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Abstract
Purpose of Review  This review synthesizes recent evidence of secondary sclerosing cholangiopathies, specifically IgG4-
sclerosing cholangiopathy, post-transplant cholangiopathies, COVID-19-induced cholangiopathy, and sclerosing cholan-
giopathies due to critical illness.
Recent Findings  The clinical diagnostic criteria and practice guidelines have been updated for IgG4-sclerosing cholangiopa-
thy. Cholangiopathy associated with livers donated after circulatory death has been further characterized, though incidence 
is expected to decline significantly as the use of normothermic perfusion technologies expands. COVID-19 sclerosing chol-
angiopathy, a likely novel entity similar in pathogenesity to sclerosing cholangiopathy of critical illness, has been identified 
during the SARS-CoV-2 pandemic.
Summary  The evaluation of progressive cholestasis requires consideration of rarer forms of secondary cholangiopathies 
based on clinical context.
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Introduction

Sclerosing cholangiopathies—progressive inflammatory pro-
cesses of the bile ducts (BD) that lead to their destruction 
and consequent liver dysfunction—are categorized as either 
primary or secondary. Primary sclerosing cholangitis (PSC) 
is a prototypical, primary, immune-mediated cholangiopathy, 
often associated with inflammatory bowel disease and with a 
distinct risk of cholangiocarcinoma, though the precise driv-
ers are not well understood and treatment is usually support-
ive until the need for liver transplantation [1, 2]. Conversely, 
secondary sclerosing cholangiopathies have identifiable trig-
gers and varied disease courses and treatments [3]. In this 
review, we address four distinct secondary sclerosing cholan-
giopathies: IgG4 sclerosing cholangiopathy, post-transplant 
ischemic cholangiopathy, sclerosing cholangiopathy of 

critical illness, and post-COVID-19 cholangiopathy, which 
represent more epidemiologically important entities.

By definition, the hallmark clinical presentation of chol-
angiopathies is cholestasis, marked by abnormal eleva-
tion of serum alkaline phosphatase and gamma glutamyl 
transferase levels. When cholangiopathies progress to sig-
nificantly impairing choleresis or liver synthetic function, 
serum total bilirubin levels may also be elevated. Patients 
may complain of pruritus and fatigue, and may present with 
jaundice when total bilirubin is elevated. When disease is 
prolonged, consequences of cholestasis such as fat-soluble 
vitamin deficiency and bone mineral loss can be expected. 
Impaired choleresis due to strictures can lead to acute and 
chronic cholangitis, and irreversible states are characterized 
by loss of biliary endothelial integrity causing intrahepatic 
bilomas and chronic biliary inflammation leading to wast-
ing, liver fibrosis, and eventual liver failure. Depending on 
the chronicity of inflammation, patients may be at risk of 
cholangiocarcinoma, but the rapidity of the progression of 
secondary cholangiopathies appear to suggest this to be of 
lower likelihood. As biliary injury progresses, sclerosing 
cholangiopathies are readily diagnosed by magnetic reso-
nance cholangiography (MRC) or endoscopic retrograde 
cholangiography (ERC) which confirm multifocal biliary 
strictures and pruning of the peripheral bile ducts [4, 5].
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The process of biliary endothelial injury, which ulti-
mately leads to biliary stricturing and the above downstream 
clinical complications, can be traced to impaired hepatic 
arterial flow causing ischemic death of cholangiocytes and 
cholangiocyte regenerative structures like peribiliary glands, 
immune-mediated attacks on cholangiocytes, and/or bile 
composition-mediated inflammation of cholangiocytes [6, 
7]. The pathophysiology however is often multi-factorial. 
Nonetheless, this allows for a convenient categorization of 
secondary sclerosing cholangiopathies and treatments or 
supportive care that are geared at addressing these specific 
causes [8, 9]. Besides attempts to address the root cause, 
supportive therapeutic options for sclerosing cholangitis are 
limited. Biliary strictures causing obstructive jaundice are 
best addressed by ERC or percutaneous biliary drainage, in 
order to restore choleresis and reduce the risk of cholangi-
tis. Advanced cholangiopathies, manifesting in progressive 
jaundice, wasting, fibrosis, or biloma formation, however, 
usually represent an irreversible state and are best treated 
with liver transplantation.

