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may offer the same advantage for these lesions. The fre-
quency with which intrahepatic recurrence develops in the
marginal or same segment site of the remnant liver after
anatomical resection should be less than that after nonana-
tomic resection, since the theoretical superiority of anatomic
resection derives from eradication of intrahepatic metastases
that spread via portal tributaries.”' However, our study in
CRCLM showed that OS and DFS after anatormic resection
was not significantly better than after nonanatomic resec-
tion, and most of the intrahepatic recurrences occurred in
other segments or in multiple segments rather than at the
resection site (Table 3). There was no significant correlation
in our study between portal or hepatic vein invasion and
intrahepatic recurrence rate, and there were no significant
differences in terms of the OS and DFS or the site of intra-
hepatic recurrence between anatomic and nonanatomic
resection.

We also raised the question of whether surgical margin is
associated with intrahepatic recurrence. Generally, in treat-
ment of malignant tumors, the local recurrence rate is sig-
nificantly common in the stump-positive case. Similarly,
some authors™** reported that resection margin has a sig-
nificant impact on the risk of CRCLM recurrence, and that a
margin >10 mm from the cut surface to the tumor margin
was necessary. However, in patients with severely impaired
liver function or those with a tumor close to large vascular
structures, an adequate resection margin may not be feasi-
ble. In addition, previous studies®'~"~* have shown that a
surgical margin greater than 2 mm or greater than 1 mm was
not a significant prognostic factor in patient survival. In the
large-scale series,” 840 patients with resection margins of 1
to 10 mum and greater than 10 mm had similar 5-year patient
and DFS rates. Therefore, we classified all patients into
three groups: group 1, minimum safe resection margin of
<1 mm; group 2, resection margin of 2-9 mm; and group 3,
resection margin of >10 mm, which many authors®>**23-26
conventionally consider as the optimal resection margin.
Our retrospective analysis showed no correlation between
the width of the resection margin and survival, and the width
of the resection margin was not associated with the site of or
a reduced rate of intrahepatic recurrence. Regardless of the
resection margin, intrahepatic recurrences occurred at mul-
tiple segments rather than at the marginal site and/or in the
same segment. In addition, there was no significant differ-
ence in survival regardless of exposing the tumor surface at
the cut stump (P=0.1844). In summary, OS and DFS and
the recurrence site were not influenced by the type of hep-
atectomy or the width of the resection margin, and intra-
hepatic recurrences occurred in the remnant liver at a distal
segment or at multiple segments of the liver remnant
(Table 4).

Anatomic liver resection has become well established
based on the concept that the portal vein serves as an

‘g}_ Springer

efferent vessel in HCC and that satellite metastases can
spread by invasion of the portal vein branches at an early
stage. Therefore, anatomic resection based on Couinaud's
segments is generally performed to decrease the chance of
leaving behind satellite metastases that spread via portal
tributaries. Alternatively, hematogenous dissemination of
CRC via Glisson pedicle was reported to be significantly
associated with the size of liver metastatic nodules by cas-
cade theoryf” Under this theory, in accordance with the
process of CRCLM metastasizing to the lung, and subse-
quently to the other organs, the size of CRCLM is thought to
increase. However, we believe that nonanatomic liver resec-
tion with narrow margin is supported by the fact that micro-
metastases in the liver parenchyma surrounding CRCLM
are rare and primarily confined to the immediate area sur-
rounding the tumor border. Metastatic liver lesions develop
from bloodborne cancer cells circulating throughout the
body,'® and the probability of distribution of hematogenous
metastatic deposits from CRC is random. Yamamoto et al.'”
reported that there were no microscopic deposits in the
parenchyma, even within 10 mm from the metastatic
tumors. In fact, the observation in our study showed that
microscopic satellite foci were not found in the parenchyma
within 10 mm from metastatic tumors. This pattern of
recurrence is unique for CRCLM. This difference may be
explained by the variation in disease biology seen in primary
versus metastatic liver tumor.

