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Abstract
BACKGROUND
Abnormal liver function tests (LFTs) in post-liver transplant (LT) patients pose a challenge in the timing and selection of diagnostic modalities. There are little data regarding the accuracy of endoscopic retrograde cholangiopancreatography (ERCP) and liver biopsy (LB) in diagnosing post-transplant complications. 

AIM
To evaluate the diagnostic performance of ERCP and LB in patients with non-vascular post-LT complications.

METHODS
This single-center retrospective study evaluated patients undergoing both ERCP and LB for evaluation of elevated LFTs within 6 mo of LT from 2000 to 2017. Diagnostic operating characteristics including accuracy, sensitivity and specificity for various diagnoses were calculated for ERCP and LB. The R factor (ratio of alkaline phosphatase to alanine aminotransferase) was also calculated for each patient. 

RESULTS
Of the 1284 patients who underwent LT, 91 patients (74.7% males, mean age of 51) were analyzed. Anastomotic strictures (AS, 24.2%), acute cellular rejection (ACR, 11%) and concurrent AS/ACR (14.3%) were the most common diagnoses. ERCP carried an accuracy of 79.1% (95%CI: 69.3-86.9), LB had an accuracy of 93.4% (95%CI: 86.2-97.5), and the combination of the two had an accuracy of 100% (95%CI: 96-100). There was no difference between patients with AS and ACR in mean R factor (AS: 1.9 vs ACR: 1.1, P = 0.24). Adverse events did not differ between the two tests (ERCP: 3.1% vs LB: 1.1%, P = 0.31). 

CONCLUSION
In patients with abnormal LFTs after LT without vascular complications, the combination of LB and ERCP carries low risk and improves diagnostic accuracy over either test alone. 
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Core Tip: Patients commonly develop unexplained elevations in liver function tests after liver transplantation. After cross sectional imaging and basic lab tests, endoscopic retrograde cholangiopancreatography (ERCP) and liver biopsy (LB) are both performed in arbitrary fashion since the diagnostic capacity of each test remains unclear. In this study we found that ERCP and LB are both effective diagnostic tests in the setting of the 2 most common diagnoses, anastomotic biliary stricture and acute cellular rejection. Combining these tests increases the overall diagnostic accuracy to 100%, and both tests carried adverse event rates of < 5%. This study justifies combining ERCP and LB when the diagnosis remains elusive.


INTRODUCTION
Since 2012, the number of liver transplants (LTs) performed annually in the United States has increased each year, reaching a record number of 8250 in 2018[1]. Just as the field of transplantation has evolved over the past 5 decades, so too have the nuances of post-transplant clinical care. Clinicians commonly face the conundrum of abnormal liver function tests (LFTs) soon after LT which often indicates a transplant-related complication. Practice guidelines provided by the American Association for the Study of Liver Diseases (AASLD), American Society of Transplantation, and the European Association for the Study of the Liver note that the frequency of monitoring LFTs after LT and the subsequent work-up should be individualized to the patient and time after LT, prior complications, stability of serial testing, and the suspected underlying pathology[2,3]. 
The underlying cause, however, can be challenging to discern. Depending on the pattern of abnormal LFTs, evaluation of the biliary system with transabdominal ultrasound, MRI, CT, and/or endoscopic retrograde cholangiopancreatography (ERCP) may be most appropriate when the LFT pattern is cholestatic, whereas liver biopsy (LB) should be performed first when parenchymal injury is suspected[2]. To date, there are insufficient data regarding the relative accuracy of ERCP and LB in diagnosing specific post-LT complications. Current societal guidelines strongly support both of these tests (Grade 1A recommendations) but provide little guidance on which should be performed initially[2]. The decision to choose LB, ERCP, or both (and in which order) is therefore left to the discretion of the transplant surgeon, hepatologist, or interventional endoscopist. The primary aim of this study was to evaluate the diagnostic performance of ERCP and LB in patients with non-vascular post-LT complications. 

