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Abstract

Background: Acute cholangitis (AC) is a common emergen-
cy with a significant mortality risk. The Tokyo Guidelines (TG)
provide recommendations for diagnosis, severity stratifica-
tion, and management of AC. However, validation of the TG
remains poor. This study aims to validate TG07, TG13, and
TG18 criteria and identify predictors of in-hospital mortality
in patients with AC. Methods: This is a retrospective audit of
patients with a discharge diagnosis of AC in the year 2016.
Demographic, clinical, investigation, management and mor-
tality data were documented. We performed a multinomial
logistic regression analysis with stepwise variable selection
to identify severity predictors for in-hospital mortality. Re-
sults: Two hundred sixty-two patients with a median age of
75.9 years (IQR 64.8-82.8) years were included for analysis.
TG13/TG18 diagnostic criteria were more sensitive than
TGO7 diagnostic criteria (85.1 vs. 75.2%; p < 0.006). The ma-
jority of the patients (n = 178;67.9%) presented with abdom-
inal pain, pyrexia (n = 156; 59.5%), and vomiting (n = 123;
46.9%). Blood cultures were positive in 95 (36.3%) patients,
and 79 (83.2%) patients had monomicrobial growth. The 30-
day, 90-day, and in-hospital mortality numbers were 3 (1.1%),
11 (4.2%), and 15 (5.7%), respectively. In multivariate analy-

sis, type 2 diabetes mellitus (OR = 12.531; 95% Cl 0.354-
116.015; p = 0.026), systolic blood pressure <100 mm Hg
(OR=10.108;95% Cl 1.094-93.395; p =0.041), Glasgow coma
score <15 (OR=38.16;95% Cl 1.804-807.191; p=0.019), and
malignancy (OR = 14.135; 95% Cl 1.017-196.394; p = 0.049)
predicted in-hospital mortality. Conclusion: TG13/18 diag-
nostic criteria are more sensitive than TG07 diagnostic crite-
ria. Type 2 diabetes mellitus, systolic blood pressure <100
mm Hg, Glasgow coma score <15, and malignant etiology
predict in-hospital mortality in patients with AC. These pre-
dictors could be considered in acute stratification and treat-

ment of patients with AC. ©2021 S. Karger AG, Basel

Introduction

About 10-15% of the adult population will develop
gallstones, and an estimated 10-15% of them will poten-
tially develop common bile duct stones [1]. The incidence
is higher in the elderly. The presence of common bile duct
stones results in elevated intrabiliary pressures, and the
resulting cholangiovenous reflux provides access for po-
tentially infected bile to escape into the systemic circula-
tion [2]. Thus, acute cholangitis (AC) is associated with
gram-negative endotoxemia. AC is a critical care urgency
and requires early diagnosis, prompt resuscitation, and
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early-to-urgent intervention to ensure good clinical out-
comes. The management of patients with AC has evolved
with refinement of critical-care protocols and an im-
proved understanding of sepsis. The mortality outcomes
of AC have improved over the past 5 decades [3], but even
today severe AC is associated with a high mortality, pri-
marily if not managed with urgency.

Diagnosis is an essential prerequisite to management.
The Tokyo Guidelines (TG) guide the diagnosis and
management of AC. Since the first publication in 2007
(TGO7) [4], 2 updates have been made (TG13 and TG18)
[5, 6]. Although it has been more than a decade since the
first publication, validation of the TG is scarce [7, 8]. In
a study including 120 AC patients, Sun et al. [7] showed
that the TGO07 is more reliable than Charcot triad for the
diagnosis of AC but of limited prognostic value. In a
study including 6,063 patients from Japan and Taiwan,
Kiriyama et al. [7] showed that TG13 diagnostic and se-
verity grading criteria not only improve diagnostic accu-
racy but also identify patients whose prognosis can im-
prove with early biliary drainage [8]. The TG18 adopted
the TG13 diagnostic and severity assessment criteria as
there was no new evidence to add to the existing TG13
criteria. Besides, many units have adopted the new Sep-
sis-3 criteria, and this could influence the diagnosis and
management of AC [9]. There is an unmet need to vali-
date TG13/TG18 diagnostic and severity grading criteria
not only to show that the criteria are useful in routine
clinical practice but also to explore the new body of evi-
dence. Thus, our study aims to validate TG13/TG18 di-
agnostic and severity assessment criteria and identify
mortality predictors for AC.

