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Abstract
BACKGROUND
[bookmark: OLE_LINK3][bookmark: OLE_LINK2][bookmark: OLE_LINK4]The global coronavirus disease 2019 (COVID-19) pandemic has caused more than 5 million deaths. Multiorganic involvement is well described, including liver disease. In patients with critical COVID-19, a new entity called "post-COVID-19 cholangiopathy" has been described.

CASE SUMMARY
Here, we present three patients with severe COVID-19 that subsequently developed persistent cholestasis and chronic liver disease. All three patients required intensive care unit admission, mechanical ventilation, vasopressor support, and broad spectrum antibiotics due to secondary infections. Liver transplant protocol was started for two of the three patients.

CONCLUSION
Severe COVID-19 infection should be considered a potential risk factor for chronic liver disease and liver transplantation.
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[bookmark: OLE_LINK4894][bookmark: OLE_LINK4895]Core Tip: Coronavirus disease 2019 (COVID-19) multiorganic involvement is well described, including liver disease. In patients with critical COVID-19 requiring invasive mechanical ventilation and management in the intensive care unit, a new entity called “post-COVID-19 cholangiopathy” has been described. It is characterized by persistent cholestasis and chronic liver disease. Therefore, severe COVID-19 infection should be considered a potential risk factor for chronic liver disease probably requiring liver transplantation.

INTRODUCTION
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The global coronavirus disease 2019 (COVID-19) pandemic has caused more than 5100000 deaths worldwide, and as it grows, the knowledge of the disease as well as the discovery of new complications increases. Up to 30% of patients with COVID-19 present with abnormal liver chemistry during the course of the disease[1]; this can occur due to the expression of angiotensin-converting enzyme II in cholangiocytes, a shared mechanism responsible for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) entry into the cell. While most patients with COVID-19 develop mild and transient elevation of aminotransferases, in patients with critical disease requiring invasive mechanical ventilation and management in the intensive care unit (ICU), a new entity called “post-COVID-19 cholangiopathy” has been described, with only few cases reported to date[2]. 
Here, we present three patients with severe COVID-19, who subsequently developed persistent cholestasis and chronic liver disease.

CASE PRESENTATION
Chief complaints
Case 1: A 45-year-old male presented to the emergency department of our hospital complaining of malaise, cough, fever, and progressive dyspnea.

Case 2: A 52-year-old male presented to the emergency department of our hospital with severe dyspnea and a positive real-time PCR (RT-PCR) SARS-CoV-2 test.

Case 3: A 46-year-old woman presented to the emergency department of our hospital complaining of malaise, headache, cough, fever, and progressive dyspnea.

History of present illness
Case 1: Patient´s symptoms started 10 d before hospital admission, with dyspnea at rest as the main complaint at admission.

Case 2: Patient’s symptoms started 7 d before his admission, and included malaise, cough, fever, and progressive dyspnea. Two days before admission, the patient presented with nausea, emesis, non-inflammatory diarrhea, and dyspnea at rest. 

Case 3: Patient´s symptoms started 13 d before admission, including cough, malaise and headache. During this time, a positive RT-PCR SARS-CoV-2 test was obtained and she received symptomatic treatment with acetaminophen. Forty-eight hours before admission, she presented with persistent fever and resting dyspnea.

History of past illness
[bookmark: _Hlk104465755]Case 1: Patient’s history was relevant for longstanding type 2 diabetes mellitus, systemic arterial hypertension, and chronic kidney disease KDIGO III. No history of hepatic disease was reported.

Case 2: Patient’s history was relevant for chronic kidney disease on hemodialysis, type 2 diabetes, and hypertension. No history of hepatic disease was reported.

Case 3: Patient’s history was relevant for history of chronic kidney disease on hemodialysis, type 2 diabetes mellitus, and hypertension. No history of hepatic disease was reported.

Personal and family history
No SARS-CoV-2 vaccine was available at the time of presentation. Family history was unremarkable in all three patients. 

Physical examination
Case 1: Physical examination was relevant for oxygen saturation (SpO2) measured by pulse oximeter of 52%, tachypnea, respiratory distress, and crackles on chest auscultation.

