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Abstract
Xanthogranulomatous cholecystitis (XGC) is an uncommon variant of chronic cholecystitis characterized by xanthogranulomatous inflammation of the gallbladder. Intramural accumulation of lipid-laden macrophages and acute and chronic inflammatory cells is the hallmark of the disease. The xanthogranulomatous inflammation of the gallbladder can be very severe and can spill over to the neighbouring structures like liver, bowel and stomach resulting in dense adhesions, perforation, abscess formation, fistulous communication with adjacent bowel. Striking gallbladder wall thickening and dense local adhesions can be easily mistaken for carcinoma of the gallbladder, both intraoperatively as well as on preoperative imaging. Besides, cases of concomitant gallbladder carcinoma complicating XGC have also been reported in literature. So, we have done a review of the imaging features of XGC in order to better understand the entity as well as to increase the diagnostic yield of the disease summarizing the characteristic imaging findings and associations of XGC. Among other findings, presence of intramural hypodense nodules is considered diagnostic of this entity. However, in some cases, an imaging diagnosis of XGC is virtually impossible. Fine needle aspiration cytology might be handy in such patients. A preoperative counselling should include possibility of differential diagnosis of gallbladder cancer in not so characteristic cases. 
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Core tip: A pre-operative diagnosis of Xanthogranulomatous cholecystitis always comes handy for the surgeons. Diagnosing atypical cases can be challenging and aknowledge of pathological changes occurring in the disease along with the spectrum of imaging findings can be a useful armoury in hands of the radiologist. So we have tried to give a concise review of this entity emphasizing on radiological and pathological aspects. Few points in differential diagnosing with other entities especially carcinoma gallbladder have also been entailed.
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INTRODUCTION
Xanthogranulomatous cholecystitis (XGC) is a chronic inflammatory disease of the gallbladder characterized by focal or diffuse destructive inflammatory process followed by marked proliferative fibrosis along with infiltration of macrophages and foamy cells[1].
The nomenclature was done by McCoy et al[2] in 1976 though it was first described in 1970 by Christensen and Ishak[3]. Christensen et al[3] and Amazon et al[4] had noted a pseudotumoral form of chronic cholecystitis that was characterized by the presence of xanthoma-like foam cells and scarring and that contained ceroid (wax-like) nodules in an inflammed gallbladder wall. They used the terms fibroxanthogranulomatous inflammation and ceroid granulomas of the gallbladder, respectively, which are now known as synonyms of XGC[3,4]. 

DEMOGRAPHICS
Albeit a common gallbladder pathology with an incidence rate of 0.7% to 10 %, it has been sparsely described in literature and is poorly understood[1]. It occurs in a wide range of age groups but the incidence is higher in the sixth and seventh decades of life. It’s occurrence in a two month old infant has also been described in literature[5]. Male preponderance has been reported with a male to female ratio of 2:1[6]. However one of the Indian studies found a marked female preponderance with a male to female ratio of 1:9[7]. The most important association of XGC is with gall stones which are seen in as many as 80% of cases[8].

CLINICAL FEATURES AND LABORATORY MARKERS
Patients can present with features of acute cholecystitis (22%), chronic cholecystitis (88%), pain (95%), obstructive jaundice (22%), cholangitis (2%) and palpable mass (5%)[6]. On examination, a palpable mass or positive Murphy’s sign can be localised. However, these clinical features are not specific for XGC and often no clinical difference between patients with XGC and carcinoma gallbladder can be found[9]. 
Leukocytosis has been observed though there is no specific biochemical test or liver function discordance pointing towards the diagnosis of XGC. Complications are present in 32% of cases and include perforation, abscess formation, fistulous tracts to the duodenum or skin, and extension of the inflammatory process to the liver, colon, or surrounding soft tissues[10].
Yu et al[11] found that elevation of tumor biomarkers is frequent in XGC which further creates confusion in differentiating the disease with carcinoma of gallbladder.

