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Abstract
We report a case of Krukenberg tumor of gastric origin with adnexal metastasis, in which ultrasonography (US) and contrast-enhanced US (CEUS) played a key diagnostic role. An 64-year-old female patient was referred to our department for abdominal pain, nausea and ascites. US examination was performed as first line diagnostic imaging approach, confirming the presence of ascites and detecting marked thickness of the gastric wall and a right adnexal mass. CEUS was immediately performed and showed arterial enhancement followed by wash-out in the venous phase of both the gastric wall and the adnexal mass, suggesting the diagnosis of gastric cancer with right adnexal metastasis (Krukenberg syndrome). The patient underwent US-guided paracentesis and esophagogastroduodenoscopy that showed linitis plastica. Cytologic examination of the peritoneal fluid revealed the presence of signet-ring cells, and histologic examination of the specimen obtained by endoscopic biopsy showed primary gastric mucus-producing adenocarcinoma with signet-ring cells. Although transvaginal US is undoubtedly the method of choice to evaluate ovarian tumors, abdominal US and CEUS can provide key diagnostic elements, supporting clinicians in the first steps of the diagnostic work-up of abdominal and pelvic masses.
© 2013 Baishideng. All rights reserved.
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Core tip: Transvaginal ultrasonography (TV-US) is the method of choice to evaluate ovarian tumors, but abdominal US enables to detect masses in both upper and lower abdomen, providing useful information when Krukenberg tumor is suspected. Moreover, contrast-enhanced US (CEUS) can be immediately performed to define the microvascularisation of the lesions, and the presence of arterial enhancement followed by wash-out in the venous phase is strongly suspicious of malignancy. US and CEUS can provide key diagnostic elements, supporting clinicians in the first steps of the diagnostic work-up of abdominal and pelvic masses.
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INTRODUCTION
Krukenberg tumor is defined as metastatic ovarian adenocarcinoma originating from a primary tumor of the gastrointestinal tract and showing typical mucin-filled signet-ring cells[1-4]. Sometimes, metastatic ovarian tumors are detected before the primary lesion is diagnosed. Transabdominal ultrasonography (US) and trasvaginal US are used as first-line diagnostic techniques to evaluate most pelvic masses. However, their accuracy in differentiating benign from malignant masses is considered low, and further imaging techniques, such as computed tomography (CT) and magnetic resonance imaging (MRI), are usually necessary to obtain a reliable diagnosis. 
We report a case in which transabdominal US and contrast-enhanced US (CEUS), performed as first diagnostic investigations, and played a key role in the diagnostic work-up, promptly suggesting the correct diagnosis of Krukenberg tumor and its origin from a gastric cancer.
CASE REPORT

An 64-year-old female patient was admitted to our department for abdominal pain and nausea. Physical examination suggested the presence of ascites, and the patient underwent abdominal US. US examination was performed with a real-time sonography system equipped with a 3.5-5 MHz convex transducer (Mylab 70 XVG; Esaote Medical Systems, Genova, Italy). US scans confirmed the presence of ascites, showed marked thickness of the gastric wall with the typical target pattern defined as “pseudokidney” (Figure 1A), lymph-node enlargement nearby the pancreas and aorta, and bilateral hydronephrosis. US examination was extended to the lower abdomen, and a 6 cm ( 2.5 cm inhomogeneously hyperechoic mass with irregular borders was detected in the right adnexal region (Figure 1B). The patient immediately underwent contrast enhanced ultrasonography (CEUS) to better define the vascularisation of both the adnexal lesion and gastric wall. CEUS was performed with a low mechanical index contrast-specific nonlinear technique (CnTI, Esaote, Genova, Italy), and an 8 microliters/mL solution of sulfur hexafluoride microbubbles stabilized by a phospholipid shell (SonoVue®, Bracco, Milan, Italy) was used as US contrast agent. After intravenous injection of a bolus of 2.4 mL of SonoVue, the adnexal mass showed inhomogeneous contrast enhancement in the arterial phase followed by moderate wash-out in the venous phase (Figure 2A and B). The gastric wall had similar CEUS behavior, with enhancement in the arterial phase and marked wash-out in the venous phase (Figure 2C and D). Based on both US and CEUS findings, the diagnosis of gastric cancer with right adnexal metastasis (Krukenberg syndrome) was inferred, and the patient underwent US-guided paracentesis for cytological examination and esophagogastroduodenoscopy (EGDS). Cytologic examination of the peritoneal fluid documented the presence of signet-ring cells, and EGDS showed stiffness and thickening of the gastric mucosal folds with mosaic pattern and multiple nodular lesions suggestive of linitis plastica (Figure 3). Endoscopic biopsy revealed poorly differentiated primary gastric mucus-producing adenocarcinoma with signet-ring cells (Figure 4). 