IgG‑4 Sclerosing Cholangiopathy

IgG4 sclerosing cholangiopathy (IgG4-SC) is a liver-spe-
cific subtype of IgG4-related disease (IgG4-RD), a systemic 
condition of prolific IgG4-positive plasma deposition and 
consequent inflammation and fibrosis [10, 11] With IgG4-
SC, these plasma cells are deposited transmurally in bil-
iary ductal tissue, leading to an intense lymphoplasmacytic 
inflammatory response, storiform (cartwheel-like) fibrosis, 
and obliterative phlebitis [12]. IgG4-related autoimmune 
pancreatitis (AIP) coexists in 83–92% cases of IgG4-SC [10, 
11, 13]. Overall prevalence of IgG4-SC has been difficult to 
estimate as it is a relatively new disease whose diagnostic 
criteria were not formally established until the early 2000s. 
However, based on population studies up until 2020, IgG4-
SC has a predilection for older males with an average age at 
diagnosis of 67 years [14].

The specific triggers of IgG4-SC are not known. Gut 
microbiome or metabolome dysregulation is believed to 
have an influence on PSC progression, and small studies 
have attempted to determine if similar correlations exist with 
IgG4-SC. For instance, in a study performed by Liu et al., 
16 s rRNA amplicon sequencing of fecal samples in patients 
with PSC, IgG4-SC (n = 34), and healthy controls demon-
strated low levels of the Blautia species and elevated levels 
of succinic acid as a distinct signature of IgG4-SC patients 
[15]. Whether this correlation is causal or has prognostic 
implications on the disease is unclear.

The cholangiographic appearance of IgG4-SC allows 
for identification of four sub-forms of the disease. Type 1 

IgG4-SC causes stenosis isolated to the common bile duct 
(CBD). Type 2a involves CBD stenosis and intrahepatic bil-
iary strictures with associated proximal dilation, and type 
2b involves CBD stenosis and intrahepatic biliary strictures 
without proximal dilation. Type 3 IgG4-SC is characterized 
by stenosis of the CBD and hilar bile ducts, while type 4 
stenoses are isolated to the hilar bile ducts [16, 17•].

Definite diagnosis of Ig4-SC however can be challeng-
ing. While serum IgG4 levels are usually elevated in IgG4-
SC, this is not sufficient to diagnose the condition [18]. For 
instance, serum IgG4 and/or tissue IgG4 staining is detect-
able in up to a quarter of patients with PSC—a condition 
with markedly different treatment, monitoring, and prognos-
tic implications from IgG4-SC. Attempting to differentiate 
IgG4-SC and PSC is also challenging as both conditions 
may have similar cholangiographic appearances. Given the 
clinical implications, studies have attempted to develop 
models to differentiate IgG4-SC from PSC. For instance, 
a model developed by Moon et al. using age, other organ 
involvement, and beaded cholangiographic appearance were 
able to discriminate PSC and IgG4-SC with a high degree 
of certainty, with consequent cutoffs to trigger corticoster-
oid trials when the score predicts IgG4-SC. However, these 
usually single-center studies with small sample sizes require 
further validation [19].

The HISORt (Histology of the bile ducts, Imaging of the 
bile ducts, Serology (serum Ig4 level), Other organ involve-
ment, Response to corticosteroid Therapy) criteria developed 
by Mayo Clinic originally for AIP, and the Japanese IgG4-
SC Consensus Criteria are the most widely used to aid in the 
diagnosis of IgG4-SC. Both HISTORt and the Japanese cri-
teria include other organ IgG4 involvement, histology dem-
onstrating lymphoplasmacytic infiltrates with IgG4 staining, 
serum IgG4 levels, biliary strictures on cholangiography, 
and response to corticosteroid therapy [13, 17•, 20]. While 
these remain robust diagnostic criteria for IgG4-SC, both 
require extensive diagnostic workups and may not be readily 
generalizable to non-specialist centers.

All forms of IgG4-SC however respond to corticoster-
oids, and this remains the first-line therapy. This treatment 
response also distinguishes IgG4-SC from other sclerosing 
cholangiopathies. While robust clinical trials are lacking, a 
prednisone dose of 0.6 mg/kg/day for 2–4 weeks followed 
by a taper over 2–3 months—a regimen extrapolated from 
the treatment of IgG4-RD—is considered reasonable [21]. 
Corticosteroid treatment response rate in IgG4-RD exceeds 
80% but relapse occurs in upwards of 30% patients [22].

