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Abstract Imaging plays a vital role in the evaluation of peri-
toneal malignancies. The presence of peritoneal metastases
(PM) alters tumor staging, with direct implications in treat-
ment choice and prognosis. Cytoreductive surgery (CRS)
and Hyperthermic intraperitoneal chemotherapy (HIPEC) as
a combined modality treatment have led to prolonged survival
and even cure in selected patients with PM. Better outcomes
are seen in patients with limited disease spread. Therefore,
early diagnosis of peritoneal tumor seeding is essential.
Despite significant advancement of technology, assessment
of'the origin of PM is often difficult, due partly to the complex
peritoneal anatomy and partly due to the complex overlap of
imaging features. Multidetector CT (MDCT) is the main stay
due to its wide availbility, rapid evaluation, robust technique
and good resolution. Imaging plays a vital role in selecting
patients for the combined modality treatment. MRI is not as
popular as CT due to limited availability, time required for the
study and lack of experience with interpreting the results.
PET-CT is useful in ruling out extra peritoneal disease and it
is the CT component that is more reliable for predicting the
disease extent. This article reviews the current use of various
imaging modalities in various stages of treatment of patients
with PM especially those undergoing CRS and HIPEC.
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Introduction

Peritoneal metastases (PM), defined as seeding and implanta-
tion of neoplastic cells in the peritoneum can result from tu-
mors within or outside the peritoneal cavity or rarely in cases
of primary tumors of the peritoneum. Over the last couple of
decades, there is increased interest in PM due to the prolonged
survival achieved with the combined modality treatment of
CRS and HIPEC in these patients. Imaging plays a vital role
in the diagnosis and treatment of PM. This article reviews the
normal peritoneal anatomy, function, modes of disease spread,
common imaging features and common sites of disease spread
as well its role in selecting patients for CRS and HIPEC.

Anatomy of Peritoneum and Flow of Peritoneal Fluid
Normal Anatomy

The parietal peritoneum lines the anterior abdominal wall,
retroperitoneum, pelvis, sub diaphragmatic space. The viscer-
al peritoneum partly or completely encases the abdominal
organs. The potential space between the two layers of perito-
neum is termed the peritoneal cavity. The peritoneal ligaments
(coronary, gastrohepatic, hepatoduodenal, falciform,
gastrocolic, duodenocolic, gastrosplenic, gastrosplenic,
splenorenal, and phrenicocolic) and mesenteries (transverse
mesocolon, small bowel mesentery, and sigmoid mesentery)
are double folds of peritoneum. These suspend and support
the intraperitoneal organs and subdivide the peritoneal cavity
into interconnected compartments that dictate the flow of fluid
and location of disease (Fig. 1) [1].

The peritoneal cavity normally contains a very small volume
of sterile fluid, which is similar to plasma. This fluid allows
frictionless movement of visceral organs within the abdominal
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Fig. 1 Pathways of ascitic fluid and sites of pooling and seeding. The
force of gravity operates to pool peritoneal fluid in pelvic recesses while
negative sub diaphragmatic pressure directs fluid upward along paracolic
gutters. From the right infracolic space fluid pools at the ileo-cecal junc-
tion while from the left infracolic space it pools at the sigmoid mesocolon
and then overflows into the pelvis. From the pelvis, fluid ascends the right
paracolic gutter to the right subhepatic and subphrenic spaces. The falci-
form ligament prevents diffusion to the left subphrenic space. Passage
along the shallower left paracolic gutter is slow and weak and limited
cephalad by the phrenicocolic ligament.(Adapted from Abreu e Silva,M.
J. Magalhaes,H. Duarte,C. Fernandes,S.Ramos Alves,A. Guimaraes dos
Santos,M. V. P. G. Almeida,Porto/PT, CT and PET-CT findings of peri-
toneal carcinomatosis,Educational Exhibit, ECR 2013)

cavity which accumulates by gravity in the dependent portions
and circulates in a cephalad direction by negative pressure pro-
duced in the upper abdomen by respiration [2].

In males, the peritoneum forms a closed sac resulting
in a continuous peritoneal cavity. In females, the peri-
toneum is perforated by the lateral end of the fallopian
tubes allowing communication with the extra-peritoneal
compartment of the pelvis. [3].

Flow of Fluid in the Peritoneal Cavity

Meyers [3, 4] has shown that the transverse mesocolon, small
bowel mesentery, sigmoid mesocolon, and peritoneal attach-
ments of the ascending and descending colon serve as water-
sheds that direct the flow of intraperitoneal fluid.

