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Abstract
Purpose of Review Secondary sclerosing cholangitis is an
emerging entity. Yet, because of the low incidence and varying
etiologies of this disease, the literature is not robust. There are
mainly case reports and small studies evaluating the disease.
Our aim in this review is to bring the reader up to date with
recent literature on secondary sclerosing cholangitis including
the disease presentation, course, prognosis, and treatment
options.
Recent Findings Numerous case reports have been published
the last 5 years on secondary sclerosing cholangitis. We have
divided them into infectious, drug-induced, ischemic, obstruc-
tive, and autoimmune etiologies. The bulk of the literature
describes secondary sclerosing cholangitis in the critically ill
patient.
Summary Secondary sclerosing cholangitis due to drugs or
autoimmune causes seem to have the best prognosis.
However, causes such as critical illness seem to have worse
outcomes.

Keywords Secondary sclerosing cholangitis . Critically ill
patient . Biliary stricture . Cholangitis . Obstructive jaundice

Introduction

Sclerosing cholangiopathies, while rare, are becoming in-
creasingly more recognized and described in the literature.
They represent a number of variably progressive cholestatic
diseases of the intrahepatic and/or extrahepatic ducts. Primary
sclerosing cholangitis (PSC) is an idiopathic disease, often
difficult to treat. Before making this diagnosis though, it is
imperative to rule out secondary etiologies. Secondary scle-
rosing cholangitis (SSC) has an identifiable, sometimes re-
versible cause. Over the recent years, more sub-groups are
being described as secondary etiologies. Most prominent ap-
pears to be immunoglobulin-G4 (IgG4)-positive sclerosing
cholangitis (IgG4-SC). This is an inflammatory disease of
the biliary tree characterized by elevated IgG4 levels and in-
filtration of IgG4+ plasma cells into the bile duct walls [1]. It
seems to be another manifestation of IgG4-related disease and
likely a separate entity, as suggested by the American
Association for the Study of Liver Diseases [2]. For the pur-
pose of this paper, we will not discuss IgG4-SC in detail.
Instead, we will focus our efforts on the other etiologies of
SSC.

SSC is a chronic disease characterized by biliary obstruc-
tion. It can be caused by infectious, immune-mediated, toxic,
obstructive, or ischemic injury. Avariety of specific etiologies
have been identified in the past. The clinical outcomes are
actually less favorable than PSC if not diagnosed in a timely
manner [3].

This discussion will center on recent literature since 2012,
although we will include some background as well. Many
case reports have been published on SSC. However, the bulk
of recent literature has been focused on sclerosing cholangitis
in critically ill patients (SSC-CIP). This is a new, emerging
etiology of sclerosing cholangitis that will be discussed in
more length.
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Etiology

There are a host of factors that can lead to SSC. Varying
etiologies all seem to lead to chronic inflammation causing
the sclerosing cholangitis. These include infections, drugs,
ischemia, obstruction, and autoimmune disease (listed in
Table 1). Table 1 is not an exhaustive list, but more reflects
recent literature, which is what we will focus on below.

Choledochoduodenal Fistula

There have been two case reports of patients with
choledochoduodenal fistula (CDF) developing SSC, which
have not been described in the literature before. One patient was
a 58-year-old man with prior manipulation of the common bile
duct with a choledocholithotomy during open cholecystectomy.
The following year he received living donor renal transplanta-
tion for diabetic nephropathy. Five months after transplant, he
developed recurrent cholangitis. CDF was found on cholangi-
ography and sclerosing cholangitis was proven on liver and bile
duct biopsies.Within a year, the patient required deceased donor
liver transplantation [4].

The other case involved a 27-year-old woman with
Down’s syndrome and Celiac disease who presented with re-
current cholangitis. An upper endoscopy showed a duodenal
bulb ulcer with stenosis at the duodenal sweep. There was
evidence of a CDF on cholangiogram, as well as intrahepatic
strictures suggestive of SSC. She underwent a Roux-en-Y
hepaticojejunostomy, truncal vagotomy, antrectomy, and
gastrojejunostomy to resolve her disease [5].

