Updates in Surgery (2022) 74:1581-1587
https://doi.org/10.1007/513304-022-01326-1

ORIGINAL ARTICLE q

Check for
updates

Risk factors for bile leakage after liver resection for neoplastic disease
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Abstract

Biliary leakage (BL) remains the most frequent and feared complication after hepatoresective surgery. Placement of the
abdominal drainage at the end of liver surgery remains controversial due to the delicate balance between risks and potential
benefits in case of BL. The study was aimed to detect possible risk factors for BL occurrence after liver surgery. We enrolled
all oncologic patients who underwent liver resection from June 2016 to March 2021. BL was diagnosed according to the
ISGLS definition. We have examined demographic characteristics of the patients, type of neoplasia, presence of cirrhosis,
neoadjuvant chemotherapy and type of intervention. Uni- and multivariable analyses were performed to assess the predic-
tive value of potential predictor of BL. A total of 379 patients were enrolled in the study, 16 (4.2%) of which developed
BL. Among others, at univariate analysis the occurrence of BL was found to be associated with bilio-digestive anastomosis
(OR:9.75, C.I. 2.7-34.7, p<0.001) and neoadjuvant chemotherapy (OR: 0.09, C.I 0.01,-0.88, p=0.039). Multivariable
analysis selected the body mass index (OR: 1.21, 95%C.1.: 1.04-1.41, p=0.015), anatomical resection (OR: 8.35,95% C.I.
2.01-34.74, p=0.004), and blood loss (OR: 1.09, 95%C.1.: 1.05-1.13, p <0.001). Identification of patients at greater risk

of BL can help in the choice of positioning the drainage at the end of liver surgery.
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Introduction

Over the past 25 years, hepatic resection has evolved from a
high-risk, resource-intensive procedure with limited appli-
cation to a safe and commonly performed operation, with
broad indications. In recent years, thanks to scientific stud-
ies and experience in the field, it has been possible to note a
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significant improvement in the perioperative outcome, such
as reduced mortality, blood loss, transfusion rates and hos-
pital stays. Despite the advances, the appearance of biliary
leakage (BL) occurs in 4-17% of patients undergoing hepa-
tectomy and remains the most frequent complication after
liver resection [1].

The onset of a biliary fistula is associated with the need to
perform other invasive procedures, with an increase in mor-
tality, morbidity, and hospitalization times. The improve-
ment of instruments and techniques over the years has not
led to a reduction in biliary fistulas, which, according to
recent studies, are increasing along with the complexity of
surgical procedures [1].

In addition to being related to infectious problems, fistu-
las inhibit the regenerative capacity of the liver thus influ-
encing the prognosis of patients. The International Study
Group of Liver Surgery (ISGLS) tried to give a unanimous
definition and a severity grading of biliary fistulas. The defi-
nition is based on the evidence, in the drain of secretions,
of a bilirubin level more than three times higher than that
detected in the plasma at the same time. There are three
degrees of severity: (1) grade A, bile loss requiring small or
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no changes in the clinical management of patients; (2) grade
B, either a grade A bile loss lasting more than 1 week or a
bile loss that requires a change in the patient's clinical man-
agement manageable without relaparotomy (e.g., additional
diagnostic or interventional procedures); (3) grade C, bile
loss requiring invasive intervention [2].

In other words, when the fistula is low-flow it generally
resolves spontaneously or with minimally invasive proce-
dures for radiological or endoscopic detention of the bil-
iary tract. Only in case of failure of the minimally invasive
approach, a new invasive surgery can be required. The pres-
ence of bile in the peritoneal cavity, for its intrinsic quality
very irritating to the tissues, represents a real threat to the
patient and constitutes a possible source of severe compli-
cations, from sepsis to lesions due to erosion of anatomical
structures. Therefore, prompt percutaneous drainage should
be performed in the case of evidence of intra-abdominal
collections.