Initially, peritoneal fluid preferentially seeks gravity-
dependent spaces, such as the Pouch of Douglas in women
and the retro vesical space in men, the lateral paravesical
spaces, and then ascends cephalad in the paracolic gutters to
reach the sub diaphragmatic spaces.

Most of the fluid ascends along the right paracolic gutter
into the right sub diaphragmatic space, because the left
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paracolic gutter is shallow and discontinuous with the left
sub diaphragmatic space at phrenicocolic ligament. Because
direct passage from the right to left sub diaphragmatic space is
prevented by the falciform ligament [2, 4, 5], fluid may be
redirected caudally into the pelvis through the inframesocolic
compartment, thus completing the circulatory pathway.

In disease state, fluid collects in well-defined areas of sta-
sis, in the deep peritoneal recesses of the pelvis, the right lower
quadrant (near the termination of the small bowel mesentery at
the ileocecal junction), the superior aspect of the sigmoid
mesocolon, and the right paracolic gutter [6].

Peritoneal Folds and Spaces

A ligament is defined as two folds of peritoneum that supports
a structure within the abdominal cavity. The omentum is a
specialised ligament that connects the stomach to an addition-
al structure. The mesentery consists of two peritoneal folds
that connect a portion of a bowel to the posterior abdominal
wall. [7] The small and large bowel are thus suspended by
peritoneal folds known as the small bowel mesentery and
mesocolon or large bowel mesentery respectively. The
infolding of the visceral peritoneum supports the abdominal
viscera. The stomach, liver and spleen are suspended by the
mesogastrium [8].This is a single complex mesenteric fold
and is subdivided into lesser omentum (gastrohepatic and
hepatoduodenal ligaments),greater omentum coronary liga-
ments, falciform ligament, gastrosplenic and splenorenal
ligaments.

The peritoneal cavity (potential space in non-pathological
states) consists of several communicating spaces. It is divided
by the mesentery of the transverse mesocolon into supra and
infra mesocolic spaces. The supramesocolic space is divided
into left and right by the falciform ligament.

The right supramesocolic space can be subdivided into 3
spaces, which communicate freely with the right paracolic
space [9]

(a). Right subphrenic space - between the diaphragm and the
right lobe of the liver

(b). Subhepatic space - inferior to the right lobe of the liver,
segment VI. The anterior compartment is bound inferi-
orly by the transverse colon and its mesentery. The pos-
terior component (also referred to as the Morrison
pouch) extends anterior to the right Gerota’s fascia.

(c). Lesser sac: this is situated behind the stomach and to the
left of the midline. It communicates with the peritoneal
cavity through a narrow opening, the epiploic foramen
(or Foramen of Winslow)

The left supramesocolic space is divided into:
(a) Perihepatic space: this space is further subdivided into
anterior and posterior compartments. The posterior
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component (gastrohepatic recess) extends between the stom-
ach, anterior to the gastrohepatic ligament (lesser omentum)
and posterior to the left lobe of liver.

(b) Subphrenic space: also divided into anterior and poste-
rior components. The anterior space freely communicates with
the posterior subphrenic (perisplenic) space, which almost
completely covers the splenic surface. [10].Inferior to the
spleen, the phrenicocolic ligament (which attaches the left
transverse mesocolon to the diaphragm) forms an important
barrier separating the left paracolic gutter from the
supramesocolic compartments. [11].

The subphrenic submesothelial lymphatics communicate
with subpleural lymphatics and provide the majority of the
lymphatic clearance from the peritoneal cavity. Consequently,
the subphrenic peritoneal surfaces and the visceral peritoneal
surface of the liver and spleen become major sites of dissemi-
nation of primary and secondary peritoneal malignancies. [12].

Inframesocolic Space

The inframesolic compartment is divided into two by
the oblique orientation of the small bowel mesentery,
where it attaches from the left upper quadrant at the
ligament of Trietz to the right iliac fossa at the
ileocaecal junction. [9] The larger left inframesocolic
space freely communicates with the pelvis, except at
the sigmoid mesocolon. The right infracolic space is
bound inferiorly by the caecum. [9] Paracolic gutters
represent peritoneal recesses lateral to the ascending
and descending colon. Although both paracolic spaces
freely communicate with the pelvis, it is only the larger
right paracolic space that communicates with the right
supramesocolic space. [9].

Overview of Various Imaging Modalities
for Peritoneal Metastases

Radiography

Radiography has a limited role. It is useful in the initial eval-
uation of patients presenting with abdominal distention or
pain abdomen, to exclude bowel perforation, bowel obstruc-
tion. It is also useful in the follow up of patients in the post-
operative period.

