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Abstract

Background: Acute cholangitis, also known as ascending cholangitis, is a life threatening
systemic condition which results from a biliary tree infection and obstruction. Severe acute
cholangitis was reported to have a mortality rate between 11% and 27% in the 1990s. This
article is a literature review about acute cholangitis. Its aim is to review the latest literature
about acute cholangitis and to discuss its pathogenesis, clinical presentation, diagnosis,

prognosis, risk factors and treatment.

Methods: Ovid Medline and PubMed database searches were performed for articles about

acute cholangitis published in English from 1877 to 2016. The keyword search headings

29 ¢ b 13

included “acute,” “ascending”, “cholangitis” and a combination of these were used. Only

articles with full text descriptions were chosen for this literature review.

Results: Common causes of biliary tree obstruction include choledocholithiasis, benign and
malignant- biliary strictures. According to the Tokyo Guideline, clinical presentation,
laboratory blood results and diagnostic imaging are important in the diagnosis of acute
cholangitis. Treatments consist of intravenous fluids and antibiotics followed by biliary
decompression and drainage. Available drainage options include endoscopic retrograde
cholangiopancreatography (ERCP), percutaneous transhepatic cholangiography (PTC),

endoscopic ultrasound (EUS) and open surgical drainage.

Discussion: It is important to diagnose acute cholangitis as early as possible to initiate

appropriate treatments to reduce mortality and morbidity.
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Introduction

Acute cholangitis is a potentially life threatening systemic condition characterised by an
infection of the bile, which is normally sterile, and biliary obstruction. This condition was
first described in 1877 by Charcot as having a triad of right upper abdominal pain, fever, and
jaundice (Charcot’s triad)." The diagnosis of acute cholangitis is made based on clinical
presentation, laboratory results and diagnostic imaging. If acute cholangitis is not recognised
early and treated appropriately, it can quickly develop into systemic inflammatory response
syndrome (SIRS), sepsis and death. Acute cholangitis carried a mortality rate of more than
50%2 in the 1970s and less than 7% in the 1980s.*” Severe acute cholangitis had a mortality
rate between 11% and 27% in the 1990s.°® Early treatment with intravenous antibiotics and

biliary decompression with drainage is fundamental in the management of acute cholangitis.

Materials and methods

Ovid Medline and PubMed database searches were performed for articles about acute

cholangitis published in English from 1877 to 2016 (the condition was first described in 1877

29 << 2% ¢

by Charcot). The keyword search headings included “acute,” “ascending”, “cholangitis” and
a combination of these were used. A list of articles was obtained and was examined to be
carefully selected in this literature review. Only articles with full text descriptions were

chosen. An organised discussion regarding pathogenesis, clinical presentation, diagnosis,

prognosis, risk factors and treatment was then commenced.
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Pathogenesis and Cause

Acute cholangitis results from both an obstruction of the biliary ducts and superposing
bacterial infection. Causes of biliary obstructions are benign biliary strictures (post-surgical,
acute and chronic pancreatitis, autoimmune cholangitis, primary sclerosing cholangitis,
complicated stone or congenital anomalies), malignant biliary strictures (pancreatic cancer,
gallbladder cancer, cholangiocarcinoma, small intestine malignancy or liver metastases),
biliary stent obstruction, haemobilia or parasitic infections. The most common cause of
biliary obstruction is choledocholithiasis’. Bile is sterile and bacterial infection of the bile
results from ascending migration of pathogens or portal bacteraemia. The normal pressure at
which hepatic bile is secreted is 12 — 15 cm H,O and the normal extrahepatic bile duct
pressure is 10 — 15 cm H,O. Those pressures are regulated by the relaxation and contraction
of the sphincter of Odi which maintain bile flow from the common bile duct to the duodenum
and help in preserving the sterility of bile. If the pressure exceeds 30 cm H,O, secretion of
bile from the liver is inhibited.” Hepatic defence mechanisms are compromised when the
choledochal pressure is more than 25 cm H,0O. Cholangiovenous reflux follows and
pathogens have access to intrahepatic canicules, hepatic veins and lymphatics causing
bacteraemia, systemic inflammatory response syndrome (SIRS) resulting in sepsis. Infection
of the biliary tree without obstruction does not usually result in clinical acute cholangitis.'’
The most common organisms causing acute cholangitis are Escherichia Coli, Enterococcus
species, Klebsiella species and Pseudomonas aeruginosa. ''"* A few studies showed that
Escherichia Coli is the main pathogen isolated in bile cultures from patients with acute
cholangitis. '*'® Weber et al found that Enterococcus species and Pseudomonas aeruginosa
were most commonly isolated from bile cultures in patients with acute cholangitis with
biliary stent endoprosthesis compared to acute cholangitis patients without biliary stent

