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Abstract
Secondary sclerosing cholangitis in critically ill patients (SSCCIP) is a recently identified cholestatic liver disease occurring
in patients without prior history of hepatobiliary disease, after receiving treatment in the intensive care unit (ICU) in different settings, including cardiothoracic surgery, infection,
trauma, and burns. It is a rare entity, being estimated to occur
in 1/2,000 patients in an ICU; however, it is a dismal condition, with up to half of the patients dying during the ICU stay
and with rapid progression to liver cirrhosis over weeks to
months. SSC-CIP should be considered in the differential diagnosis of cholestasis in the ICU, particularly when cholestasis persists after recovery from the critical event. Diagnosis is
established with magnetic resonance cholangiopancreatography or endoscopic retrograde cholangiopancreatography
showing dilations and stenoses of the intrahepatic bile ducts
as well as biliary casts. No available treatment has been
shown to slow the rapid progression of the disease, and liver
transplant referral should be considered early after the diagnosis of SSC-CIP. Increased awareness and timely diagnosis
are crucial in order to improve the current appalling outcome.
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Colangite esclerosante secundária em doentes
críticos: uma entidade subdiagnosticada

Palavras Chave
Colangite esclerosante secundária · Doentes críticos ·
Unidade de cuidados intensivos

Resumo
A colangite esclerosante secundária em doentes críticos
(CEP-DC) é uma doença colestática, identificada recentemente, que ocorre em doentes sem antecedentes de patologia hepato-biliar, após internamento em unidade de
cuidados intensivos (UCI) por diferentes indicações, incluindo: cirurgia cárdio-torácica, infeção, trauma e queima
duras. É uma entidade rara, com uma incidência estimada
de um em cada 2,000 doentes em UCI. Ainda assim, tratase de uma doença com um muito mau prognóstico, sendo
que até metade dos doentes morre durante o internamento na UCI, e apresenta uma rápida progressão para
cirrose em semanas a meses. A CEP-DC deve ser consi
derada no diagnóstico diferencial de colestase em UCI,
particularmente se a colestase persistir após a recupe
ração do evento potencialmente fatal. O diagnóstico é
estabelecido através de colangiopancreatografia por ressonância magnética ou colangiopancreatografia retró
grada endoscópica, que revelam estenoses e dilatações
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difusas dos canais biliares intra-hepáticos e cilindros bi
liares. Não está disponível uma terapêutica capaz de atrasar
a rápida progressão da doença e a referenciação para transplantação hepática deve ser considerada logo após o diagnóstico. Para melhorar o mau prognóstico atual, é essencial
um maior reconhecimento e diagnóstico precoce.

This review aims to summarize the most recent evidence regarding the pathogenesis, diagnosis, and prognosis of SSC-CIP. Emphasis is placed on differential diagnosis to help in the early diagnosis, which might improve
outcomes, allowing earlier palliative endoscopic therapy
and referral for liver transplantation.

© 2019 Sociedade Portuguesa de Gastrenterologia
Publicado por S. Karger AG, Basel

