
(𝑝 < 0.0001) (Figure 4). In addition, MRIA and mMRIA
showed a strong correlation between each other (Pearson’s
𝑟 = 0.99; 𝑝 < 0.0001) (Figure 5).

In our series, overall SES, ileal SES, and disease activity
groups showed a strong correlation with MRIA and mMRIA.
Correlation coefficients, which are summarized in Table 4,
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Figure 4: Box-plot of MRIA and mMRIA values of our series.
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Figure 5: Scatter plot diagram demonstrating a strict correlation
between MRIA and mMRIA values for both the reviewers.
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Table 4: Correlation coefficients between MRIA, mMRIA, and
endoscopic findings for R1 and R2.

Overall SES Ileal SES Disease activity groups
MRIA R1 0.5965∗ 0.3683∗ 0.5872∗

mMRIA R1 0.5940∗ 0.3637∗ 0.5899∗

MRIA R2 0.6037∗ 0.3708∗ 0.6031∗

mMRIA R2 0.5931∗ 0.3851∗ 0.5920∗
∗

𝑝 < 0.0001.
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Figure 6: Scatter plot diagram of MRIA and mMRIA versus overall
SES values.

were statistically significative for R1 and R2 (Table 4, Figures
6–8).

The one-way ANOVA comparing patients assuming
different treatments showed significantly lower values of
MRIA and mMRIA in patients without any treatment (𝑝 =
0.049), while no differences were found for subjects assum-
ing mesalazine, immunomodulators, or biological drugs. In
addition, MRIA andmMRIA values were significantly higher
in patients using systemic corticosteroids for both the readers
(R1: 𝑝 = 0.018 and 0.035; R2: 𝑝 = 0.016 and 0.033).

4. Discussion

In this study we compared the accuracy of MRIA to mMRIA
which is calculated from unenhanced images only and we
found that these two scores can be calculated with a very
good interobserver agreement and have the same degree
of correlation with the SES endoscopic score. To monitor
disease activity and to guide appropriate treatment, CD
patients require multiple imaging examinations repeatedly
[8]. Cross-sectional techniques have advanced the ability
to diagnose, classify, and monitor CD [9]; the desirable
imaging modality would be one that is reproducible, free of
ionizing radiation, and well tolerated. MR-E is a noninvasive
technique not relying on ionizing radiation, showing high
values of sensitivity and specificity in CD assessment [10]
and nowadays the standard protocol is based onmorphologic
unenhanced images and on dynamic fast 3D spoiled gradient
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Figure 7: Scatter plot diagram of MRIA and mMRIA versus ileal
SES values.
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Figure 8: Box-plot diagram of MRIA and mMRIA values related to
disease activity groups for both R1 and R2.

echo T1 fat-suppressed postcontrast sequence that evaluates
the pattern of bowel wall enhancement [11].

Many studies stress the importance of evaluating the
pattern of contrast enhancement of bowel wall, to assess
disease activity [12]. Dambha et al., in a recent study in 2014,
point out that intensemucosal enhancement postintravenous
gadolinium is typical of active disease and that gadolinium
administration identifies acute inflammatory change [13].
According to them, mucosal hyperenhancement has occa-
sionally been found to be the only feature of recurrent disease
in the absence of typical imaging findings [13]. Furthermore,
in a study by Macarini et al., a significant reduction in wall
thickness and contrast enhancement is considered the most
reliable finding for predicting clinical remission in patients
treated for active disease [10]. Other authors suggest assessing
wall thickness and presence of edema in T2 sequence images
as an initial global appraisal and only adding a basal and
contrast enhanced T1 sequence in case an abnormality is
detected [14]. Existing MRI activity scores generally include
the evaluation of the pattern of contrast enhancement [6, 15–
19]. Because the location of CD lesions in the intestine has
a characteristic skip pattern, in which segments with severe
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ulcerative lesions can be adjacent to others with normal
mucosa, Rimola et al. evaluated the MR findings associated
with lesions of different endoscopic severity in a segment-by-
segment analysis and also as a global MR index of activity
(MRIA). MR changes found to be associated with disease
activity and severity included edema, presence of ulcers, wall
thickening, and relative contrast enhancement [6].

The aim of our paper was to compareMRIA to amodified
index (mMRIA) calculated from unenhanced sequences. We
found that mMRIA was statistically different fromMRIA but
it showed a very strong correlation with MRIA. In addition,
mMRIA and MRIA demonstrated a comparable significative
correlation with the endoscopic index of disease activity in
the terminal ileum and with the disease activity calculated
on the basis of SES score. As expected untreated patients
(with clinical remission or mild disease activity) and patients
using systemic corticosteroid (usually not responding to
standard therapy) showed, respectively, lower and higher
value of MRIA/mMRIA scores, while we did not find any
difference among the remaining treatment groups. Probably
the evaluation of multiple follow-up exams might put a light
on the role ofMR activity indexes in the evaluation of therapy
efficacy.This experience shows that a reliable calculation of an
MR based activity index can be achieved using unenhanced
scans without any accuracy issue. However, despite these
promising results, it should be remembered that the mor-
phologic mural changes, the hyperintensity in T2-weighted
sequences, and contrast enhancement are the expression
different phenomena. Namely, T2-hyperintensity is due to
mural edema, while contrast enhancement is related to wall
hypervascularity and increased vascular permeability which
frequently but not necessarily overlap [6, 17]. For this reason
CE sequences and consequent patterns of mural contrast
enhancement still play a crucial role in the assessment of
Crohn’s disease, namely, in the first assessment of the disease.
On the other hand, RCE has a little effect on the MRIA
calculation and it is not surprising that MRIA and mMRIA
perform the same if compared with endoscopy as mMRIA
actually constitutes the biggest part of MRIA score.

Our experience demonstrates that the calculation of a
reliable index to assess Crohn’s disease activity may be done
with an unenhanced MR-E. According to these results, con-
trast injection could be avoided without concerns in patients
needing repeated follow-up exams who generally show a
better acceptance for unenhanced exams; furthermore, these
findings can be really helpful with obvious advantages for
pediatric patients and in case of renal failure or proven
allergic reaction to Gd-based agents.

Our study has some limitations mostly related to its
retrospective nature: firstly, our sample is inhomogeneous as
patients had different disease durations and were following
different treatments which might be responsible for anatom-
ical changes we could not appreciate in a single MR exam.
Secondly, the time slot between MR-E and endoscopy was
variable leading to discrepancies between endoscopy and
MR-E. Lastly, differing fromprevious studies, a complete per-
segment and per-patient evaluation could not be done since
the lack of a dedicate distension of the colonwith oral contrast
only allowed a reliable evaluation of the sole terminal ileum.

5. Conclusions

Theresults of this study show that the proposedmMRIA score
provides a promising tool for assessing CD severity of the
terminal ileum with a strong correlation with MRIA score
and with endoscopy. The use of the mMRIA that is obtained
from unenhanced images might be useful in different clinical
settings such as follow-up exams, pediatric patients, and
subjects with chronic renal failure or proven intolerance
to Gd-based contrast media. Anyhow, further prospective
studies are required to confirmmMRIA utility on both small
bowel and colonic loops and to investigate its accuracy as a
predictor of treatment efficacy in repeated studies.
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