Method

This is a retrospective cohort study of AC patients treated at
a university-affiliated academic hospital from January 2016 to
December 2016. All of the patients were identified electronically
using the following ICD10 (International Statistical Classifica-
tion of Disease) codes for primary or secondary diagnosis of AC:
K383.0, K80.30, K80.31, K80.32, K 80.33, K80.34, K 80.35, K80.36,
K80.37, and K74.3 [10]. We excluded all moribund patients or
patients with a terminal illness, as the goals of care in both in-
stances were palliation and comfort. We reviewed electronic
medical records, endoscopy and imaging records, and discharge
summaries for all AC patients to gather data. Patients in whom
the diagnosis of AC could not be verified due to wrong coding or
other significant primary concomitant illness were excluded
from the analysis.

Locally, patients with AC can be admitted to the medical or
surgical unit, depending on the judgment of the emergency de-
partment doctor. Patients with mild disease are admitted to the
general ward. The on-duty team decides on admission to the crit-
ical care unit. Indications for high-dependency unit admission
include support for single-organ failure, and indications for inten-
sive care unit admission include support for multiorgan failure or
patients requiring intubation or renal replacement therapy. All
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patients with AC had at least 1 set of blood cultures taken before
the initiation of empirical broad-spectrum intravenous (i.v.) an-
tibiotics. Based on local antibiograms, we administer a combina-
tion of amoxicillin with clavulanic acid along with a stat dose of
gentamicin [11]. The specimens were processed for gram stain,
bacterial cultures (aerobic and anaerobic), and tests for antibiotic
susceptibility. Blood culture service attends to all patients with
positive culture results and gives recommendations for antibiotic
therapy according to culture and sensitivity results. All patients
with positive blood cultures receive at least 7 days of i.v. antibiot-
ics. The total duration of antibiotic therapy varies according to the
clinical response. Patients with negative blood cultures receive
empirical antibiotics based on a local antibiogram [12]. Ultra-
sound scan, computerized tomography (CT) scan, or magnetic
resonance cholangiopancreatography scan of abdomen are done
based on the judgment of the primary team. The medical gastro-
enterology unit provides emergency endoscopy service with capa-
bilities for urgent biliary drainage by endoscopic retrograde chol-
angiopancreatography (ERCP). Similarly, emergency interven-
tional radiology support is available for percutaneous biliary
drainage. We recommend index admission cholecystectomy in
patients with a biliary stone etiology and mild AC. Multidisci-
plinary care teams decide the management of patients with malig-
nant disease.

Demographic and clinical data, along with serum investiga-
tions, endoscopy records, operative records, morbidity, in-hospi-
tal mortality, 30-day mortality, and 90-day mortality, were docu-
mented. We retrospectively assigned TG07, TG13/18 diagnostic
and severity grading criteria to patients. We assigned 3 diagnosis
groups as follows: does not meet criteria, suspected diagnosis, and
definite diagnosis, and 3 severity groups as follows: grade 1/mild,
grade 2/moderate, and grade 3/severe. The upper limit of the nor-
mal reference range for serum investigations was taken from TG13
and TGO7 guidelines for diagnosis and severity. We used the upper
limit of standard reference ranges as per the quick sequential organ
failure assessment (QSOFA) or the institution laboratory reference
range for variables not included in TG13/TG18 guidelines. The
international normalized ratio value had missing data for <10%
patients, and imputation was done.

Mortality was defined as death from any cause during admis-
sion, within 30 days of admission, and within 90 days of admission
as in-hospital mortality, 30 day mortality, and 90 day mortality,
respectively. Ten patients had missing data, and they were exclud-
ed from the analysis.

We analyzed data according to all the 3 versions of the TG. Cat-
egorical data were presented as total numbers () and percentages
(%), while continuous data were presented as either means (+SD)
or medians (IQR), as required. The one-way ANOVA test for con-
tinuous variables and the ¥* for categorical variables (continuity
corrected) were used as hypothesis test functions. Meanwhile, the
Fisher exact ¢ test for categorical variables and the Kruskal-Wallis
rank-sum test for continuous variables were used for variables
without a normal distribution. Post hoc tests were employed to
compare significant variables. p < 0.05 was considered statistically
significant. We performed a multinomial logistic regression analy-
sis with stepwise variable selection to identify variables that were
severity predictors based on TG13/18 severity grading, with in-
hospital mortality as the outcome. p < 0.1 was used in the univari-
ate analysis to indicate statistical significance and thereby inclu-
sion into multivariate analysis. p < 0.05 was used to indicate statis-
tical significance in the multivariate analysis. The statistical
analysis was done with R Studio 1.2.5019 using the tableone pack-
age. IBM SPSS build 1.0.0.1347 (2018 version) was used for post
hoc, univariate, and multivariate regression analyses.
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Table 1. Clinical characteristics compared by TG13 severity grading