Epidemiology
Introduction

Sclerosing cholangitis encompasses a group of progressive cholestatic diseases affecting the intra- and/or extrahepatic bile ducts that can progress to biliary cirrhosis. Primary sclerosing cholangitis (PSC) is an idiopathic disease
characterized by a typical beaded appearance in cholangiographic studies, which has a strong association with inflammatory bowel disease [1, 2]. When we identify a cause for
sclerosing cholangitis it is dubbed secondary sclerosing
cholangitis (SSC). Examples of SSC are autoimmune IgG4associated, infectious, drug-induced, ischemic, and obstructive [3]. SSC in critically ill patients (SSC-CIP) is a rare
form of SSC that was first described by Scheppach et al. in
2001 [4]. SSC-CIP is believed to be ten times less frequent
than PSC [5]; only 250 cases have been reported in the literature. Over half of the cases were published in the last
5 years, which reflects increasing awareness of this disease.
The pathogenesis of SSC-CIP is not fully understood,
but the main pathogenic mechanisms seems to be ischemia of the bile ducts, changes in bile composition, and
biliary infection [6–8].
SSC-CIP affects patients with no history of previous
hepatobiliary disease, after treatment in an intensive care
unit (ICU) for different underlying conditions including
major surgery, sepsis, and trauma [5, 9]. SSC-CIP should
be considered in the differential diagnosis of cholestasis
in ICU patients when cholestasis persists beyond successful treatment of the underlying disease [6]. The diagnosis
is made by endoscopic retrograde cholangiopancreatography (ERCP) or magnetic resonance cholangiopancreatography (MRCP) revealing PSC-like diffuse strictures
and dilations of the intrahepatic bile ducts, and filling defects translating biliary casts [8, 10].
SSC-CIP typically has two different presentations: (1)
acute liver failure during ICU treatment or (2) persistent
cholestasis rapidly progressing to cirrhosis [6, 9, 11, 12].
The prognosis is dire, with around half the patients dying
in the ICU and the other half requiring liver transplantation in the following 3–4 years [5, 13].
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Critically ill patients who develop SSC are a very heterogeneous group, which reflects the range of possible underlying diseases that lead to ICU admission. The unifying feature is the lack of previous hepatobiliary disease [5, 14, 15].
Reasons for ICU admission include burns, trauma,
acute respiratory distress syndrome, infections, subarachnoid hemorrhage, and major surgery [5, 10, 14, 16]. Cardiothoracic surgery seems to confer a particularly high risk
of developing SSC-CIP [9, 17]. The mean age of patients at
the time of diagnosis is 50 years, but ranges from 19 to 79
years, which can be explained by the unpredictable nature
of some of the reasons for ICU admission [6, 18]. The average length of ICU stay is 30–40 days, though in some cases
it may be as short as 9 days [5, 11, 19]. Similarly to PSC,
there is a male predominance, with studies reporting a
male:female ratio ranging from 2.2:1 to 9:1 [6–8, 14, 16,
20]. All reported patients required mechanical ventilation
during their ICU stay for an average of >30 days, and most
patients presented severe hypotension requiring vasopressor treatment [6, 7, 14, 18, 21]. Weig et al. [22] evaluated
patients with acute respiratory distress syndrome due to
H1N1 pneumonia and found that obesity, increased visceral fat, and longer time spent in prone position were associated with a higher risk of developing SSC-CIP.
Although SSC-CIP is certainly rare, its true prevalence
has not been ascertained. In fact, SSC-CIP is an underdiagnosed condition, with half of the patients dying during ICU
stay before the diagnosis can be reached [9, 13]. Two retrospective studies found a similar prevalence of SSC-CIP, affecting about 1/2,000 patients admitted to an ICU [7, 14].
Leonhardt et al. [5] identified SSC-CIP as being responsible
for 0.61% of all liver transplantations in one hospital, which
was ten times less frequent than PSC accounting for 6.2%.
Pathophysiology

The exact mechanisms by which SSC-CIP develops are
yet to be understood. Both critical illness and its intensive
care treatment seem to contribute to the pathogenesis [7].
Martins/Verdelho Machado

Ischemic Cholangiopathy
The hepatic parenchyma is supplied by both the hepatic arteries and the portal vein, whereas the common
bile duct receives a dual arterial blood supply from both
the hepatic artery and branches of the gastroduodenal artery [32]. However, the intrahepatic biliary tree is supplied
exclusively by branches of the hepatic artery, which form
the intrahepatic peribiliary vascular plexus [33, 34]. This
provides the anatomical grounds for intrahepatic bile duct
ischemic susceptibility and could explain why the extrahepatic bile duct is usually spared in SSC-CIP [5, 8, 10].
Macrocirculatory compromise seems to be the cornerstone of ischemic bile duct injury, particularly when associated with microcirculatory disturbances directly affecting the peribiliary vascular plexus [7, 33]. Around 33% of
ICU patients have hemodynamic instability requiring vasopressors at some time during their stay [35]. In patients
who develop SSC-CIP, this number rises to 60–100% [6, 7,
10]. Moreover, the onset of hypotension seems to be temporarily associated with the onset of cholestasis [7]. Previous researchers have hypothesized that use of high-dose
vasopressors could promote the development of SSC-CIP
[6, 10, 14, 21]. However, this hypothesis is not substanti-