Ultrasound

Ultrasound plays a limited role in the assessment of these
pathologies but allows for the identification of ascites with
or without peritoneal nodules. It may be used in the initial
evaluation of a patient with abdominal pain or a pelvic mass.
Sonography is very sensitive for the detection of ascitic fluid,

pelvic lesions and are seen as hypoechoic or mixed echogenic
lesions in the cul-de-sac or along the peritoneal surfaces of the
uterus.

Ultrasound also plays a useful role in the assessment of
abdominal collections, post-operative complications and
intervention.

Computed Tomography (CT Scan)

It is the primary imaging modality of choice due to wide
availability, robust techniques and protocols, good reso-
lution and rapid acquisition times. CT scan is generally
performed with both oral and intravenous contrast.
Rectal contrast is used as required. The use of a negative
contrast medium or a water density contrast is recom-
mended for optimal visualisation of the bowel wall, se-
rosa and peritoneum. The use of a positive oral contrast
limits visualisation of surface deposits and limits identi-
fication of calcified serosal or peritoneal deposits. CT
has a sensitivity of 25-100 % and a specificity of 78—
100 % for detection of PM. [13—16] Tumor deposits of
less than 5 mm, those at the root of mesentery, lesser
omentum, left hemidiaphragm and serosal surface of
bowel have a low sensitivity for detection by CT
scan.(11-48 %). [13, 16—18] Some of the common CT
findings in PM are

* Thickening and enhancement of peritoneal reflections (es-
pecially if nodular)

» Peritoneal nodules, plaques/sheets of soft-tissue that form
small or large masses

» Thickening, stranding and distortion of the mesentery

+ Stranding and thickening of the omentum (omental cake)

* Thickening and nodularity of bowel wall

* Various amounts of ascites and lymphadenopathy.

* ‘Scalloping’ of the liver surface due to surface/
subcapsular deposits.

* Calcification (if found prior to initiation of treatment is
indicative of a mucin producing tumor. [19]

Specific characteristics of PM arising from different prima-
ry tumors are:

(a). Mucinous Tumors( of ovarian or colonic origin) deposits
show fluid densities

(b). Carcinoid Tumours — show calcifications

(¢). Neuroendocrine Tumors — show hyper vascular deposits

(d). Stellate pattern — seen in pancreatic, colonic, breast and
ovarian tumors

(e). Confluent adenopathy

CT has a low sensitivity for detection of metastases <1 cm
in size and for bowel surface deposits.
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Magnetic Resonance Imaging (MRI)

MRI inherently has excellent soft tissue contrast. More
discrete changes can be determined by multiphasic image
acquisition. MRI is comparable to CT in several aspects,
in detecting deposits of more than 1 cm [18]. The use of
fat suppression, delayed post contrast enhancement and
water soluble enteric contrast have allowed detection
sensitivities to surpass CT [20] Peritoneal enhancement
more than liver enhancement is abnormal and is
visualised due to the superior contrast resolution-a sign
that may not be readily appreciated on MDCT. [18] MRI
is more sensitive that CT for subcentimetric sized de-
posits and also in anatomically difficult sites (e.g.
subphrenic, mesenteric and serosa of bowel) [21].These
are seen best on fat suppressed T2 weighted and fat
suppressed T1 weighted post contrast studies. [22].

However, with all the inherent advantages and superior
contrast resolution, MRI is still less utilised as the primary
modality. Long scanning times, various contraindications,
susceptibility to motion artefacts, high cost, non-availability
and well as dependence on interpreter evaluation have led to
MRI being utilized less for evaluation of PM. Priest et al.
demonstrated the use of Dynamic Contrast MRI ( DCE-
MRI) in the detection of peritoneal metastases in advanced
ovarian cancer, using 3 T-MRI [23].

Differentiation between scar tissue due to previous surgery
and the identification of micro nodular peritoneal malignan-
cies without tumor masses is challenging for imaging tech-
niques mainly relying on morphology. A diffusion weighted
MRI may be more useful in such cases.

Diffusion Weighted MRI (DWI)

When combined with conventional MRI, DWI has been
shown to increase the sensitivity(90 %) and specificity(
95.5 %) [24] Site specific disease, particularly small deposits
in mesentery, serosa of bowel, peri-hepatic and peri-pancreatic
areas are better evaluated by DWI MRI [25] (Fig. 2).