From the beginning of the hepatic surgical experience, at
least one abdominal drain was routinely placed at the end
of the operation with the dual purpose of early diagnosing
biliary fistula and facilitating its spontaneous resolution by
avoiding the formation of abdominal collections that could
easily become infected or create damage. For some years
now in the literature, in the face of complications related to
the drainage itself, there is unanimous agreement to place
the drain only in patients who have a high risk of developing
a biliary fistula.

Therefore, the goal of the study is to identify risk factors
for biliary fistula. This can aid in the selection of patients in
which to place a surgical drain after surgery.

Materials and methods

Data for this retrospective study were collected from June
2016 to March 2021 in the context of a research project
for the Doctoral programme in Experimental Oncology and
Surgery of the University of Palermo, in cooperation with the
Department for the Treatment and Study of Abdominal Dis-
eases and Abdominal Transplantation of IRCCS-ISMETT.
The study enrolled all patients who underwent hepatoresec-
tive surgery for the treatment of malignant liver lesions at
the Abdominal Diseases Department of IRCCS-ISMETT.
Living donors and patients affected by benign lesions were
then excluded from the study.

Hepatic parenchyma resections were performed using
energy devices (Aquamantys, CUSA, Thunderbird, Ultraci-
sion and bipolar forceps). Intraoperative ultrasonogram was
routinely used to identify lesions and define resection planes.
In case of anatomic hepatectomies, a preliminary vascular
check of the hilum was always performed, followed by the
parenchymal transection and the section of the hepatic veins

@ Springer

with a linear stapler. In case of minor resections (segmen-
tectomies and wedge resections), extensive liver mobiliza-
tion was always performed for better control of the surgical
field. These conditions minimized the need for intermittent
clamping of the hepatic hilum to control bleeding (Pringle's
maneuver was performed only 10 times 2.6% of cases).
Blood loss was estimated by anesthesiologists as the amount
of aspirated blood during surgery.

Management of biliary fistulas

Patients with evidence of biliary fistula underwent periodic
abdominal ultrasound scans to evaluate any intraperitoneal
collections and daily qualitative and quantitative monitor-
ing of the drained fluid. In presence of high-flow fistulas
or infectious complications, minimally invasive endoscopic
procedures (ERCP, sphincterotomy, positioning of a plas-
tic biliary stent) or radiological procedures (positioning of
ultrasound-guided pigtails to drain the infected collections
or PTC with placement of external-internal biliary catheters)
were performed. Figure 1 illustrates a cholangiogram that
shows the presence of a biliary fistula (Fig. 1a) and the sub-
sequent positioning of an endoscopic biliary stent (Fig. 1b)
to treat the biliary fistula by reducing the pressure gradient
between the biliary tree and the duodenum, to create a pref-
erential bile flow towards the duodenum.

Whenever minimally invasive procedures failed, a second
surgery was performed. All patients with infectious com-
plications underwent blood cultures and drainage fluid cul-
tures. These patients underwent empirical broad-spectrum
antibiotic therapy, subsequently modulated according to the
microbiological isolations.

Statistical analysis

The study was aimed to detect potential risk factors for fis-
tula occurrence among a set of clinical and surgical vari-
ables. A preliminary univariate analysis was performed by
investigating variables distributions, both on the full sample
and stratified with respect to the presence of the fistula. Cat-
egorical variables were summarized using frequency and
percentage and numeric variables using median and inter-
quartile range (IQR). Univariate logistic regressions were
performed to assess associations between the outcome (fis-
tula occurrence) and potential predictors. A multivariable
logistic regression model was fitted to find a good set of
predictors of biliary fistula. Variable selection for the multi-
variable model was made by means of a manually performed
stepwise insertion algorithm based on the Akaike Informa-
tion Criterion, stopped once a best-AIC set of statistically
significant variables (p <0.05) was achieved. All analyses
and graphics were performed using the R computing envi-
ronment version 4.1.2.
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Fig. 1 Biliary fistula treatment. a biliary fistula detected by cholan-
giogram; b endoscopic stent placement