ated by the available data. All vasopressors and inotropes
increase systemic blood pressure and cardiac output, but
this does not necessarily translate into improved hemodynamics in the hepatosplanchnic territory [36]. Norepinephrine, based on its α-adrenergic agonist effects, has
been assumed to induce splanchnic ischemia. However,
the experimental data are hard to interpret because studies
are very heterogeneous regarding their population and hemodynamic endpoints [36]. For example, norepinephrine
has been shown to have no effect on mesenteric blood flow
in a septic sheep model, but it decreased mesenteric blood
flow in a septic porcine model [37, 38]. In one study with
10 septic human patients, norepinephrine was associated
with a higher hepatosplanchnic blood flow to cardiac output ratio as compared with dopamine, resulting in improved hepatocellular energy balance [39]. This result was
unexpected since regional vasodilating properties of dopaminergic activation should lead to a higher hepatosplanchnic to cardiac output ratio in dopamine-treated patients.
These findings translate the contradictions found in the
literature as well as the unreliability of biological plausibility as the sole argument for vasopressor-induced biliary
ischemia. More recently, two small retrospective studies
failed to demonstrate an association between high-dose
vasopressor use and a higher risk of SSC-CIP development
[7, 22].
All patients with SSC-CIP received mechanical ventilation, which is believed to contribute to hepatosplanchnic
ischemia [18, 21]. In fact, mechanical ventilation with positive end-expiratory pressure > 10 cm H2O, prone position, and low tidal volumes were associated with negative
effects on hepatosplanchnic blood flow in animal models
[40–42]. Prone position in particular seems to be associated with the development of SSC-CIP in humans [22].
Leonhardt et al. [7] showed that all SSC-CIP patients
presented at least one factor capable of disrupting the microcirculation blood flow, namely increased blood viscosity, red blood cell transfusions, and/or hypercoagulable states. Moreover, two different groups also supported
the association with higher number of red blood cell units
transfused [8, 10].
In summary, disturbances in the arterial supply of the
peribiliary vascular plexus lead to necrosis of cholangiocytes with formation of biliary casts and inflammation/
scarring of the bile ducts, which results in cholestasis [6,
17]. Biliary casts have also been described following orthotopic liver transplantation, in which two different
types of casts have been identified based on their biochemical composition. One type is mainly composed of
bilirubin (10–50%) and bile acids (10–15%) and is thought
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The most accepted theory is that ischemia (“ischemic
cholangiopathy”) in combination with changes in bile
composition (“toxic bile”) lead to necrosis of cholangiocytes and bile cast formation. The resulting biliary obstruction and biliary infection both participate in a process that leads to progressive and irreversible destruction
and obliteration of the intrahepatic bile ducts, ultimately
leading to secondary biliary cirrhosis [5–7, 23, 24].
Total parenteral nutrition is common in critically ill
patients and can lead to steatosis and cholestatic liver dysfunction when used for >1 week [25, 26]. However, epidemiological studies do not support total parenteral nutrition as a risk factor for SSC-CIP [7].
Idiosyncratic drug-induced liver injury could also promote the development of SSC-CIP. When drug-induced
liver injury manifests as a cholestatic or mixed-type pattern in hepatic tests it is dubbed drug-induced cholan
giopathy, reflecting damage to the biliary epithelium.
Patients with drug-induced cholangiopathy can develop
SSC [27, 28]. Several drugs commonly used in the ICU
setting have been implicated in drug-induced SSC, including antibiotics and anesthetics such as ketamine [28–
30]. Interestingly, in one case series, 15 out of 16 patients
received ketamine prior to developing SSC-CIP [7]. Predisposition to drug-induced cholangiopathy seems to be
genetically determined [31].
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Fig. 1. Schematic representation of the pathophysiology of SSC-CIP. DILI, drug-induced liver injury; PEEP,

positive end-expiratory pressure; RBC, red blood cell; SSC-CIP, secondary sclerosing cholangitis in critically ill
patients.

to arise due to mechanical obstruction. The other type is
mainly composed of proteins, mostly collagen, and seems
to be derived from necrotic cholangiocytes [43, 44]. Biliary casts in SSC-CIP are mainly composed of proteins
and can be seen in the first weeks after the onset of cholestasis, further supporting ischemia as the primary insult
in these patients [6].
The above considerations place SSC-CIP as a result of
ischemic injury of the biliary tree. Whereas in the posttransplant setting and after chemoembolization biliary
tree ischemia seems to be a result of local disturbances in
the arterial supply of the biliary tree, in SSC-CIP, isch106
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emia seems to be a consequence of systemic hemodynamic instability in critically ill patients.
Toxic Bile
Under physiological circumstances, cholangiocytes
are protected from toxic hydrophobic bile salts through
defense mechanisms that rely on hepatobiliary transporters. The formation of mixed micelles of bile salts is one
such mechanism, and it is dependent on biliary phospholipid secretion by hepatocytes via MDR3/ABCB4 [24, 45].
Genetic defects with impaired MDR3/ABCB4 activity
have been linked to cholestatic and ductopenic liver disMartins/Verdelho Machado