endoprosthesis.'' Rerknimitr et al also found a higher incidence of Enterococcus species in
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patients with acute cholangitis with biliary stent endoprosthesis.'? Isolated Enterococcus
species and Pseudomonas aeruginosa from bile cultures were shown to have a higher risk of
bacteraemia.'' Moreover, the presence of biliary stent endoprosthesis itself increases the risk
of bacteraemia and polymicrobial infections.'” Biliary stent endoprosthesis is sometimes
inserted during endoscopic retrograde cholangiopancreatography (ERCP) after biliary
drainage as part of the treatment of acute cholangitis. Because biliary stent endoprosthesis
itself poses a risk for bacteraemia and polymicrobial infection, it is thus recommended to

change or remove the endoprosthesis every 3 months.

Clinical Presentation

In 1877, Charcot first described acute cholangitis as having right upper abdominal pain, fever
and jaundice (Charcot’s triad).' In 1959, Reynolds and Dragan then proceeded to describe a
more severe form of acute cholangitis that included Charcot’s triad with altered metal state
and septic shock (Reynold’s pentad)."” Prior to the introduction of the Tokyo Guidelines for
the diagnosis and severity assessment of acute cholangitis in 2007, diagnosis of acute
cholangitis were based on Charcot’s triad and Reynold’s pentad. However, it was not
uncommon for Charcot’s triad to be absent in patients with acute cholangitis and Reynold’s
pentad was even rarer. This is especially true in elderly patients with acute cholangitis and
these results in delay in diagnosis and treatment. '® Thompson et al found that the incidence
of Charcot’s triad was about 60% in 66 patients with acute cholangitis.'” Gigot et al showed
that Charcot’s triad and Reynold’s pentad were present in 72% (323 attacks) and 3.5% (15
attacks) respectively in a total of 449 acute cholangitis attacks.”’ Furthermore, Boey and Way
consistently found that Charcot’s triad and Reynold’s pentad were observed in 69.7% (69

patients) and 5.1% (5 patients) in 99 acute cholangitis patients.?! Amongst the 3 symptoms of
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the Charcot’s triad, abdominal pain and fever are the most common clinical features in acute

cholangitis with an incidence of at least 80% whilst jaundice is about 60 — 70% ****

Laboratory investigations

Blood tests that are useful in acute cholangitis are those suggesting inflammation (increased
white blood cells and/or elevated C-reactive protein level) and evidence of biliary duct partial
or complete obstruction (increased bilirubin, raised liver and biliary enzymes such as
aspartate alanine aminotransferase [ALT], aspartate aminotransferase [AST], alkaline
phosphatase [ALP] and Y -glutamyl transpeptidase [GGT]). Table S1 illustrates the positive
rate of those blood tests in acute cholangitis as reported in the literature and has been

submitted as a supporting information table (Table S1).

Diagnostic Imaging

Available imaging modalities that are useful in acute cholangitis are transabdominal
ultrasound (US), endoscopic ultrasound (EUS), computed tomography with contrast (CT),
magnetic resonance cholangiopancreatography (MRCP) and ERCP. Their role is to assess the
presence or absence of an obstruction of the biliary tree, the cause of the obstruction such as
gallstones and biliary strictures, and the level of the obstruction. US is readily available in all
tertiary institutions. They are non-invasive and cheap. However it is operator dependent and
thus the sensitivity for choledocholithiasis can vary from 25% to 63%. CT, on the other hand,
has a higher sensitivity than US in locating the level of obstruction and underlying cause of
the obstruction such as malignancy. Nevertheless, CT poses a radiation risk and use of

