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Abstract:
BACKGROUND
Evaluation of biliary strictures primarily focuses on ruling out malignancy in older age groups. With endoscopic tools such as endoscopic ultrasound (EUS) and cholangioscopy, improved biliary visualization has enhanced the investigation of intraluminal biliary lesions and provided modalities for targeted biopsies. Benign biliary strictures, however, may pose a diagnostic dilemma.

CASE SUMMARY
A 71-year-old female with past medial history of hypothyroidism presenting for abnormal biliary imaging. Patient’s previous evaluation was concerning for common bile duct dilation with cholelithiasis, for which she underwent a cholecystectomy. Due to persistent symptoms and worsening liver function tests, she presented to our institution for further workup. Subsequently, the patient underwent an EUS and multiple ERCP’s with cholangioscopy; biliary biopsies revealed no evidence of malignancy but concerning for prominent eosinophilic infiltration. After further review of multiple pathology specimens and the benign clinical course, we diagnosed the patient with eosinophilic cholangitis.

CONCLUSION
Eosinophilic cholangitis is a rare disease and can present as a challenging case diagnostically. This case raises the potential utility of quantitative eosinophilic infiltration reporting in creating an objective diagnostic metric for eosinophilic cholangitis.
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[bookmark: OLE_LINK5]Core tip: Eosinophilic cholangitis is a rare cause of benign biliary strictures. The diagnosis is based predominantly on histopathologic findings in the setting of excluding malignancy, particularly in older age group. Previously, no quantitative eosinophilic threshold has been discussed in establishing the diagnosis of eosinophilic cholangitis, and hence the diagnosis is based on exclusion and suggestive findings. This case report provides the first look at eosinophils per high power field to help define eosinophilic cholangitis.
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INTRODUCTION
Biliary strictures can be a challenging condition to determine an etiology. Previously, due to the limitations of endoscopic and radiographic modalities, when the etiology of strictures was not identified, they were labeling as “indeterminant strictures”[1,2]. With the advent of endoscopic retrograde cholangiopancreatography, endoscopic ultrasound, and cholangioscopy, accuracy in diagnosing the cause of strictures have improved, with evaluation primarily centered on evaluating for the presence or absence of malignancy in older age population[3]. Previous studies have shown majority of strictures being secondary to malignancy (pancreatic adenocarcinoma and cholangiocarcinoma), with up to 30% due to benign pathologies[4].
However, establishing a benign biliary disease may be difficult in certain cases as they mimic the findings of malignant disease. With endoscopic tools such as endoscopic ultrasound (EUS) and cholangioscopy[5], improved biliary visualization has enhanced the investigation of intraluminal biliary lesions and provided modalities for targeted biopsies[6]. Along with these improvements, tumor markers have also been implemented (serum CA 19-9) to help with diagnosis[7]. The importance of this workup is imperative as timely diagnosis may affect a patient’s survival and candidacy for therapeutic interventions (surgery, chemotherapy, radiation, endoscopic decompression)[8].

CASE PRESENTATION
Chief complaints
A 71-year-old Caucasian female was referred to us with findings of abnormal biliary imaging.

History of present illness
Seventeen months ago, she presented to another hospital with two weeks of fatigue and
abdominal pain. She had mild transaminitis with normal bilirubin levels (Table 1). An ultrasound showed abnormal thickening of the common bile duct (CBD), pericholecystic fluid, and gallbladder sludge without wall thickening. HIDA scan demonstrated delayed gallbladder filling, with magnetic resonance imaging (MRI) significant for mid common hepatic duct (CHD) narrowing, distal CBD tapering with no filling defect, and CBD dilation to 8mm. Esophagogastroduodenoscopy showed mild chronic gastritis. With persistent symptoms and worsening liver function tests (LFTs) (Table 1) over the next two weeks, patient underwent a cholecystectomy. Surgical pathology was significant for acalculous chronic cholecystitis, with the presence of prominent eosinophilic infiltration.
Post-cholecystectomy, the patient’s LFTs remained elevated. Repeat MRCP was concerning for biliary dilation, focal narrowing and tapering at the ampulla, and no filling defects (Figure 1). Due to abnormal imaging, patient presented to our institution for an EUS.

History of past illness
The patient was previously diagnosed with hypothyroidism.