All (n = 262) Grade 1: Grade 2: Grade 3: p value
mild (n = 95) moderate (n=94) Severe (n=73)
Age, years 75.9 (64.8-82.8)  68.9 (61.4-78.3)  78.1 (70.4-83.3)  80.1 (66.3-83.8) <0.001
Male gender 129 (49.2) 43 (45.3) 45 (47.9) 41 (56.2) 0.355
Diabetes mellitus 100 (38.2) 32(33.7) 33 (35.1) 35 (47.9) 0.126
Ischemic heart disease 53(20.2) 16 (16.8) 15 (16.0) 22 (30.1) 0.046
COPD/asthma 12 (4.6) 4(4.2) 6 (6.4) 2(2.7) 0.523
Chronic renal impairment 38 (14.5) 12 (12.6) 12 (12.8) 14 (19.2) 0.41
History of biliary disease 136 (51.9) 46 (48.4) 52 (55.3) 38 (52.1) 0.637
Abdominal pain 178 (67.9) 67 (70.5) 63 (67.0) 48 (65.8) 0.783
Pyrexia 156 (59.5) 50 (52.6) 60 (63.8) 46 (63.0) 0.227
Vomiting 123 (46.9) 45 (47.4) 42 (44.7) 36 (49.3) 0.833
Jaundice 67 (25.6) 25 (26.3) 21(22.3) 21(28.8) 0.627
Abdominal tenderness 136 (51.9) 51 (53.7) 45 (47.9) 40 (54.8) 0.614
Temperature, °C 37.94+1.10 37.68%£0.98 38.10%1.10 38.07£1.18 0.014
Heart rate, bpm 91.77+19.09 85.64+17.06 91.56+15.27 100.01+22.84 <0.001
Systolic blood pressure, mm Hg 123.22+25.97 127.84+22.09 125.56+22.46 114.19+£32.23 0.004
Respiratory rate, rpm 17.41+1.21 17.49+0.89 17.26+0.85 17.50£1.81 0.191
White blood cell count, # x 10°/L 12.79+5.87 10.92+4.77 14.2744.91 13.32+7.48 <0.001
Platelet count, # x 10°/L 227.22+106.14 227.45+83.73 251.17+£102.04 196.07+£128.44 0.001
AST, U/L 253.11+£287.26 275.45+277.24 251.01+£345.95 227.07+206.78 0.255
ALT, U/L 195.84+171.72 219.22+165.04 196.98+201.92 163.96+130.08 0.09
Bilirubin, umol/L 73.31£64.63 57.32+44.62 75.744£63.99 91+81.18 0.004
ALP, U/L 294.13+£253.42 263.774225.11 290.20+244.34 338.68+293.74 0.262
GGT, U/L 387.82+314.83 431.61+£339.45 361.48+332.82 365.34+249.20 0.296
Creatinine, pmol/L 120.57£103.54 90.04+28.69 95.65+30.68 192.40+171.18 <0.001
Albumin, g/L 31.79+6.24 34.65+4.79 30.71+6.15 29.44+6.67 <0.001
Total positive blood cultures, n 95 28 31 36 0.001
Monomicrobial 79 (83.2) 27 (96.4) 28(90.3) 24 (66.7)
Polymicrobial 16 (16.8) 1(3.6) 3(9.7) 12 (33.3)

E. coli 66 (69.5) 17 (60.7) 22 (71.0) 27 (75.0) 0.016
Cholelithiasis 186 (71.0) 79 (83.2) 64 (68.1) 43 (58.9) 0.002
Malignancy 45 (17.2) 9(9.5) 17 (18.1) 19 (26.0) 0.018
Ultrasound 71 (27.1) 26 (27.4) 25 (26.6) 20 (27.4) 0.991
CT scan 104 (39.7) 34 (35.8) 42 (44.7) 28 (38.4) 0.441
MRCP scan 116 (44.3) 48 (50.5) 44 (46.8) 24 (32.9) 0.061
ERCP 146 (55.7) 63 (66.3) 50 (53.2) 33 (45.2) 0.020
Index admission cholecystectomy 14 (5.4)2 10 (10.6)* 3(3.2) 1(1.4) 0.039
30-day mortality 3(1.1) 0(0.0) 0(0.0) 3(4.1) 0.020
90-day mortality 11 (4.2) 2(2.1) 3(3.2) 6(8.2) 0.122
In-hospital mortality 15 (5.7) 1(1.1) 5(5.3) 9(12.3) 0.008

Values are presented as medians (IQR), numbers (%), or means (+SD), or numbers. COPD, chronic obstructive pulmonary disease;
AST, aspartate aminotransferase; ALT, alanine transaminase; ALP, alkaline phosphatase; GGT, y-glutamyl transferase, MRCP, mag-
netic resonance cholangiopancreatography. * There was a case of postcholecystectomy pancreatitis that was removed from the count.