PATHOLOGY
XGC is characterized pathologically by the presence of greyish-yellow nodules or streaks in the gallbladder wall which are mainly caused by lipid laden macrophages. The exact etiopathogenesis is unclear. One proposed theory behind the xanthogranulomatous etiology is mucosal ulceration or rupture of Rokitansky-Aschoff sinuses due to increased intraluminal pressure secondary to gallbladder or cystic duct obstruction which leads to entry of bile in gallbladder wall. This intramural bile is incompletely engulfed by the macrophages leading to chronic granulomatous inflammatory response (Figure 1A). 
The histological diagnosis is based on diffuse or focal mural changes in the form of xanthoma cells (foamy histiocytes containing lipids and bile pigment), giant multinucleate histiocytes and acute or chronic inflammatory cells. These histiocytes are positive for CD68 on immunohistochemistry (Figures 1B, C and 2). Microabscesses also tend to form in the gallbladder wall and finally a fibrous reaction and scarring results from healing of the inflammatory reaction[12].  Rupture of gallbladder serosal lining and spread of the inflammatory response leads to adhesions with adjacent liver, duodenum and transverse colon (Figure 3). 
XGC is associated with gallbladder carcinoma in 8.5% to 30.5% cases[13]. Gallbladder carcinoma may provide route for bile entry into the stroma owing to its greater degree of tissue destruction[14]. Obstruction of the cystic duct by a neoplasm may initiate the histiocytic inflammatory process of XGC[15]. The association is important because when both lesions are present in the same specimen, there is a possibility of overlooking the carcinoma altogether[16].
Possibility of coexisting infection has also been proposed. Howard et al[17] have reported that intraoperative cultures of the bile and gallbladder have been positive usually for E. coli, Klebsiella, Enterococcus and, less frequently, for Pseudomonas, Serratia and Staphylococcus aureus.

RADIOLOGICAL FINDINGS
Ultrasonography
The sonographic findings include the presence of gallstones or sludge and moderate to marked focal or diffuse thickening of the gallbladder wall. Parra et al[18] observed that the wall thickening was hyperechoic in comparison to the liver in 100% of patients (Figure 4). Presence of hypoechoic nodules or bands in the thickened wall can occasionally be seen, the presence of which is considered a characteristic finding. Hypoechoic nodules on sonography have been observed in 15% and 73% cases by Parra et al[18] and Kim et al[19] respectively. Hypoechoic band has been observed in around 19% cases of XGC[18,20]. Xanthogranulomatous nodules behave as well- defined hypoechoic areas on sonography (Figure 5). Hypoechoic bands might be caused by a more generalized involvement of the mucosa[18]. Complications like perforation, abscess and hepatic infiltration can also be seen on sonography[18,19]. 

Computed tomography
Computed tomography (CT) findings of patients presenting with acute symptoms and patients presenting with chronic symptoms are usually not much different[21]. CT findings include - diffuse or focal wall thickening, intramural hypoattenuating nodules in thickened walls, luminal surface enhancement (LSE) with continuous mucosal lines or mucosal lines with focal breach. Cholelithiasis and choledocholithiasis are often seen associated with XGC.
Gallbladder wall thickening can range from 4.0 mm to 18.5 mm and is usually diffuse in nature[21]. Diffuse gallbladder (GB) wall thickening has been observed in 88.9% and 87.8% of patients by two independent researchers Goshima et al[22] and Zhao et al[21] respectively. Focal thickening is less commonly seen in XGC, and is more likely to be associated with carcinoma of gallbladder. Diffuse thickening associated with XGC is usually symmetrical but diffuse asymmetrical thickening has also been described with XGC in 22.2% cases[21,22]. To the best of our knowledge, XGC presenting as mass replacing gallbladder, intra-luminal mass or polypoidal mass-like thickening has not yet been described in literature.  
The intramural nodules detected on imaging studies (85.7% and 61.1 % by Zhao et al[21] and Goshima et al[22] respectively) are either xanthogranulomas or abscesses. Occupation of a large area of the thickened gallbladder wall by intramural nodules is highly suggestive of XGC[23] (Figure 6). Xanthogranulomas are more often revealed on imaging than abscesses though the later cause more clinical complications[15]. In acute inflammatory phase intramural nodules were abscesses in contrast to xanthogranulomas in the latter phase[15]. 
A continuous mucosal lining is more often observed with XGC (66.7% of cases) compared to a disrupted mucosal lining (33.3%)[22]. XGC is pathology of gallbladder wall and hence mucosal surface is intact or only focally denuded. On the contrary, carcinoma of gallbladder arises from the gallbladder epithelium and causes mucosal disruption in majority of the cases. Mucosal line disruption has been observed in 82.2% cases of carcinoma of gallbladder. Mucosal disruption in XGC is only seen with diffuse thickening of the gallbladder wall and patients with disrupted mucosal lining are more likely to have complications[21]. 
LSE is defined as enhancement of the gallbladder wall predominantly at the luminal surface. This finding was noted in 85.7% of cases by Zhao et al[21] and 70% cases by Shuto et al[24]. LSE noted in XGC is more apparent in the portal venous phase and represents preservation of the epithelial layer[21,24]. This further points towards the intramural location of the disease process with an intact overlying mucosa as opposed to the disrupted mucosa in gallbladder carcinoma. 
Cholelithiasis, choledocholithiasis (Figure 7), hepaticolithiasis have all been described frequently with XGC. Resultant gallbladder distention and biliary dilatation can be observed (Figure 7). 
The infiltration of adjacent structures can manifest as pericholecystic fat strandings, blurring of interface between gallbladder and liver, early enhancement of liver (or transient hepatic attenuation difference) (Figure 8), infiltration of bowel (duodenum/colon) (Figure 9), infiltration of stomach and invasion of abdominal wall (Figure 10). While pericholecystic fat stranding and blurring of interface between gallbladder and liver are quite frequent, the other findings are sparsely observed.  Liver infiltration can result in an early enhancement of parenchyma in 40% of cases[21] (Figure 8). Other complications include gallbladder perforation, abscess formation (Figure 11) or fistulous communications. Involvement of the biliary tree by the inflammatory process (xanthogranulomatous choledochitis) can also be seen[25]. However, the absence of intrahepatic biliary dilatation is more frequently observed in XGC and is an important finding in differentiating it from carcinoma of gallbladder.  
Occurrence of lymphadenopathy (> 10 mm in short axis diameter) has been variably described by different researchers. While Zhao et al[21] have described an incidence of 10.2%, Goshima et al[22] found an incidence of 90%. But both the researchers were of the opinion that loco-regional lymphadenopathy can be useful in differentiation from carcinoma of gallbladder. Only 41% patients with gallbladder carcinoma showed homogeneous enhancement of enlarged nodes compared to 100% patients with XGC[22].
Associated gallbladder or biliary malignancies can also be visualized on CT[13]. Notably, Indian researchers, Krishnani et al[13] have described a high coexistence of carcinoma gallbladder with XGC (19.6% of cases). Although the causative mechanism behind the association between the two entities is unclear, both are complications of cholelithiasis and cholecystitis of a particular duration. XGC may obscure the adenocarcinoma[13]. Also, the extent of carcinoma may be considerably overestimated or underestimated, especially since XGC is also known to form adhesions to other organs; features conventionally attributed to malignancies[9].