contrast can cause acute kidney injury or allergies. In suspected malignancy, CT offers no
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therapeutic capability and no tissue sampling. Akaike et al found that peribiliary oedema on
CT can be a valuable sign to help in the diagnosis of acute cholangitis.”* When the biliary
tree is obstructed by a sludge or stone, the intraductal pressure increases and bacteria
proliferate causing inflammation which spreads through the fibromuscular layer of the biliary
tree and its surrounding fat tissues causing oedema. In acute cholangitis, the sensitivity and
specificity of peribiliary oedema were 88.9% and 78.6% respectively.** Compared to its high
sensitivity, the relatively low specificity of peribiliary oedema in detecting acute cholangitis
shows that it is still important to correlate CT findings with clinical information. Arai et al
reported a statistically significant increase in inhomogeneous enhancement frequency in the
liver on CT in the acute cholangitis patient group (11 of 13 patients) compared to the control
group without acute cholangitis (19 of 393 patients, p <0.001).>> MRCP has become more
popular and widespread in recent years as it is non-invasive, has no radiation risk and is thus
safe to be used in pregnancy. MRCP has a high sensitivity for biliary obstruction and bile
duct stones of more than 6mm. However, MRCP offers only diagnostic and no therapeutic
options. In addition, MRCP is not possible in patients who have severe claustrophobia and
ferromagnetic implants. Eun et al described a statistically significant finding of transient
periductal signal difference on MRCP in the acute cholangitis group (31 of 66 patients, 47%,
p <0.05) when compared to the non-acute cholangitis group (9 of 107 patients, 8.4%, p
<0.05) and an increased periductal signal intensity on T2-weighted images in the cholangitis
group (26 of 66 patients, 39.4%, p < 0.050) compared to the non-cholangitis group (7 of 107
patients, 6.5%, p < 0.050).° EUS can be considered in rural places where MRCP is not
available. In a systematic review, Ledro-Cano demonstrated no statistically significant
differences in the accuracy, sensitivity and specificity in diagnosing choledocholithiasis
between EUS and MRCP.?’ Prat et al showed that the sensitivity, specificity, positive

predictive value and negative predictive value of EUS in detecting choledocholithiasis were
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93%, 97%, 98% and 88% respectively.28 But EUS is invasive, requires sedation and
intravenous contrast and involves radiation exposure. ERCP can be both diagnostic and
therapeutic especially in septic patients after normal working hours. Even though ERCP is
not routinely thought as a diagnostic tool nowadays, it is particularly important in some
places where there are no other modalities. ERCP has a sensitivity of 89%, specificity of
100%, positive predictive value of 100% and negative predictive value of 83% in identifying
choledocholithiasis.”® EUS is interestingly as sensitive as ERCP and EUS can potentially

prevent unnecessary invasive common bile duct explorations.

Diagnostic Criteria for acute cholangitis

The Tokyo Guidelines for the diagnosis of acute cholangitis was introduced in 2007 at the
Tokyo International Consensus Meeting due to a previous lack of internationally accepted
criteria to-diagnose acute cholangitis despite carrying a high morbidity and mortality rate. At
the Tokyo Consensus Meeting, at least 90% of all participants agreed that the following 4
criteria were appropriate in the diagnosis of acute cholangitis; (1) history of biliary disease,
(2) clinical presentation, (3) laboratory results suggesting inflammation and biliary
obstruction and (4) diagnostic imaging findings indicating biliary dilatation or obstruction or
evidence of an aetiology such as stricture, stent or stone.** These are summarised in Table S2
which has been submitted as a supporting information table (Table S2). Moreover, at least
70% of the participants at the Tokyo International Consensus Meeting decided that there was
a need to categorise the severity of acute cholangitis into three grades to help in its
management; mild (grade 1), moderate (grade 2) and severe (grade 3). 2 Two main criteria
were used to assess the severity of acute cholangitis; ‘response to the initial medical