Results

Two hundred seventy-two patients were treated for
AC, and we excluded data of 10 patients due to missing
items. The data of 262 patients were included in the anal-
ysis. One hundred twenty-nine (49.2%) patients were
men, and the median age of the patients was 75.9 years
(IQR 64.8-82.8). One hundred (38.2%) patients had type
2 diabetes mellitus (T2DM), 53 (20.2%) had ischemic
heart disease, 12 (4.6%) had chronic obstructive pulmo-
nary disease or asthma, 38 (14.5%) had a chronic renal
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impairment, and 136 (51.9%) had a history of biliary dis-
ease. The majority of the patients (n = 178, 67.9%) pre-
sented with abdominal pain, pyrexia (n = 156; 59.5%),
and vomiting (n = 123; 46.9%). Upon physical examina-
tion, 136 (51.9%) patients had abdominal tenderness.
Blood cultures were positive in 95 (36.3%) patients, and
79 (83.2%) patients had monomicrobial growth. Esche-
richia coli was the most common microbe (1 = 66;69.5%).
An ultrasound scan was done in 71 (27.1%) patients,a CT
scan was done in 104 (39.7%) patients (age range 35.3—
94.4 years), and a magnetic resonance cholangiopancrea-
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Table 2. TG07 diagnostic criteria

Did not meet the criteria ~ Suspected diagnosis Definite diagnosis p value

(n=65) (n=100) (n=97)
Age, years 77.2 (64.8-82.5) 76.9 (66.1-83.2) 75.4 (62.2-82.4) 0.525
Male gender 30 (46.2) 52 (52.0) 47 (48.5) 0.75
Diabetes mellitus 25 (38.5) 38 (38.0) 37(38.1) 0.998
Ischemic heart disease 16 (24.6) 22 (22.0) 15 (15.5) 0.311
COPD/asthma 2(3.1) 5 (5.0) 5(5.2) 0.799
Chronic renal impairment 11 (16.9) 11 (11.0) 16 (16.5) 0.448
History of biliary disease 7 (10.8) 70 (70.0) 59 (60.8) <0.001
Abdominal pain 31 (47.7) 71 (71.0) 76 (78.4) <0.001
Pyrexia 14 (21.5) 62 (62.0) 80 (82.5) <0.001
Vomiting 36 (55.4) 39 (39.0) 48 (49.5) 0.098
Jaundice 5(7.7) 25 (25.0) 37(38.1) <0.001
Abdominal tenderness 30 (46.2) 50 (50.0) 56 (57.7) 0.313
Arrythmia 3 (4.6) 0(0.0) 0 (0.0) 0.01
Ionotrope use 5(7.7) 6 (6.0) 8(8.2) 0.821
Total positive blood cultures 26 28 41 0.036

Monomicrobial 23 (88.5) 26(92.9) 30(73.2)
Polymicrobial 3(11.5) 2(7.1) 11 (26.8)

Cholelithiasis 46 (70.8) 69 (69.0) 71(73.2) 0.809
Malignancy 10 (15.4) 13 (13.0) 22(22.7) 0.179
Ultrasound 22 (33.8) 22 (22.0) 27 (27.8) 0.242
CT scan 27 (41.5) 40 (40.0) 37 (38.1) 0.908
MRCP scan 30 (46.2) 43 (43.0) 43 (44.3) 0.924
ERCP 30 (46.2) 59 (59.0) 57 (58.8) 0.201

Values are presented as medians (IQR), numbers (%), or numbers. The total number of patients is 262. COPD, chronic obstructive
pulmonary disease; MRCP, Magnetic resonance cholangiopancreatography.

tography scan was done in 116 (44.3%) patients. ERCP
was done in 146 (55.7%) patients, mainly to achieve
source control for biliary sepsis. The timing of ERCP was
variable (range 1-6 days) and interventions included a
combination of sphincterotomy, biliary stenting, and
stone extraction. Index admission cholecystectomy was
done in 14 (5.4%) patients. Table 1 shows the severity
grading according to TGI13/TG18 criteria, with 95
(36.3%), 94 (35.9%), and 73 (27.9%) patients graded as
having mild, moderate, and severe AC, respectively. The
30-day, 90-day, and in-hospital mortality values were 3
(1.1%), 11 (4.2%), and 15 (5.7%), respectively.