Results

Over the study period, 379 patients underwent a liver resec-
tion for the removal of malignant tumors and were enrolled
into this study (Table 1). Two hundred and 56 (68%) were
men, median age was 67 (IQR: 58-72), median body mass
index (BMI) of 26 kg/m? (IQR: 24-28); 224 patients had
primary liver tumors, in particular 176 (46%) were affected
by hepatocellular carcinoma (HCC) and 48 (13%) by chol-
angiocarcinoma (CCA) (54% of those were intrahepatic
CCAs, 13% perihilar CCAs, and 33% gallbladder tumors,

respectively); 131 (35%) patients had hepatic metastases
from colorectal cancer and 24 (6%) patients from primary
non-colorectal liver metastases (namely, gastro-intestinal
stromal tumors, neuroendocrine tumors, medullary thyroid
cancers and metastases from choroid melanoma). In the
group of patients with HCC, 58% had HCV-related liver
disease, 11% HBV-related liver disease, 17% had nonalco-
holic steatohepatitis, 8% cryptogenic cirrhosis, 5% alcohol-
related liver disease.

Patients suffering from synchronous hepatic metastases
from colorectal neoplasia, with primary tumor still in site,
underwent liver-first approach in 85% of cases, whereas in
10% of cases were treated with combined surgery (one step
resection of metastases and primary tumor), and in 5% of
cases to a colon first approach for symptomaticity of the pri-
mary tumor. Neoadjuvant chemotherapy was performed in
all patients with primary non-colorectal metastases, approxi-
mately 62% of patients with metachronous metastases and
48% of patients with synchronous metastases from primary
colorectal neoplasms (90 patients in total, 58% of patients
metastatic); recommended washout times from therapy were
respected in all cases.

Fifty-two patients (14%) underwent major hepatic resec-
tion (with the removal of at least 3 liver segments), 33 (9%)
of which were right hepatectomies, 17 (4%) left hepatecto-
mies and 2 (1%) other trisegmentectomies. Sixteen patients
underwent resection of the gallbladder bed after histological
evidence of gallbladder cancer graded pT1b, pT2 or pT3.
Overall, anatomic segmentectomies were performed on 129
(34%) patients (Table 1). Bilio-digestive anastomoses were
prepared in 16 patients, 6 of which were affected by perihilar
CCA and the remaining 10 by gallbladder adenocarcinoma
with cystic duct infiltration; 11 patients had a percutaneous
biliary catheter placed before surgery. One hundred and nine
cases (29%) were performed laparoscopically; 22 were con-
verted from laparoscopy to open surgery (conversion rate of
17%) mainly due to technical difficulties (strong adhesions,
resection of posterior segments, etc.); only in two cases,
conversion to open surgery was performed after a pringle
maneuver did not suffice to control bleeding.

Biliary fistula actually occurred in 16 patients, half of
which were classified as ISGLS grade A, 6 (38%) as grade
B, and 2 as grade C. Characteristics of patients stratified for
the occurrence of BL are also shown in Table 1. Specifi-
cally, the two groups are similar for patients’ median ages
(67, IQR: 59-72, and 62, IQR: 54-67, for patients with-
out and with BL, respectively) and percentages of male sex
patients (68% without fistula and 50% with fistula). In both
groups one of the most frequent diagnoses is colorectal liver
metastasis, registered respectively in 34% of patients with-
out fistula and 44% of patients with fistula. Still, the most
frequent diagnosis type in the group without fistula is HCC
(47%). However, the two groups had different percentages
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Table 1 Characteristics of

379 patients who underwent
surgical resection for malignant
diseases

No bile leak (N=363)

Bile leak (N=16) Overall (N=379)

Age, years, median (IQR) 67 (59-72) 62 (54-67) 67 (58-72)
Male sex 248 (68) 8 (50) 256 (68)
Body mass index, Kg/m?, median (IQR) 26 (24-28) 28 (24-31) 26 (24-28)
Smoke 122 (39) 4(27) 126 (38)
Disease

