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Abstract
As per incidence, ovarian carcinoma is the second most common gynaecological malignancy in women. In spite of advanced technology, patient awareness and effective screening methods, epithelial ovarian cancer is usually diagnosed at an advanced stage (stage Ⅲ). Surgical debulking of disease is mainstay of improving the patient survival even in advanced stages. Thus exact delineation of cancer spread in the abdominal cavity guides the surgeon prior to the surgery, help them to decide resectability of lesion and plan for further need of other surgical speciality or need of neoadjuvant chemotherapy. Imaging particularly well-planned contrast-enhanced computed tomography answers most of the queries raised by the treating surgeon. The aim of this article is to review the way ovarian carcinoma spread in the peritoneal cavity and to stress the accurate interpretation of cancer deposits on imaging which can help the treating team to reach optimal management of patients.
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Core tip: The extent of ovarian cancer spread in the abdominal cavity determines the treatment options. The exact delineation of cancer spread in the abdominal cavity guides the surgeon prior to the surgery, help them to decide resectability of lesion and plan for further need of other surgical specialty or need of neoadjuvant chemotherapy. Imaging particularly well-planned contrast-enhanced computed tomography answers most of the queries raised by the treating surgeon. This article highlights the role of computed tomography in evaluating the peritoneal spread of ovarian cancer, which help in optimal management of patients.

INTRODUCTION
Ovarian carcinoma is the second most common cause of death from gynaecological malignancies. Epithelial ovarian cancer arises from the surface of the ovary. Serosal lining of the ovary continues with the peritoneal lining of the abdomino-pelvic cavity. The most common route of ovarian tumor spread is direct exfoliation of cells from the ovary into the peritoneal cavity. Other unusual mode of spread is via a lymphatic or hematogenous way. The shed cells in the peritoneal cavity implant in the peritoneal cavity depending upon the gravity directed mobility of peritoneal fluid. This spread in the peritoneal cavity is called peritoneal carcinomatosis and is a typical presentation in advanced carcinoma and in recurrent tumors (Figure 1). Initial debulking followed by chemotherapy and neoadjuvant chemotherapy followed by surgery are two standardized protocols of treatment in advanced ovarian carcinoma. Radiologic imaging helps in proper selection of treatment, determine resectability of lesion and prognosticate the case. Accurate interpretation of imaging findings help surgeons in planning the management[1,2]. Here we attempt to present a comprehensive in-depth review of extraovarian imaging manifestations of advanced ovarian carcinoma.
Recent advances in surgical techniques have made resection possible in difficult sites or in initially diagnosed non-resectable disease. Even there is no universally acceptable criteria to define a disease as non-resectable, survival rate in patients undergoing neoadjuvant chemotherapy followed by debulking surgery is equivalent to that among patients who underwent initial surgery followed by chemotherapy[3]. As a result, our role as radiologists is to warn clinicians about critical site involvement, which may preclude optimal debulking or complicate the surgery and not to define a disease as non-resectable. 
An early sign of disease spread may be missed if subtle signs of deposits are not sought. Critical site involvement may complicate the surgery and may kill the aim of optimal debulking. Thus accurate interpretation of disease spread on imaging is essential for structured standard reporting of ovarian carcinoma to guide the surgeon for optimal management.

CRITICAL DISEASE SITE 
Peritoneal carcinomatosis
Visible implants outside the pelvis (FIGO Stage Ⅲb) and retroperitoneal lymphadenopathy (Ⅲc) constitute 60% of epithelial ovarian carcinoma cases[4]. Symptoms of peritoneal progression or advanced disease are often non-specific. Aim of the preoperative diagnostic assessment in patients with epithelial ovarian cancer is to estimate as accurately as possible the extent and anatomic location of disease[5]. 
Subtle thickening, fine reticulonodular pattern, nodularity, peritoneal enhancement, soft tissue infiltration in omental fat and loculated ascites are subtle signs of peritoneal spread (Figure 2). The nodule may be only a few millimeters in size. Detection of nodules may be enhanced by use of an oral contrast agent. However calcified metastases may be missed due to the presence of intraluminal contrast in bowel loop. So some authors have advocated to use water as a negative oral contrast agent[6]. Coalesced nodules may give an appearance of plaque-like thickening or a single large mass may be the sole manifestation. These findings may be seen in isolation or together in varying proportions. Involvement of the transverse mesocolon must be sought and documented in the radiology report.

Mesentery: Usually tumor cells get implanted in the small bowel mesentery near terminal ileum[7]. Tiny ill-defined soft tissue, misty mesentery or well-defined mass like deposit are the forms of mesenteric involvement (Figure 3). Retraction of bowel loops may be seen. Infiltration of mesenteric root precludes surgery. Careful assessment is required.

Lymph nodes: Involvement of suprarenal lymph nodes including epiphrenic should be documented as it makes the disease prone to suboptimal resection and warrants neoadjuvant chemotherapy[1].