MATERIALS AND METHODS
This was a single-center, retrospective review of all patients who underwent LT followed by both LB and ERCP at the University of Colorado Hospital from January 2000 to June 2017. 
Patients
Patients undergoing deceased or living donor LT at our center during the study period were identified using the LT database. Inclusion criteria included adult patients post-LT who underwent both LB and ERCP within 6 mo after LT with a primary indication of elevated LFTs. Patients with a clearly identifiable cause of elevated LFTs–such as drug or medication-related hepatitis, vascular liver disease or infectious hepatitis based on the initial history, labs, or imaging studies-were excluded from the analysis. Patients who did not receive post-LT care at our institution were also excluded. Post-LT biliary anatomy types included duct-to-duct (DD) anastomosis and Roux-en-Y hepaticojejunostomy (RYHJ). 
Patients with a mixed pattern of liver injury based on LFTs underwent either LB or ERCP initially at the discretion of the provider. ERCP was the first invasive diagnostic test performed when patients had symptoms suggestive of cholangitis or a predominantly cholestatic pattern of elevated LFTs. LB was performed after labs and cross-sectional imaging when hepatocellular disease was suspected. It is our practice to monitor immunosuppressant levels on all post-LT patients. Approval from the Colorado Multi-Institutional Review Board was obtained prior to beginning the study.

ERCP
ERCP was performed under conscious sedation, monitored anesthesia care, or general anesthesia by one of 7 advanced endoscopists who have performed > 1000 ERCPs each. Endoscopists utilized the standard technique in cannulating the bile duct and performing cholangiography. Occlusion cholangiography was used to visualize the entire native and donor biliary tree with particular attention paid to the anastomosis. Biliary sphincterotomy was performed in select cases at the discretion of the endoscopist. If present, strictures were treated with the placement of plastic or fully covered metal stents were placed across strictures according to the endoscopist’s judgment. Dilation of strictures via balloon or catheter was performed prior to stenting in select cases.
Conventional techniques such as balloon and basket sweeping were used to remove bile duct stones and/or casts, and single or multiple stents were placed across anastomotic bile duct leaks. For patients with DD biliary anastomosis, a standard duodenoscope was used to reach the ampulla. For patients with RYHJ anatomy either a pediatric colonoscope or small bowel enteroscope (single-balloon, double-balloon, or rotational overtube) was used to reach the biliary anastomosis.

LB
While percutaneous (ultrasound-guided) LB represented the preferred route of biopsy, transjugular LB was generally performed in patients with an International Normalized Ratio > 1.5, when intravascular pressure measurements were needed, or when the abdominal anatomy precluded a safe percutaneous approach. Both percutaneous and transjugular LB were performed under conscious sedation. LB techniques are described in detail in an AASLD position paper[4]. Board certified GI pathologists examined all histology samples. 

Outcomes and definitions
The study’s primary outcome was the accuracy of ERCP and LB in making the ultimate final diagnosis or diagnoses driving the abnormal LFTs, as determined by the GI and Hepatology services. Secondary outcomes included sensitivity and specificity for ERCP and LB in the final diagnosis. Acute cellular rejection (ACR) was defined and graded using a 1-9 scale based on histopathologic findings using the rejection activity index, which was based on inflammatory changes in the portal triads, bile ducts, and venous endothelium (with scores of 1-3 for each of the 3 categories)[5]. A score of 3 or more was classified as definite ACR (Figure 1)[5]. Recurrent hepatitis C infection (HCV) after LT was defined by detectable serum HCV RNA. Anastomotic stricture (AS) was defined as a benign-appearing narrowing in the region of the biliary anastomosis during ERCP, typically within 5-6 mm from the suture line, usually associated with delayed contrast drainage and/or moderate resistance to passage of an inflated 12 mm balloon (Figure 2). 
True positive results for LB or ERCP were defined by findings supportive of at least one of the final diagnosis/es as defined above. True negative results were defined by ERCP or LB results that failed to support the final diagnosis/es with or without supporting an alternative diagnosis. For example, if LB showed signs of a large bile duct obstruction or cholangitis, this was considered a true positive for a final diagnosis of anastomotic stricture or cholangitis, respectively. Conversely, if ERCP did not show biliary pathology, this was considered a false negative when the final diagnosis was a hepatocellular disorder such as ACR or recurrent HCV.