5922

treatment” and “onset of organ dysfunction.””” Initial medical treatments involve general
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supportive treatment, intravenous fluid and intravenous antibiotics and should be started as
soon as a diagnosis of acute cholangitis is suspected. Most cases respond well with initial
medical treatment with improvement of clinical symptoms and laboratory results. But some
patients do not respond to initial medical treatment and develop sepsis with or without organ
dysfunction. Those patients require urgent biliary decompression and drainage, organ
supportive care and intensive care together with medical treatments. Mild or grade 1 acute
cholangitis is characterised as acute cholangitis which response to initial medical treatment.
Moderate or grade 2 acute cholangitis is defined as acute cholangitis which does not respond
to initial medical treatment but does not have organ dysfunction. Severe or grade 3 acute
cholangitis is regarded as acute cholangitis which does not respond to initial medical
treatment and is accompanied by organ failure; cardiovascular system (hypotension requiring
dopamine € 5 pg/kg/min or any dose of dobutamine), central nervous system (altered mental
state), respiratory system (PaO;: FiO, ratio < 300), kidney (serum creatinine > 176 pmol/L),
liver (PT-INR > 1.5) and haematological system (platelet < 100 x 10°/L). ** A summary of
the severity of acute cholangitis is illustrated in Table S3 and has been submitted as a

supporting information table (Table S3).

Prognostic Indicators and Risk Factors

Organ dysfunction is the most common predictor of a poor prognosis.*> Confusion and shock
are good clinical indicators of organ dysfunction.” Laboratory results in acute cholangitis
suggesting organ dysfunction are serum creatinine (> 132 -> 176 pmol/L), low platelet count
(<10 x 10°/L <- 15 x 10°/L), increased bilirubin (> 37.6 -> 171 pmol/L) and urea (> 7.4 -> 28
mmol/L). ** Old age is also associated with significantly higher mortality and morbidity.*

Rosing et al found that a total bilirubin of more than 171 pmol/L on admission has a 56%
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sensitivity, 85% specificity, 21% positive predictive value and 96% negative predictive value
for predicting death.”’ Moreover, white cell count on admission has a 50% sensitivity, 92%
specificity, 63% positive predictive value and 88% negative predictive value for organ failure
or death.’’ Agarwal et al showed that the rise in white cell count is less in elderly patients
compared to younger patients with acute cholangitis.’”®> The presence of Charcot’s triad or
Reynolds’s pentad at presentation was not significantly associated with a higher mortality.*
The timing of ERCP and biliary decompression is fundamental in acute cholangitis as delay
can result in increased in mortality and morbidity.** Hui et al demonstrated that patients with
acute cholangitis having tachycardia (heart rate > 100 beats/min), albumin less than 30 g/L,
prolonged prothrombin time of more than 14 seconds and total bilirubin of more than 85
pmol/L are significantly more likely to fail initial medical treatment thus requiring an
emergent ERCP.> Similarly, Pang and Chun found that a prolonged prothrombin, older age
and dilated common bile duct predicted an urgent ERCP.** Based on their multivariate
analysis, Gigot et al found that there seven statistically significant risk factors in predicting
mortality (old age, female gender, acute renal failure, liver abscesses or liver cirrhosis and
acute cholangitis secondary to malignant biliary strictures or post percutaneous transhepatic

cholangiography).’

Treatment

The treatment of acute cholangitis is aimed at the two main aetiological components of the
disease process; biliary infection which requires systemic antibiotics and initial medical
treatment, and biliary obstruction which necessitates decompression and drainage. Broad

spectrum intravenous antibiotics should be started as early as possible whenever the diagnosis
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of acute cholangitis is suspected.’® Biliary drainage can be achieved with ERCP, EUS,

percutaneous transhepatic cholangiography (PTC) or open surgical drainage.

Antibiotics

Blood cultures should ideally be taken upon presentation before intravenous antibiotics are
started. The role of antibiotic is to control inflammation, sepsis and not to sterilise bile. The
choice of the broad spectrum antibiotics depends on the most likely bacterial organisms
causing bile infection, severity of the disease, comorbidities of patients such as allergies,
renal failure, liver failure and previous antibiotic history used by patients. Most common
organisms causing acute cholangitis are Escherichia Coli, Enterococcus species, Klebsiella
species and Pseudomonas aeruginosa. A penicillin/?-lactamase inhibitor such as
piperacillin/tazobactam is usually used as the initial antibiotic. When the results of the blood
cultures are available in a few days, the broad spectrum antibiotic should be changed to a
narrow spectrum antibiotic. Intravenous piperacillin/tazobactam is usually enough for mild
cases of acute cholangitis. For moderate and severe acute cholangitis, the addition of a third
or fourth generation cephalosporin antibiotic should be considered. If the first choice
antibiotic is not effective, fluoroquinolone or carbapenem are considered good alternatives. 37
The duration of intravenous antibiotics is usually 7 to 10 days depending on the response to