Fig. 2 Peritoneal
carcinomatosis.Comparison of
MDCT transverse sections and
MRI Diffusion-Weighted Images
(DWI) in a patient of carcinoma
breast. The omental thickening is
better seen on DWI images as
diffuse hyper intensities on the
DWI images and is noted as
haziness or mistiness on MDCT
sections
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Magnetic Resonance Spectroscopy (MRS)

MRS has been used by McLean et al. in the in-vivo evaluation
of primary and metastatic ovarian cancer. [26] This modality
uses the principle of evaluating choline metabolites. Further
advances in MRI technology may help in evaluating the tech-
nique further.

Positron Emission Tomography (PET) Scan and PET-CT

PET-CT is used extensively in oncological imaging in staging
and evaluation of primary malignancies and metastatic disease.
18(F) FDG - 18 F-2-deoxy-2-fluro-D-glucose, is the most com-
monly used radiotracer. PET-CT combines anatomical imaging
(CT) with functional imaging (PET). This allows accurate
localisation of disease processes thereby differentiating between
physiological uptake from pathology. Features include well
circumscribed nodules to diffuse uptake over peritoneal, serosal
surfaces. False-negative results are seen in small tumour deposits,
mucinous tumours of colon or ovary, signet-ring gastric cancers.
False positive results are seen in inflammatory, infective and non-
malignant conditions. Several studies combining PET alone,
PET with unenhanced CT, PET with contrast-enhanced CT, have
shown various sensitivities and specificities from 58 % to 100 %
[27] . For ovarian cancer, both sensitivity and specificity in de-
tecting PM is in the range of 78 %97 %. [28-33] A recent meta-
analysis of imaging modalities for recurrent ovarian cancer
showed that PET-CT had the highest pooled sensitivity of
92 %,compared with PET,CT or MRI alone [34].

Classification of Tumors Involving the Peritoneum

Primary Peritoneal Tumors Tumors arising from the perito-
neum itself.

Primary peritoneal tumors can be classified according to
their origin as:

a. Mesothelial origin - Mesotheliomas
b. Epithelial origin — Primary peritoneal carcinoma.
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c. Smooth muscle origin -Leiomyomatosis peritonealis
disseminata
d. Uncertain origin — Desmoplastic small cell tumours. [35]

Secondary tumors (Peritoneal Metastases) are tumors that
spread to the peritoneum producing PM. Peritoneal metastases
can virtually arise from any primary tumor, the commonest
being colorectal, ovarian, pancreatic carcinomas and extra ab-
dominal malignancies like breast and lung cancer.

Imaging features are varied and non-specific to a large
extent. Considerable overlap exists with primary tumors, PM
and other rare tumors like lymphomas and pseudomyxoma
peritonei. Features include nodules either discrete or confluent
masses, omental, mesenteric thickening, nodularity, enhance-
ment, ascites and serosal deposits along the bowel wall.
Lymph node involvement is also common. Mucinous deposits
from colon or ovary may give the appearance of fluid densi-
ties. Calcified deposits can be seen in certain cancers. [36-39].

A spectrum of imaging appearances of peritoneal tumours
exist, which depend, in part, on the histology, anatomical site
and period at which the malignancy is imaged in its life cycle,
influence of chemotherapy with certain tumors showing ne-
crosis, cystic change or calcifications [27, 40]. A stellate pat-
tern of tumour deposit has been described with secondaries
from pancreatic, colonic, breast and ovarian cancers [41].

Primary Peritoneal Malignancies
These are generally rare compared to secondary tumors.
Peritoneal Mesothelioma (MPM)

These are rare tumors that are similar to the pleural me-
sotheliomas and almost exclusively in males. There is a
strong link to prior exposure to asbestos or abdominal
radiotherapy. Imaging shows peritoneal nodules, masses,
sheet-like infiltration, bowel wall thickening, mesenteric
and omental thickening (omental cake) Associated
asbestos-related changes with calcification or thickening
of pleura or pleural masses are common. [42] There are 3
histopathologic subtypes of malignant mesothelioma, the
commonest is the epithelioid variety found in 75-92 % of
the cases, the others being the biphasic and sarcomatoid
varieties seen in 8§22 % of the cases. The epithelioid
variety has a much better prognosis as compared to the
other varieties and is treated aggressively. The cytological
and histologic features of MPM have been described in
recent articles [43, 44]. The tumor arises from mesothelial
cells lining the peritoneal cavity. Three broad subtypes of
MPM have been described: epithelioid, mixed/biphasic,
and sarcomatoid. Epithelioid MPM is by far the most
commonly found subtype, diagnosed in approximately
75-92 % of cases; while mixed/biphasic comprises 8—

22 % [44-46]. Sarcomatoid MPM is very rare. This dis-
tinction is important because biphasic and sarcomatoid
MPM are extremely resistant to treatment and are associ-
ated with a poor prognosis. Benign Cystic mesothelioma
(BCM) is a rare, low grade tumor that occurs in young
and middle aged women with a predilection for peritoneal
surfaces of the pelvis, around the urinary bladder, rectum
and pouch of Douglas. It has as a favourable prognosis
with tumor recurrence of 25 %—50 % after resection [47].
Imaging shows a multilocular, thin walled cystic lesion in
the pelvis. These can be intra peritoneal or retroperitoneal.
The cyst walls may enhance on CT and MRI.MRI con-
firms the cystic nature of the contents with low signal on
T1 and high signal on T2 weighted images[47].