Patients with IgG4-SC being older and more susceptible 
to corticosteroid-related adverse effects may however require 
alternative long-term treatment strategies for relapsing dis-
ease. Recent data suggest high response rates with the B-cell 
depleting therapy rituximab in IgG4-RD. A prospective 
study of 30 patients with IgG4-RD treated with two doses 
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of rituximab demonstrated a favorable response in 77%, with 
complete remission at 12 months in 40% of patients [23]. In 
a retrospective analysis, response was seen in 29/33 (93.5%) 
of IgG4-RD treated with at least one course of rituximab. 
While relapse occurred in 42% of patients with follow-up, 
in patients who were placed on maintenance rituximab, 
relapse free survival was 41 vs 21 months [24]. While there 
is insufficient data to extrapolate these IgG4-RD treatment 
responses and relapse rates to IgG4-SC, rituximab may offer 
a salvage treatment option for IgG4-SC patients with inad-
equate response or with contraindications to corticosteroids.

Post‑liver Transplant Cholangiopathy

In the post-liver transplant setting, biliary strictures can be 
delineated as anastomotic or non-anastomotic. Anastomotic 
strictures, owing largely to surgical reconstruction technique 
of the bile duct, are focal, identified early after transplanta-
tion, usually responsive to endoscopic, percutaneous, or sur-
gical interventions to restore patency, and are not discussed 
in review as they are not causes of secondary cholangiopa-
thies when treated. Non-anastomotic strictures, occurring 
in the intrahepatic biliary system, however represent a more 
insidious process as they are significantly more prone to 
progressing to secondary cholangiopathy and allograft loss.

Non-anastomotic post-transplant cholangiopathies can be 
broadly classified into two etiologies, those caused by bil-
iary ischemic injury due to hepatic arterial compromise after 
transplantation, and those caused by biliary ischemic injury 
during liver procurement, transport, and transplantation.

Post‑transplant Cholangiopathy Secondary 
to Arterial Compromise

The intrahepatic biliary system is exclusively supplied by 
arterial flow, with no contribution from portal venous blood. 
In the native state, the biliary system is supplied by the 
hepatic artery as well as several collateral vessels. The bil-
iary system in a transplanted liver however is entirely reliant 
on blood flow through the donor hepatic artery [25]. Clinical 
manifestations of arterial insufficiency can range from chol-
estasis to jaundice, cholangitis or biliary sepsis, bile leaks, to 
frank allograft failure, depending on the acuity and degree 
of insufficiency. Acute processes like early hepatic arterial 
thrombosis after transplantation manifest in rapid allograft 
failure rather than cholangiopathy, and are managed with 
urgent surgical or endovascular revascularization attempts 
and frequently, re-transplantation [26, 27].

Less severe forms of arterial insufficiency, for instance, 
from hepatic artery stenosis (HAS), if unaddressed, are 
prone to ischemic cholangiopathy (IC) and subacute allo-
graft dysfunction and failure. HAS occurs in up to a 3–15% 

of liver transplants, with the majority occurring at the level 
of the anastomosis (59%) or in the form of kinks in the donor 
hepatic artery (41%) [27, 28]. Most patients are asympto-
matic but cholestasis is the most common clinical presenta-
tion, though HAS can progress to hepatic artery thrombosis 
and consequent allograft failure [26, 29]. If ischemic injury 
progresses, multifocal biliary strictures, biliary necrosis and 
biloma formation, recurrent cholangitis, and consequent 
allograft failure are the typical clinical presentations.

In several studies, Doppler ultrasonography has dem-
onstrated a sensitivity of 85–100% and specificity of 99% 
for HAS [27, 28]. Doppler measurement of reduction in the 
resistive indices, increased velocity, and tardus parvus wave-
forms in the main, right, and/or left hepatic artery confirm 
HAS. Angiography of the hepatic artery, either by computed 
tomography, magnetic resonance imaging, or through endo-
vascular approaches, remain the gold standard diagnostic 
modalities.