Statistical analysis
Descriptive statistics were used to depict patient demographics, symptoms and laboratory data. An R factor was calculated as the ratio between the degree of elevation of alkaline phosphatase and the degree of elevation of alanine aminotransferase[6]. R factors > 5 were considered to be consistent with hepatocellular damage and R factors < 2 suggested cholestatic patterns of injury, with R factors between 2 and 5 suggesting a mixed pattern of injury. Diagnostic operating characteristics including sensitivity, specificity, and accuracy [(true positive + true negative)/(true positive + false negative + false positive + true negative)] were calculated for both ERCP and LB. Fisher’s exact test or the chi square test were used to compare categorical variables between patients with ACR and AS. The student’s t-test was used to compare continuous variables between patients with ACR and AS. Adverse event rates were compared between ERCP and LB using the Fisher’s exact test. All statistical analysis was performed using STATA 15.1 (StataCorp, College Station, TX, United States). 

RESULTS
Patients 
A total of 1284 patients underwent LT at our center during the study period (Figure 3). Of these, 96 patients (7.5%) received both an ERCP and LB for evaluation of persistently elevated LFTs within the first 6 mo after LT. Ninety-one patients received long-term follow-up at our institution and were included in the final analysis. The mean time interval between the 2 procedures was 9.1 d (SD 6.9). 
The mean age of the cohort was 51 (SD 12.1) and 74.7% (n = 68) were male (Table 1). Deceased donor transplants (n = 73, 80.2%) accounted for the majority of transplants, and 73.6% (n = 67) had DD biliary anatomy. Presenting symptoms included jaundice (23.1%, n = 21), abdominal pain (15.4%, n = 14), and fever (12.1%, n = 11), and 21 (25%) patients were asymptomatic. Initial imaging consisted of ultrasound (74.7%), CT (18.7%), and magnetic resonance cholangiopancreatography (MRCP, 6.6%) with a mean donor bile duct diameter of 4.6 (SD 1.9) mm. Imaging revealed a dilated duct in 9 (9.9%, 8 with ultrasound, 1 with MRCP) of patients. LB was performed as the first of the 2 tests in 51 (56%) patients, and 71.4% (n = 65) of LBs were performed via the percutaneous route. Nearly 75% of patients were on dual immunosuppression therapy (n = 68) with 22% of patients on monotherapy (n = 20) with the combination of tacrolimus and mycophenolate sodium being the most common combination therapy (n = 21).
Technically, all LB and ERCP procedures were performed successfully. The most common single diagnosis ultimately was AS (34.1%), followed by ACR (11%) with all diagnoses displayed in Table 2. A total of 29 (31.9%) patients had multiple concurrent diagnoses contributing to the elevation in LFTs (and included as final diagnoses), and the most common was a dual diagnosis of AS with ACR (14.3%, n = 13). Four (4.4%) patients had 3 concurrent diagnoses, all of which included ACR and AS (Table 2).

Diagnostic operating characteristics
The diagnostic operating characteristics of LB and ERCP are shown in Table 3. The overall accuracy of ERCP was 79.1% (95%CI: 69.3-86.9). The overall accuracy of LB was 93.4% (95%CI: 86.2-97.5). Combined, the 2 tests had an overall accuracy of 100% (95%CI: 96-100). 
For AS, ERCP had an accuracy of 100% (95%CI: 84.6-100) while LB had an accuracy of 72.7% (95%CI: 49.8-89.3). For ACR, LB had an accuracy of 100% (95%CI: 69.2-100) while ERCP had an accuracy of 0% (95%CI: 0-30.9). Sensitivities carried the same values as the accuracy in all cases due to the lack of false positive results. For the same reason, specificity could not be calculated for any of the diagnostic tests. 