Physical examination
The patient’s temperature was 36.7C, heart rate was 75, blood pressure was 119/73. The clinical abdominal examination revealed non-tender, soft, with evidence of laparoscopy incision (healed with no tenderness or drainage).

Laboratory examinations
Blood analysis revealed transaminitis with aspartate aminotransferase 151 U/L and alanine aminotransferase 222 U/L, with elevated alkaline phosphatase 765 U/L and normal bilirubin 0.3 mg/dL. Patient also had mild peripheral eosinophilia with 11.4 % eosinophils.

Imaging examinations
EUS showed extrahepatic biliary dilation, irregular and diffusely thickened bile duct walls, and no focal mass (Figure 2).

Further diagnostic work-up
Therefore, benign pathologies such as primary sclerosing cholangitis and IgG4-associated cholangitis, were also pursued. However, laboratory results showed normal IgG4 levels and autoimmune markers (myeloperoxidase antibody, anti-smooth muscle antibody, HIV antibody and anti-mitochondrial antibody).
To address the biliary stricture and rule out malignancy, the patient underwent an ERCP, demonstrating CHD narrowing and a distal CBD stricture with extra and intrahepatic dilation (Figure 1). A plastic biliary stent was placed, and biliary brushings/biopsies were obtained. Pathology showed scant stroma with mild eosinophilic infiltrate of 4 eosinophils per high power field (eos/hpf) without malignancy. On repeat ERCP, cholangiogram demonstrated no distal bile duct stricture (Figure 3). Cholangioscopy identified frond-like ductal lesions in the mid-CBD, and multiple biopsies were obtained. Pathology demonstrated reactive biliary epithelium associated with a mixed infiltrate of neutrophils and eosinophils (up to 9 eos/hpf) (Figure 4).
Due to the unusual clinical features of this case and mild prominence of eosinophils in the biliary specimens, a second review of the previous pathology specimens was performed. The patient’s gallbladder was notable for a prominent diffuse, eosinophilic infiltrate (211 eos/hpf) (Figure 5). Gastric biopsies also showed a focal prominence of eosinophils. Further retrospective review showed peripheral eosinophilia (Table 1).

Multidisciplinary expert consultation
Karen Matsukuma, MD, PhD, Assistant Professor, Department of Pathology and Laboratory Medicine, University of California–Davis.
The histopathologic evidence of eosinophilic infiltrate in the gallbladder and bile duct specimens in the setting of known peripheral eosinophilia is suggestive of eosinophilic cholangitis. 

FINAL DIAGNOSIS
The final diagnosis of the presented case is eosinophilic cholangitis (EC).

TREATMENT
Steroids were initially considered, but with spontaneous improvement in the patient’s biliary narrowing and resolving LFT abnormalities without a biliary stent, no treatment was administered.

OUTCOME AND FOLLOW-UP
On the most recent follow-up (approximately 1 year since patient’s initial presentation to us), patient remained asymptomatic, and the repeat MRI showed no extra or intrahepatic dilation (Figure 3).