ease in humans [46]. It has been shown that MDR2 (human orthologue: MDR3) knockout mice develop sclerosing cholangitis secondary to complete absence of phospholipids from bile [47, 48]. Ischemia can negatively
affect hepatobiliary transporters promoting cell injury
and cholestasis [49, 50]. Trauner et al. [24] hypothesized
that genetic variants with low MDR3 expression might
predispose to the formation of toxic bile under ischemic
or inflammatory conditions, explaining why some critically ill patients with cholestasis develop SSC-CIP. Another important mechanism of defense is the secretion of
HCO3– via AE2, which maintains a high pH near the apical surface of cholangiocytes, capable of preventing permeation of protonated bile acids. Beuers et al. [45] theorized that loss of this protective mechanism due to ischemia is implicated in SSC-CIP. Indeed, proinflammatory
cytokines inhibit AE2 activity in animal models [51].
Systemic inflammatory response syndrome seems to
also play a role. It occurs in >50% of ICU patients [52].
Interestingly, Leonhardt et al. [7] found that all 16 of their
SSC-CIP patients developed systemic inflammatory response syndrome prior to diagnosis. These findings suggest that inflammatory stress also promotes the development of toxic bile, which further contributes to cholangiocyte necrosis.

association between NOD2 gene mutations and higher
susceptibility for developing SSC-CIP [57]. NOD2 is a
pattern recognition receptor that regulates the gut-microbiome homeostasis and plays a key role in bacterial
translocation. NOD2 gene mutations had already been
identified as risk factors for Crohn’s disease and spontaneous bacterial peritonitis in patients with liver cirrhosis
[57, 58]. The pathophysiology of SSC-CIP is summarized in Figure 1.
Diagnosis

The diagnosis of SSC-CIP is difficult for several reasons: (1) it is an underrecognized entity; (2) it is asymptomatic in the early stages, manifesting only as a laboratorial cholestatic pattern; (3) the differential diagnosis of
cholestasis in ICU patients is vast, being secondary to
SSC-CIP in only a minority of patients; (4) the diagnosis
can only be established by MRCP/ERCP; (5) mortality is
high during ICU treatment, often precluding a timely diagnosis [5, 10, 59].

Biliary Infection
Few case reports have described SSC following a single
severe episode of bacterial cholangitis; however, the development of SSC after recurrent bacterial cholangitis in
the context of chronic biliary obstruction is much more
frequent [53, 54].
Biliary obstruction is a prerequisite for bacterial cholangitis because it abrogates the antibacterial effects of
bile flow and the biliary secretion of IgA [55]. In SSCCIP, biliary obstruction is the result of the development
of biliary casts, which are present since the first weeks of
cholestasis. As the disease progresses, the obstruction is
perpetuated due to the development of multifocal intrahepatic biliary strictures [5, 6]. A meta-analysis found
that bacteria and/or Candida species are detectable in
the bile collected during ERCP in 98% of SSC-CIP patients [21]. Enterococci and Candida albicans are the
most common agents, which frequently present a high
rate of antibiotic resistance, presumably a reflection of
the high rate of previous antibiotic treatment in critically ill patients [56]. Recurrent bacterial cholangitis is
common in SSC-CIP patients and is associated with the
progression to cirrhosis [5, 6, 19, 21]. The role of the microbiome is also highlighted by the recently described

Laboratory Parameters
SSC-CIP manifests with a pattern of cholestasis. Gamma-glutamyl transpeptidase increases first, around 7–9
days after the initial insult, and is followed a few days
later by alkaline phosphatase elevation. Bilirubin is the
last to rise, taking around 20 days. Gamma-glutamyl
transpeptidase elevation is also more pronounced, peaking at around 20–50 times the upper limit of normal
(ULN), while alkaline phosphatase and bilirubin elevation reach a maximum of 15 times the ULN [5, 8]. Conversely, alanine aminotransferase and aspartate aminotransferase show only a moderate increase of up to three
times the ULN [18]. Interestingly, bilirubin levels may
spontaneously decrease after 2–6 months while SSC-CIP
keeps progressing [10]. In one study there was a significant increase of cholesterol levels in SSC-CIP patients,
around 2.5 times the ULN, differentiating it from PSC, in
which hypercholesterolemia is uncommon [5, 60].
The differential diagnosis for cholestasis in the ICU
setting is extensive, most notably sepsis-induced cholestasis, total parenteral nutrition, choledocholithiasis,
and drug-induced liver injury [25, 59]. Hypoxic liver injury, although mostly characterized by hepatocellular necrosis, still merits discussion. Indeed, hypoxic liver injury
affects 10% of ICU patients, and it is also associated with
shock and manifests as jaundice in one-third of patients
[61]. The different characteristics of these diseases are
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Table 1. Differential diagnosis of SSC-CIP in the ICU setting
Diagnosis