Comparison across TG07 Diagnostic Criteria

One hundred ninety-seven (75.2%) patients fulfilled
TGO7 diagnostic criteria for AC. A history of biliary dis-
ease (p < 0.001), abdominal pain (p < 0.001), pyrexia (p <
0.001), and jaundice (p < 0.001) predicted patients with a
suspected or definite diagnosis of AC. The absence of a
prior history of arrhythmias was predictive (p = 0.01) of a
suspected or definite diagnosis of AC, though only 3
(4.6%) patients had a history of arrhythmias and no defi-
nite conclusions should be drawn. There was a higher pro-
portion of patients (n = 11; 26.8%) with polymicrobial re-
sults in the definite diagnosis cohort (p = 0.036) (Table 2).

Validation of TG18 Criteria for AC

Comparison across TG13/TG18 Diagnostic Criteria

Two hundred twenty-three (85.1%) patients fulfilled
TG13/TG18 diagnostic criteria for AC. TG13/TG18 diag-
nostic criteria were more sensitive than TG07 diagnostic
criteria (85.1 vs. 75.2%; p < 0.006). One hundred ninety-
five (74.4%) patients received a definite diagnosis of AC.
T2DM (p = 0.027) and pyrexia (p < 0.001) predicted pa-
tients with a suspected or definite diagnosis of AC. Those
with a definite diagnosis of AC were more likely to be
treated with an ERCP (p = 0.003). Those who do not meet
the diagnostic criteria for AC were more likely to have an
ultrasound scan (p = 0.011) (Table 3).

Comparison across TG13/TG18 Severity Gradings

The median age of thd patients with severe AC was
higher (mild AC, 68.9 years; moderate AC, 78.1 years; and
severe AC, 80.1 years; p < 0.001). Ischemic heart disease
was more common (p = 0.046) in patients with severe AC.
Pyrexia (p = 0.014), tachycardia (p < 0.001), hypotension
(p = 0.004), leucocytosis (p < 0.001), thrombocytopenia
(p = 0.001), elevated bilirubin (p = 0.004), elevated cre-
atinine (p < 0.001), hypoalbuminemia (p < 0.001), poly-
microbial growth (p = 0.001), E. coli bacteremia (p =
0.016), and concomitant malignancy (p = 0.018) were
more common in patients with severe AC. Cholelithiasis
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Table 3. TG13 and TG18 diagnostic criteria

n=262 Did not meet the criteria  Suspected diagnosis Definite diagnosis p value
(n=39) (n=28) (n=195)
Age, years 75.4 (59.7-82.5) 81.71 (66.3-83.1) 75.5 (64.8-82.6) 0.627
Male gender 16 (41.0) 13 (46.4) 100 (51.3) 0.48
Diabetes mellitus 12 (30.8) 17 (60.7) 71 (36.4) 0.027
Ischemic heart disease 8 (20.5) 6(21.4) 39 (20.0) 0.984
COPD/asthma 2 (5.1) 1(3.6) 9 (4.6) 0.955
Chronic renal impairment 3(7.7) 3(10.7) 32 (16.4) 0.308
History of biliary disease 16 (41.0) 17 (60.7) 103 (52.8) 0.248
Abdominal pain 29 (74.4) 14 (50.0) 135 (69.2) 0.081
Pyrexia 13 (33.3) 20 (71.4) 123 (63.1) 0.001
Vomiting 20 (51.3) 15 (53.6) 88 (45.1) 0.593
Jaundice 7 (17.9) 4(14.3) 56 (28.7) 0.13
Abdominal tenderness 25 (64.1) 8 (28.6) 103 (52.8) 0.014
Arrythmia 0 (0.0) 0 (0.0) 3(1.5) 0.594
Ionotrope use 1(2.6) 3(10.7) 15(7.7) 0.401
Total positive blood cultures, n 12 11 72 0.397
Monomicrobial 12 (100.0) 10 (90.9) 57 (79.2)
Polymicrobial 0(0.0) 1(9.1) 15 (20.8)
Cholelithiasis 28 (71.8) 13 (46.4) 145 (74.4) 0.010
Malignancy 5(12.8) 1(3.6) 39 (20.0) 0.072
Ultrasound 18 (46.2) 5(17.9) 48 (24.6) 0.011
CT scan 18 (46.2) 11 (39.3) 75 (38.5) 0.668
MRCP scan 15 (38.5) 11 (39.3) 90 (46.2) 0.578
ERCP 17 (43.6) 9 (32.1) 120 (61.5) 0.003

Values are presented as medians (IQR), numbers (%), or numbers. COPD, chronic obstructive pulmonary disease; MRCP, mag-

netic resonance cholangiopancreatography.