Case 2: Physical examination was relevant for SpO2 measured by pulse oximeter of 50%, tachypnea, temperature of 37.8 °C, respiratory distress, and crackles on chest auscultation. Bilateral lower extremity edema was present.

Case 3: Physical examination was relevant for SpO2 measured by pulse oximeter of 80%, tachypnea, and crackles on chest auscultation.

Laboratory examinations
Case 1: At admission, blood tests showed lymphopenia, D-dimer 1093 ng/mL, ferritin 1436 ng/mL, creatinine 8.8 mg/dL and normal liver chemistry. SARS-CoV-2 infection was subsequently confirmed by RT-PCR, and the patient required invasive mechanical ventilation due to respiratory failure type 1 [partial pressure of oxygen (PaO2)/fraction of inspired oxygen (FiO2) ratio of 80].

Case 2: At admission, blood tests showed lymphopenia and elevated inflammatory blood markers. Liver chemistry was normal. 

Case 3: Initially, her liver chemistry was normal and elevated inflammatory blood markers were reported. After 72 h of admission, she developed severe hypoxemia (PaO2/FiO2 ratio of 91) requiring mechanical ventilation and admission to the ICU.

Imaging examinations
Chest computed tomography (CT) was performed in all cases, which showed peripheral, bilateral ground glass opacities consistent with severe pulmonary involvement (> 50%) secondary to SARS-CoV-2 infection. 

Further evolution and diagnostic work-up
Case 1: During hospitalization after 33 d of stay in the ICU, the patient required sedation with midazolam, fentanyl, and ketamine, high positive end-expiratory pressure (up to 20 cm H2O) and use of norepinephrine (maximum dose of 0.45 µg/kg/min). In addition, he was treated with meropenem, vancomycin, ceftriaxone, and co-trimoxazole due to blood and tracheal aspirate cultures yielding Enterobacter cloacae, Stenotrophomonas maltophilia, and Klebsiella pneumoniae. Finally, the patient developed gastrointestinal bleeding caused by duodenal ulcers and required hemodialysis for acute renal failure and metabolic acidosis. 
Interestingly, during his stay in the ICU, liver chemistry showed a cholestatic pattern (R factor of 0.7) with an isolated and persistent increase in alkaline phosphatase (ALP) levels. The initial diagnostic workup, included abdominal ultrasound and CT, which did not show bile duct dilatation. The patient eventually improved his clinical conditions, including liver chemistry showing a decrease in ALP levels, extubation on the 35th day, and discharged 42 d after his initial presentation at the endoscopy. 
[bookmark: OLE_LINK8]Six weeks after discharge, he developed jaundice, pruritus, and sleep disturbances. New biochemical parameters reported a total bilirubin (TB) 5.8 mg/dL, direct bilirubin (DB) 3.4 mg/dL, and ALP 1328 U/L. Interestingly, hypercholesterolemia developed in the patient, with peak levels reaching 1920 mg/dL (normal < 200 mg/dL). A contrast-enhanced CT scan showed intrahepatic bile duct dilatation and a common bile duct diameter of 8 mm with biliary sludge. An endoscopic retrograde cholangiography (ERCP) was performed and cholangiography confirmed dilation of intrahepatic and extrahepatic bile ducts, a sphincterotomy and balloon sphincteroplasty were also performed, obtaining a bile duct stone, bile duct casts and dark bile, ultimately a biliary plastic stent was placed (Figure 1A). Despite this, there was no improvement in liver chemistry, showing a persistent elevation of ALP levels (> 15 × upper limit of normal); therefore, magnetic resonance cholangiography was performed, showing multiple areas of stenosis in the distal intrahepatic bile ducts (Figure 1B). Differential diagnosis of liver chemistry abnormalities included autoimmune hepatitis, primary biliary cholangitis, primary sclerosing cholangitis (SSC), immunoglobulin G4-related disease, viral hepatitis, and drug-induced liver injury (DILI), all of which were ruled out by negative specific antibodies, Ig, and liver biopsy. Percutaneous liver biopsy showed findings consistent with intracanalicular cholestasis, portal inflammation, ductular reaction, and moderate portal fibrosis (Figure 2).