Incidence in
ICU patients

Clinical features and
laboratory tests

Diagnosis

Treatment

Prognosis

Refer
ences

Sepsisinduced
cholestasis

20% (most
common cause
of cholestasis
in the ICU)

sepsis (mostly gram-negative); biphasic pattern: initial
elevation of ALT/AST, followed by elevation of bilirubin; ALP and GGT may be
normal

biphasic laboratory
pattern in the setting
of positive blood
cultures (usually
gram-negative)

aggressive antimicrobial treatment; circulatory and ventilatory
support

two-fold increase in
mortality compared
to sepsis alone;
cholestasis is reversible

25, 73,
74

TPNassociated
cholestasis

3%

TPN >1 week, RUQ and
hepatomegaly; mixed pattern
with cholestasis and hepatocellular necrosis

cholestasis in the
setting of TPN after
exclusion of other
causes

avoidance of excessive calories and
appropriate dosing
and formulation of
lipids; discontinuation or cycling of
TPN if feasible

liver dysfunction
is self-limited but
may progress to
steatohepatitis
and cirrhosis if
TPN >6 months

25, 26

Choledocho
lithiasis

–

RUQ pain accompanied by
nausea and vomiting; rise in
ALT/AST followed by ALP
and bilirubin; INR may be
elevated; transient

US and CT scan may
reveal dilated bile
ducts and duct stones
in the initial evaluation; diagnosis is
usually confirmed by
MRCP or EUS

ERCP with sphincterotomy and stone
extraction

benign, but may
complicate with
acute pancreatitis
and bacterial cholangitis

62, 75

DILI

–

idiosyncratic drug reaction
(commonly antibiotics and
anesthetics); hepatocellular,
cholestatic, or mixed pattern;
cholestatic pattern more
common in patients aged
>60 years, associated with
antibiotics

establishment of
causal relationship
according to clinical
scores such as
RUCAM and Maria
& Vitorino

rapid removal of
the offending drug;
UDCA may be beneficial in cholestatic
DILI

mostly benign, but
may lead to acute
liver failure requiring transplantation;
cholestasis may
persist for months

76–79

HLI

10%

occurs in the setting of cardiac, respiratory, or circulatory failure, typically in the
first 48 h after admission;
rapid rise in ALT/AST >20×
ULN with return to baseline
within 1 week; cholestasis is
seen in one-third of patients

clinical

correction of the
underlying cause of
ischemic injury;
circulatory and
ventilatory support

depends on underlying comorbidities,
but mortality is
>50%

59, 61,
80

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CT, computed tomography; DILI, drug-induced liver
injury; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound; GGT, gamma-glutamyl transpeptidase; HLI, hypoxic liver
injury; ICU, intensive care unit; INR, international normalized ratio; MRCP, magnetic resonance cholangiopancreatography; RUCAM, Roussel Uclaf
Causality Assessment Method; RUQ, right upper quadrant; SSC-CIP, secondary sclerosing cholangitis in critically ill patients; TPN, total parenteral nutrition;
UDCA, ursodeoxycholic acid; ULN, upper limit of normal; US, ultrasound.