The management of HAS ranges from observation to end-
ovascular therapies (balloon angioplasty, bare metal stents, 
drug eluting stents, or a combination), and less frequently, 
surgical revision [30]. While head-to-head trials do not exist, 
balloon angioplasty alone is thought to not provide as dura-
ble a response as angioplasty combined with stent placement 
[31]. Stent-related complications, including in-stent resteno-
sis from intimal hyperplasia, can hamper revascularization 
though a clear superiority of drug-eluting stents versus the 
more restenosis-prone bare metal stents has not been dem-
onstrated [30].

Post‑transplant Cholangiopathy in the Absence 
of Arterial Compromise

IC in the absence of arterial compromise is a progressive, 
and hence feared complication of liver transplantation. Up to 
50% of allografts affected by IC fail despite ERC and other 
interventions to maintain biliary patency, requiring consid-
eration of re-transplantation [32, 33•].

Rates of IC in livers procured after brain death (DBD) 
historically ranged 1–—10%, whereas rates in livers pro-
cured after circulatory death (DCD) historically ranged 
10–30% [34–36]. With careful donor and recipient selec-
tion and improvements in surgical and preservation tech-
niques, DCD-IC rates have been reduced to 3–12% at expe-
rienced centers [33•], but DCD organs remain significantly 
underutilized in the USA with approximately a 12:1 pref-
erence for DBD organs [37]. The degree of this apparent 
out-of-proportion dissuasion to use DCD organs prompted 
the United Network for Organ Sharing (UNOS) to allow 
Model for End-Stage Liver Disease (MELD) exception point 
allocation for DCD-IC as of June 2022, which facilitates re-
transplantation if IC occurs [38•, 39]. The criteria that must 
be met for MELD exception points to be granted include two 
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of the following within 12 months of transplant: persistent 
elevation in bilirubin > 2 mg/dl, ≥ 2 episodes of cholangitis 
associated with bacteremia, and/or non-anastomotic biliary 
strictures that do not respond to ERC [38•].

The typical onset of clinically significant DBD- and 
DCD-IC is within 12 months of transplantation, initially 
manifesting in progressive cholestasis, and then progressing 
to non-anastomotic biliary stricturing, and the final common 
pathway of jaundice, cholangitis, and allograft failure [33•, 
40]. In DCD allografts, where the majority of the research 
on this form of cholangiopathy has been done, four distinct 
biliary stricturing patterns are identified, each with prognos-
tic implications (Table 1) [33•]. Early identification of IC 
may be possible. Once biliary anastomotic strictures, HAT, 
HAS, acute cellular rejection, and drug-induced liver injury 
are excluded, elevated alkaline phosphatase and bilirubin at 
1 month and 2 months after transplantation has been shown 
in a single center study to strongly correlate with IC-related 
allograft failure. Conversely, in this study, alkaline phos-
phatase < 100 U/L 2 months after transplantation has a 97% 
negative predictive value [40].

Key histologic features of early DCD-IC are biliary 
endothelial necrosis and biliary obstruction which impedes 
choleresis–findings common to other forms of biliary 
ischemic injury such as ischemia reperfusion injury, HAT, 
and HAS. The duration of liver non-perfusion after donor 
cardiac standstill (warm ischemia) is the most important risk 
factor for IC that appears to differentiate the rates of IC in 
DCD versus DBD livers.

Cold ischemia times and preservation methods after organ 
procurement (i.e., during transport) are common to both DCD 
and DBD organ procurement, and may explain in part the 
baseline rate of IC in DBD organs. Prolonged cold ischemia 
time also has association with early allograft dysfunction 
and biliary complications. The development of normother-
mic machine perfusion technologies may circumvent this 

[41]. The PROTECT trial evaluated the effect of normother-
mic machine perfusion on early allograft dysfunction and 
ischemic biliary complications [42]. Across 20 transplant 
centers in the USA, patients (N = 293) were randomized to 
normothermic machine perfusion or traditional static cold 
storage preservation methods. The use of normothermic 
perfusion led to a lower rate of early allograft dysfunction, 
an overall increase in the transplant center propensity to use 
DCD organs, and a decrease in biliary cholangiopathy at 6 
and 12 months [42]. Several subsequent studies appear to 
validate these results, particularly markedly reduced rates 
of IC to at least levels comparable to DBD organs [43–45]. 
Normothermic perfusion is likely transformative in paving 
the way for greater acceptance of DCD organs, though the 
technology is currently limited by cost, perfusionist expertise, 
and logistics, which may delay its widespread application.