Liver function tests
The mean R factor (ratio of alkaline phosphatase and alanine aminotransferase) was 2 (SD 2.4), with a mean alkaline phosphatase (AP) level of 392.6 (SD 248.4) IU/L and mean total bilirubin (TB) level of 4.5 (SD 5.4) mg/dL. The mean aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels were 200.5 (SD 674.8) and 205.4 (444.2), respectively. Between patients with AS and patients with ACR, there was no significant difference in R factor (AS: 1.9 vs ACR: 1.1, P = 0.24), AP (AS: 376.3 vs ACR: 452.2, P = 0.48), TB (AS: 4.1 vs ACR: 5.5, P = 0.41), AST (AS: 130.9 vs ACR: 127.9, P = 0.94), or ALT (AS: 203.1 vs ACR: 169.5, P = 0.58). There was also no difference between the 2 diagnoses in terms of bile duct diameter (AS: 4.8 mm vs ACR: 3.8 mm, P = 0.36). Patients with concurrent AS and ACR had a mean R factor of 1.06 (0.7). 

Adverse events
A total of 3 adverse events occurred after 96 ERCPs (3.1%): 1 case of mild post-ERCP pancreatitis treated conservatively, and 2 cases of post-procedure abdominal pain requiring overnight hospitalization and supportive care. One adverse event occurred after LB, a hepatoportal fistula that required hospitalization and angiography with embolization by Interventional Radiology. There was no significant difference in the adverse event rates due to ERCP or LB (3.1% vs 1.1%, P = 0.31).