shown in Table 1 and a diagnostic algorithm is presented
in Figure 2.
The single most important aspect that distinguishes
SSC-CIP is the persistence of cholestasis beyond clinical
recovery, which reflects irreversible anatomical damage
rather than transient functional impairment [25, 54].
Imaging Studies
The first diagnostic study in a patient with cholestasis
is an abdominal ultrasound (US), which can rule out oth108
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er diagnoses such as choledocholithiasis, although lacking sensitivity for SSC-CIP [62]. Indeed, abdominal US
suggested the diagnosis of SSC-CIP in only 30–40% of
patients [5, 9]. This low sensitivity is due to the fact that
echogenic biliary casts assume the shape of the biliary
tree, mimicking a normal bile duct system. Hence, a normal abdominal US should not exclude further testing
when SSC-CIP is suspected (i.e., when cholestasis persists
beyond recovery from the ICU or when cholangitis develops) [9].
Martins/Verdelho Machado
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Fig. 2. Diagnostic approach to cholestasis in the ICU. DILI, drug-induced liver injury; ERCP, endoscopic retrograde cholangiopancreatography; ICU, intensive care unit; MRCP, magnetic resonance cholangiopancreatography; PSC, primary sclerosing cholangitis; RUCAM, Roussel Uclaf Causality Assessment Method; SSC-CIP, secondary sclerosing cholangitis in critically ill patients; TPN, total parenteral nutrition; US, ultrasound.

MRCP is the imaging method of choice following abdominal US since it is noninvasive and can accurately diagnose SSC-CIP. In the early stages, MRCP presents defects in the intrahepatic biliary tree corresponding to biliary casts and biliary leakages, occasionally forming bilomas.
At later stages, diffuse intrahepatic bile duct strictures are
observed. Notably, the distal common bile duct is preserved at all stages [8]. MRCP has some limitations: (1) it
does not allow for interventional procedures, and (2) it is
limited in patients with heart medical devices [9].
ERCP is the gold standard for the diagnosis of SSCCIP [5, 6, 10, 14]. However, most studies report a delay of
around 60 days until ERCP is performed, though more
recent studies reported lower delay of up to 25 days [5, 9,
14, 63]. This delay might be attributable to several factors:

(1) lack of awareness of SSC-CIP, (2) dilated bile ducts on
US (that would prompt the realization of ERCP) occur in
<50% of cases, and (3) SSC-CIP is seldom misdiagnosed
as sepsis-induced cholestasis (the most common cause of
cholestasis in the ICU) [5, 54, 64]. As such, it is often not
until cholestasis fails to resolve after clinical recovery that
the clinical suspicion of SSC-CIP becomes significant
enough to merit an ERCP, inevitably leading to a delayed
diagnosis [9, 54].
Similarly to MRCP, early ERCP findings consist of intraductal filling defects in the intrahepatic bile ducts due
to biliary casts. As the disease progresses, diffuse irregular
strictures and dilations with a typical beaded appearance
become evident. In later stages the peripheral intrahepatic bile ducts are completely obliterated, leaving only a
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Table 2. Different forms of SSC with typical clinical and imaging findings
Etiology

Cause

Clinical features

US/CT scan

ERCP/MRCP

Refer
ences

Obstructive

– choledocholithiasis
– neoplasia
– gastroduodenal/hepatic arterial
aneurysms
– biliary strictures following
surgical trauma

may occur as recurrent/
persistent bacterial cholangitis; increased bilirubin

dilated bile ducts; CBD
stones; pancreatic or
cholangiocarcinoma

intraductal stones;
evidence of extrinsic
compression

3, 54

Infectious

AIDS cholangiopathy:
– cryptosporidiosis
– CMV
– microsporidiosis

CD4+ <100/mm3; other
opportunistic infections;
HAART with restoration of
immune function is the
only treatment, antimicrobials are ineffective

intra- and/or extrahepatic bile duct dilation,
hyperechoic echogenic
nodules at the distal end
of the CBD

papillary stenosis; typical
beaded appearance is seen
in 20%

54, 81

Immunologic

IgG4-related disease

serum IgG4 ↑; associated
with type 1 autoimmune
pancreatitis in 90%; responds to glucocorticoids

bile duct wall thickening;
pancreatic enlargement
or other findings of
IgG4-related disease

dilation following long
and continuous stricture
(>10 mm); narrowing of
the main pancreatic duct

82, 83

Ischemic

– post-OLT hepatic artery
thrombosis
– hepatic intra-arterial
chemotherapy (TACE)

liver-transplanted patients;
liver metastases in patients
with colorectal cancer;
BCLC stage B hepatocellular carcinoma

dilated bile ducts; US
may reveal bilomas

biliary casts; middle third
of the common bile duct >
hepatic duct confluence >
intrahepatic bile ducts