(p=0.002), ERCP (p = 0.02), and index admission chole-
cystectomy (p = 0.039) were more common in patients
with mild AC. Thirty-day mortality (p = 0.02) and in-
hospital mortality (p = 0.008) were higher in patients with
severe AC. Table 4 shows the variables that predicted in-
hospital mortality. In the multivariate analysis, T2DM
(OR =12.531;95% CI 0.354-116.015; p = 0.026), systolic
blood pressure <100 mm Hg (OR =10.108; 95% CI 1.094-
93.395; p = 0.041), Glasgow coma score (GCS) <15 (OR =
38.16;95% CI 1.804-807.191; p = 0.019), and malignancy
(OR =14.135;95% CI 1.017-196.394; p = 0.049) predict-
ed in-hospital mortality (Table 1).

Discussion

TG13/18 diagnostic criteria are more sensitive than
TGO07 diagnostic criteria. T2DM, systolic blood pressure
<100 mm Hg, GCS <15, and malignant disease predict
in-hospital mortality in patients with AC.

The TGO7 clarified the diagnostic criteria, severity as-
sessment, and treatment of AC. However, validation of
the TGO7 remains poor outside Japan [7, 8]. The Charcot
triad is traditionally considered diagnostic for AC; how-
ever, it has a low sensitivity [13, 14]. In addition to the
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Charcot triad, TGO07 diagnostic criteria include a history
of biliary disease, and it has an increased diagnostic sen-
sitivity for the diagnosis of AC [4, 15]. It is known that
patients with complicated acute cholecystitis also present
with similar symptoms and signs, and therefore TG07 di-
agnostic criteria lack specificity. Thus, the accuracy of di-
agnostic criteria could be enhanced by exclusion of vari-
ables that confound the presence of acute cholecystitis.
Patients with acute cholecystitis may have abdominal ten-
derness more than patients with AC. In our study, ab-
dominal tenderness and ultrasound scan negatively pre-
dicted the diagnosis of AC based on TG13/TG18 diagnos-
tic criteria (Fig. 1). This could be due to liberal policy of
early CT scans in patients presenting with abdominal sep-
sis. Our study showed that a history of biliary disease, ab-
dominal pain, pyrexia, and jaundice are significant vari-
ables for the diagnosis of AC based on the TG07, but only
pyrexia was significantly associated with a diagnosis of
AC.

In our study, patients with a definite diagnosis of AC
were more likely to receive ERCP. However, it was inter-
esting to note that, compared to severe AC, patients with
a mild diagnosis receive ERCP more often. This could be
due to a reluctance to do ERCP among sick patients with
severe AC. ERCP may be delayed in patients with severe
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Table 4. Univariate and multivariate analysis of patient variables against in-hospital mortality

Univariate analysis

Multivariate analysis

OR (95% CI)

Age 275 years

Male gender

Diabetes mellitus

Ischemic heart disease
COPD/asthma

Chronic renal impairment
History of biliary disease
Abdominal pain

Vomiting

Jaundice

Abdominal tenderness

Heart rate >90 bpm

Systolic blood pressure <100 mm Hg
Respiratory rate

High fever 239°C

White blood cell count >12,000/m?
White blood cell count <4,000/m?
Hyperbilirubinemia >85.5 pmol/L
Hypoalbuminemia <28 g/L
Cardiovascular (inotropes used)
Neurologic (GCS <15)

Renal (creatinine >176.8)

Hepatic (INR >1.5)