In this study, CA19-9 after hepatectomy was found to be
one of the independent factors in OS and DFS, and CEA
both before and after hepatectomy were indicated risk fac-
tors for intrahepatic recurrences in the subgroups. Therefore,
we analyzed changes of CEA and CA19-9 before and after
operation. As a result, there were no significant differences
in OS and DFS, even if CEA and CA19-9 after hepatectomy
was normalized or remained high. Conversely, OS and DFS
were significantly worse if CEA and CA19-9 were normal
before hepatectomy and changed to high values after hepa-
tectomy (Table 6). All five patients whose CEA or CA19-9
changed to high values after hepatectomy experienced

Table 6 Relationship between pre- and post-hepatectomy values of
tumor matkers CEA and CA19-9

Variables Before After P value tor P value for
hepatectomy  hepatectomy  overall disease-free
survival (OS)  survival (DFS)
CEA <5 <5 0.0003* 0.0009*
(ng/mL) >5
>5 <5 0.1793 0.2502
=5
CA 199 <36 <36 0.0065% 0.0022*
(mAU/mL) >36
=236 <36 0.1335 0.3052
>36
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recurrence in multiple hepatic segments or in lung, and
eventually died.

Forty-five patients (42.9%) in our study experienced
recurrences in the remnant liver. Among these patients with
intrahepatic recurrence, a significantly different survival rate
was observed between those receiving various therapies
including repeat hepatectomy with a combination of sys-
temic chemotherapy, systemic chemotherapy alone, and best
supportive care (P<0.0001; Table 5). Considering the high
5-year cumulative recurrence rate after initial hepatectomy,
treatment for recurrence is extremely important. Although
various therapeutic modalities have been used to treat intra-
hepatic recurrences, there is no standard strategy for select-
ing treatment.">™" However, preservation of as much
remnant liver and liver function as possible during the initial
hepatectomy for CRCLM would allow consideration of
more therapeutic options when intrahepatic recurrence
occurs. Conversely, if remnant liver function is poor at the
time of recurrence with only best supportive care as a
treatment option, prognosis may be much poorer. As such,
remnant liver function should be maximally preserved.
Therefore, with the high incidence of recurrence in the
remnant liver from CRC, a long-term strategy for CRCLM
needs to take into special consideration treatment for the
forthcoming recurrence, since OS and DFS and the recur-
rence site were not influenced by the type of hepatectomy or
the width of the resection margin.

Conclusion

In our study, we retrospectively evaluated the operative
results for 106 CRCLM patients. Multivariate analysis dem-
onstrated that CA19-9 after hepatectomy and the presence of
recurrence were independent factors in OS rates, and tumor
depths of CRC and CA19-9 after hepatectomy were inde-
pendent factors in DFS rates. Type of hepatectomy (anatom-
ic or nonanatomic) and width of resection margin for
CRCLM were not significant factors for OS and DFS or
for CRCLM recurrence. Site of intrahepatic recurrence was
not influenced by the type of hepatectomy or width of the
resection margin.

Preserving remnant liver function in initial hepatecto-
my for CRCLM is important, increases treatment
options in case of recurrence, and should be considered
when planning an operative procedure for CRCLM. We
conclude that nonanatomic hepatectomy with narrow
margin may be recommended as a technique for the
resection of CRCLM.
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Abstract

Background/purpose In 2007, the Tokyo Guidelines
(TGO7) working group established diagnostic criteria for
assessment of the severity of acute cholangitis. This study
aimed to analyze outcomes and identify predictors of
mortality in patients with acute cholangitis managed
according to the TGO7.

Methods In this study, 215 consecutive cases of acute
cholangitis were reviewed. Risk factors associated with
mortality or refractory cholangitis, which is defined on the
basis of prolonged hospitalization (>28 days) or disease
resulting in fatality, were examined using multivariate
logistic regression analysis.