Case 2: He required invasive mechanical ventilation with intermittent prone positioning due to respiratory failure type 1 (PaO2/FiO2 ratio of 73). On day 28 of ICU stay, the patient required hemodialysis, red blood cell transfusions, high positive end-expiratory pressure (up to 20 cm H2O), and use of norepinephrine (maximum dose of 0.5 μg/kg/min). He received treatment with meropenem, vancomycin, moxifloxacin, co-trimoxazole and voriconazole due to Streptococcus pneumoniae and Staphylococcus aureus bacteremia (endocarditis was ruled out); ventilator-associated pneumonia due to S. maltophilia, E. cloacae, and Aspergillus fumigatus. Subsequently, liver chemistry showed a cholestatic pattern (R factor < 2) with a persistent increase in ALP and gamma-glutamyl transferase (GGT) levels. Initial diagnostic workup with abdominal ultrasound was negative. 
The patient improved his general condition and was discharged 2 mo after admission. During follow-up, he presented with jaundice; liver chemistry reported TB 9.47 mg/dL, DB 5.62 mg/dL, and ALP of 1695 U/L. Viral hepatitis panel and autoimmune cholestatic disease-specific antibodies were negative. Magnetic resonance cholangiography was performed, showing multiple areas of short stenosis with a pattern of SSC (Figure 1C). ERCP was performed in which filling defects of the main bile duct were identified in cholangiography; after sphincterotomy, bile sludge and biliary casts were obtained. Despite the ERCP, there was no improvement in liver function test, showing persistent elevation of ALP levels and TB 22.7 mg/dL. 

Case 3: During her 20-d ICU stay, the patient required hemodialysis, high positive end-expiratory pressure (up to 20 cm H2O), and use of norepinephrine (maximum dose of 0.13 µg/kg/min). She developed ventilator-associated pneumonia due to Pseudomonas aeruginosa and received treatment with imipenem, piperacillin/tazobactam, and moxifloxacin.
During her stay, she presented with progressive cholestasis (R factor of < 2) reaching TB up to 17.32 mg/dL, DB 11.59 mg/dL, GGT 211 U/L, and ALP 705 U/L. Abdominal CT scan showed intrahepatic and extrahepatic biliary dilation without evident cause of obstruction. Viral hepatitis panel and autoimmune cholestatic disease-specific antibodies were negative. Magnetic resonance cholangiography was performed, showing intrahepatic and extrahepatic bile ducts with irregular morphology, without evidence of obstruction and periportal edema (Figure 1D).

FINAL DIAGNOSIS
[bookmark: OLE_LINK12]With these findings, including clinical course, ruling out other alternative diagnoses and a close and temporal relationship with SARS-CoV-2 infection, a diagnosis of secondary SSC due to severe COVID-19 was made. 

TREATMENT
Case 1: Treatment with ursodeoxycholic acid, cholestyramine, and sertraline was started, showing no clinical improvement on liver chemistry at 8 wk, with persistent elevation of ALP, TB, and GGT. 

Case 2: Treatment with ursodeoxycholic acid was started, showing no clinical improvement on liver chemistry. 

Case 3: Treatment with ursodeoxycholic acid was started, with persistent elevation of ALP, TB, and GGT. 

OUTCOME AND FOLLOW-UP
Case 1: Currently, the patient remains under follow-up without cholestasis improvement and is being evaluated for liver transplantation at our center.

Case 2: A vibration-controlled transient elastography was performed 6 mo after severe COVID-19 admission showing a median of 20.2 KPa (interquartile range/med 17%; FibroScan Echosens™, M probe). Currently, the patient is under palliative care due to Fournier's gangrene and penile necrosis associated sepsis. Liver transplantation protocol was stopped.

Case 3: The clinical evolution of the patient was protracted, and 1 mo after admission, she presented with cardiorespiratory arrest that was not reversible after advanced cardiopulmonary resuscitation maneuvers.

