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Abstract

malignant cystic peritoneal lesions (p = 0.5).

Background: Peritoneal diseases can be caused by a wide spectrum of pathologies including benign, primary, and
secondary malignant lesions. Benign peritoneal diseases can mimic malignancies and have overlapping clinical,
pathophysiological, and imaging appearances. Biopsy and histological assessment remain the gold standard for
characterization of the peritoneal lesions; however, functional MRI techniques like diffusion imaging with quantitative
assessment by ADC (apparent diffusion coefficient) measurements can help in the detection and characterization of
different peritoneal lesions. The aim of this study was to evaluate the role of diffusion MR imaging in differentiating
between benign and malignant peritoneal lesions with correlation to their pathological results.

Results: Forty patients with peritoneal lesions were included in the study. According to histopathological results, 20 of
them were of benign nature, and the other 20 were malignant. The mean ADC value of the benign lesions was 1.5 +
05 x 10> mm?/s while that of malignant lesions was 09 + 0.3 x 10> mm?/s with statistically significant difference

(p < 0.00001), and a cutoff value of 1.15 x 10~ mm?/s can be used to differentiate benign and malignant lesions with
85% sensitivity and specificity. In particular, we compared the mean ADC values of the eight cases of peritoneal
tuberculosis with that of fourteen cases of peritoneal carcinomatosa, and it was also statistically significant (p < 0.001).
However, we did not find a statistically significant difference between the mean ADC value of the benign and

Conclusion: Diffusion MR imaging can provide a reliable non-invasive tool that can help in the differentiation between
benign and malignant peritoneal lesions using qualitative and quantitative diffusion assessment through ADC
measurements with a recommended cutoff value of 1.15 X 107> mm?/s.
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Background

The peritoneum is a serosal membrane of mesodermal
origin which covers the peritoneal cavity and is formed
by two layers, the visceral peritoneum which covers the
intra-peritoneal organs and the parietal peritoneum
which lines the abdominal walls and the diaphragmatic
undersurface [1]. The main functions of the peritoneum
are to provide a frictionless surface over which the
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viscera can move and also serve as a conduit of fluid
transport [2].

The mesentery is a double peritoneal layer which en-
closes the intestine and attaches it to the posterior ab-
dominal wall. Ligaments are double layers of peritoneum
between different organs or between an organ and ab-
dominal walls. The omentum is a double peritoneal layer
joining the stomach to other adjacent structures [3].

There is a wide spectrum of peritoneal diseases that
can be caused by different benign and malignant path-
ologies. Benign diseases can mimic malignancies with
overlapping clinical, pathophysiology, and imaging
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appearances. Histopathological examination of the peri-
toneal lesions whether by true cut biopsy, FNAC (fine
needle aspiration cytology), or excisional biopsy is al-
most always required and considered the gold standard
for diagnosis of the nature of peritoneal lesions [1].

Peritoneal carcinomatosis is the most common malig-
nant peritoneal disease and is defined as intra-peritoneal
dissemination of any carcinoma which is not originated
from the peritoneum itself. The commonest tumors
metastasize to the peritoneum are those from the gastro-
intestinal tract and the ovaries [4, 5]. Pseudomyxoma
peritonei is a clinical or radiologic description rather
than a pathological diagnosis which describes the pres-
ence of thick mucinous material within the peritoneal
cavity usually from ruptured mucinous tumors [5].

Granulomatous peritonitis is one of the commonest
benign peritoneal lesion encountered in Egypt. The term
granulomatous peritonitis is a form of peritoneal inflam-
mation and infection caused by different agents such as
tuberculous, histoplasma, or pneumocystis organisms.
Tuberculosis may reach the peritoneal cavity as part of a
systemic infection (i.e., miliary tuberculosis), direct ex-
tension from the bowel, or lymphatic dissemination [6].

Diffusion-weighted MR imaging (DWI) is a functional
MRI technique used to detect the movement of water
molecules in biological tissues. Recently, diffusion MR
imaging is widely used and became a routine part of MR
examination of the abdomen and pelvis to detect and
characterize different abdominal lesions. DW MR images
are very useful for detection of peritoneal lesions by sup-
pressing the background structures and also facilitating
the characterization of the nature of the lesions depend-
ing on the tissue cellularity and the presence of intact
cell membranes; therefore, it can help in differentiation
of benign and malignant lesions [2—7].