Results  There were 52, 133, and 30 cases of mild, mod-
erate, and severe cholangitis, respectively. The overall
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mortality rate was 4.2 % (9/215). Mortality rates in patients
with mild, moderate, and severe cholangitis were 0, 2.3,
and 20.0 %, respectively (moderate vs. severe, p = 0.001).
Multivariate analysis showed that serum albumin levels
<2.8 g/dl and PT-INR >1.5 were significant predictors of
mortality. There were 57 patients (26.5 %) with refractory
cholangitis. Multivariate analysis showed that serum
albumin level <2.8 g/dl, PT-INR >1.5, etiology and
inpatient status were significant predictors of refractory
cholangitis.

Conclusions The TGO7 severity assessment criteria for
acute cholangitis were significantly predictive of mortality.
Hypoalbuminemia is an important risk factor in addition to
organ dysfunction.

Keywords Acute cholangitis - Endoscopic retrograde
cholangiopancreatography - Severity of illness -
Hypoalbuminemia

Abbreviations

EBD  Endoscopic biliary drainage

TGO07 Tokyo Guidelines

PTBD Percutaneous transhepatic biliary drainage

Introduction

Prior to the 1970s, the mortality rate for patients with acute
cholangitis was reportedly >50 %; however, advances in
endoscopic drainage and new antibiotics reduced the
mortality rate to <7 % by the 1980s [1]. Several investi-
gators have proposed predictors of adverse outcomes in
patients with acute cholangitis using their own severity
assessment systems [2-4]. No standard criteria were

@ Springer
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available for diagnosis and severity assessment in patients
with acute cholangitis until the Tokyo Guidelines (TG07)
were published in 2007 [5, 6]. The TGO7 defines severe
acute cholangitis as cholangitis accompanied by organ
dysfunction and recommends that biliary drainage should
be urgently performed for patients with severe acute cho-
langitis. Moderate cholangitis is defined by the TGO07 as
disease unresponsive to initial medical treatment, whereas
mild cholangitis is defined as disease responsive to medical
treatment. However, several issues arise from this severity
assessment. First, acute cholangitis may worsen even after
biliary drainage is performed following a failure of con-
servative treatment. Second, the timing of biliary drainage
in patients with moderate cholangitis needs to be consid-
ered (e.g., as soon as possible, within 24 h, following
conservative treatment using another antibiotic). Therefore,
determination of disease severity and timing of biliary
drainage in the early-stages of mild or moderate cholangitis
can be difficult.

This retrospective study aimed to analyze outcomes and
identify predictors of mortality and prolonged hospital-
ization in patients with acute cholangitis managed
according to the TG07, in order to confirm the effective-
ness of these guidelines in clinical practice. Early identi-
fication of more reliable risk factors in addition to organ
dysfunction may help clinicians to administer timely and
appropriate treatment.

Patients and methods

A total of 215 patients (138 males, 77 females; average age
66.7 years) who were admitted to Chiba University Hos-
pital between February 2007 and July 2011 for acute
cholangitis were enrolled in this study. Diagnosis and
severity assessment were retrospectively made according
to the TGO7 [5]. All clinical data were prospectively
recorded in electronic hospital medical records. Diagnostic
criteria for acute cholangitis included Charcot’s triad (fever
and/or chills, jaundice, abdominal pain), which is the
definitive diagnostic criterion for acute cholangitis (crite-
rion 1), and in the absence of one or more components of
Charcot’s triad, a definite diagnosis was reached if an
inflammatory response and biliary obstruction were both
revealed by laboratory data and imaging findings (criterion
2). Severe cholangitis was diagnosed in cases complicated
by organ/system dysfunction (cardiovascular, nervous,
respiratory system, kidney, liver, or hematological system).
Moderate cholangitis was diagnosed in cases in which
early biliary drainage (EBD) was required after failure of
initial medical treatment. Mild cholangitis was diagnosed
in cases that responded to initial treatment and did not
require biliary drainage. Immediate medical treatment with

@ Springer

intravenous fluid and antibiotics was administered in all
cases diagnosed with acute cholangitis. For biliary drain-
age, endoscopic biliary drainage (EBD) was selected as
first-line therapy according to recommendations of the
TGO7, and it was followed by percutaneous transhepatic
biliary drainage (PTBD) [6]. The study protocol was
approved by the ethics committee of Chiba University
Hospital.