DISCUSSION
SCC is a chronic cholestatic disease, derived from multiple insults to the biliary tract including chronic obstruction, infectious disease, autoimmune, and ischemic cholangiopathy. Similar to primary SSC, its manifestations include chronic cholestasis, radiologic evidence of stenosis and dilations of the biliary tract, and the potential to progress to liver cirrhosis.
[bookmark: OLE_LINK13][bookmark: OLE_LINK31]In 2001, Scheppach et al[3] reported a series of 3 patients admitted to the ICU due to extrahepatic infections without preexisting biliary or hepatic disease. During their stay, all three developed progressive persistent cholestasis with radiologic (magnetic resonance imaging [MRI] and ERCP) evidence of biliary dilation and stenosis without mechanical obstruction, and eventually progression to liver cirrhosis. In recent years, many centers worldwide have reported SSC in a growing number of patients who have recovered from critical illnesses.
[bookmark: OLE_LINK14]The key element in the pathophysiology of SCC in critically ill patients (SSC-CIP) seems to be ischemia. Severe hypotension, mechanical ventilation, hypoxemia, red blood cell transfusion, and the use of vasopressors all cause significant hemodynamic changes, which directly damage the epithelium of the intrahepatic biliary tract, whose only source of arterial blood supply comes from the peribiliary vascular plexus, this favors the formation of strictures and biliary casts from necrosis tissue and collagen, which also causes mechanical obstruction. These patients present with persistent cholestasis, 7-9 d after the beginning of the condition that led them to the ICU, followed by hyperbilirubinemia; usually with normal or mildly elevated aspartate aminotransferase to alanine aminotransferase ratio; cholestasis persists even after the critical illness has resolved. Filling defects from biliary casts, stenosis and dilations of the intrahepatic biliary tract can be found in imaging studies (MRI and ERCP). Histopathology is highly unspecific, with only 30% of biopsies showing cholestasis associated morphologic changes with different degrees of liver fibrosis[4].
In 2020 with the emergence of COVID-19, many patients were admitted to the ICU, requiring prolonged mechanical ventilation and use of vasopressors due to shock and severe hypoxemia; which are factors associated with ischemic injury to the biliary tract. Since then, some centers have reported cases of progressive and persistent cholestasis in COVID-19, 16 patients (Table 1) with abnormal findings on MRI or ERCP (beading of intrahepatic ducts, bile duct wall thickening with enhancement, and peribiliary diffusion high signal) some associated with the use of Ketamine[2,5-10]. Roth et al[2] described 3 patients who developed prolonged and severe cholestasis during recovery from severe COVID-19. Clinical, histologic, and imaging features of these 3 patients were similar to those of SSC-CIP with few exceptions; no biliary casts were found during ERCP and biopsies revealed severe cholangiocyte injury and intrahepatic microangiopathy suggesting direct biliary injury from SARS-CoV-2. Only 1 of 3 biopsies was positive for SARS-CoV-2 in immunohistochemistry and in situ hybridization.
The 3 cases described here (Table 2), could also represent a confluence between SSC-CIP and direct hepatic injury from COVID-19. Our patients were admitted to the ICU due to severe COVID-19 requiring prolonged mechanical ventilation and vasopressors and developed cholestasis after admission, which was progressive and persisted even after resolution of choledocholithiasis and long after cardiopulmonary recovery. Characteristic imaging changes were found in MRI in our patients such as intrahepatic bile ducts stenosis and histopathologic changes were identical to those reported by Roth et al[2], suggesting a direct biliary injury from SARS-CoV-2. We did not perform immunohistochemistry and in situ hybridization for SARS-CoV-2 due to lack of availability in our center.
Nevertheless, we must take into consideration that the differential diagnosis of cholestasis in the ICU is broad, and one important diagnosis to consider is DILI. Bile duct injury due to DILI has emerged as a distinct entity, causing persistent cholestasis and cholangiographic changes consistent with SSC. Our patients received antibiotics and ketamine, both associated with bile duct injury due to DILI. However, the Council for International Organizations of Medical Sciences/Roussel Uclaf Causality Assessment Method Score discarded causality in all cases, mostly because other causes of cholestasis could not be ruled out.
Prognosis in patients with SSC-CIP is poor, with a median transplant-free survival of 13-44 mo; significantly lower than other causes of SSC. Transplant-free survival at 1 year is 55% and 14% at 6 years[4]. In patients with COVID-19 cholangiopathy, prognosis is not well known; to our knowledge, there is one reported case of a 47-year-old man with a successful orthotopic liver transplantation post COVID-19 and is doing well with normal liver tests for 7 mo[9].