Although pathological assessment remains the gold
standard in diagnosis of peritoneal lesions, diffusion im-
aging could represent a non-invasive diagnostic tool that
may add a diagnostic value and help in characterization
of peritoneal lesions especially in high-risk patients and
in apparently benign lesions to avoid unnecessary inva-
sive interventions. The aim of this study was to evaluate
the role of diffusion MR imaging in differentiating be-
tween benign and malignant peritoneal lesions with cor-
relation to their pathological results.

Methods

e A prospective study included 40 patients with
peritoneal lesions referred to the radiology
department for MRI examination of the abdomen
and pelvis in the period between June 2019 and
January 2020.
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e Written informed consent was signed by all patients
before the MRI examination. The study is IRB
approved.

Inclusion criteria

e Datients with peritoneal lesion

Exclusion criteria

e Absolute contraindications to MRI or
contraindications to contrast media if contrast is to
be used

MRI technique

e The MRI was done using 1.5 Tesla Philips MRI
scanner (Achieva- Netherlands).

e A circular surface (Sense-XL-Torso body) coil was
used to obtain a high signal-to-noise ratio and high
spatial resolution.

e Conventional sequences were first obtained
including axial T1, T2, and SPAIR. For T1 WIs, the
acquisition parameters were TR 250 ms, TE 30 ms,
flip angle 15°, FOV 300-350, slice thickness 7, and
for T2 WIs were TR 1000 ms, TE 80 ms, flip angle
90°, FOV 300-350, slice thickness 7.

e DW MRI was then performed in the axial plane
using a single-shot spin echo echo-planar imaging
acquisition. Motion-probing gradient pulses were
placed in the three orthogonal planes. Isotropic
DWI was generated using three orthogonal-axis im-
ages combining the diffusion signal from all three
vectors. Fat suppression was used for background
suppression using a selective partial inversion recov-
ery. The following acquisition parameters were used
TR 1700 ms, TE 76 ms, slice thickness 8 mm, b
values 0, 500, 1000 mm®/s.

Interpretation of the MR images

e DPost processing was done by three experienced
abdominal imaging radiologists using the Phillips
workstation (extended MR workspace 2.6.3.5
Netherlands 2011).

e Features of the peritoneal lesion were analyzed
including number of lesions, site, size, and signal
intensity at T1, T2, and SPAIR images.

e The morphological nature of the lesions was
classified into:

e Solid nodules (less than 1 cm in largest diameter)

Solid mass (more than 1 c¢m in largest diameter)

e Cystic masses
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e DPeritoneal thickening (diffuse sheet-like thickening

or nodular/mass-like thickening)

Diffusion analysis

Qualitative assessment of the signal of the lesion in
diffusion images correlated to ADC maps.

If all or part of the lesion is of high signal in DWI
and low in ADC mayp, it is considered as diffusion
restriction.

If all the lesion is of low signal in DWI and high in
ADC map, it is considered as facilitated diffusion.
If the lesion is of high signal in DWTI and high in
ADC map, it is considered as T2 shine through
effect.

If the lesion is of low signal in DWI and low in ADC

map, it is considered as T2 blackout effect.

Statistical correlation between the mean ADC values

of the different lesions was done.

ADC maps were assessed both qualitatively by
recording the signal intensity and quantitatively by
measuring ADC values in different areas of the
lesion.

ADC measurement:

Pixel-based ADC maps were generated on the
workstation. ADC was calculated with linear
regression analysis of the function S = SO x exp (-b
x ADC), where S is the signal intensity after
application of the diffusion gradient, and SO is the
signal intensity at a b value of 0 mm?®/s. The three b
values (0, 400, and 800 mm?/s) were used for ADC
calculation.

Three circular ROI (region of interest) with an area
of about 1 cm? (27 pixel) was drawn at the different

areas of the lesion; the average ADC value of these 3

readings was then calculated.

If the area of the peritoneal lesion was less than 1
cm? (27 pixel), the smallest measurable area of ROI
was drawn.