Mortality due to cholangitis and its determining factors
was the primary outcome in this study. The secondary
purpose was to detect major factors that affect the duration
of hospitalization in patients with acute cholangitis. For
cases in which cholangitis developed during hospital-
ization, the duration of hospitalization was calculated from the
date of onset instead of the date of admission. Organ failure
was defined by the TGO7 as follows: hypotension requiring
dopamine >5 pl/kg per min or any dose of dobutamine,
disturbance of consciousness, oxygenation index values [as
measured by the ratio of the pressure of arterial oxygen to
the fraction of inspired oxygen (PaO,/Fi0O,)] <300, serum
creatinine >2.0 mg/dl, and platelet count <100000/pl.
These factors were used as potential predictors of mortality
or refractory cholangitis.

All statistical analyses were performed using the Pre-
dictive Analytics Software package (PASW 18.0 for
Windows, SPSS Inc., Tokyo, Japan). The ¢ test was used
for continuous variables with a skewed distribution, and the
Chi-squared test with Yates’ correction method or Fisher’s
exact test was used to compare categorical variables. A cut-
off value was determined by receiver operating character-
istic (ROC) analysis. A logistic regression test analysis was
performed using the stepwise method. A p value of <0.05
was considered statistically significant. In this study, odds
ratios (ORs) are reported together with their 95 % confi-
dence intervals (CIs).

Results

Mild, moderate, and severe cholangitis were diagnosed in
52, 133, and 30 cases, respectively (Tables 1, 2). Of these
215 cases, 72 cases fulfilled criterion 1 (Charcot’s triad)
and 143 cases fulfilled criterion 2 (Table 2). The ratio of
patients categorized under criterion 1 to those categorized
under criterion 14 criterion 2 was significantly low for
patients with mild cholangitis. Fifty-two patients with mild
cholangitis were successfully treated without EBD (Fig. 1).
EBD was performed in 133 patients with moderate cho-
langitis after failure of initial medical treatment. Several
cases with assumed organ failure caused by factors unre-
lated to cholangitis presented with moderate disease: one
case with PT-INR >1.5, who was treated with warfarin,
and 14 cases with thrombopenia complicated by chronic
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Table 1 Clinical characteristics of the patients with acute cholangitis

Severity of acute cholangitis

Severe (n = 30) Moderate (n = 133) Mild (n = 52)
Age (mean £ SD) 68.2 4+ 9.1 64.5 £ 11.5%* 71.5 4 10.1%*
Gender (male/female) 21/9 81/52 36/16
Body temperature >38 °C or <36° (yes/no) 17/13 65/68% 8/44%
WBC count >12000 or <4000/pl (yes/no) 13/17 39/94 11/41
CRP (mg/dl) 9.3 + 7.8% 5.1 457 40+ 45
Serum albumin (g/dl) 29 +07° 3.5 & 0.7%%8 3.8 & 0.5%*
AST (IU/) 211.3 + 2549 253.3 £ 256.1 228.8 + 197.5
ALT (IUN) 140.4 £ 138.6 201.7 £ 2412 197.63 + 176.6
ALP (IU/) 1107.3 = 914.5 1093.7 £ 741.2 880.4 + 865.9
T. bilirabin (mg/dl) 76+ 7.1 504+ 53¢ 25+ 1.9%
Organ dysfunction
Hypotension requiring dopamine >3 pl/kg per min 19/11% 0/133% 0/52
or any dose of dobutamine (yes/no)

Disturbance of consciousness (yes/no) 1713% 0/133% 0/52
PaOy/FiO, ratio <300 (yes/no) 9/21% 0/133% 0/52
Serum creatinine >2.0 mg/dl (yes/no) 4/26%* 0/133%* 0/52
PT-INR >1.5 (yes/no) 17/13% 111328 0/52
Platelet count <100000/pl (yes/no) 16/14° 14/1298 0/52
*p = 0,007, ** p = 0001, ¥ p <0.001
Table 2 Proportion of
criterion 1 (Charcot’ triad) in Severity n Criterionl Criterion2
mild, moderate and severe Charcot’s triad “inflammatory response” and “biliary obstruction”
cholangitis