CONCLUSION
We believe that our diagnosis is consistent with post-COVID-19 cholangiopathy, although elements of the clinical course, histopathology and radiologic findings may be shared with SSC-CIP, severe COVID-19 is the common element in these patients, and seems to be associated with unique histopathologic features not previously observed in SSC-CIP. Further investigation into treatment and prognosis is required, mostly because persistent cholestasis may lead to liver cirrhosis. Therefore, we propose that severe COVID-19 infection should be considered a potential risk factor for chronic liver disease and liver transplantation.
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Figure 1 Sclerosing cholangitis imaging findings. A: Cholangiogram showed dilatation of the common bile duct and its intrahepatic branches in the first case; B: Magnetic resonance imaging (MRI) demonstrated multiple short stenosis of the intrahepatic bile ducts; C and D: In the second and third case, the MRI showed multiple stenosis of the intrahepatic bile duct.


[image: ]
Figure 2 Histological findings. A: Histological sections of the liver (magnification 4 ×) stained with hematoxylin and eosin (H&E) showing mixed inflammatory infiltrate in portal spaces; B and C: H&E (magnification 10 ×) showing regenerative changes and swelling of cholangiocytes, as well as presence of inflammatory infiltrate in the portal space vein and hepatic artery; D and E: Intracanalicular and cytoplasmic cholestasis is observed predominantly in space 3, fibrosis in portal and periportal space (magnification 40 × and 10 ×, respectively); F: Immunohistochemistry for cytokeratin 7 (CK7) demonstrating CK7 metaplasia in hepatocytes and ductular reaction (magnification 40 ×).


[bookmark: _Hlk104474830]Table 1 Clinical, images and histological characteristics of the patients reported with post-coronavirus disease 2019 cholangiopathy
	Ref.
	Patients
	Underlying conditions
	Drugs
	ERCP
	MR cholangiography
	Liver biopsy
	Follow-up

	Knooihuizen et al[5]
	Female, 54 yr
	Diabetes, hypothyroidism, hypertension, and hyperlipidemia
	Hydromorphone, midazolam, propofol and ketamine
	No reported
	Intrahepatic dilatation
with a beaded appearance and dilated common bile duct with distal narrowing
	Biliary ductular reaction with lobular inflammation and one small non-necrotizing lobular granuloma without viral inclusions
	Continued improvement

	[bookmark: OLE_LINK24]Edwards et al[6]
	Male, 59 yr
	None
	Vancomycin and co-trimoxazole
	Sclerosing cholangitis in the intrahepatic ducts
	Hypointense filling defects within the common bile duct and intrahepatic bile ducts were also dilated and demonstrated some beading
	Not reported
	Not reported

	Mallet et al[7]
	3 males and 2 females
	Hypertension, diabetes, one with KT and one with HBV infection
	Ketamine and no other drugs reported
	Filling defects in CBD and rarefication of the intrahepatic biliary tract
	Sclerosing cholangitis, with strictures and dilatations of intrahepatic bile ducts, peribiliary cysts and multiple biliary casts
	Biliary obstructions, cholangiolar proliferation, biliary plugs, portal inflammation with neutrophil infiltrates, extensive biliary fibrosis and cirrhosis
	1 died SSC and cirrhosis, 1 died biliary sepsis, 1 pruritus without jaundice and 2 recurrent biliary sepsis

	Sanders et al[8]
	Male, 57 yr
	Hypertension and diabetes
	No reported
	Bile duct stone cast and intrahepatic duct stenosis without dilation
	No reported
	No reported
	No reported

	Durazo et al[9]
	Male, 47 yr
	Obesity, OSA, hypertension, and hyperlipidemia
	HCQ
	Small pigment stone and diffuse intrahepatic biliary strictures
	Mild intrahepatic biliary ductal dilatation with multifocal strictures or beading without extrahepatic biliary dilatation
	[bookmark: OLE_LINK25]Mononuclear inflammatory infiltration within the wall of the bile duct, bile lake associated with bile duct injury, microarteriopathy with endothelial cell swelling and obliteration of the lumen and obliterative portal venopathy
	On day 108, the patient underwent an OLT