Echinococcosis

Prior case series have shown Echinococcus granulosus, or
cystic hydatid disease, causing SSC. A group from
Switzerland performed a retrospective study on patients with

human alveolar echinococcosis (AE), which is caused by
Echinococcus multilocularis, and a separate entity from cystic
hydatid disease. Surgery can be part of first-line therapy in
AE. In this study, investigators found that in those patients
with unresected AE requiring benzimidazole therapy, 28%
developed late biliary complications. SSC was defined as bil-
iary disease occurring at least 3 years after initial diagnosis of
AE. Potential risk factors of any liver surgery and length of
benzimidazole therapy were identified by Pearsons’ correla-
tion and linear regression analysis [6].

Drug-Induced

There have been a number of medications linked to SSC in
the past, mostly as case reports. We describe a few below.
One recent paper looked retrospectively at patients with
drug-induced liver injury (DILI) to see if any had SSC.
Investigators identified 102 patients with possible causal rela-
tionship of liver injury with an identified drug. Magnetic res-
onance cholangiopancreatography (MRCP) was performed in
25 patients. Ten patients (40% of those with MRCP) were
found to have duct abnormalities. Four patients had only ex-
trahepatic duct abnormalities, and six had both intrahepatic
and extrahepatic duct abnormalities. Endoscopic retrograde
cholangiopancreatography (ERCP) was performed in five pa-
tients, with similar findings to MRCP. Four of these patients
underwent a liver biopsy, which was reported as changes com-
patible with DILI with histological features of cholestasis. The
following drugs were implicated: amoxicillin-clavulanate
(n = 3), sevoflurane (n = 2), amiodarone, infliximab, green
tea extract, venlafaxine, and atorvastatin. All but one of these
possible SSC patients had normal liver tests by the end of
follow-up [7].

Chronic ketamine use has been described to cause SSC in a
case series [8]. A case report was published in 2013, which
detailed a 21-year-old man with chronic ketamine use who

Table 1 Etiologies of secondary
sclerosing cholangitis Category Specific etiologies

Infectious Echinococcinosis, choledochoduodenal fistula

Drugs Ketamine, celecoxib, sevoflurane, trans-arterial bleomycin,
amoxicilin-clavulanate, amiodarone, infliximab, venlafaxine,
atorvastatin, green tea extract

Ischemia Post-liver transplant, SSC-CIP (due to: trauma, burns,
cardiac/thoracic surgery, respiratory illness, sepsis,
hemorrhagic shock, HELLP syndrome, pancreatitis,
acute myocardial infarction, rhabdomyolysis,
subarachnoid hemorrhage, cerebral hemorrhage)

Obstruction Gallbladder adenocarcinoma

Autoimmune Sarcoidosis, Behcet’s disease

Miscellaneous Hodgkin’s lymphoma

SSC-CIP secondary sclerosing cholangitis in critically ill patients,HELLP hemolysis, elevated liver enzymes, low
platelet count
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developed recurrent abdominal pain, fevers, and abnormal
liver studies (mainly cholestatic liver injury). It should be
noted that the patient had recurrent acute pyelonephritis as
well. Nonetheless, a liver biopsy showed evidence of scleros-
ing cholangitis and no other etiology was identified. Liver
tests improved with cessation of ketamine, leading the authors
to believe this was the cause [9].

Celecoxib has been reported to cause biliary disease in case
reports, including one patient requiring liver transplantation
[10]. In 2013, a case report was published about a 34-year-
old woman who presented with acute epigastric abdominal
pain after using celecoxib for 3 weeks. Liver tests were noted
to be abnormal with a mixed picture, including a total bilirubin
of 3.4 units/L. No clear etiology was found on her initial
workup, but a follow-up liver biopsy suggested sclerosing
cholangitis. Her liver tests normalized 1 month after cessation
of the drug, leading the authors to believe this was due to
celecoxib [11].

Sclerosing cholangitis has been reported in patients treated
with transcatheter arterial chemoembolization (TACE) with
bleomycin-iodinated oil for liver cavernous hemangioma.
Even though rare, a case report was published in 2014. The
case involved a 44-year-old woman who underwent TACE
with bleomycin-iodinated oil for liver cavernous hemangio-
ma. Six years after treatment, she developed obstructive jaun-
dice. Imaging studies showed a biliary stricture at the conver-
gence of the left and right hepatic duct with right lobe atrophy.
Exploratory surgery revealed the stricture, and suspected bil-
iary malignancy. The patient underwent radical hepatic hilar
resection, right side hemihepatectomy and Roux-en-Y
hepaticojejunostomy. Surgical pathology showed sclerosing
cholangitis in the portal area with nomalignancy. The etiology
was therefore thought to be due to TACE with bleomycin-
iodinated oil [12].