Primary Peritoneal Carcinoma (PPC)

PPC is a serous papillary tumour seen almost exclusively in
women. These tumors present in post-menopausal women
with multiple peritoneal masses and ascites. They share sim-
ilar embryologic origin with ovarian serous tumours and are
indistinguishable on imaging and histology with serous pap-
illary tumours of the ovary [48] The abdominal peritoneum is
preferentially involved. Peritoneal masses, nodules, omental
thickening, ascites are seen. Calcification of the peritoneal
nodules is seen in about 30 % of cases.
Criteria for diagnosis of PPC are:

* Normal ovaries

e Preferential involvement of extra-ovarian sites

* Involvement of ovary that is limited to surface epithelium
without stromal invasion, or with stromal invasion with
tumour size of less than 5 mm [48, 49] (Fig. 3).

Desmoplastic Small Round Cell Tumors (DSRCT)

These are highly aggressive tumours, often seen in children
and young adults. Lesions involve the peritoneum with
metastasises to liver, lung, adrenals and lymph nodes.
Imaging shows extensive peritoneal nodules or masses with
no clear organ of origin. The masses may be calcified and
show necrosis. [50].

Lymphomas

Secondary involvement of the peritoneum is far more com-
mon than primary peritoneal involvement and is associated
with high grade non-Hodgkin’s lymphoma. Primary peritone-
al lymphoma is also known as body cavity lymphoma or pri-
mary effusion lymphoma (PEL) is rare and seen in immuno-
compromised individuals, commonly in patients with HIV.
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Fig. 3 Primary Peritoneal
Carcinoma (PPC). MDCT
transverse sections show
extensive omental thickening
seen anteriorly. The abdominal
peritoneum is involved
preferentially. Note normal
adnexal regions

Imaging shows diffuse peritoneal masses, nodules, ascites and
lymph node involvement [51] (Fig. 4).

Miscellaneous Tumours

Different types of Sarcoma, lymphomas, leiomyomatosis and
gastrointestinal stromal tumours (GIST) can arise primarily
from the peritoneum.

Secondary Peritoneal Malignancies (Peritoneal
Metastases)

Ovarian and Gastrointestinal tract carcinomas account for the
majority of peritoneal metastases [52].

71 % of ovarian, 17 % of gastric and 10 % of colonic
tumours have peritoneal metastases at the time of presentation.
[14] Tumors of breast, pancreas, biliary tract, lung, liver, ap-
pendix also may have peritoneal spread. The commonest

Fig. 4 MDCT transverse
sections shows extensive
peritoneal, omental lesions, and
ascites.Large confluent
adenopathy is seen in the retro
peritoneum encasing the aorta,
celiac axis ,superior mesenteric
artery and their branches.CT
sections of the Chest showed
bilateral pleural collections.
Patient was subsequently
diagnosed to have high grade
Non-Hodgkin’s Lymphoma on
lymph node biopsy
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extra-abdominal primary tumor producing PM is breast
cancer.

Routes of Peritoneal Cancer Spread

There are four main pathways of peritoneal cancer spread.

1. Direct invasion,

2. Lymphatic metastases,

3. Intraperitoneal seeding,

4. Hematogenous spread.

Although tumours may have a preferential pathway for
spread, many show spread through one or more routes. [53]

1. Direct spread occurs with contiguous spread of tumor
from one organ to another can occur directly via the sero-
sa. Tumors of the stomach, colon and pancreas spread in
that manner to contiguous and non-contiguous organs.
[54]
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2. Along the flow of ascitic fluid (Redistribution phenome-
non) This is characteristic of pseudomyxoma peritonei
and ovarian cancer. [55, 56] The tumor cells follow the
movement of intraperitoneal fluid. Gravity causes the flu-
id to collect in the pelvis. The negative pressure created by
respiratory movement causes an upward movement of the
fluid along the paracolic gutter to the subdiaphragmatic
area from where it is redistributed via the falciform liga-
ment to the lesser and greater omenta and over the bowel
surfaces. The commonest sites of PM are the pelvis, the
lower end of the small bowel mesentery, the right
paracolic gutter, the undersurface of the diaphragm and
the greater and lesser omenta. Besides, PM tend to involve
the visceral peritoneum in greater volumes at 3 definite
sites, where the bowel is anchored to the retroperitoneum.
These are the recto sigmoid colon where it emerges from
the pelvis (this site is also dependent and tends to be more
often heavily involved), the region of the ileocecal valve
and the region of the pylorus. Small bowel sparing is
characteristic and is due to the constant peristaltic activity