DISCUSSION
It is common to encounter asymptomatic patients with abnormal LFTs in the post-LT setting, as well as symptomatic patients with normal LFTs. It is also common for patients to undergo multiple invasive diagnostic tests as part of the work-up. Abnormal LFTs post-LT are a major cause of unplanned hospital readmissions, and the ensuing work-up may consume significant resources[7]. ERCP is the accepted diagnostic and therapeutic test for suspected biliary pathology and LB is the accepted test for suspected hepatocellular pathology. But in reality, because of the poor specificity of LFT patterns and the limitations of cross-sectional imaging, patients with post-LT LFT elevations will too often undergo both procedures. The timing and order of these procedures is left to the discretion of the transplant surgeon, hepatologist and advanced endoscopist, with little evidence to guide them. Despite the high incidence of immune-mediated and biliary complications following LT, the usual clinical tools (e.g., clinical history, LFT patterns, bile duct diameter on imaging) are poorly specific for any single diagnosis. Besides the main finding of our study, this study demonstrated that patients with AS had no significant difference from patients with ACR in terms of R factor, alkaline phosphatase level, total bilirubin level, AST level, ALT level, or bile duct diameter. Hence, additional testing with LB and ERCP was justified.
Ultrasound and MRCP have variable accuracy in diagnosing biliary pathology post-LT, since obstructive ductal dilation in the transplanted liver is variable. Several studies have demonstrated poor sensitivity and specificity of bile duct diameter post-LT[8-11]. While both modalities can detect biliary dilatation, MRCP offers an advantage over ultrasound in being able to detect biliary strictures with a sensitivity ranging from 64%-79%[9,12]. While both of these modalities are first-line options for imaging in the diagnostic work-up of elevated LFTs after LT, we have found that MRCP both under-estimates and over-estimates stenosis size and severity. Additionally, ERCP permits a real-time accurate assessment of strictures, based on contrast drainage and balloon passage, and the ability to perform stricture therapy. For these reasons, we generally go straight to ERCP and bypass MRCP when there is significant ductal dilation, a cholestatic pattern of LFTs, or a negative LB.
To our knowledge, this is the largest study evaluating the diagnostic performance of combined LB and LT in patients with abnormal LFTs after LT. Our novel finding in this study is the high diagnostic accuracy for ERCP and LB, in contrast to standard laboratory tests or cross-sectional imaging. Diagnostic accuracy was 79.1% overall for ERCP and 93.4% overall for LB. Combined, the 2 tests study had an overall diagnostic accuracy of 100%. 
ACR and AS were the most frequent final diagnoses in our patients. These are commonly encountered diseases in the LT population, but the differential diagnosis remains broad (Figure 4) and includes de novo autoimmune hepatitis, recurrent liver disease (HCV, PSC, others), drug toxicity, de novo infection, biliary stones or casts, hepatic artery thrombosis, and more[2]. We recognize that a previously common clinical dilemma–differentiating recurrent HCV from ACR or other etiologies–is less common in the current direct-acting antiviral (DAA) era, and our study included patients in the current and pre-DAA eras. 
In the early days of LT, ACR was a near-universal complication resulting in long-term graft failure[13,14]. Advances in immunosuppression have subsequently led to reduced rates of allograft rejection, though the incidence still ranges from 20% to 40% after LT, with most occurring within the first month[15-17]. In addition, ACR remains clinically significant, impacting long-term graft survival and mortality[18]. The incidence of biliary complications after LT is highly variable but still relatively common. The estimated incidence of AS post-LT is up to 20% for patients following deceased donor LT and 19%-40% after living donor liver transplantation. Risk factors include graft ischemia, DD anastomosis, reperfusion injury, deceased donor, and hepatic artery thrombosis. The incidence of non-anastomotic stricture is 0.5% to 10%, while stones/sludge are seen post-LT in approximately 5% of patients. Biliary cast syndrome is less common (2.5%-3%)[19-22]. 
It is critical to make a prompt and diagnosis when a transplanted patient presents with abnormal LFTs, since graft survival depends on timely and appropriate treatment. While ACR is successfully treated with various combinations of immunosuppressive medication, the management of biliary complications is procedural. AS may be treated successfully with endoscopic placement of multiple plastic stents or a covered metal stent. Recent data suggests that metal stents incur fewer procedures and costs while leading to stricture resolution similarly to plastic stents[23].
Our study sheds light on the frequency of dual diagnoses in patients with abnormal LFTs post-LT, which is an under-studied phenomenon. In this study, 34 (37.4%) patients had multiple diagnoses, of which the most common combination was AS plus ACR (14.3%). Four patients (4.4%) ultimately received 3 final diagnoses. In practice, patients receive therapy for multiple diseases concurrently (e.g. stenting for AS plus corticosteroid bursts for AS), so knowing which diagnosis is dominant can be challenging. Previous studies assessing abnormal LFTs in the post-LT population mostly included patients undergoing LB or ERCP but not both, so our study may represent more complex, sicker patients[7]. Alternatively, some of the various diagnoses in our patients may be clinically silent. AS, for example, is quite subjective and may be diagnosed or treated by endoscopists even though the stricture may not be high-grade or impede bile flow. 
Our findings suggest that physicians managing post-LT patients can have a lower threshold to perform both LB and ERCP when evaluating abnormal LFTs within the context of the patient’s clinical presentation. While one modality alone has high diagnostic accuracy over lab tests and imaging, LB and ERCP combined have a very high diagnostic accuracy. Ultimately the decision to perform one test over the other depends on clinician experience, but both tests improve the diagnostic accuracy over one test alone. However, despite the high prevalence of multiple final diagnoses (37.4%), only 96 of 1284 transplanted patients at our center underwent both ERCP and LB during the study period, suggesting they are used sparingly overall. Finally, the adverse event rates of ERCP and LB are low, and we demonstrated no significant difference between the two.
This study was limited by its size and design. It was performed at a single, United States tertiary care hospital with experienced endoscopists and transplant hepatologists, so the results may not be generalizable to other centers. The final diagnosis was determined by review of the medical record and hence may be affected by bias or subjectivity amongst the various treating physicians. Moreover, a reproducible, objective grading score for AS has not been established. The study was also limited by its retrospective nature and by limiting the analysis to patients undergoing ERCP and LB early after LT during the 17-year study period. An additional limitation is the variable time gap between ERCP and LB, although across the entire study population the mean time interval between both procedures was relatively short (9.1 d) suggesting that the diagnostic evaluation typically occurred during a single clinical episode. Despite these limitations, our cohort represents the modern-day practice of ERCP and LB after LT, and the study permits a comparison between the 2 key diagnostic tests in the most common clinical scenarios. Future studies may include a prospective evaluation of abnormal LFTs post-LT or outcomes of post-LT patients who undergo empiric treatment without LB or ERCP. 