We categorize the patients into two groups

e Benign peritoneal lesion group: if the pathological

examination revealed a benign nature of the lesion.
Malignant peritoneal lesion group: if the
pathological examination revealed a malignant
nature of the peritoneal lesion.
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CT guided) percutaneous needle or under the laparo-
scopic guidance (incisional or excisional biopsy).

Statistical analysis

e Unpaired student ¢ test was used to compare the
mean ADC values of the different study groups, and
the results are expressed as mean + standard
deviation or number (%). P value < 0.05 was
considered as significant, and < 0.01 was considered
as highly significant.

Results

e Forty patients with peritoneal lesions were included
in this study, 22 females (55%) and 18 males (45%).
Their ages ranged between 8 and 64 years, and the
mean age was 40.25 years.

e Among the 40 patients included in the study, there
were 20 patients with benign peritoneal pathology
and 20 patients with malignant pathology. The
diagnoses of the peritoneal lesions according to
pathological evaluation are discussed in Table 1.

e According to the morphological classification we
followed in this study, it was found that:

o Fifteen lesions (37.5%) presented as solid nodules
and masses, 5 of them (33.3%) were benign and
10 of them (66.6%) were malignant. The
pathological diagnoses of benign mass/nodule
were desmoid tumor (n = 4) (Fig. 1) and
leiomyomatosis peritonealis disseminata (n = 1).
The malignant cases were malignant
mesothelioma (# = 1), PPSC (1 = 1), sarcomatosis
(n = 1) (Fig. 2), and peritoneal carcinomatosis (#
=7).

e Eighteen lesions (45%) were in the form of
smooth or nodular peritoneal thickening, 10 of
them (55.5%) were benign, and 8 of them (44.4%)
were malignant. The pathological diagnoses of
benign peritoneal thickening were TB (1 = 8),
non-granulomatous peritonitis (n = 1) (Fig. 3),
and encapsulating peritoneal sclerosis (n = 1).
The malignant cases were malignant mesotheli-
oma (n = 1) and peritoneal carcinomatosis (n =
7).

e Seven lesions (17.5%) presented as cystic masses,
5 of them (71.4%) were benign and 2 of them

Standard of reference

The standard of reference was the histopathological in-
vestigation which was done through tissue core biopsy
or FNAC if the peritoneal lesion was associated with as-
cites or loculated fluid collection. Otherwise, the tissue
core biopsy was considered and taken by (ultrasound or

(28.6%) were malignant. The pathological
diagnoses of benign cystic lesions were
mesenteric cyst (n = 2), peritoneal abscess (n =
1), and multi-cystic mesothelioma (# = 2). The
malignant cases were pseudomyxoma peritonei (#n
= 2) (one from colonic low-grade mucinous
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Fig. 1 Forty-two year old male patient with diffuse abdominal pain and fever. a DWI at b 0. b DWI at b 500. ¢ DWI at b 1000. d ADC map. Images
showed diffuse sheets like pelvic peritoneal thickening (arrow) with high signal in DWI and low in ADC, impressive of restricted diffusion with
average ADC value 086 + 0.1 x 10~ mm?/s. Exploration was done and final diagnosis with peritonitis secondary to acute appendicitis

adenocarcinoma and the another from ovarian The lowest ADC value of all peritoneal lesions was
low-grade mucinous adenocarcinoma). found in the peritoneal sarcomatosis (0.5 x 1073
e Ascites was found in association with peritoneal mm?/s). The highest ADC value in the benign group
lesions in 50% of benign lesions and 100% of the was noted in multicystic mesothelioma (3 x 10~
malignant peritoneal lesions. mm?/s), while the highest ADC value in the
e Qualitative assessment of ADC and DW1 signal were malignant group was noted in pseudomyxoma
done for all peritoneal lesions in the studied group peritonei (2 x 107> mm?/s).
(Table 2): e Statistical correlation between the ADC values of
e Restricted diffusion was noted in 33 lesions the different study groups was done and
(77.5%), 14 of them (42.4%) were benign and 19 summarized in Table 4.
(57.6%) were malignant. e A significant statistical difference (p < 0.00001)
e Facilitated diffusion was noted in 4 lesions (10%); was found between the benign and malignant
all of them were benign. peritoneal lesions in general.
e T2 shine-through was noted in 3 lesions (12.5%), e In particular, we compared the mean ADC values
2 of them (66.6%) were benign and 1 (33.3%) was of the tuberculous peritoneal lesions (Fig. 4) and
malignant. those of metastatic peritoneal deposits (peritoneal
e Statistical analysis of the average ADC values of the carcinomatosis) (Fig. 5). A statistically significant