Gallbladder Adenocarcinoma

A case report from 2013 described a 55-year-old man with
SSC thought to be secondary to metastatic gallbladder ad-
enocarcinoma. He presented with acute-onset lower back
pain, abdominal pain, weight loss, and jaundice. He was
found to have a primarily cholestatic liver injury with a
total bilirubin of 7.7 mg/dl. Imaging studies showed a mass
in the fundus of the gallbladder with portal and celiac
lymphadenopathy, and no extrahepatic or intrahepatic duct
dilation. An endoscopic ultrasound performed with fine
needle aspiration of lymph nodes found adenocarcinoma,
believed to be from the gallbladder mass. A subsequent liver
biopsy showed benign tissue with evidence of biliary chole-
stasis. An ERCP was performed revealing multiple and severe
diffuse strictures in the intrahepatic ducts suggestive of scle-
rosing cholangitis. The authors concluded that the SSC was
due to the metastatic gallbladder adenocarcinoma [13].

Autoimmune Disease

Autoimmune disorders have been associated with SSC in the
past, with minimal literature produced. Two recent publica-
tions described Behcet disease and sarcoidosis as causes of
SSC. A case report published in 2013 details a 43-year-old
man with a history of Behcet disease with recurrent thrombo-
phlebitis who presented with acute-onset painless jaundice.
Total bilirubin was 123 μmol/L on presentation. MRCP
showed distension of the intrahepatic bile ducts with some
distension and thickening zones of the main bile duct. A liver
biopsy revealed cholestasis and fibrosis of portal spaces. Since
other workup was negative, it was thought this was SSC. An
ERCP revealed stenosis of the distal main bile duct and plastic
stenting was performed. Ursodeoxycholic acid treatment was
initiated. After the plastic stent was removed, the patient was
followed up for 3 years with no recurrence of symptoms. The
patient’s liver tests and imaging normalized [14].

Sarcoidosis commonly affects the liver, but there is only one
prior report of necrotizing sarcoid granuloma involving the liver.
In 2014, a case report was published about a 26-year-old man
with chronic abdominal pain, pruritus, nausea, and vomiting. He
was found to be jaundiced with a cholestatic liver injury. An
upper endoscopy showed a gastric ulcer, and biopsies revealed
chronic active gastritis and acute inflammation with focal gran-
uloma. After an abdominal ultrasound showed gallbladder wall
thickening, the patient had a cholecystectomy. A wedge liver
biopsy performed during surgery showed granulomatous in-
flammation with areas of necrotizing granulomata. Further im-
aging with MRCP showed evidence of sclerosing cholangitis.
He was thought to have SSC from sarcoidosis and was started
on prednisone 40 mg once daily. He was followed for 1 year,
with resolution of symptoms and decrease in total bilirubin from
8.6 to 1.4 mg/dL [15].

Hodgkin’s Lymphoma

Jaundice caused by Hodgkin’s lymphoma is rare. There is a
case report from 2016 of a 38-year-old man who presented with
jaundice, pruritus, nausea, vomiting, weight loss, and recurrent
fevers for 1 month. His total bilirubin was 11.7 mg/dL at pre-
sentation. An MRCP showed multiple strictures in the
intrahepatic and extrahepatic ducts. No clear etiology was
found on workup, although he was taking herbal medicines
and celecoxib. His condition worsened during follow-up with
a total bilirubin rising to 26.1 mg/dL, and he was referred for
liver transplantation. Because of the possibility of DILI, the
patient was started on ursodiol 1200 mg per day, and given
N-acetyl-cysteine. A liver biopsy followed and revealed chang-
es compatible with either sclerosing cholangitis or drug-
induced cholestasis. He was then started on prednisolone
50 mg per day. The patient gradually improved in regards to
symptoms and liver tests after 3 months of prednisolone. His
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total bilirubin dropped to 1.3 mg/dL. However, after the thera-
py, he was found to have axillary and cervical lymphadenopa-
thy on exam. Excisional lymph node biopsy revealed
Hodgkin’s lymphoma and the patient was initiated on chemo-
therapy. After 18 months of follow-up, the total bilirubin was
0.6 mg/dL, but an MRCP still showed sclerosing cholangitis.
Authors point out that it was unclear in this case what caused
the sclerosing cholangitis [16].