CONCLUSION
In summary, these results offer insight into the diagnostic and etiology of abnormal LFTs after LT, in which standard lab and imaging studies have poor specificity. Our study shows that LB and ERCP improve diagnostic accuracy over either test alone and carry low risk. Dual diagnoses are relatively common in this population. In the future, prospective and multicenter studies should include patients undergoing LB and ERCP beyond the early post-LT period and establish reproducible, objective criteria for the ultimate diagnosis.

ARTICLE HIGHLIGHTS
Research background
Elevated liver function tests (LFTs) are commonly encountered in the post-liver transplant (LT) setting. When a diagnosis is not made by history, labs, and cross-sectional imaging, endoscopic retrograde cholangiopancreatography (ERCP) and liver biopsy (LB) are commonly performed. However, the diagnostic performance of each of these tests individually and in combination remains unknown.

Research motivation
We first hoped to determine what are the most common diagnoses in the population of patients with elevated LFTs after LT. At the same time, we want to assess the diagnostic performance of both ERCP and LB in these patients so that we can decide which of these tests is safer and more effective at clinching the diagnosis.

Research objectives
We aimed to assess the diagnostic accuracy and safety of ERCP and LB together and in isolation for a final diagnosis in patients with unexplained LFT elevations after LT.

Research methods
In this single-center, retrospective study we evaluated patients undergoing both ERCP and LB for the evaluation of elevated LFTs within 6 mo of LT based on review of existing medical records. Diagnostic accuracy, sensitivity and specificity for the various final diagnoses were calculated for each test.

Research results
Anastomotic strictures (AS), acute cellular rejection (ACR) and concurrent AS and ACR were the most common diagnoses. ERCP carried an accuracy of 79.1%, LB had an accuracy of 93.4%, and the combination of the 2 had an accuracy of 100% (95%CI: 96-100). The pattern of liver chemistries (R Factor) did not diagnostic accuracy of either test. Adverse event rates did not differ between the 2 tests.

Research conclusions
While LB had a higher accuracy than ERCP, the combination of the 2 tests had an accuracy of 100% and a low adverse event rate, suggesting that physicians can have a low threshold in utilizing both modalities for the evaluation of elevated LFTs.

Research perspectives
In patients with elevated LFTs after LT without a diagnosis, neither LB nor ERCP is clearly superior. Both tests can be used and the decision to use one over the other will depend on the clinical context and physician preference. However, when necessary both tests can be used safely together to reach a final diagnosis in nearly all patients.
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Figure Legends
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Figure 1 Photomicrograph of representative portal tract in acute cellular rejection. Mixed, lymphocyte predominant portal-based inflammation, bile duct inflammation characterized by lymphocyte infiltration (circle), and a large portal venule with subendothelial lymphocyte infiltration and intraluminal lymphocyte tethering[24] (hematoxylin and eosin stain, 40 ×).
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Figure 2 Cholangiogram during endoscopic retrograde cholangiopancreatography demonstrating an anastomotic stricture (arrow).
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Figure 3 Flow diagram of patients. ERCP: Endoscopic retrograde cholangiopancreatography.
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[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Figure 4 Causes of liver test abnormalities after liver transplantation. Legend: Used with permission from Lucey et al[2], 2013. HBV: Hepatitis B virus; HCV: Hepatitis C virus; PBC: Primary biliary cholangitis; PSC: Pulmonary scar cancer.