Hematologic (platelets <100)
AST >45U/L

ALT >55U/L

ALP >120 U/L

GGT >90 U/L

Monomicrobial

Polymicrobial

Cholelithiasis

Malignancy

qSOFA score >1

1.045 (0.368-2.971)
4.444 (1.224-16.139)
0.287 (0.095-0.865)
3.733 (0.480-29.049)
1.513 (0.185-12.728)
1.514 (0.407-5.639)
1.921 (0.638-5.782)
4.676 (1.545-14.152)
6.242 (1.380-28.241)
0.670 (0.221-2.037)
1.062 (0.374-3.020)
4.517 (1.244-16.403)
5.128 (1.752-15.014)
1.079 (0.743-1.566)
0.894 (0.243-3.281)
1.029 (0.362-2.924)
3.457 (0.378-31.628)
2.351 (0.821-6.734)
11.11 (3.393-36.393)
3.609 (0.924-14.103)
9.616 (2.559-36.136)
4.440 (1.405-14.028)
7.567 (2.445-23.415)
2.221 (0.461-10.704)
0.287 (0.092-0.895)
0.227 (0.078-0.662)
1.448 (0.316-6.643)
1.038 (0.224-4.802)
0.352 (0.068-1.821)
0.473 (0.083-2.685)

11.44 (3.127-41.832)
12.11 (3.907-37.558)

7.446 (1.317-42.092)

p OR (95% CI) p
0.934 - -
0.023 4.543 (0.603-34.248) 0.142
0.027 12.531 (0.354-116.015) 0.026
0.208 - -
0.693 - -
0.536 - -
0.246 - -
0.006 0.297 (0.050-1.756) 0.181
0.017 0.098 (0.007-1.341) 0.082
0.480 - -
0.909 - -
0.022 3.551 (0.456-27.676) 0.226
0.003 10.108 (1.094-93.395) 0.041
0.690 - -
0.865 - -
0.958 - -
0.272 - -
0.111 - -

<0.001 0.728 (0.064-8.285) 0.798
0.065 0.642 (0.047-8.829) 0.741
0.001 38.160 (1.804-807.191) 0.019
0.011 0.848 (0.076-9.475) 0.894

<0.001 2.361 (0.298-18.691) 0.416
0.320 - -
0.032 0.144 (0.007-2.880) 0.205
0.007 1.042 (0.066-16.446) 0.977
0.634 - -
0.962 - -
0.213 - -
0.398 - -

<0.001 0.349 (0.027-4.578) 0.349

<0.001 14.135 (1.017-196.394) 0.049
0.023 0.146 (0.001-25.697) 0.466

The total in-hospital mortality number was 15. INR, international normalized ratio; AST, aspartate aminotransferase; ALT, alanine
transaminase; ALP, alkaline phosphatase; GGT, y-glutamyl transferase; COPD, chronic obstructive pulmonary disease.

AC with the intent of restoring hemodynamics, normal-
izing the deranged serum biochemistry, correcting the
coagulopathy, or seeking specialist cardiology or anes-
thesia opinions about risks-benefits [2]. However, with
optimization of oxygenation and fluids, reduction and
restriction of the sedative dose, and experienced person-
nel, early ERCP is safe and feasible, even among the el-
derly [16]. Even though timely and liberal ERCP policies
could improve the clinical outcomes of patients with bil-
iary sepsis, no significant differences were noted between
the 3 groups stratified using TG07 diagnostic criteria
(p = 0.201; Table 2). This was unlike TG13 diagnostic
criteria, where there was an observable trend toward
ERCP use in the definite-diagnosis group (p = 0.003; Ta-
ble 2). It is our opinion that biliary decompression is a
part of resuscitation in sick patients and should not be

Validation of TG18 Criteria for AC

delayed. In patients in whom ERCP is not feasible or is
deemed unsafe, percutaneous transhepatic cholangiog-
raphy remains an option. However, percutaneous tran-
shepatic cholangiography is associated with the risk of
bleeding in patients with coagulopathy and technically
challenging in patients with nondilated intrahepatic bili-
ary ducts. In selected high-risk patients, percutaneous
cholecystostomy can achieve biliary decompression.
Percutaneous cholecystostomy can be done under local
anesthesia and it has been shown to restore hemodynam-
ics within 48 h in critically ill patients [17]. After acute
illness management, patients warrant a definitive chole-
cystectomy to prevent recurrent biliary events or stent-
related morbidity [18].

Our results show that T2DM predicts in-hospital mor-
tality in patients with AC. This is not surprising as T2DM
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Fig. 1. Factors associated with a definite diagnosis of AC.

has been shown to predict mortality in sepsis. In a study
of 286 diabetic patients, Gornik et al. [19] reported that
elevated HbA1C independently predicts mortality in pa-
tients with sepsis (OR = 1.36). The cause-and-effect rela-
tionship of T2DM with mortality is multifactorial. T2DM
impairs neutrophil function and affects innate and adap-
tive immune mechanisms [20]. T2DM is associated with
a lower incidence of abdominal pain and thus may cause
a delay in seeking medical attention, leading to treatment
delays [21]. Hyperglycemia resulting from T2DM reduc-
es the bactericidal activity of neutrophils. Further, poor
control of T2DM is associated with end-organ dysfunc-
tion, and patients may have an increased risk of acute kid-
ney injury. Elevated serum creatinine is associated with
inferior outcomes in acute illnesses like acute pancreati-
tis, perforated peptic ulcer, and pyogenic liver abscess
[22-24].