	Roth et al[2]
	2 males and 1 female
	None
	 Multiple antibiotics
	2 sludge and stone extracted
	Beading, with multiple short segmental strictures
	Ductal reaction, bile duct paucity, cholangiocyte swelling, cholangiocyte regenerative change, portal tract inflammation, endothelial swelling, focal endophlebitis portal veins, cholestasis hepatocanalicular and fibrosis 
	No reported

	Bütikofer et al[10]
	3 males and 1 female
	Diabetes
	Ketamine
	No reported
	Diffuse irregularities of the bile ducts with dilatations and strictures
	Portal edema, mixed portal inflammation and pronounced bile duct damage with ductular reaction as well as lobular bile infarcts and severe hepatocellular, canalicular, focally ductular cholestasis and pericellular fibrosis around portal tracts and central veins 
	1 cirrhosis Child B, MELD 17, 2 died pulmonary infection and 1 persistently increased ALP


ALP: Alkaline phosphatase; CBD: Common bile duct; ERCP: Endoscopic retrograde cholangiopancreatography; HBV: Hepatitis B virus; HCQ: Hydroxychloroquine; KT: Kidney transplantation; MELD: Model for End-stage Liver Disease; MR: Magnetic resonance; OLT: Orthotopic liver transplantation; OSA: Obstructive sleep apnea; SSC: Sclerosing secondary cholangiopathy.


Table 2 Clinical characteristics
	
	Patient 1
	Patient 2
	Patient 3

	Demographics

	Age (yr)
	45
	52
	46

	Sex
	Male
	Male
	Female

	Comorbidities
	[bookmark: OLE_LINK26]T2D, HT, CKD KDIGO III
	T2D, HT, CKD KDIGO V
	T2D, HT, CKD KDIGO V

	COVID-19 infection

	ICU admission
	Yes
	Yes
	Yes

	Mechanical ventilation
	Yes
	Yes
	Yes

	Vasopressor support
	Yes
	Yes
	Yes

	Renal replacement therapy
	Yes
	Yes (on hemodialysis before admission)
	Yes (on hemodialysis before admission)

	Secondary infections
	Ventilator-associated pneumonia due to Enterobacter cloacae, Stenotrophomonas maltophilia and Klebsiella pneumoniae
	Streptococcus pneumoniae and Staphylococcus aureus bacteremia. Ventilator-associated pneumonia due to Stenotrophomonas maltophilia, Enterobacter cloacae and Aspergillus fumigatus
	Ventilator associated pneumonia due to Pseudomonas aeruginosa

	Antibiotics
	Meropenem, vancomycin, ceftriaxone and co-trimoxazole
	Meropenem, vancomycin, moxifloxacin, co-trimoxazole and voriconazole
	Imipenem, piperacillin/tazobactam and moxifloxacin

	COVID-19 specific therapy
	Dexamethasone
	Dexamethasone
	Dexamethasone

	Liver chemistries on admission

	TB (mg/dL)
	0.36
	0.37
	0.47

	ALT (U/L)
	37
	20
	11.8

	AST (U/L)
	33
	46
	35.9

	ALP (U/L)
	89
	128
	91

	Peak liver chemistries

	TB (mg/dL)
	11.72
	22.7
	17.32

	ALT (U/L)
	63
	62.7
	7.9

	AST (U/L)
	119
	184.1
	46.4

	ALP (U/L)
	2146
	2370
	705

	Last liver chemistries

	TB (mg/dL)
	6.41
	8.82
	

	ALT (U/L)
	48
	9.3
	

	AST (U/L)
	129
	52.6
	

	ALP (U/L)
	3250
	1870
	

	Sclerosing cholangitis imaging findings (CT, ERCP, MRI) 
	Yes
	Yes
	Yes

	Histology
	Intracanalicular cholestasis, portal inflammation, ductular reaction and moderate portal fibrosis
	None
	None

	Evidence of liver fibrosis
	Yes (histology)
	Yes (VCTE)
	No

	Death
	No
	No
	Yes


ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; COVID-19: Coronavirus disease 2019; CKD: Chronic kidney disease; CT: Computed tomography; ERCP: Endoscopic retrograde cholangiopancreatography; HT: Hypertension; ICU: Intensive care unit; MRI: Magnetic resonance imaging; TB: Total bilirubin; T2D: Type 2 diabetes; VCTE: Vibration-controlled transient elastography. 
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