DISCUSSION
EC is a rare cause of benign biliary obstruction, and can closely resemble the clinical presentation of cholangiocarcinoma[9]. EC was first reported in 1980 and represents a broader category of gastrointestinal disease, characterized by eosinophilic infiltration of the gastrointestinal tract[10]. EC encompasses eosinophilic cholecystitis, reported initially in 1949, and eosinophilic cholangiopathy, described in 1990 as having biliary involvement without cholecystitis[11,12]. With eosinophilic infiltration in multiple organs, we feel that our patient exhibited EC.
Diagnosing EC may be clinically challenging. Studies have described a correlation with hypereosinophilic syndrome, but no clear association has been established[13]. Prior to making the diagnosis of EC, other benign etiologies of biliary strictures should be ruled out, including immune-mediated inflammation (primary sclerosing cholangitis, sarcoidosis, IgG4-related sclerosing cholangitis, mast cell cholangitis), choledocholithiasis, ischemic cholangiopathy, infection (parasitic, recurrent pyogenic cholangitis, tuberculosis), radiation therapy, cystic fibrosis and follicular cholangitis[14]. And EC should be considered in the setting of cholecystitis without the presence of cholelithiasis.
Furthermore, there are no established concrete criteria for the diagnosis of EC, but a combination of histopathologic, radiographic, endoscopic, and hematologic findings is used in evaluation. In 2007, the following findings were suggested to establish a diagnosis of EC: (A) wall thickening or stenosis of the biliary system; (B) histopathological findings of eosinophilic infiltration; and (C) reversibility of biliary abnormalities without treatment or following steroid treatment[13]. Previous studies discussed a correlation with peripheral eosinophilia in about 70% of patients, but its presence is neither specific nor sensitive[15]. Imaging may show biliary wall thickening, with cholangiography identifying stricturing and biliary mucosal irregularities. Cholangioscopy provides direct visualization and targeted biopsies, aiding in establishing the diagnosis[16]. EUS is also becoming increasingly important in detailed evaluation of biliary tree, including a specific finding of a parenchymal echo in the bile duct wall using contrast-enhanced method[17].
In other gastrointestinal eosinophilic diseases, studies have focused on identifying numerical thresholds for eosinophilic counts that distinguish eosinophil-driven disease from non-specific inflammation. One summary proposed the following (average eos/hpf in 5 hpf) to establish the diagnosis: stomach (> 30), duodenum (> 52), ileum (> 56), right colon (> 100), transverse and descending colon (> 84) and rectosigmoid colon (> 64)[18]. For eosinophilic esophagitis (EoE), the diagnosis is suspected when there are symptoms of esophageal dysfunction and at least 15 eos/hpf. EoE is confirmed when there is esophageal dysfunction and at least 15 eos/hpf after evaluation for other causes of esophageal eosinophilia[19].
To our knowledge, we are the first to report the eosinophil counts in the setting of EC. While the number of eosinophils was relatively mild in the bile duct biopsies, it is notable that the eosinophils comprised the predominant inflammatory component in the bile duct biopsies and gallbladder, a less common finding in most other inflammatory conditions in which eosinophils are found. We recorded a histological eosinophilic concentration in our patient, showing 211 eos/hpf in the gallbladder and 9 eos/hpf in the bile duct. As eosinophilic infiltration of the bile duct in various disease state may be variable, we propose that future reporting should record the degree of eosinophilic infiltration in order to establish a quantifiable value of biliary eosinophilia for developing potentially more definitive diagnostic criteria. Also, consideration can be made to retrospectively evaluate quantitative eosinophilic counts in previously diagnosed patients.
Treatment of EC consists of conservative management or steroid therapy. Most improve with monitoring, but symptomatic patients (pain, transaminitis, hyperbilirubinemia), may respond to steroids. In one case, a patient responded to long-term hydroxyurea treatment[20]. Recurrence has been documented in only a few cases, presenting with focal eosinophilic inflammation in multiple organs or abdominal pain. Surgical resection of the refractory biliary stricture has also been reported[20].

CONCLUSION
EC remains a rare diagnosis of benign biliary obstruction. Evaluation requires carefully excluding malignancy and various other potential benign disease processes. Many patients, including ours, improve with conservative management after placement of temporary biliary stent, although steroid therapy and surgical resection have been used in other cases. In the future, accumulation of the biliary eosinophilia metrics from biopsy specimens may help establish the diagnostic criteria for this disease.
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Figure 1 Biliary obstruction, showing mid common hepatic duct and distal common bile duct narrowing (arrows). 
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Figure 2 Endoscopic ultrasound showing bile duct wall thickening (arrows).



[image: ]Figure 3 Resolution of biliary ductal narrowing, with resolved strictures (arrows).
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Figure 4 Bile duct specimen with eosinophils (arrows) (× 400).
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Figure 5 Gallbladder specimen with eosinophils (arrows) (× 400).



Table 1 Laboratory values
	
	Pre-Cholecystectomy
	Post-Cholecystectomy
	ERCP 1
	ERCP 2
	Most Recent

	AST (U/L)
	134
	193
	151
	82
	27

	ALT (U/L)
	207
	302
	222
	38
	27

	Alkaline Phosphatase (U/L)
	461
	558
	765
	61
	65

	Bilirubin (mg/dL)
	0.3
	0.3
	0.3
	0.1
	0.5

	% Eosinophils (ULN < 5%)
	13.6
	27.2
	11.4
	7.5
	5.9

	CA 19-9 (U/mL)
	< 3
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