3. Lymphatic spread: Tumor can also spread directly from
one noncontiguous organ to another through the sub peri-
toneal lymphatics along the ligaments, mesenteries and
omenta. This pattern of spread accounts for a small per-
centage of PM and is seen is lymphomas especially non-
Hodgkin’s lymphomas. [57]

4. Hematogenous route: This route of spread is seen in both intra
and extra- abdominal tumors and PM arising from breast
cancer, lung cancer and melanoma spread by this route. [58]

Imaging Features and Patterns of Involvement
of Peritoneal Surfaces

Perihepatic Spaces The tumour deposits on the surface of the
liver as well as along all its ligaments (ligamentum teres,
ligamentum venosum, and falicform ligament), fissures and
fossae (umbilical fissue and gall bladder fossa) and the spaces
around the liver. Tumor from the right paracolic gutter spreads
to the right subphrenic space and from the gall bladder fossa to
the Morrison’s pouch. Some studies say that this region is
better evaluated on MRI [18] Tumor deposits on the liver
surface/capsule produce scalloping of the liver and/or direct
parenchymal infiltration. [59].

Para Colic Gutters The right paracolic gutter is prone to
tumour deposits than the left. Tumor extends onto the serosa
of the adjacent colon and can also infiltrate the bowel wall.
This space promotes free movement of fluid from the pelvis to
the supramesocolic space. [59].

Small Bowel Mesentery The attachment of the mesentery
directs the flow of ascitic fluid towards the terminal ileum
and hence this region is more commonly involved compared
to other regions of the bowel. Small bowel and its mesentery
are involved early on in the high grade malignancies like co-
lon, gastric and pancreatobiliary. Early changes appear just as
a haziness of the mesentery whereas extensive involvement
may produce masses. Carcinoid tumors are known to produce
a desmoplastic reaction.

Mesocolon The transverse and sigmoid mesocolon are com-
mon sites of involvement. The transverse colon is contiguous
with the duodenocolic ligament on the right, with the
phrenicocololic ligament on the left and with the small bowel
mesentery centrally. The sigmoid mesocolon is a dependent
site and accumulates tumour deposits.

Serosal deposits These are probably the most difficult to de-
tect on imaging and require adequate bowel distension with
the use of negative or water-density oral contrast. The imaging
findings range from focal nodules to confluent masses with or
without bowel obstruction.

The lesser and greater omenta These are common sites of
involvement in both high grade and low grade malignancies.
Again, the disease extent dictates the imaging findings rang-
ing from subtle haziness to nodularity, confluent masses and
omental cake formation. These lesions can be demonstrated
by both CT and DWI MRI. [25]

Pelvis The uterus, bladder and rectum are partially covered by
the peritoneum. The recto vesical space in males and the
rectovaginal space in females form the most dependent por-
tions of the pelvic cavity and therefore are frequent sites of
metastatic disease. The involvement is seen in both high grade
and low grade malignancies. Contiguous involvement may
occur in primary pelvic malignancies. These sites are well
evaluated on a CT scan and a contrast enhanced MRI (Figs.
5 and 6).

Pseudomyxoma Peritonei (PMP)

This is a clinical entity which deserves a special mention due
to its characteristic radiological appearances. PMP is mucin-
ous ascites produced by an underlying mucinous tumor, aris-
ing from the appendix is majority of the cases. [60] It is char-
acterized by recurrent, recalcitrant, voluminous mucinous as-
cites. Associated thickened and enhancing cake-like mesen-
tery is noted. Lesions can sometimes show calcifications.
Broadly, PMP is divided into high grade PMP and low grade
PMP pathologically. [61-63] Low grade PMP does not invade
the stroma and appears to spread along the peritoneal surfaces,
characteristics that make it amenable to surgical debulking. It
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Fig. 5 Peritoneal Metastases.
MDCT transverse sections show
ascites, omental thickening,
peritoneal nodules along the right
perihepatic space, in a known
patient of carcinoma breast.

tends to have a relatively indolent or protracted clinical course,
especially if debulking is successful. The second category is
peritoneal mucinous carcinomatosis, which is characterized
by invasive, high grade, moderately or poorly differentiated
mucinous carcinoma with large extracellular pools of mucin.
Imaging shows well circumscribed to ill-defined lesions along
the surface of liver and spleen forming bi-convex deposits.
Scalloping of the visceral surfaces of the intraperitoneal or-
gans is an important diagnostic finding that helps differentiate
pseudomyxoma from simple ascites [6].