studied group was done and summarized in Table 3. difference was noted (p < 0.001).
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Fig. 2 Thirty-five year old female patient presented with chronic abdominal pain and loss of weight. a DWI at b 0. b DWI at b 500. ¢ DWI at b
1000. d ADC map. The images showed sheets of peritoneal thickening (arrow) with high signal in DWI and low in ADC map, impressive of

restricted diffusion with average ADC value 1.31 + 0.08 x 107> mm?/s. Final diagnosis after laboratory and pathological examination was
tuberculous peritonitis

Fig. 3 Fifty-four year old female patient with history of surgically excised ovarian cystadenocarcinoma presented by abdominal pain and
distention. a DWI at b 0. b DWI at b 500. ¢ DWI at b 1000. d ADC map. The images showed sheets of peritoneal thickening (arrow) with high
signal in DWI and low in ADC map, impressive of restricted diffusion with average ADC value 0.83 + 0.08 x 107> mm?/s. Final diagnosis after
pathological examination was peritoneal metastatic deposits
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Table 2 Characterization of the lesion in the benign and
malignant groups in diffusion images using qualitative
assessment

Restricted Facilitated T2 shine-through

No. % No. % No. %
Total 33 77.5 4 10 3 12,5
Benign 14 424 4 100 2 66.6
Malignant 19 57.6 0 0 1 333

e In cases presented with peritoneal thickening,
there was also a significant statistical difference
(p = 0.001) between the benign and malignant
lesions.

e By comparing benign and malignant peritoneal
solid masses and nodules, there is a significant
statistical difference obtained (p = 0.0027).

e No statistically significant difference was noted
between the benign and malignant peritoneal
cystic lesions (p = 0.5).

Receiver operating characteristic (ROC) curve

e ROC curves are commonly used to characterize the
sensitivity/specificity tradeoffs for a binary classifier.
The area under the curve is viewed as a measure of
a forecast’s accuracy that donated by AUC.

e In Table 5 and Fig. 6, the AUC of the ADC value of
peritoneal lesions was 0.834 with 95% confidence
interval range between 0.699 and 0.968 producing a
significant P value 0.001. We concluded that the
ADC value of 1.15 can be used as cutoff value for
benign and malignant lesions (significant P value
0.001).

Table 3 Mean and standard deviation of average ADC values in
different peritoneal pathologies

Pathology Mean Standard deviation
Malignant mesothelioma 0.95 0.07
PPSC 0.8
Carcinomatosis 0.83 0.06
Pseudomyxoma peritonei 1.9 0.14
Sarcomatosis 0.5

TB 1.2838 0.08
Multicystic mesothelioma 2.95 0.07
DF 1.19 0.07
Leiomyomatosis peritonealis disseminata 1.6 0.15
Mesenteric cyst 1.95 0.07
EPS 1.9

Non granulomatous peritonitis 0.87 0.02
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The peritoneum is a complex serous membrane that
forms the lining of the abdominal cavity and divides it
into multiple compartments and potential spaces and
acts as a conduit for the network of blood vessels, lym-
phatics, and nerves. Malignant and benign peritoneal
disorders can use these conduits to spread throughout
the abdomen and pelvis [8].

There is a wide spectrum of benign and malignant
peritoneal diseases with overlapping clinical and imaging
appearances. Clinical manifestations of peritoneal disor-
ders include abdominal distention, pain and discomfort,
gastrointestinal manifestations, and less commonly palp-
able masses [9].

Pathological assessment remains the cornerstone of diag-
nosis of the nature of peritoneal lesions; however, non-
invasive imaging methods like CT and MRI can aid in dif-
ferentiation and characterization of the nature of peritoneal
pathology. Diffusion MR imaging has been introduced since
the 1990s to detect early stroke and other neurologic disor-
ders. Since that time, a growing number of applications for
diffusion imaging has emerged in detection and
characterization of lesions all over the body [10, 11].