While ischemic injury appears to be the primary pre-
cipitant of DCD-IC, it does not explain progressive bile 
duct destruction after re-establishing arterial perfusion 
after transplantation. This suggests other ongoing injury 
processes in the transplanted liver, intervening on which 
could mitigate the downstream complications of DCD-
IC. One pathophysiologic process that may propagate the 
DCD-IC syndrome is the accumulation of toxic concentra-
tions of bile acids (BA) which have detergent effects on 
hepatocyte and cholangiocyte lipid membranes and induce 
apoptosis [36]. Since the antecedent to DCD-IC is impair-
ment of choleresis due to bile duct injury/obstruction trig-
gered by an ischemic insult, it is conceivable that BA stasis 
and accumulation influence the ongoing progressive injury 
seen even after re-established physiologic arterial perfu-
sion at transplantation. Recent data suggest that the use of 
peroxisome proliferator activated receptor alpha (PPAR-
alpha) agonists which downregulate bile acid synthesis 
may significantly impede the progression of IC in DCD 
transplant recipients, but require further validation [46].

Table 1   Patterns of ischemic cholangiopathy following DCD liver transplantation and outcomes from a Multi-center study [33•]

LT liver transplantation, IC ischemic cholangiopathy

Classification Definition Typical expected outcomes

Diffuse necrosis Severe abnormalities of entire biliary system -Radiographic findings within 1 month of LT
-Biliary stent-dependence
-Universally require repeat LT within 2 years post-LT

Multifocal progressive Biliary stricturing of 2nd order and peripheral 
ducts, progressive in nature

-Radiographic findings within 1 month of LT
-Approximately two-thirds may require repeat LT within 5 years

Confluence dominant Biliary strictures confined to the hilar confluence -Radiographic findings within 2 months post-LT
-Approximately one-fifth may require repeat LT

Minor Mild diffuse biliary strictures without progression -Do not develop extensive strictures
-Limited need for stenting
-Low likelihood of requiring repeat LT
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Sclerosing Cholangiopathy in Critical Ill 
Patients

Critical illness is often associated with abnormal liver 
enzymes, usually the result of “bystander injury” due 
to ischemic hepatitis, infection-related pro-inflamma-
tory cytokines, or drug-induced liver injury. The typi-
cal manifestation is a mild increase in aminotransferases 
(< 3 × ULN). This initial insult may evolve into a choles-
tatic liver injury, with rise in bilirubin and alkaline phos-
phatase, commonly referred to as cholestasis of sepsis 
[47]. Rarely, cholestatic liver injury may evolve into a 
progressive and irreversible sclerosing cholangiopathy 
and eventually, biliary cirrhosis. Once diagnosed, scle-
rosing cholangitis in critically ill patients (SC-CIP) has 
been shown to quickly devolve to biliary cirrhosis as docu-
mented by a case series of 16 patients who found that 88% 
of those with SC-CIP developed findings consistent with 
cirrhosis in less than 6 months from initial diagnosis [48].

While the pathogenesis is unclear, SC-CIP is docu-
mented most often in settings of hemodynamic instability, 
respiratory failure requiring mechanical ventilation, those 
requiring cardiothoracic surgery, and in severe trauma or 
burn victims [49, 50]. Hemodynamic instability instigates 
cholestatic liver injury via two distinct mechanisms. First, 
it creates a state of hypoperfusion which directly induces 
biliary ischemia. Second, the initiation of vasoactive medi-
cations (e.g., epinephrine, norepinephrine) reduces perfu-
sion in the splanchnic bed [8, 51, 52]. Separately, high end 
expiratory pressures and low tidal volumes may reduce 
splanchnic flow [51, 53].

SC-CIP results in a chronic and progressive cholestatic 
liver injury that continues long after recovery from the 
initial critical illness. Imaging with MRC demonstrates 
multifocal beading and stricturing of the bile ducts, and 
patients may require ERC to relieve biliary obstructions 
[4]. Concurrent bacterial cholangitis can be expected, as 
with any case of biliary obstruction, and this has been 
borne out in cultures of ERC aspirates [54, 55]. SC-CIP 
is an ominous development with a median survival of 
13 months without liver transplantation [49, 56]. Trans-
plant outcomes however are excellent, and comparable to 
the 1-year and 5-year survival rates seen in alcohol-related 
cirrhosis [48, 54, 57].