Mild 52 4 (7.7%) 48

Moderate 133 53 (39.8%) — - 80

Severe 30 15 (50%) :] * 15

Total 215 72(33.5%) 143
*p <0.001

liver disease (Table 1). Severe cholangitis was diagnosed
in 30 cases because of the presence of organ/system
dysfunction (cardiovascular, nervous, respiratory system,
kidney, liver, or hematological systems). Mean CRP level
in patients with severe cholangitis is significantly higher
compared to those in patients with moderate (Table 1).
ROC analysis revealed that CRP level >5.0 mg/dl had a
sensitivity of 60.0 % and a specificity of 66.9 % in dif-
ferentiating severe cholangitis from moderate (Fig. 2).
Acute cholangitis developed during hospitalization in
104 patients, of whom 45 (43.2 %) had been admitted to
other departments (mainly surgery). In our hospital, EBD
was performed in the Department of Gastroenterology and
Clinical Oncology for all cases. One hundred-eleven cases
were outpatients or transfers from outlying hospitals. For
these cases, the initial medical treatment period was

calculated from the beginning of therapy in any hospital or
hospital department. In cases unresponsive to conservative
medical therapy before visiting our department, the
severity of acute cholangitis was judged to be moderate at
the time of admission.

The various etiologies identified for acute cholangitis
examined in this study are listed in Table 3 (benign/
malignant 109/106). Of the 106 cases with malignancy, 71
developed acute cholangitis due to dysfunction of a pre-
viously placed tube or metal stent. Early biliary drainage
(EBD or PTBD) was performed in all 163 cases with
moderate or severe acute cholangitis (Fig. 1). The overall
success rate of EBD (within 48 h) was 98.1 % (160/163).
EBD was performed successfully in 156/163 (95.7 %)
cases. Urgent EBD (within 12 h of onset), early EBD
(within 24 h of onset), and relatively early EBD (within
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Fig. 1 Flow chart of the
diagnosis and treatment of acute
cholangitis in this study
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Fig. 2 Receiver operating characteristic analysis of CRP level in
differentiating severe cholangitis from moderate. Area under the
curve: 0.670 (95 %: 0.557-0.782); p = 0.004. The optimal cut-off
value for predicting mortality in patients with acute cholangitis was
5.0, which yielded a sensitivity of 60.0 % and a specificity of 66.9 %
(circle)

48 h of onset) were performed in 113, 43, and five cases,
respectively. EBD failed in seven cases, of which four were
successfully treated by urgent PTBD and two responded at
a later stage to conservative medical treatment and elective
endoscopic treatment. In the remaining patient, advanced
hepatocellular cancer was complicated by uncontrolled
bleeding and liver failure, and this patient died 4 days after
failure of EBD. No major procedure-related complications
such as post-EBD pancreatitis, bleeding, or perforation
were observed.
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Predictors of mortality