treatment and biliary dratine1ge:.36’38’39

The prolonged use of intravenous antibiotics is
associated with lengthy hospital stay, increased risk of nosocomial infections, antibiotic
resistance and high costs. Consequently, changing intravenous antibiotics to oral antibiotics
as early as possible is sensible. Van Lent et al found that short term intravenous antibiotic of

three days duration was adequate when satisfactory biliary drainage was performed and fever

was resolving.” Park et al did not find any statistically significant differences in terms of
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clinical symptoms, laboratory findings, recurrence of acute cholangitis and 30 day mortality
between a group of patients with acute cholangitis who had a successful biliary
decompression drainage who was on intravenous antibiotic for six days and then changed to
oral antibiotic for eight days compared to another group of biliary decompressed acute
cholangitis patients who was on intravenous antibiotic for 10 days and then switched to oral
antibiotic for-four days.*® Solomkin and Mazuski suggested that intravenous antibiotic should
be changed to oral antibiotic when there is no more fever or leucocytosis and when patients
can tolerate oral intake. *' Kogure et al performed a prospective study involving 18 patients
with acute cholangitis who had successful endoscopic biliary drainage and suggested to stop
all antibiotics when body temperature was less than 37°C for 24 hours.* Out of those 18

patients, none had recurrent cholangitis within three days of stopping antibiotics.

Biliary decompression and drainage

ERCP is the procedure of choice for biliary decompression and drainage. However, ERCP
itself can cause acute cholangitis. The incidence of acute cholangitis post ERCP varies
between 0.5% and 5.8%.%** When clinically assessing a patient, acute cholangitis should be
categorised into severe and non-severe acute cholangitis. Severe (grade 3) acute cholangitis
requires urgent ERCP. Initially, it is not often possible to differentiate between mild (grade 1)
and moderate (grade 2) acute cholangitis as patients need to be given time to see if they
“response to initial medical treatment” which is the criteria that separates mild and moderate
acute cholangitis. According to the Tokyo guidelines for the treatment of acute cholangitis,
mild (grade 1) acute cholangitis needs observation with initial medical treatment, moderate
(grade 2) acute cholangitis requires early biliary drainage and severe (grade 3) acute

cholangitis warrants urgent biliary drainage.” Biliary drainage by ERCP includes stent
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placement or nasobiliary drain placement with or without sphincterotomy. Sharma et al found
no statistically significant difference in effectiveness between biliary stents and nasobiliary
drain.*® However, there is more patient discomfort with nasobiliary drain.*’ Biliary drainage
and stent placement can be successfully done without sphincterotomy as the latter is
associated with acute pancreatitis, bleeding and retroduodenal perforation.*® There are two
types of biliary stents; plastic and metallic stents. The choice of the stent being used depends
on the availability of the stents, cost and preference of the ERCP operator. Plastic stents are
easier to insert and to remove and are more cost effective than metallic stents.* Plastic stents
are also less likely to have tumour ingrowth or overgrowth which can cause stent obstruction
but are-more likely to be occluded with biofilm and sludge compared to metallic stents.*’ The
two commonly used biliary stent sizes are 7 French and 10 French. Sharma et al found no
significant difference in the safety, effectiveness, occlusion of stent or stent migration and
time required for clinical symptoms and laboratory results to improve between two groups of
patients with acute cholangitis with size 7 French and size 10 French straight flap biliary
stents. >° PTC is the second line procedure of choice for biliary drainage in acute cholangitis
if ERCP is not available or fails. This is because PTC carries more serious complications
such as biliary peritonitis and intraperitoneal bleeding, longer hospital stay and more
significant patient discomfort resulting from the percutaneous catheter.”'™* EUS guided
biliary drainage can be done in tertiary institutions with appropriate expertise and equipment
and can be an alternative to PTC. However, there is a lack of studies in the current literature
comparing EUS to ERCP or PTC. Open surgical drainage is only considered when ERCP,