Differentiating the true PMP from mucinous carcinomato-
sis at CT alone is difficult because their CT findings overlap
despite their different pathologic features and clinical course.
[6] Mucinous carcinomatosis tends to involve the chest more
frequently with effusions or pleural masses and may also be
accompanied by mesenteric or retroperitoneal lymphadenop-
athy, omental caking, and invasion into parenchymal organs
[39].

PMP typically does not invade visceral organs or spread by
lymphatic or haematogenous routes. Pleural extension of
pseudomyxoma peritonei is rare and may be the consequence
of cytoreductive surgery and subphrenic peritonectomy or
congenital pleuroperitoneal communication [64] (Fig. 7).

Distinguishing Tuberculous Peritonitis from Peritoneal
Metastases

Though tuberculosis is relatively less common in the developed
world, it still is very common in India and abdominal tubercu-
losis is quite rampant. [65] There are three forms of tuberculous

Fig. 6 Peritoneal Metastases in a
known male patient of carcinoma
gall bladder. Extensive peritoneal
and omental confluent lesions
with involvement of the gall
bladder fossa,gastrohepatic space
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peritonitis: the “wet” (with ascites), the “dry” (peritoneal in-
volvement without ascites) and the “fibroid” type (with pro-
found omental thickening and extensive adhesion formation).
[66, 67] TB peritonitis can have similar findings as ovarian
cancer and is even more difficult to distinguish from it in im-
munocompromised patients. Analysis of ascitic fluid analysis is
can be nonspecific. Ascitic fluid culture for tuberculosis is the
confirmatory test for peritoneal tuberculosis.

The ADA in ascitic fluid shows good sensitivity and spec-
ificity whereas CA 125 lacks specificity. [68] Imaging/CT in
TB shows smooth thickening and enhancing dirty omentum
and dense ascites, necrotic lymphadenopathy, bowel lesions
whereas imaging in carcinomatosis may show nodular perito-
neal thickening and nodular omentum. [69] Based on clinical,
laboratory findings it still may be inconclusive and a diagnos-
tic laparoscopy or exploratory laparotomy may be required.

CT versus MRI for Determining the Extent of PM

A contrast enhanced CT scan of the thorax, abdomen and
pelvis is the most common investigation for patients with
PM. The limitations being inability to detect small deposits
<1 cm in size and bowel surface deposits. [70, 71] Some
studies have shown that MRI may be better in this regard.
However it is subject to interpreter’s evaluation, requires a
prolonged duration of study time and is not widely available
as a CT scan. [72, 73] Both techniques provide morphological
information enabling detection of peritoneal masses, nodules,
ascites. For all imaging techniques, exact information regard-
ing the extent and localization of the extent and localization of
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Fig.7 Pseudomyxoma Peritonei.
Axial MDCT sections showing
extensive scalloped mucinous
deposits along the Liver, Spleen,
Porta hepatis, Gastrohepatic and
Gastrosplenic ligaments

PC is mandatory [74]. Differentiation between scar tissue due
to previous surgery and the identification of micro nodular pc
without tumor masses is challenging for imaging techniques
mainly relying on morphology. [75].

MRI versus PET-CT for Detecting the Extent of PM

MRI and PET-CT can both accurately predict the extent of PC
[76] MRI provides excellent soft tissue contrast, more discrete
changes of tissue involvement, multiphasic image acquisition.
Dynamic contrast shows tissue vascularization information.
MRI is robust regarding image quality. MRI is less robust
regarding breathing or body motion artefacts resulting in re-
duced image quality with restricted diagnostic accuracy. MRI
enables equal diagnostic yield in the case of good or excellent
image quality compared with PET/CT, especially regarding
small bowel involvement, but suffers from restricted image
quality in patients with low compliance.

18f-fdg PET/CT provides metabolic information en-
abling the identification of malignant lesions. There is
better diagnostic accuracy and inter-observer agreement
as well as better correlation with surgical findings for
PET/CT in comparison to MRI. Another asset of PET/
CT is the coverage of the whole body providing informa-
tion about the presence of distant metastases. In a com-
parative study, the positive predictive value for PM was
97/98 %,(MRI vs PET-CT), negative predictive value 73/
84 %, sensitivity 87/93 %, specificity 92/96 %, and diag-
nostic accuracy 88/94 %.With high diagnostic accuracy
for PC of both, MRI and PET/CT, PET/CT provides better
diagnostic accuracy and especially better NPV. [76].