33, 54

Drug-induced

– amoxicillin clavulanate
– ketamine
– celecoxib
– others

extrahepatic manifestations
of intolerance; mostly
reversible with discontinuation of the offending drug

dilated bile ducts; hydronephrosis is commonly
seen in ketamine abuse

mainly right, left, and
common hepatic duct
involvement

3, 27, 30

Critically ill
patients

ischemic bile duct injury

persistent cholestasis in
patients surviving ICU
treatment

US is normal in >50% of
cases; CT and US may
reveal intrahepatic bile
duct dilation

sparing of the extrahepatic
bile ducts; biliary casts;
“pruned tree” appearance

5, 65

BCLC, Barcelona Clinic Liver Cancer; CBD, common bile duct; CMV, cytomegalovirus; CT, computed tomography; ERCP, endoscopic retrograde
cholangiopancreatography; HAART, highly active antiretroviral therapy; ICU, intensive care unit; MRCP, magnetic resonance cholangiopancreatography;
OLT, orthotopic liver transplantation; SSC, secondary sclerosing cholangitis; TACE, transarterial chemoembolization; US, ultrasound.

central biliary system that Leonhardt et al. described as a
“pruned tree” [5, 6]. Concomitant extrahepatic bile duct
involvement occurs in around 20% of cases, but it is always mild. In 6% of cases the strictures are confined to the
extrahepatic bile ducts [5, 9]. During ERCP it is important to collect bile samples for microbiological examination, since in 98% of patients a pathogen is identified, allowing for guided antimicrobial therapy [21].
The differential diagnosis based on radiographic findings includes PSC and other forms of SSC. Differentiation between SSC-CIP and other forms of sclerosing
cholangitis heavily relies on the clinical history that allows for the identification of the primary insult. However, some radiological features suggest SSC-CIP, namely sparing of the extrahepatic bile ducts and presence of
biliary casts [5, 65]. In fact, biliary casts seem to be exclu110
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sive to SSC-CIP and ischemic sclerosing cholangitis [3,
5]. Ischemic sclerosing cholangitis is mostly associated
with post-orthotopic liver transplantation hepatic artery
thrombosis and hepatic arterial infusion of floxuridine in
the context of colorectal liver metastases [54]. The different forms of SSC and their typical features are shown in
Table 2.
Histopathology
Liver histology has limited diagnostic value because
the early features are nonspecific and consistent with
chronic bile duct obstruction [6]. Liver biopsy suggests
SSC-CIP in only one-third of patients [9]. Furthermore,
there seems to be no correlation between histological
findings and laboratory values. Nonetheless, liver biopsy
can be useful by excluding other conditions [16].
Martins/Verdelho Machado

Histological findings can be localized in the portal/
periportal areas and in the acini. In the early stages only
the portal/periportal areas are affected, with edema of the
small and medium portal tracts, mild inflammatory infiltrates consisting mostly of lymphocytes with occasional
neutrophils, and cytological changes in the interlobular
bile ducts (cytoplasmic vacuolization and loss of polarization) [6, 16]. As the disease progresses, marginal ductular
proliferation, ductular metaplasia of periportal hepatocytes, and portal/periportal fibrosis can occur. Some patients present bile thrombi [6, 10, 16]. Only in later stages
can the acini be affected, with bilirubinostasis, hepatocellular rosette formation, and cholestatic necrosis. Eventually, it can progress to biliary fibrosis and secondary biliary cirrhosis [66]. Esposito et al. [16] hypothesized that
portal bile duct damage is the primary insult, which leads
to inflammation and ductular proliferation in the portal/
periportal area and ultimately can induce the parenchymal changes.

contrasts with 89 months for PSC and 72 months for SSC
in general [5, 17, 68]. On the other hand, while in PSC
cholangiocarcinoma occurs in 7–13% of patients, there
are no reports of cholangiocarcinoma in SSC-CIP patients [1, 68–70]. This might be explained by the short life
expectancy and the short follow-up in the studies so far.
The most common cause of death is hepatic failure,
which occurs in 36% of patients. Out of the 60% of surviving patients, approximately 40% develop biliary cirrhosis
and remain in stable condition, while the other 20% pro
gress to end-stage liver disease requiring liver transplantation [18].
Treatment