In this study, serum albumin, bilirubin, and creatinine
did not predict in-hospital mortality, but mental obtun-
dation (GCS <15) and systolic blood pressure <100 mm
Hg independently predicted mortality. An altered mental
state and septic shock are components of the Reynold
pentad [25], indicating severe AC. Kiriyama et al. [8] re-
ported that mental obtundation was an independent pre-
dictor of mortality (OR = 4.86;95% CI 2.94-7.73). Mental
obtundation is a part of many risk prediction models. In
an analysis of 11 risk prediction models, Schneider et al.
[26] reported that the Random Forest model was accurate
in predicting mortality (area under the curve: 91.5%) and
mental confusion had the highest odds for mortality pre-
diction.

Mental obtundation and a low systolic blood pressure
are included when computing the bedside quick sequen-
tial organ failure assessment (QSOFA) score [27]. The
qSOFA criteria include at least 2 of the following: an al-
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tered mental state, a respiratory rate >22/min, and sys-
tolic blood pressure <100 mm Hg. In non-intensive care
unit patients, a QSOFA score of 2 or more was associated
with a 3- to 14-fold increase in in-hospital mortality [28].
However, our analysis shows that, in univariate analysis,
a qSOFA score >1 predicted in-hospital mortality (OR =
7.446; 95% CI 1.317-42.092; p = 0.023) and in multivari-
ate analysis a gSOFA score >1 did not predict in-hospital
mortality (OR = 0.146; 95% CI 0.001-25.697; p = 0.466;
Table 4). A low GCS also predicts mortality in acute ill-
ness [29, 30]. Goodacre et al. [29] reported that low GCS
independently predict mortality (OR = 2.10; p < 0.001).
The relevance of hypotension in sepsis is well known. In
a study including 8,782 patients, Maheshwari et al. [31]
reported an 11.4% increase in mortality for a unit drop in
the mean arterial pressure. Malignancy-related AC is dis-
tinct from biliary lithiasis as long-term outcomes are de-
termined by the stage and extent of the tumor. In a study
including 574 patients, Shi et al. [32] reported an associa-
tion of malignancy with mortality in patients with acute
cholecystitis and cholangitis (OR = 9.6). In another report
of 775 consecutive AC patients, Tan et al. [33] reported
that malignant obstruction predicted the 30-day mortal-
ity (OR = 1.11). However, our 30-day mortality was sig-
nificantly lower (1.1 vs. 12%). This could be due to the
inclusion of a 25-year sample by Tan et al. [33] or a high-
er proportion of patients with a malignant etiology (17.2
vs. 42%).

Our study has several limitations. This was a retro-
spective study, and hence the cause-effect relation of
mortality predictors cannot be established as such con-
clusions can rightfully be derived from a prospective
study. We did not record compliance with the sepsis bun-
dle, the timing of antibiotic administration, antibiotic
regimens, or the duration of the antibiotic course. We
also did not study the cause of in-hospital mortality. Mor-
tality may be driven by patient co-morbidity and not di-
rectly attributed to AC. However, regardless, it is essential
to determine the all-cause mortality as this information
assists in patient counselling regarding risk. Only 55.7%
of the patients in this study received ERCP, and indica-
tions were not specified. We did not collect data about
other options for biliary drainage, e.g., percutaneous
transhepatic cholangiography and percutaneous chole-
cystostomy. Some patients might have passed a stone
with natural relief from obstruction. Lastly, we are unable
to comment on the specificity of TG07 or TG13/18 crite-
ria from our dataset. Despite its limitations, this study has
merits. There are very few reports about AC, and data
from this study add to the current body of evidence. Fur-
ther, validation of the TG is necessary outside of Japan
and Taiwan, and hence this study fulfills an unmet need.
The multivariate analysis attempted to reduce the bias
and thus enhance the reliability of the results. In conclu-
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sion, TG13/18 diagnostic and severity assessment criteria
demonstrated improvements compared to TGO7 criteria.
T2DM, systolic blood pressure <100 mm Hg, GCS <15,
and malignant etiology predict in-hospital mortality in
patients with AC.
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