Risk factors for acute cholangitis were analyzed in 215
cases of acute cholangitis. The overall mortality rate was
4.2 % (9/215). Mortality rates in patients with mild,
moderate, and severe cholangitis were 0 % (0/52), 2.3 %
(3/133), and 20.0 % (6/30), respectively (moderate vs.
severe, p = 0.001). Death occurred because of uncon-
trolled septicemia (n = 5) and liver failure (n = 4) as
complications of persistent cholangitis. In all other cases
except the one with advanced hepatocellular cancer com-
plicated by uncontrolled bleeding, urgent biliary drainage
within 24 h of admission proved successful. Malignant
(n = 6) and benign (n = 3) biliary obstruction was also
observed in the nine cases that failed to survive (Table 4).
ROC analysis revealed that serum albumin level <2.8
mg/dl had a sensitivity of 83.5 % and a specificity of
88.9 % in predicting death from acute cholangitis (Fig. 3).
Mean serum albumin level in patients with malignant dis-
eases is significantly lower compared to those in patients
with benign diseases (Table 5). However, a univariate
analysis did not identify an association between hypoal-
buminemia and host-related factors such as etiology
(malignant), age (>75 years), inpatient status and stent
dysfunction (Table 6). Univariate analysis of the factors
associated with mortality revealed six influential factors
(Table 7): serum albumin level <2.8 mg/dl, hypoten-
sion, disturbance of consciousness, PaO,/FiO, ratio <300,
PT-INR >1.5 and platelet count <100000/ul. According to
multivariate analysis, serum albumin levels <2.§ g/dl and
PT-INR >1.5 were statistically significant predictors of
mortality (Table 8).
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Table 3 Etiologies of - . - o
h
cholangitis observed in this Etiologies n Severity of acute cholangitis
study Severe Moderate® Mild*
(n = 30) (n=133) (n=52)
Malignant diseases 106 (71)° 13 (8) 90 (63) 2
Pancreatic head cancer 49 (40) 4 (3) 44 (37) 1
Biliary tract cancer 43 (31) 9(5) 33 (26) 1
Hepatocellular cancer 5 4
Periampullary cancer 3 3
Malignant lymphoma 1 1
Others 5 5
Benign diseases 109 (7) 17 (1) 43 (6) 50
Choledocholithiasis 90 (2) 8 32 (2) 50
& Number of cases with Chr?nlc Péncreatl‘us 6 (5) 1(1) 5@
malignant diseases in moderate Benign biliary stricture 4 I 3
cholangitis are significantly Primary sclerosing cholangitis 5 3 2
higher than that in mild H .
tolithi 3 2 1
cholangitis (p < 0.001) cpafortuasis
b L Hemobilia (liver cirrhosis) 1 1
Stent in situ
Table 4 Etiologies of cases that failed to survive (n = 9) ROC curve
. 10 P———
Mali i
ignant diseases ) o
Pancreatic head cancer 3 @rﬁ»—~ S s
Bile duct cancer 1 087 g /’/
Hepatocellular cancer 2 p ~
Benign diseases 2 06+ /
Decompensated liver cirrhosis 1 2 /
Primary sclerosing 1 §
cholangitis® ® 04 e
Hepatolithiasis® 1 S '
# Complicated with secondary biliary cirthosis in end-stage liver 021 /’f
disease Ve
///
/,/
Predictors of refractory cholangitis o0 00 02 04 0s 08 10

Average (£SD) and median values for the duration of
hospitalization were 16.3 (£23.5) days and 6 days,
respectively. When refractory cholangitis was defined on
the basis of prolonged hospitalization for >28 days or
disease resulting in fatality, 57 cases (26.5 %) were iden-
tified as refractory (48 cases: hospital stay >28 days, nine
fatal cases).

Results of the univariate analysis are listed in Table 9.
Univariate analysis identified nine factors associated with
refractory cholangitis: hypotension, disturbance of con-
sciousness, oxygenation index values <300, serum albumin
level <2.8 g/dl, PT-INR >1.5, platelet count <100000/pl,
etiology (malignant), inpatient status, and stent dysfunc-
tion. In the multivariate analysis, serum albumin level
<2.8 g/dl, PT-INR >1.5, etiology (malignant), and inpa-
tient status were significant predictors of refractory cho-
langitis (Table 10).

1 - specificity

Fig. 3 Receiver operating characteristic analysis of serum albumin
level as a predictor of mortality in patients with acute cholangitis.
Area under the curve: 0.905 (95 %: 0.852-0.959); p < 0.001. The
optimal cut-off value for predicting mortality in patients with acute
cholangitis was 2.80, which yielded a sensitivity of 83.5 % and a
specificity of 88.9 % (circle)

Discussion

No standard criteria were established for the diagnosis and
assessment of severity of acute cholangitis until the TG07
were published in January 2007 [5, 6]. The guidelines
clearly state that severe acute cholangitis is that which is
complicated with organ dysfunction. The TGO07 recom-
mend urgent EBD as first-line therapy in cases with severe
cholangitis [7, 8]. In the present study, assessment of the
severity of acute cholangitis was significantly related to
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