Magnetic resonance imaging
In-phase and opposed-phase chemical shift imaging is helpful in demonstrating fat within the thickened gallbladder wall in patients with XGC[26] (Figure 12).  Zhao et al[21] subjected intramural nodules to chemical shift imaging. 77.7% of XGC nodules showed reduced signal intensity on out-of-phase images. This variable nature of the intramural nodule on magnetic resonance imaging (MRI) can be attributed to the presence of diverse contents like foamy histiocytes, lymphocytes, plasma cells, polymorphonuclear leucocytes, fibrosis, giant cells, microabscess and necrosis within these nodules[22]. The researchers also observed that few nodules (2 out of 11) were detected only on CT and not seen on MRI and attributed this to a lower spatial resolution of MRI. Areas of iso- to slightly high signal intensity on T2-weighted images, showing slight enhancement at early phase and strong enhancement during delayed phase of dynamic study, corresponded with areas of abundant xanthogranulomas[24]. Areas with very high signal intensity on T2-weighted images without enhancement corresponded with necrosis and/or abscesses[24]. 
LSE of gallbladder wall represented preservation of the epithelial layer[24]. The early-enhanced areas of the liver bed on dynamic CT and MR images can be seen sometimes associated with XGC which correspond with accumulation of inflammatory cells and abundant fibrosis[24].
Kang et al[27] have revealed the benefit of diffusion-weighted magnetic resonance imaging (DWI) in differentiating XGC from the wall-thickening type of gallbladder cancer. Diffusion restriction was more frequently seen in gallbladder cancer (68%) than in XGC (7%). They also found out that the mean ADC value of XGC was higher than that of the wall-thickening type of gallbladder cancer with statistical significance (1.637 × 10-3 mm2/s vs 1.076 × 10-3 mm2/s respectively, P = 0.005)[27]. The authors concluded that the addition of DWI to conventional MRI improves discrimination between XGC and the wall-thickening type of gallbladder cancer. 

Positron emission tomography 
Sawada et al[28] have described positive uptake of XGC on 18F-FDG PET scan which again adds to the confusion. They have described the expression of GLUT1 and GLUT3 receptors in XGC to be the causative factor behind the false positive PET scan[28]. Radiological feature of XGC have been summarized in Table 1. 