Persistent cholestasis in patients surviving a lifethreatening event is what clinically defines SSC-CIP [10].
SSC-CIP has an unspecific presentation but can have a
dramatic course, with mortality rates reaching 50% during ICU treatment. Mortality is associated with renal failure and higher Model for End-Stage Liver Disease
(MELD) scores [9, 13]. The cause for ICU admission also
affects mortality, with burns and trauma in previously
healthy patients being associated with better outcomes
[8].
Typical sclerosing cholangitis manifestations, such as
jaundice, pruritus, and abdominal discomfort, only occur
in advanced disease in patients who survived the ICU period [54]. Severe weight loss occurs in most patients within the first year, with an average loss of 18 kg, in contrast
with PSC, where weight loss only occurs in one-third of
patients [5, 67]. Recurrent episodes of bacterial cholangitis secondary to bile duct destruction are common, with
biliary stenoses impairing bile flow and limiting the effect
of antibiotic treatment. Indeed, biliary sepsis is an important cause of death in these patients [5, 17].
Progression to liver cirrhosis can occur rapidly over a
period of months, and in some patients it takes as little as
weeks [5, 10, 63]. This rapid progression translates into
an exceptionally high mortality. Transplant-free survival
is 55% after 1 year and only 14% after 6 years. SSC-CIP
median transplant-free survival is 13–44 months, which

Endoscopic removal of biliary casts and sphincterotomy improve biliary drainage, resulting in transient clinical and biochemical improvement even when biliary cirrhosis has already occurred [6, 15, 23]. Endoscopic balloon dilation and intermittent stenting of dominant
stenoses also seem to improve cholestasis. However, in
most cases this approach is not feasible because of the
multifocal and intrahepatic localization of the stenoses
[10, 15, 23]. Repeated endoscopic interventions are often
necessary as biliary casts may recur [5, 11, 65]. Despite the
transient improvement, disease progression seems inevitable and the outcome of patients is not affected by endoscopic therapy [16, 17].
Ursodeoxycholic acid is commonly used in an effort to
improve bile flow [6, 11, 15, 23, 65]. It has not been studied in clinical trials in SSC-CIP, but its efficacy seems to
be limited [10, 17].
Recurrent episodes of cholangitis are treated with endoscopic therapy to alleviate obstruction and antimicrobials. The antimicrobial therapy should be adjusted based
on microbiological analysis, and it should be extended for
2 weeks [21, 55]. In many cases, biliary drainage is inadequate because ERCP cannot access excluded peripheral
bile ducts, limiting the effectiveness of the treatment [5].
When SSC-CIP progresses and biliary cirrhosis develops, orthotopic liver transplantation is the only curative
treatment [23]. Urgent liver transplantation may be required during ICU stay due to acute liver failure [6]. Up
to 75% of SSC-CIP patients are referred for liver transplantation within the first year after the diagnosis [5]. The
MELD score is widely used in Europe to guide the allocation of liver grafts and has prognostic value in SSC-CIP
[9, 71]. However, MELD alone may not be a good measurement of the urgency for liver transplantation, since
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many patients with SSC-CIP maintain stable coagulation
and liver function despite a dismal evolution, thus delaying transplantation [13]. In the case of PSC, recurrent
bacterial cholangitis confers higher priority in the form of
MELD exception points [72]. In a study by Leonhardt et
al. [5], 2 out of 16 patients died of biliary sepsis while on
the transplant waiting list, so probably the same rationale
should be applied for SSC-CIP. Survival rates after liver
transplantation are comparable to those of patients transplanted due to alcoholic liver cirrhosis, with 1- and 3-year
survival rates around 90 and 85%, respectively [5, 13].
Most deaths after liver transplantation occur within the
first year, sepsis being the main cause of death. Previously healthy trauma patients seem to have a better prognosis
after liver transplant [63].

mation of biliary casts and stricturing, with subsequent
persistent bacterial infection driving the rapid progression of the disease. SSC-CIP shows a typical cholestatic
pattern that persists after recovery from the critical illness, which should be a hint to differentiate from other
causes of cholestasis in the ICU. The diagnosis requires
MRCP/ERCP, but it is often delayed due to unawareness
of the disease and unspecific presentation. SSC-CIP has a
dismal prognosis with high mortality rates during the
ICU stay and rapid progression to liver cirrhosis requiring liver transplantation. Medical treatment is lacking,
and endoscopic interventions allow only for palliative
treatment, hence the diagnosis of SSC-CIP should prompt
early referral for liver transplantation.
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SSC-CIP is an underdiagnosed entity that poses a great
challenge to both intensivists and gastroenterologists. In
SSC-CIP both critical illness and ICU treatment are responsible for ischemic injury of the biliary tree that, together with changes in bile composition, leads to the for-
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