Critically Ill Patients

SSC-CIP is an increasingly recognized disease, and likely
under-diagnosed in the past. Several articles have been pub-
lished on SSC-CIP in the past 5 years, including a few sys-
tematic reviews. We will attempt to focus on the primary lit-
erature for the scope of this section.

SSC-CIP is thought to arise from ischemic injury to the
biliary tree. Several groups have looked into potential risk
factors for developing the disease, which seem quite varied.
Most cases seem to occur in patients after trauma, burns,
cardiac/thoracic surgery, respiratory illness, and sepsis. Less
reported illnesses leading to ICU admission include hemor-
rhagic shock, HELLP syndrome, pancreatitis, acute myocar-
dial infarction, rhabdomyolysis, subarachnoid hemorrhage,
and cerebral hemorrhage [17–20, 21•, 22]. Leonhardt et al.
investigated a group of 16 patients with SSC-CIP. All patients
had severe hemodynamic instability, defined as at least 60min
of mean arterial pressure (MAP) below 65 mmHg. These pa-
tients also required vasopressor support and mechanical ven-
tilation. The mechanical ventilation duration was on average
25.5 ± 14.3 days [19]. Another study by Ben-Ari et al. exam-
ined four patients developing SSC-CIP after a major burn
injury. All of these patients were on mechanical ventilation
and required vasopressor support, with mention of all patients
having repeated episodes of severe hypotension, defined as
systolic blood pressure <70mmHg [23]. A retrospective study
by Weig et al. looked at a group of patients with severe acute
respiratory distress syndrome (ARDS) due to H1N1 pneumo-
nia. Twenty-one patients were analyzed, including 16 without
SSC-CIP and 5 with SSC-CIP, and a comparison was made.
Patients who developed SSC-CIP had a higher body mass
(BMI), higher volume of intraperitoneal fat, and spent longer
time in the prone position. Of note in this study, there was no
difference in vasopressor use or dosage, arterial lactate level,
need for renal replacement therapy (RRT), blood oxygen con-
tent, or mean arterial pressure (other than day of admission it
was higher in SSC-CIP group) [21•].

It takes a considerable amount of time for SSC-CIP to
develop. From a systematic review, it occurs in patients
with an intensive care stay (45.8 ± 27.3 to 89.2 ± 75.5 days)
before diagnosis of SSC-CIP [17]. There was a range of
33–106 days before onset of disease in the study of four
burn patients by Ben-Ari et al. Mean peak laboratory values

include the following: alkaline phosphatase 2484 ± 496.3 U/L,
gamma-glutamyl transferase (GGT) 4045.2 ± 2056.6 U/L, and
total bilirubin 19.7 ± 15.2 mg/dL [23]. The study by Leonhardt
et al. of 16 patients had a mean intensive care stay of
39 ± 23.9 days. They found that at the time of diagnosis, liver
tests show a cholestatic injury picture, seen at amedian of 7 days
after ICU admission. Alkaline phosphatase and GGT rose first
in these SSC-CIP patients [19]. In a separate paper, but in the
same group of patients, the authors also showed that 12/14 (no
data for two patients) patients had recurrent cholangitis epi-
sodes. Also, 11/16 patients developed acute cholecystitis
[24•]. Voigtlander et al. looked at 54 patients with SSC-CIP
and found the following median laboratory values: alkaline
phosphatase 1184 U/L, GGT 1029 U/L, alanine aminotransfer-
ase (ALT) 98 U/L, aspartate aminotransferase (AST) 99 U/L,
and total bilirubin 9.4 mg/dL [22].