PTC or EUS are not successful or are contraindicated.
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Conclusion

Acute cholangitis is a serious condition caused by bile infection and biliary tree obstruction
which can lead to sepsis and death. The introduction of the internationally accepted Tokyo
Guidelines for the diagnosis of acute cholangitis, which is based on patient’s clinical
presentations, laboratory results and diagnostic imaging, provides an international platform
for its early diagnosis and helps to improve morbidity and mortality. Blood cultures should be
taken as early as possible and early intravenous antibiotics and fluids are fundamental in the
initial management of acute cholangitis. Biliary decompression and drainage or treatment of
the underlying aetiology should then be performed. Depending on the availability of

resources, ERCP, PTC, EUS or open surgical drainage should be considered.

Funding

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Word Count: 3318

Page 14 of 20

This article is protected by copyright. All rights reserved.



References:

10.

. Charcot M. De la fievre hepatique symtomatique. Comparison avec la fievre

uroseptique. Lecons sur les maladies du foie des voies biliares et des reins. Paris.
Bourneville et Sevestre. 1877;176-85. French.

Andrew DJ, Johnson SE. Acute suppurative cholangitis, a medical and surgical
emergency. Am K Gastroenterol. 1970;54(2):141-54.

Sjimada H, Nakagawara G, Kobayashi M, Tsuchiya S, Kudo T, Morita S.
Pathogenesis and clinical features of acute cholangitis accompanied by shock. Jpn J
Surg. 1984;14(4):269-77.

Thompson JE Jr, Pitt Ha, Doty JE, Coleman J, Irving C. Broad spectrum penicillin as
an adequate therapy for acute cholangitis. Surg Gynecol Obstet. 1990;171(4):275-82.
Tai DI, Shen FH, Liaw YF. Abnormal pre-drainage serum creatinine as a prognostic
indicator in acute cholangitis. Hepatogastroenterology. 1992 Feb;39(1):47-50.

Lai EC, Tam PC, Paterson IA et al. Emergency surgery for severe acute cholangitis.
The high risk patients. Ann Surg. 1990;211(1):55-9.

Liu TJ. Acute biliary septic shock. HPB Surg. 1990;2(3):177-83.

Chijiiwa K, Kozaki N, Naito T, Kameoka N, Tanaka M. Treatment of choice for
choledocholithiasis in patients with acute obstructive suppurative cholangitis and liver
cirrhosis. Am J Surg. 1995 Oct;170(4):356-60.

Buyukasik K, Toros AB, Bektas H, Ari A, Deniz MM. Diagnostic and Therapeutic
Value of ERCP in Acute Cholangitis. ISRN Gastroenterology. 2013 June;2013:4.
Flemma RJ, Flint LM, Osterhout S, Shingleton WW. Bacteriologic studies of biliary

tract infection. Ann Surg. 1967 Oct;166(4):563 -72.

Page 15 of 20

This article is protected by copyright. All rights reserved.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Weber A, Schneider J, Wagenpfeil S et al. Spectrum of pathogens in acute cholangitis
in patients with and without biliary endopreosthesis. J Infect. 2013 Aug;67(2):111-
121.

Rerknimitr R, Fogel EL, Kalayci C, Esber E, Lehman GA, Sherman S. Microbiology
of bile in patients with cholangitis or cholestasis with and without plastic biliary
endoprosthesis. Gastrointest Endosc. 2002 Dec;56(6):885-9.

Shenoy S, Gopal S, Tantry BV, Baliga S, Jain A. Clinicomicrobiological analysis of
patients with cholangitis. Indian J Med Microbiol. 2014 Apr;32(2):157-160.

Leung JW, Ling TK, Chan RC et al. Antibiotics, biliary sepsis and bile duct stones.
Gastrointest Endosc. 1994 Nov;40(6):716-21.

Leung JW, Liu YL, Lau GC et al. Bacteriologic analyses of bile and brown pigment
stones in patients with acute cholangitis. Gastrointest Endosc. 2001 Sep;54(3): 340-5.