COVID‑19 Sclerosing Cholangiopathy

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the virus responsible for the ongoing coronavi-
rus pandemic (COVID-19), is well-documented to have 

multi-organ effects besides the respiratory system. Liver 
enzyme abnormalities is a well-recognized complica-
tion of COVID-19, with an incidence rate as high as 67% 
[58–60]. As with critical illness, liver injury is usually 
mild and limited to aminotransferase elevations < 3 × ULN. 
A distinct entity of COVID-19 sclerosing cholangiopa-
thy was recognized during the pandemic as a secondary 
injury that results in cholestatic jaundice and sometimes 
leading to liver failure. In a small subset of patients, this 
cholestatic injury can progress into a cholangiopathy lead-
ing to fibrosis and liver decompensation. Case series have 
noted this can occur > 3 months after initial diagnosis of 
COVID-19 [61•]. Anecdotal experiences with ursodeoxy-
cholic acid has not demonstrated benefit [61•].

In most cases, COVID-19 sclerosing cholangiopathy 
affects patients with severe COVID-19 disease, which has 
been most frequently defined as requiring vasopressors for 
hemodynamic instability, extracorporeal membrane oxy-
genation and/or mechanical ventilation for respiratory fail-
ure. Cholangiopathy has been diagnosed using MRC with 
findings of intrahepatic biliary duct beading, hyperenhance-
ment of bile duct walls and increased peribiliary diffusion 
signal [61•]. Liver biopsies have been performed in a num-
ber of case series with heterogeneous bile ductule-centered 
injury patterns [58, 61•, 62]. A unifying feature of most 
biopsies is evidence of large bile duct obstruction, absence 
of intravascular thrombi, portal and periportal fibrosis, and 
hepatic artery endothelial swelling [61•, 62]. The presence 
of ductopenia was noted in a minority of cases [62]. The 
angiotensin-converting enzyme 2 (ACE2) with host protein 
transmembrane serine protease 2 (TMPRSS2)—the main 
cellular receptors for the SARS-CoV-2 virus—are densely 
expressed in the gastrointestinal tract, including the vascular 
and parenchymal cells of within the liver [63–66]. While this 
suggests a likelihood of direct liver injury from the virus, 
whether COVID-19 sclerosing cholangiopathy is a subset of 
SC-CIP or a distinct entity related to the pathogenesis of the 
COVID-19 disease, is not clear.

Underlying chronic liver disease appears to be a risk fac-
tor for development of COVID-19 sclerosing cholangiopathy 
[67]. In a retrospective review of 496 patients with COVID-
19-related hospitalization, 15.4% of patients with chronic 
liver disease developed sclerosing cholangiopathy, compared 
to 4.6% of patients without chronic liver disease, but chronic 
liver disease had no impact on the rate of severe cholestasis 
[67]. Metabolic dysfunction associated steatotic liver dis-
ease accounted for 60% of underlying liver disease, and this 
correlation with metabolic disease in patients with scleros-
ing cholangiopathy is seen in other smaller studies as well 
[67–70]. Other correlations of COVID-19 sclerosing chol-
angiopathy development include functional and medication-
induced immunosuppressed states [71]. Finally, while there 
is an increased comfort level of using SARS-CoV-2-positive 
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livers for transplantation, whether this predisposes to 
COVID-19 sclerosing cholangiopathy is not known.

Conclusion

Secondary sclerosing cholangiopathies occur due to a vari-
ety of liver injury processes ranging from ischemia, autoim-
mune injury, critical illness, and infection. While cholestasis 
is the hallmark early marker common to all of these etiolo-
gies, late state manifestations—cholestatic jaundice and bil-
iary strictures—are the most clinically apparent. These late-
stage manifestations may not have distinct pathognomonic 
features to differentiate between the forms of secondary scle-
rosing cholangiopathy, and features may be comparable to 
primary sclerosing cholangitis. Some forms readily respond 
to treatment (e.g., corticosteroids in IgG4-sclerosing chol-
angiopathy), while others rapidly progress (e.g., ischemic 
cholangiopathy, SC-CIP), and therefore require a judicious 
clinical-context specific evaluation and management. The 
rarity of these conditions mandate greater multi-center col-
laboration to better define etiologic mechanisms, pathogen-
esis, diagnostic criteria, and management guidelines.
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