One retrospective study looked at the microbiological pro-
file of bile in SSC-CIP patients compared to primary scleros-
ing cholangitis (PSC) patients. The study included a total of
169 patients (72 with SSC-CIP and 97 with PSC). Cultures
were obtained during ERCP. The authors found in the SSC-
CIP patients more Enterococcus faecium, Pseudomonas
aeruginosa and non-albicans species of Candida compared
to PSC patients. SSC-CIP patients also had higher incidence
of drug- or multi-drug-resistant organisms [25]. A study by
Voigtlander et al. had bile aspirated in 74% of the 54 patients.
Ninety-eight percent of these bile aspirates grew organisms,
which included E. faecium (48%) and E. faecalis (28%) [22].

Patients with SSC have similar imaging and ERCP findings
as patients with PSC. We have included an image from an
ERCP displaying an extrahepatic biliary stricture in a post-
orthotopic liver transplantation (OLT) patient at our hospital
(Fig. 1). A study by Voigtlander et al. had 54 patients, all of
who had an ERCP. There were multiple diffuse intrahepatic bile
duct strictures in 67% of patients; both intra- and extrahepatic

Fig. 1 Endoscopic retrograde cholangiopancreatography displaying an
extrahepatic biliary stricture in a post-orthotopic liver transplant patient
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strictures in 20%; and only extrahepatic duct changes in 6%.
Biliary casts were present in 93% of patients. In this same study,
13/44 patients with ultrasound suggested SSC, and 7/9 patients
with MRCP suggested SSC [22]. Leonhardt et al. had ultra-
sound scans of all 16 patients, with 7 patients showing dilatation
of extrahepatic or intrahepatic ducts. During ERCP, 81% of
these patients had only intrahepatic duct involvement, and
19% both intra- and extrahepatic duct abnormalities [24•]. In a
small study of four burn patients by Ben-Ari et al., an MRCP
was performed on three of the study patients, all of which
showed irregular intrahepatic bile ducts with multiple strictures
and dilatations [23].

SSC-CIP has been shown in prior literature to be a very
progressive disease, even to liver cirrhosis. It has a poor prog-
nosis, and treatment options are fairly limited [17]. In a study
by Voigtlander et al. 27/54 of patients died during follow-up.
Another six patients required OLT. The remaining 21 patients
were compared to the 33 patients who either died or had OLT.
A formal multivariate analysis showed an elevated model of
end-stage liver disease (MELD) and need for RRTas indepen-
dent risk factors for mortality in SSC-CIP [22]. In a report of
four burn patients by Ben-Ari et al., the investigators reported
two deaths from multi-organ failure and septic shock, one
patient underwent OLT and one patient with less extensive
disease did not progress and was alive at the end of the study
[23]. The study by Leonhardt et al. reported 9/16 patients
requiredOLT,with the earliest transplant occurring at 189 days
from onset of cholestasis. Of these patients receiving OLT,
there was 85% 1-year survival rate and 83% 3-year survival
rate [24•]. One retrospective study examined 96 patients with
SSC-CIP and found 56% died during their ICU stay. They
looked closely at 21 SSC-CIP patients who received OLTwith
a median follow-up period after OLT of 82 months. These
patients were compared to a control group of 60 patients with
other causes of cirrhosis receiving OLT. In the SSC-CIP
group, 6/21 patients died of biliary sepsis (83%) and HCC
(17%) during follow-up. The SSC-CIP group when compared
to the control OLT group had the following survival rates:
1 year was 100 versus 98%, 86 versus 92%, and 76 versus
87%, respectively [18].

Discussion

The bulk of the literature on SSC during the past 5 years has
been focused on the emerging entity of SSC-CIP, which is
where most of this discussion will center. However, there are
also several case reports and retrospective studies of different
etiologies, adding to the varied literature describing this dis-
ease. Because of the varying etiologies, the clinical course and
prognosis can be variable. Etiologies such as drugs and auto-
immune disease tend to have a better prognosis [7, 9, 11, 12,

14, 26]. However, causes such as critical illness seem to have
worse outcomes [17, 18, 22, 23, 24•].