Pelvis: Pelvic side wall invasion should be commented upon in the structured report. Mass extension within 3 mm or encasing more than 90% of iliac vessel circumference confirms the pelvic side wall invasion[1] (Figure 4).

Visceral surfaces
Liver: Number, site and size of liver implants have to be mentioned in the report. Deposit in the region of Morrison’s pouch, near the right hepatic vein and inferior vena cava has to be documented as it may lead to excessive bleeding on operative table. Another point which has to be mentioned is secondary invasion of surface implants into liver parenchyma (Figure 5). It is recognized by the absence of well-defined liver - lesion interface[8]. Presence of liver invasion necessitates involvement of hepatobiliary surgeon in the treating team.

Spleen: Imaging appearance of spleen surface involvement and secondary parenchymal invasion is the same as that in the liver and helps surgeon to decide between splenectomy and spleen sparing surgery. Splenic hilum has to be documented upon[1].

Subphrenic involvement: Subphrenic involvement is common on the right side due to preferential flow of peritoneal fluid to the right upper quadrant and it warrants upper quadrant peritonectomy. Post-contrast computed tomography or magnetic resonance imaging in coronal and sagittal sections is the best to look for the subphrenic involvement. Apart from nodule, irregular thickening or mass and thin peritoneal enhancement along the diaphragm over the liver surface are the imaging signs of subphrenic involvement (Figure 6)[9-11].

Bowel: Partial or complete small bowel obstruction is the common presentation of serosal deposit. Nodule, infiltration, bowel wall thickening or definite mass are the imaging forms of bowel involvement (Figure 7). Extensive bowel involvement is considered a contraindication for surgery as per most of the institutional protocols[12-14].

Ligaments
Lesser omentum and associated ligaments: Gastrohepatic ligament and hepatoduodenal ligament are two parts of the lesser omentum. Gastrohepatic ligament is identified by the left gastric artery and hepatoduodenal ligament by the portal vein, common bile duct and hepatic artery. Size and number of deposits in this region have to be identified and reported[10,11] (Figure 8).

Lesser sac: Posterior to the stomach and anterior to the pancreas, this space involvement by carcinomatosis often precludes resection. Fluid distention of lesser sac is also taken as a sign of implant spread like other signs including thickening, nodule, mass and stranding (Figure 9).

[bookmark: _GoBack]Perihepatic peritoneal ligament: Falciform ligament, Gall Bladder fossa and periportal space all communicate with each other. Falciform ligament involvement should be reviewed in multiple planes to distinguish it from liver parenchymal deposit - the two entities widely differing in surgical approach (Figure 10). Extensive involvement of these ligaments are predictors of nonoptimal debulking[15]. 

CONCLUSION
Primary treatment modality for ovarian cancer is surgery. The surgery usually aims at aggressive optimal debulking. Despite treatment, 5-year survival rate in ovarian carcinoma patients is low. The pattern of treatment failure is mostly local-regional, involving only the peritoneum and adjacent intra-abdominal organ usually at the site difficult to evaluate during surgery. Thus preoperative imaging can help in modifying surgical plan by demonstrating surgical hidden site involvement and bulk of disease. This requires knowledge of peritoneal cavity anatomy and acquaintance with tendency of ovarian carcinoma growth and forms of carcinomatosis.
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Figure Legends
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Figure 1  In a 67-year-old patient with advanced stage ovarian carcinoma, the post-contrast computed tomography coronal image depicts preferential spread of peritoneal implant involvement of rectouterine pouch (1), right paracolic gutter (2), right perihepatic space (3), inframesocolon (4), left paracolic gutter (5), mesentery (6) and mesosigmoid (7). 
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Figure 2  Computed tomography image showing peritoneal and omental deposits in ovarian carcinoma. Subtle stranding (A), nodule (B) and mass like deposit (C) are three forms of peritoneal involvement. 
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Figure 3  Axial contrast-enhanced computed tomography image shows a small nodule in the mesentery.
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Figure 4  Coronal post-contrast computed tomography image shows pelvic side wall involvement. 
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Figure 5  Contrast-enhanced computed tomography in two different patients showing deposits in Morrison’s pouch (A) and liver parenchyma invasion by surface deposit (B). 
[image: ]
Figure 6  Coronal image showing smooth minimal peritoneal thickening in right subphrenic space. 
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Figure 7  Axial computed tomography showing smooth, diffuse, eccentric bowel wall thickening involving one of the small bowel loops. Mild thickening best seen in oral contrast distended bowel loop.
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Figure 8  Solid nodular deposit in lesser omentum (gastrohepatic ligament) in a 40-year-old female patient with stage Ⅲ ovarian carcinoma.
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Figure 9  Lobulated mass like deposit in lesser sac in a case of advanced ovarian carcinoma.
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Figure 10  Ⅲ-defined soft tissue along falciform ligament in a 50-year-old patient with ovarian carcinoma. It has to be differentiated from liver parenchyma lesion.
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