DIFFERENTIAL DIAGNOSIS
Adenomyomatosis 
Gallbladder adenomyomatosis is a process of diffuse epithelial and smooth muscle proliferation likely in response to chronic gallbladder obstruction. Dilated Rokitansky-Aschoff sinuses contribute to formation of intramural diverticula that may contain bile, cholesterol, sludge or stones. Cholesterol crystals show characteristic reverberation or V-shaped comet tail artefacts on sonography. On T2-weighted MRI a characteristic “pearl necklace sign” is noted (Figure 13). Intramural foci of adenomyomatosis are often small and aligned in a linear fashion[29]. Presence of intramural nodules covering a large area of thickened gallbladder wall is specific for XGC[30]. Rate of complications is higher in XGC compared to adenomyomatosis. Inflammatory changes outside the gallbladder should raise suspicion of XGC over adenomyomatosis[31].

Carcinoma of gallbladder
Although accurate pre-operative differentiation of XGC from carcinoma purely on the basis of radiological and clinical features may be difficult, there are some pointers on imaging that have been found to be helpful. In a study done by Goshima et al[22], five CT findings showed significant difference between XGC and carcinoma of gallbladder. These findings were - diffuse gallbladder wall thickening, continuous mucosal lining, intramural hypo-attenuating nodules in the thickened walls, absence of macroscopic hepatic invasion and absence of intrahepatic bile duct dilatation[22]. They reported that the diagnostic accuracy of XGC increases with the presence of three or more of the above mentioned findings. Besides, presence of regional lymphadenopathy is more prevalent in carcinoma compared to XGC. While 58.9% cases with gallbladder carcinoma had retroperitoneal lymph nodes enlargement, only 10.2% cases of XGC had mild lymph node enlargement (1-1.5 cm in diameter)[21].

Actinomycosis of the gallbladder  
Actinomycosis of the gallbladder presenting as a mass with extensive infiltration into surrounding structures by sonography and CT is very difficult to differentiate from gallbladder carcinoma and XGC, as radiologic features overlap considerably[32]. In cases where a correct diagnosis is impossible, either close clinical and radiological follow up or imaging-guided aspiration or biopsy may be useful.

MANAGEMENT
Fine needle aspiration cytology (FNAC) plays an important role in making pre-operative differentiation between carcinoma and XGC or in co-existent lesions. Percutaneous as well as endoscopic needle biopsy can be done in patients suspicious of malignancy. In personal experience of the authors, approaching the lesion with a transhepatic route can minimise the risk of potential complications. The sensitivity of detecting malignancy is around 80% when adenocarcinoma is associated with XGC and overall sensitivity and specificity of detecting carcinoma is approximately 90% and 94% respectively[14]. 
Most gallbladder carcinomas associated with XGC occur in the GB neck region which is due to increased pressure within the gallbladder. Thus, careful observation of the GB neck and cystic duct region by EUS and adequate sampling from this region can greatly reduce the incidence of false negative diagnosis of co-existing gallbladder carcinomas. Hijioka et al[33] have reported an accuracy of 93.3% using EUS guided FNAC.
At operation, XGC may give appearance of an advanced gallbladder carcinoma due to wall thickening and local destructive spread of inflammation[12]. A carcinoma may be masked by the severe inflammation[12]. Intraoperative frozen section investigation or FNAC has been suggested to confirm the diagnosis. In cases with no invasion of adjacent organs these tools are indicated because they can change the surgical strategy (e.g., simple cholecystectomy versus associated liver resection). 
Complete resection of the gallbladder is not always possible especially due to poor visualization of the Calot’s triangle. Prolonged operating time and technical difficulties are noted along with a high conversion rate (laparoscopic to open cholecystectomy) of upto 80%[34]. The complication rates may be as high as 20% and length of hospital stay is also generally longer[12]. 