In spite of good results for MRI and PET/CT, the detection
of diffuse micro nodular spread and small bowel involvement
is challenging and to some extent still unsatisfactory. Macro
nodular manifestations and involvement of parietal peritone-
um can be identified with ease by both methods.

Multiphasic contrast enhanced MRI could be regarded as
alternative in the case of contraindications for PET/CT or lack
of availability of PET/CT.

Peritoneal Carcinomatosis Index (PCI)

Surgical PCI is based on complete exploration of the perito-
neal cavity with histopathological sampling. According to the
PCI, there are 13 peritoneal segments of which four are intes-
tinal segments including upper and lower-jejunum as well as
upper and lower-ileum. Each segment could be assigned 0—
3(zero-three) points (with 0 - no lesion identified, 1- lesion up
to 0.5 cm in maximum diameter, 2 - lesion exceeding 0.5 cm
but not 5 cm in maximum diameter and 3 - lesion or confluent
lesions exceeding 5 cm in maximum diameter). The resulting
PCI score ranges between zero and 39. [77].

PCI is usually calculated during surgery.The PCI is deter-
mined during the complete abdominal and pelvic exploration
that is conducted before the cytoreductive surgery. Lesion
size/score is determined after complete lysis of all adhesions
and complete inspection of all parietal and visceral peritoneal
surfaces. The greatest diameter of tumour implants distributed
on the peritoneal surfaces. Primary tumours or localized re-
currences at the primary site that can be definitively removed
are excluded from the lesion size assessment.

Accurate prediction of the extent of disease can be useful in
selecting patients for CRS. [78] In patients with PM of colonic
origin, those with a PCI <20 qualify for CRS and HIPEC. The
PCI in patients with gastric cancer should be <10 or <15, in
patients with pseudomyxoma peritonei arising from mucinous
neoplasms and peritoneal mesothelioma there is no PCI cut off
for selecting patients for surgery. [79-81].

However, preoperative CT-PCI does not correlate with the
intra operative PCI. [82] In 52 patients with peritoneal carci-
nomatosis of colonic origin from 19 international centres the
mean CT-PCI was 8.6 vs. 13.2.

ON pre-op CT, the location and quantity of mucinous ad-
enocarcinoma within the peritoneal cavity can be determined.
If the small bowel and its mesentery are involved with tumour,
the chance of achieving complete cytoreduction is small.

For appendiceal mucinous neoplasms, Jacquet and co-
workers reported two radiologic findings that predict incom-
plete cytoreduction (a) segmental obstruction of the small
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bowel and (b) tumour mass > 5 cm in diameter associated with
the small bowel and its mesentery (exclusive of the distal
ileum) - With these findings, patients had an 88 % probability
of incomplete resection. Without such findings, the probabil-
ity of complete resection was 92 %. [83].

Some other imaging findings that preclude a complete
cytoreduction and are contra-indications for the procedure are

» Extensive bowel resection that is likely to compromise the
future quality of life e.g. 2 or more sites of segmental small
bowel obstruction, patients requiring a total gastrectomy
with a total colectomy

* Involvement of pancreas head, bladder trigone, porta
hepatis.

* Massive or diffuse involvement of pleural space. [84]

In peritoneal mesothelioma, there are 2 crucial sites of dis-
ease involvement which preclude a complete CRS. Large tu-
mours in the epigastric region may preclude a lesser
omentectomy because of involvement of the right or left gas-
tric vascular arcade. Removal of this site of disease often
necessitates a total gastrectomy - a substantial undertaking,
which, if not performed, will result in suboptimal
cytoreduction. The second region is the small bowel, and ex-
tensive tumor in this area leads to suboptimal CRS which
leads to morbidity and no benefit in survival. [85].

Conclusion

Imaging in patients of peritoneal malignancy (primary or sec-
ondary) is important in the detection, staging, management
and follow-up. The presence of peritoneal carcinomatosis al-
ters tumor staging, with implications in treatment choice and
prognosis. Therefore, early diagnosis of peritoneal tumor
seeding is fundamental.

MDCT remains the most robust imaging technique for as-
sessment. MRI and PET/CT provide reliable detection of
Peritoneal Carcinomatosis. Multiphasic contrast enhanced
MRI could be regarded as alternative in the case of contrain-
dications for PET/CT or lack of availability of PET/CT.
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