Brook I. Aerobic and anaerobic microbiology of biliary tract disease. J Clin
Mircobiol. 1989 Oct;27(10):2373-5.

Reynolds BM, Dragan EL. Acute obstructive cholangitis. A distinct syndrome. 4n
Surg. 1959 Aug;150(2):299-303.

Rahman SH, Larvin M, McMahon MJ, Thompson D. Clinical presentation and
delayed treatment of cholangitis in older people. Dig Dis Sci. 2005 Dec;50(12):2207-
10.

Thompson JE, Tompkins RK, Longmire WP. Factors in the management of acute
cholangitis. Ann Surg. 1982;195:137-45.

Gigot JF, Leese T, Dereme T, Coutinho J, Castaing D, Bismuth H. Acute cholangitis.

Multivariate analysis of risk factors. Ann Surg. 1989 Apr;209(4):435-8.

. Boey JH, Way LW. Acute cholangitis. Ann Surg. 1980 Mar;191(3):264-70.

Page 16 of 20

This article is protected by copyright. All rights reserved.



22.

23.

24.

25.

26.

27.

28.

29.

30.

Wada K, Takada T, Kawarada Y et al. Diagnostic criteria and severity assessment of
acute cholangitis: Tokyo Guidelines. Journal Hepatobiliary Pancreat Surg. 2007
Jan;14(1):52-58.

Saharia PC, Cameron JL. Clinical management of acute cholangitis. Surg Gynecol
Obstet. 1976;142(3):369-72.

Akaike G, Ishiyama M, Suzuki S et al. Significance of peribiliary oedema on
computed tomography in diagnosis and severity assessment of acute cholangitis. Eur
J Radiol. 2013 Sep;82(9):429-433.

Arai K, Kawai K, Khoda W, Tatsu H, Matsui O, Nakahama T. Dynamic CT of acute
cholangitis: early inhomogeneous enhancement of the liver. AJR Am J Roentgenol.
2003 Jul;181(1):115-8.

Eun HW, Kim JH, Hong SS, Kim YJ. Assessment of acute cholangitis by MR
imaging. Eur J of Radiol. 2012 Oct;81(10):2476-2480.

Ledro-Cano D. Suspected choledocholithiasis: endoscopic ultrasound or magnetic
resonance cholangio-pancreatography. FEur J Gastroenterol Hepatol. 2007
Jan;19:1007-1011.

Prat F, Amouyal G, Amouyal P et al. Prospective controlled study of endoscopic
ultrasonography and endoscopic retrograde cholangiography in patients with
suspected common bile duct lithiasis. Lancet. 1996 Jan;347(8994):75-79.

Csendes A, Diaz JC, Burdiles P, Maluenda F, Morales E. Risk factors and
classification of acute suppurative cholangitis. Br J Surg. 1992 Jul;79(7):655-8.
Sugiyama M, Atomi Y. Treatment of acute cholangitis due to choledocholithiasis in

elderly and young patients. Arch Surg. 1997 Oct;132(10):1129-33.

Page 17 of 20

This article is protected by copyright. All rights reserved.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Rosing DK, De Virgilio C, Nguyen AT, El Masry M, Kaji AH, Stabile BE.
Cholangitis: Analysis of admission prognostic indicators and outcomes. Am Surg.
2007 Oct;73(10):949-54.

Agarwal N, Sharm BC, Sarin SK. Endoscopic management of acute cholangitis in
elderly patients. World J Gastroenterol. 2006 Oct;12(40):6551-5.

Salek J, Livote E, Sideridis K, Bank S. Analysis of risk factors predictive of early
mortality and urgent ERCP in acute cholangitis. J Clin Gastroenterol. 2009
Feb;43(2):171-5.

Pang YY, Chun YA. Predictors for emergency biliary decompression in acute
cholangitis. Eur J Gastroenterol Hepatol. 2006 Jul;18(7):727-31.

Hui CK, Lai KC, Yuen MF, Ng M, Lai CL, Lam SK. Acute cholangitis predictive
factors for emergency ERCP. Aliment Pharmacol Ther. 2001 Oct;15(10):1633-7.
Westphal JF, Brogard JM. Biliary tract infections: A guide to drug treatment. Drugs.
1999 Jan;57(1):81-91.