Forty patients presented with peritoneal lesions were
included in the current study. According to their patho-
logical diagnosis, 20 lesions were of benign nature, and
20 lesions were malignant. The lesions were classified
according to their predominant morphological appear-
ance for simplification and helping in differentiation
between different lesions into solid mass/nodule, peri-
toneal thickening whether smooth or nodular, and fi-
nally cystic lesions.

A significant statistical difference (p < 0.00001) was
found between the benign and malignant peritoneal le-
sions in general with an ADC cutoff value 1.15 x 107>
mm?/s that can be used for differentiation of benign and
malignant lesions. To our knowledge, we did not find
similar previous studies or recommended cutoff values
among our search in literature.

Eighteen cases were manifested predominantly by peri-
toneal thickening, 10 of them were benign and 8 cases
were malignant. Our results showed diffusion restriction
of peritoneal tumors and inflammation which is in
agreement with study done by Low [2]. Diffusion restric-
tion in peritonitis could be explained by the swelling of
cells, infiltration of by inflammatory cells causing in-
creased cellularity, and narrowing of extracellular space.

However, a significant statistical difference was found
between the mean ADC value of the benign peritoneal
thickening (average ADC value = 1.3 + 0.2 x 107> mm?/
s) and malignant peritoneal thickening (average ADC
value = 0.8 + 0.1 x 1073 mm?/s) with P value = 0.001. In
particular, for its diagnostic importance and owing to
the largest number of cases detected in the study, we
compared the mean ADC values of TB peritoneal lesions
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Table 4 Statistical correlation between the ADC values of the
different study groups

Mean + SD P value

Benign and malignant lesions in general

Benign 1.5+ 0.5 x 10> mm?%/s < 0.00001
Malignant 0.9 £ 0.3 xx 10> mm?/ (Significant)
s
TB and peritoneal carcinomatosis
Peritoneal TB 1.28 £ 0.08 x 1073 <0.001
mm?/s (Significant)
Peritoneal carcinomatosis  0.83 + 0.06 x 1073
mm?/s

Benign and malignant solid nodules and masses

Benign solid mass/nodule 1.2 + 0.1 x 10> mm?/s .0027
Malignant solid mass/ 0.81 £ 0.1 x 103 mmz (Significant)
nodule S

Benign and malignant peritoneal thickening
1.3+02x10°mm?s 0.001

0.8 + 0.1 X 103 mm?/s (Significant)

Benign thickening
Malignant thickening
benign and malignant cystic lesions

1.9+ 0.8x 10°mm?/s 0.5

1.16 + 0.1 x 1073 mm¥/ (Insignificant)
s

Benign cystic

Malignant cystic
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and peritoneal carcinomatosis, and also, this revealed a
significant statistical difference.

Vicens et al. [8] stated that the most consistent feature
in peritonitis is smooth thickening of the peritoneal lin-
ing, and this feature contrasts with the nodular thicken-
ing seen in peritoneal carcinomatosis.

Low [2] stated that the peritoneal thickening from tu-
mors may be thin and regular, nodular, or mass-like.
Peritonitis usually presents as smooth and regular peri-
toneal thickening without dominant masses or nodules.
However, in our study, we found 2 cases of TB periton-
itis manifested by nodular peritoneal thickening while
one case of peritoneal carcinomatosis and also a case of
mesothelioma were manifested by smooth peritoneal
thickening.

In our study, we collected 15 cases manifested by pre-
dominately solid peritoneal mass or nodule, 5 of them
were benign and 10 cases were malignant. A significant
statistical difference was found between the benign peri-
toneal solid lesions (average ADC = 1.2 + 0.1 x 1072
mm?/s) and malignant peritoneal solid lesion (average
ADC = 0.81 + 0.1 x 10~ mm?/s) with P value = 0.0027.