CONCLUSION
XGC can be a diagnostic dilemma and a correct pre-operative diagnosis can be aided by awareness of characteristic findings on CT and MRI. In some cases diagnosing this entity only on imaging can be extremely challenging and FNAC may be helpful in pre-operative diagnosis. 
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Figure 1 High power and Low power view. A: High power (HE, 200 ×) view showing inspissated bile (black arrows) with giant cells (blue arrows) in the vicinity. Green arrows denote histiocytes while the yellow arrows denote lymphoid cells; B: Low power view (HE, 40 ×) showing sheets of lympho-histiocytes in the gallbladder wall; C: High power (HE, 200 ×) view showing myofibroblasts (black arrows) with inflammatory cells (white arrows).
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Figure 2 Immunohistochemistry revealing positivity for CD 68 signifying sheets of histiocytes. 
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Figure 3 Rupture of gallbladder serosal lining and spread of the inflammatory response leads to adhesions with adjacent liver, duodenum and transverse colon. Gross pathology specimen (A) demonstrating a thickened gallbladder wall (interrupted arrow) showing multiple yellowish nodules (xanthoma nodules) within (arrowheads). Infiltration into the adjoining liver parenchyma is seen (arrows). Black asterisks denote the normal liver parechyma while the white asterisks denote gallbladder lumen. Corresponding computed tomography images (B) of the same patient showing focal mural thickening involving the gallbladder fundal region with poor fat planes and infiltration into the adjacent hepatic parenchyma (black arrows). Magnetic resonance axial and coronal images (C and D) of the same patient showing heterogeneous mass like thickening involving the gallbladder fundal region with poor fat planes to adjacent hepatic parenchyma (black arrows). 
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Figure 4 Ultrasound image showing a well distended Gallbladder with diffuse hyperechoic wall thickening (white arrow) (A) and obstructive calculus in gallbladder neck region (black arrow) (B). GB: Gallbladder.
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Figure 5 A well distended gallbladder showing diffuse hyperechoic wall thickening (white arrow). Note is made of a small mucosal defect (black arrow) with a small hypoechoic collection in thickened gallbladder wall.
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Figure 6 Axial computed tomography section showing multiple hypodense nodules (black arrows) in a diffusely thickened gallbladder wall (A)  and  the same patient showing gallbladder neck calculus (white arrow) (B). Also seen is an area of mucosal defect with associated small intramural collection (black arrowhead). 
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Figure 7 Axial T2w image (A) and corresponding MRCP image (B). Axial T2w image (A) showing multiple gallbladder calculi with a diffusely thickened wall showing multiple intramural nodules (black arrow). Note is also made of a small filling defect involving the ampullary common duct (white arrow). Corresponding MRCP image (B) showing multiple intramural nodules (white arrow head) along with a dilated pancreatico-biliary system secondary to calculus in ampullary region.
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Figure 8 Axial arterial phase computed tomography image showing an area of hyper perfusion in the segment V of liver adjoining a gallbladder showing diffusely thickened walls. Also noted is the blurring of interfaces between gallbladder wall and adjoining liver parenchyma. Liver infiltration can demonstrate an early enhancement of the parenchyma which pathologically corresponds with accumulation of inflammatory cells and abundant fibrosis.
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Figure 9 Axial computed tomography sections (A and B) showing thickened and irregular walls with small intramural and pericholecystic collections. Note the extension of the inflammatory process to involve the duodenum (white arrow) and pancreatic head (black arrow). Also pericholecystic fat strandings are seen (black arrowhead).
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Figure 10 Axial sequential T2w magnetic resonance images (A, B, C and D) showing multiple hyper-intense intramural collections in gallbladder (white arrow) with extension of inflammatory process into the pericholecystic region, poor fat planes and involvement of the anterior abdominal wall (multiple black arrows). Note presence of intraluminal calculus (white arrowhead).
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Figure 11 Coronal computed tomography section image showing multiple hypodense nodules (black arrows) in thickened gallbladder wall with an associated abscess in the adjoining liver (white arrow).
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Figure 12 3.0 T magnetic resonance axial chemical shift imaging using in-phase (A) and out-phase sequences (B). Presence of intramural fat is markedly evident in the form of loss of signal from gallbladder wall on out of phase imaging (black arrow) compared to in-phase image (white arrow). 
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Figure 13 Axial (A) and coronal (B, C and D) T2w magnetic resonance images showing multiple curvilinearly arranged hyperintense intramural cavities (white arrows) in gallbladder fundal region (“pearl necklace” appearance) - a characteristic feature of gallbladder adenomyomatosis.


Table 1 Summary of imaging findings of Xanthogranulomatous cholecystitis
	Findings
Diffuse or focal mural thickening
Luminal surface enhancement
Intramural fat
Hypodense/hypoechoic nodules or bands

	Associations
Cholelithiasis
Choledocholithiasis
Gallbladder carcinoma

	Complications
Gallbladder perforation
Abscesses
Adhesions and fistulas to liver, duodenum, gatric outlet, colon (hepatic flexure/transverse colon) and anterior abdominal wall
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