Mosler P: Diagnosis and Management of acute cholangitis. Curr Gastroenterol Rep.
2011 Apr;13(2):166-172.

Van den Hazel SJ, Speelman P, Tytgat GN, Dankert J, Van Leeuwen DJ. Role of
antibiotics in the treatment and prevention of acute and recurrent cholangitis. Clin
Infect Dis. 1994 Aug;19(2):279-86.

Van Lent AU, Bartelsman JF, Tytgat GN, Speelman P, Prins JM. Duration of
antibiotic therapy for cholangitis after successful endoscopic drainage of the biliary
tract. Gastrointest Endosc. 2002 Apr;55(4):518-22.

Park TY, Choi JS, Song TJ, Do JH, Choi SH, Oh HC. Early oral antibiotic switch
compared with conventional intravenous antibiotic therapy for acute cholangitis with

bacteraemia. Dig Dis Sci. 2014 Nov;59(11):2790-6.

Page 18 of 20

This article is protected by copyright. All rights reserved.



41.

42.

43.

44,

45.

46.

47.

48.

49.

Solomkin J, Mazuski J. Intra-andominal sepsis: newer interventional and
antimicrobial therapies. Infect Dis Clin North Am. 2009 Oct;23(3):593-608.

Kogure H, Tsujino T, Yamamoto K et al. Fever-based antibiotic therapy for acute
cholangitis following successful endoscopic biliary drainage. J Gastroenterol. 2011
Dec;46(12):1411-7.

Bai Y, Gai F, Gao J, Zou DW, Li ZS. Prophylactic antibiotics cannot prevent
endoscopic retrograde cholangiopancreatography-induced cholangitis: a meta-
analysis. Pancreas. 2009 Mar;38(2):126-30.

Masci E, Toti G, Mariona A et al. Complications of diagnostic and therapeutic ERCP:
a prospective multicentre study. Am J Gastoenterol. 2001 Feb;96(2):417-23

Miura F, Takada T, Kawarada Y et al. Flowcharts for the diagnosis and treatment of
acute cholangitis and cholecystitis: Tokyo Guidelines. J Hepatobiliary Pancreat Surg.
2007 Jan;14(1):27-34.

Sharma BC, Kumar R, Agarwal N, Sarin SK. Endoscopic biliary drainage by
nasobiliary drain or by stent placement in patients with acute cholangitis . Endoscopy.
2005 May;37(5):439-43.

Lee DW, Chan AC, Lam YH et al. Biliary decompression by nasobiliary catheter or
biliary stent in acute suppurative cholangitis: a prospective randomized trial.
Gastrointest Endosc. 2002 Sep;56(3):361-5

Hui CK, Lai KC, Yuen MF et al. Does the addition of endoscopic sphincterotomy to
stent insertion improve drainage of the bile duct in acute suppurative cholangitis?
Gastrointest Endosc. 2003 Oct;58(4):500-4.

Ferrerira LE, Baron TH. Acute biliary conditions. Best Pract Res Clin

Gastroenterol.2013;27:745-56.

Page 19 of 20

This article is protected by copyright. All rights reserved.



50. Sharma BC, Agarwal N, Sharma P, Sarin Sk. Endoscopic biliary drainage by 7 Fr or
10 Fr stent placements in patients with acute cholangitis. Dig Dis Sci. 2009
Jun;54(6):1355-9.

51. Leung JW, Chung SC, Sung JJ, Banez VP, Li AK. Urgent endoscopic drainage for
acute suppurative cholangitis. Lancet. 1989 Jun;1(8650):1307-9.

52.Boender J, Nix Ga, De Ridder Ma et al. Endoscopic sphincterotomy and biliary
drainage in patients with cholangitis due to common bile duct stones. Am J

Gastroenterol. 1995 Feb;90(2):233-8.

List of Supporting Information

1. Table S1 (Positive rate of blood test results in acute cholangitis as reported in the
literature)
2. Table S2 (Diagnostic criteria for acute cholangitis)

3. Table S3 (Severity assessment of acute cholangitis)

Page 20 of 20

This article is protected by copyright. All rights reserved.