Our results showed diffusion restriction in the 4
cases of desmoid which was in agreement with stud-
ies done by Herrera et al. and Wang et al. [12, 13].
Vicens et al. [8] reported that the malignant periton-
eal mesothelioma is manifested by diffusion restriction
which matches with our findings in the two cases of
mesothelioma. Previous study demonstrated the im-
portance of diffusion MR imaging in detection and

pathological examination was desmoid tumor

Fig. 4 Twenty-seven year old pregnant female patient with incidentally discovered abdominal mass during routine abdominal ultrasound. a
Coronal T1 WIs. b Coronal T2 Wis. ¢ DWI at b 1000. d ADC map. Note the gravid uterus associated with a solid peritoneal mass showing high
signal in DWI and low in ADC map, impressive of restricted diffusion with average ADC value 1.14 + 0.1 x 107> mm?/s. Final diagnosis after
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examination was peritoneal sarcomatosis

Fig. 5 Forty-nine years old male patient, with abdominal pain and distension, a peritoneal mass was detected during abdominal ultrasound. a
DWI at b 0. b DWI at b 500. ¢ DWI at b 1000. d ADC map. The images showed a large irregular solid peritoneal mass lesion with high signal in
DWI and low in ADC map, impressive of restricted diffusion with average ADC value 0.5 + 0.02 x 107> mm?/s. Final diagnosis after pathological

characterization of peritoneal sarcomatosis which
shows marked restricted diffusion [14].

There were 7 cases manifested by predominately cystic
lesions, 5 of them were benign and 2 were malignant.
Regarding the diffusion analysis of the cystic lesions, T2
shine-through was found in the two cases of mesenteric
cyst and restricted diffusion in the two cases of pseudo-
myxoma peritonei. The DWI and ADC findings in cases
with pseudomyxoma peritonei could be explained by the
fact that mucinous materials has high fluid contents and

less cellularity than non-mucinous carcinoma, so it
could be misjudged as benign lesions in DWTI [15].

Our study showed a facilitated diffusion in the two
cases of multi-cystic mesothelioma and T2 shine-
through in mesenteric cysts. There are no studies done
before describing the results of DWI and ADC in such
pathological entity. Diffusion restriction was found in
the case of peritoneal abscess with low ADC value,
which is in agreement with the study done by Castrillon
et al. [16].

Table 1 Pathological diagnosis of the peritoneal lesions included in the study

Nature Pathology Number Percent
Benign TB peritonitis 8 20
Multicystic mesothelioma 2 5
Mesenteric cyst 2 5
Peritoneal fibromatosis (desmoid) 4 10
Non granulomatous infective peritonitis 2 5
Leiomyomatosis peritonealis disseminata 1 2.5
Encapsulating peritoneal sclerosis 1 25
Total 20 50
Malignant Peritoneal carcinomatosis 14 35
Pseudomyxoma peritonei 2 5
Peritoneal sarcomatosis 1 25
Malignant peritoneal mesothelioma 2 5
Primary peritoneal serous carcinoma 1 25
Total 20 50
Total 40 100
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Table 5 AUC and 95% confidence interval
Test results AUC Standard P 95% confidence interval Sensitivity Specificity
error value Lower bound Upper bound
ADC value of peritoneal lesions 0.834 0.069 0.001 0.699 0.968 85% 85%
Our study revealed insignificant statistical difference =~ Conclusion

between the benign peritoneal cystic lesions (average
ADC value = 1.9 + 0.8 x 10> mm?/s) and malignant
peritoneal cystic lesions (average ADC value = 1.16 + 0.1
x 107> mm?/s) with P value = 0.5. However, this result
could be attributed to the high fluid contents of the cys-
tic lesions whether benign or malignant, also the small
number of lesions could contribute to such result. Fur-

ther studies with larger number of patients are
recommended.
Limitations

e Relatively small sample size with wide pathological

spectrum

e There is no overwhelming agreement in the

literature concerning optimal ADC techniques and

image analysis procedures, including region of
interest (ROI) size and placement.

The ADC value may not fully represent the whole

lesion.

e Poor anatomic localization and relatively poor
spatial resolution of DWTI images. However, we used
the conventional sequences like T1 and T2 WIs in
addition to b0 diffusion images for better
localization of the lesion.

0.8+
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Fig. 6 ROC curve

Diffusion MR imaging can provide a reliable non-
invasive tool that can help in the differentiation between
benign and malignant peritoneal lesions using qualitative
and quantitative diffusion assessment through ADC
measurements with a recommended cutoff value of 1.15
x 107> mm?/s.
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