Infectious etiologies have been linked to the development
of SSC in the past. The first two known reports of patients
developing SSC from CDF were described recently. Both of
these cases were likely caused, at least primarily, by recurrent
infection of the biliary tree. There could also be a component
of obstructive cholangiopathy. The first patient required liver
transplantation due to the extent of her liver disease, and the
second required surgery to resolve the CDF [4, 5]. A retro-
spective study looked at patients with human alveolar echino-
coccosis (AE) caused by Echinococcus multilocularis devel-
oping SSC, which was not described before [6]. After consid-
ering possible contributing factors identified as liver surgery
and length of benzimidazole therapy, it was unclear what the
role of the infectious agent was in the development of SSC.

Numerous drugs have been reported recently to cause SSC,
with most patients recovering liver function after discontinu-
ation of the drug. An interesting retrospective study reviewed
patients diagnosed with DILI and attempted to determine if
any had SSC. Out of 102 patients, they found 10 patients with
the likely diagnosis of SSC. The implicated drugs included
amoxicillin-clavulanate, sevoflurane, amiodarone, infliximab,
green tea extract, venlafaxine, and atorvastatin. Only one pa-
tient, who was treated with infliximab, did not recover liver
tests before the end of the study [7]. Case reports of ketamine,
celecoxib, and TACE with bleomycin-iodinated oil were also
reported [9, 11, 12].

Obstructive and autoimmune causes of SSC have been
published in the past. A case report of metastatic gallbladder
adenocarcinomawas described [13]. It is unclear in the case of
Hodgkin’s lymphoma what caused the SSC, as liver tests im-
proved with prednisolone before the diagnosis of Hodgkin’s
lymphoma, and remained normal after treatment for the lym-
phoma. Despite normalization of the liver tests, imaging stud-
ies remained abnormal [16]. A patient with Behcet disease
developed SSC, which responded to biliary stenting with nor-
malization of liver tests [14]. Sarcoidosis was also shown to
cause SSC in a case report, with improvement after steroid
therapy [15].

SSC-CIP has become more recognized and published re-
cently, leading to the conclusion that it has been under-
diagnosed in the past. It is difficult to predict which intensive
care patients will develop the disease since the reasons for
ICU admission are so varied [17–20, 21•, 22]. Many studies
have noted that perhaps mechanical ventilation, hemodynam-
ic instability, and vasopressor requirements, could be contrib-
uting factors [19, 23]. However, these are factors present in
most intensive care patients, and likely do not help in
predicting disease. The SSC-CIP study by Weig et al. was
unique because their patients not only had the same etiology
of illness in H1N1 pneumonia, but they also had a comparison
group (H1N1 ICU patients without SSC-CIP). They did not
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report a difference in mechanical ventilation, hemodynamic
instability, and vasopressor requirements, between the two
groups. However, they did find that the SSC-CIP patients had
a higher BMI, higher volume of intraperitoneal fat, and spent
longer time in the prone position [21•]. Perhaps patients with
higher BMI and intraperitoneal fat should spend less time in the
prone position. It has also been widely reported that it takes a
considerable amount of time in ICU to develop SSC-CIP [17,
23], but this is likely flawed, as cholestatic liver injury is seen as
soon as 7 days after ICU admission [19]. It is unclear why there
is a possible delay in diagnosis, but potential factors include
poor awareness of the disease, assumption of other diagnoses
such as DILI or ischemic hepatitis, and lack of appropriate
imaging early in the course. A few studies have shown that
ultrasound does not detect the disease in many patients, which
seems to be mainly intrahepatic duct disease [22, 24•]. Perhaps
early cross-sectional imaging, or involving a gastroenterology
specialist early, would be beneficial.

Even if SSC-CIP is diagnosed earlier, it is unclear if any
treatment will alter the progression of disease. It appears
that these patients have more Candida and drug-resistant
bacteria in their bile, which should be considered when
choosing anti-microbial therapy, and maybe whether to
start anti-fungal therapy [25]. The majority of patients with
SSC-CIP have intrahepatic duct disease only, which makes
endoscopic therapy options more limited as well [22, 23,
24•]. ICU mortality of the disease is around 50–56% [18,
22]. Meanwhile, survival rates of SSC-CIP patients under-
going OLT are similar to other patients receiving OLT [18,
24•]. Taking all of this into account, it is possible that with
more prompt recognition of SSC, these patients could be
listed for OLT earlier in their disease process to improve
their outcome.
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