DISCUSSION

Krukenberg tumors are metastatic ovarian tumors from primary lesions in the gastrointestinal tract, particularly from carcinomas of the colon and stomach. The term “Krukenberg tumor” has been used either as a broad term to indicate all metastatic tumors to the ovaries or to describe just metastatic tumors from the gastrointestinal tract containing the typical signet ring cell with intracellular mucin[1-4]. The presence of ovarian metastases represents a poor prognostic sign, and a prompt aggressive therapy is beneficial for both quality of life and symptom relief. US is usually used as the first imaging approach to evaluate pelvic masses[5,6]. However, although it can reliably differentiate cystic lesions from solid masses, CT and MRI are considered the techniques of choice to characterize ovarian tumors[7,8]. Moreover, gastrointestinal endoscopic examinations are needed to identify the primary tumor. To the best of our knowledge, this is the first case of Krukenberg syndrome inferred on the basis of US and CEUS findings. Low mechanical index CEUS with second generation US contrast agents is a well established technique for the characterization of liver tumors as well as for the differential diagnosis between benign and malignant lesions of other abdominal organs such as the kidney and pancreas. In particular, the presence of wash-out in the late venous phase is considered strongly suspicious of malignancy. Conversely, data about the role of CEUS in the characterization of pelvic masses are still lacking in literature. Some preliminary reports suggested that CEUS can differentiate invasive ovarian tumors from benign and borderline tumors but it is not reliable in differentiating benign from borderline tumors[9]. Even though US and CT findings of Krukenberg tumor are quite indistinguishable from those of primary ovarian cancer, the detection of a solid or mixed cystic ovarian mass accompanied with a suspicious gastrointestinal mass should be regarded as a metastatic tumor until proven otherwise. In our patient, US detected both the adnexal mass and thickening of the gastric wall with “pseudokidney” pattern. CEUS documented the presence of contrast enhancement in the arterial phase followed by wash-out in the late venous phase in both the ovarian mass and gastric wall that is the typical CEUS behavior of malignant lesions of the liver and other abdominal organs. Based on these findings, gastric cancer with metastatic ovarian spread was strongly suspected, and the patient was promptly referred for EGDS, which yielded the definitive diagnosis of gastric adenocarcinoma. Moreover, US-guided paracentesis documented the presence of signet-ring cells in the ascitic fluid, suggesting the peritoneal spread of the gastric cancer.
If confirmed by further reports, our observation could be of some interest in the diagnostic work-up of incidental adnexal masses. Although transvaginal sonography is undoubtedly the method of choice to evaluate ovarian tumors, transabdominal US allows to extent the examination throughout the abdomen to search for primary tumors in other organs, and CEUS enables to depict the vascular pattern of the lesions. In our opinion, such capabilities could play some useful role when a metastatic disease is suspected.
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Figure 1 Oblique sonogram. A: Epigastric region showing diffuse thickening of the gastric wall with the pattern of pseudokidney; B: The right adnexal region showing an inhomogeneously hyperechoic mass with irregular borders and ascites (arrow). 
Figure 2  Contrast-enhanced ultrasonographyscans focused. A: Inhomogeneous contrast enhancement in the arterial phase on the adnexal mass; B: Wash-out in the late venous phase on the adnexal mass; C:Contrast enhancement in the arterial phase on the stomach (arrow); D: marked wash-out in the late venous phase on the stomach.
Figure 3 Esophagogastroduodenoscopy image showing thickening of the gastric mucosal folds with mosaic pattern and multiple nodular lesions suggestive of linitis plastic.
Figure 4 Histopathologic specimen showing glands lined by atypical mucin-secreting epithelium set in a richly cellular stroma(hematoxylin-eosin stain, (20). 