Table 1 Baseline characteristics reported as n (%) or mean (SD)
	Variable
	Overall cohort (n = 91)

	Age
	51 (12.1)

	Sex (male)
	68 (74.7)

	Presenting symptom
	

	Jaundice
	21 (23.1)

	Fever
	11 (12.1)

	Abdominal pain
	14 (15.4)

	Asymptomatic
	21 (25)

	Liver biopsy performed first
	51 (56)

	Percutaneous liver biopsy
	65 (71.4)

	Bile duct diameter (mm)
	4.6 (1.9)

	R factor
	2 (2.4), Range: 0.1-6.4

	Alkaline phosphatase (international units/liter)
	392.6 (248.4)

	AST (units/liter)
	200.5 (674.8)

	ALT (units/liter)
	205.4 (444.2)

	Total bilirubin (mg/dL)
	4.5 (5.4)

	Deceased donor
	73 (80.2)

	Transplant biliary anatomy 
	

	Duct-to-duct
	67 (73.6)

	Roux-en-Y hepaticojejunostomy
	24 (26.4)

	Tacrolimus
	66 (73.3)

	Sirolimus
	20 (22.2)

	Everolimus
	6 (6.6)

	Mycophenolate sodium
	28 (31.1)

	Mycophenolate mofetil
	13 (14.4)

	Cyclosporine
	16 (17.8)

	Prednisone
	20 (22.2)

	Immunosuppression monotherapy
	20 (22)

	Dual immunosuppression therapy
	68 (74.7)

	Triple immunosuppression therapy
	3 (3.3)


AST: Aspartate aminotransferase; ALT: Alanine transaminase.

Table 2 Etiologies of liver function test elevation reported as n (%)
	Single diagnosis
	n (%)

	Anastomotic stricture
	31 (34.1)

	Acute cellular rejection
	10 (11)

	Recurrent primary sclerosing cholangitis
	6 (19.4)

	Recurrent HCV
	5 (5.5)

	Biliary cast syndrome
	3 (3.3)

	Ischemic cholangiopathy
	2 (2.2)

	Papillary stenosis
	1 (1.1)

	Posterior reversible encephalopathy syndrome 
	1 (1.1)

	Cholestatic hepatitis 
	1 (1.1)

	Recurrent PBC 
	1 (1.1)

	Venous outflow obstruction
	1 (1.1)

	Two diagnoses
	

	Anastomotic stricture and acute cellular rejection
	13 (14.3)

	Recurrent HCV and anastomotic stricture
	6 (19.4)

	Bile leak and acute cellular rejection 
	2 (2.2)

	Congestive hepatopathy and anastomotic stricture 
	1 (1.1)

	Anastomotic stricture and suprahepatic cava stenosis
	1 (1.1)

	Recurrent PBC and anastomotic stricture
	1 (1.1)

	CMV hepatitis and bile leak
	1 (1.1)

	Three diagnoses
	

	Acute cellular rejection, anastomotic stricture, and recurrent HCV
	2 (2.2)

	Acute cellular rejection, anastomotic stricture, and de novo autoimmune hepatitis
	1 (1.1)

	Acute cellular rejection, anastomotic stricture, and CMV hepatitis
	1 (1.1)


HCV: Hepatitis C virus; PBC: Primary biliary cholangitis; CMV: Cytomegalovirus.

Table 3 Operating characteristics for endoscopic retrograde cholangiopancreatography and liver biopsy in diagnosing post-liver transplant complications
	
	ERCP
	LB
	ERCP + LB

	Overall accuracy % (95%CI)
	79.1 (69.3-86.9)
	93.4 (86.2-97.5)
	100 (96-100)

	Overall sensitivity % (95%CI)
	79.1 (69.3-86.9)
	93.4 (86.2-97.5)
	100 (96-100)

	Acute cellular rejection accuracy % (95%CI)
	0 (0-30.9)
	100 (69.2-100)
	100 (91.9-100)

	Anastomotic stricture accuracy % (95%CI)
	100 (84.6-100)
	72.7 (49.8-89.3)
	100 (89.4-100)


ERCP: Endoscopic retrograde cholangiopancreatography; LB: Liver biopsy.
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