Hepatocellular carcinoma 172 (47) 4 (25) 176 (46)

Biliary cancer 44 (12) 4 (25) 48 (13)

Colorectal liver metastasis 124 (34) 7 (44) 131 (35)

Non colorectal liver metastasis 23 (6) 1(6) 24 (6)

Cirrhosis 83 (23) 3(19) 86 (23)
Neoadjuvant chemotherapy 104 (32) 1(7) 105 (30)
Minimally-invasive approach 108 (30) 1(6) 109 (29)
Anatomic resection of >3 segments 45 (12) 7 (44) 52 (14)
Biliary anastomosis 12 (3) 4 (25) 16 (4)
Concomitant procedure 24 (7) 2(12) 26 (7)
Surgical devices

CUSA 96 (27) 8 (50) 104 (28)

AQUAMANTYS 133 (37) 7 (44) 140 (37)

Bipolarforceps 156 (43) 5(@31) 161 (42)

Thunderbeat 117 (32) 1(6) 118 (31)

Duration of surgery, hours, median (IQR) 3.4 (3.0-5.0) 5.0 (4.6-6.9) 4.0 (3.0-5.0)
Amine usage, n (%) 47 (13) 7 (44) 54 (14)
Estimated blood loss (cl) 25 (20-30) 40 (30-50) 25 (20-30)
Type of surgery, n (%)

Anatomic resections 116 (32) 13 (81) 129 (34)
Right hepatectomy 31(9) 2(12) 33 (9)
Left hepatectomy 13 (4) 4 (25) 17 (4)
Left lobectomy 20 (6) 1(6) 21 (6)
Other bisegmentectomy 12 (3) 2 (12) 14 (4)
Single segmentectomy 39(11) 3(19) 42 (11)
Other anatomic 1(0) 1(6) 2(1)

Non-anatomic resections 247 (68) 3(19) 250 (66)
Wedge (1 nodule) 172 (47) 1(6) 173 (46)
Wedge (2 nodules) 31(9) 1(6) 32(8)
Wedge (>3 nodules) 28 (8) 1(6) 29 (8)
Resection of gallbladder bed 16 (4) 0(0) 16 (4)

ISGLS? biliary fistula grade, n (%)

0 363 (100%) - 363 (96%)

A - 8 (50%) 8 2%)

B - 6 (38%) 6 2%)

C - 2 (12%) 2 (1%)

4ISGLS International study group of liver surgery

of patients having a major resection (12% of patients with-
out fistula and 44% with fistula) and an anatomic resection
(32% without fistula and 81% with fistula). The two groups
were also markedly different with respect to the presence
of biliary anastomosis (3% vs. 25% in patient without BL
and with BL, respectively) and the administration of amines
(13% vs. 44%). Bilio-digestive anastomoses was made in the
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two patients who subsequently developed a grade C fistula
and in the second surgery, therefore, the anastomoses were
repackaged. Percutaneous biliary catheters were placed in
both cases prior to reoperation. Median duration of surgery
was 3.4 (IQR: 3.0-5.0) hours for patients without BL and
5.0 (IQR: 4.6-6.9) hours for patients with BL, with differ-
ent amounts of estimated blood loss (25 cl, IQR: 20-30,
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and 40 cl, IQR: 30-50, for patients without BL. and with
BL, respectively. Resolution of fistulas occurred in 100% of
cases (0% mortality).

Univariate logistic regression models, showed signifi-
cant associations of BL with BMI (OR: 1.19, 95% C.I.:
1.03-1.36, p=0.015), major liver resection (OR: 5.50, 95%
C.I.: 1.95-15.49, p=0.001), anatomical resection (OR: 9.07,
95% C.1.: 2.54-32.46, p<0.001), central liver involvement
(OR: 10.09, 95% C.1.: 1.32-77.21, p=0.026), presence of
biliodigestive anastomosis (OR: 9.75, 95% C.1.: 2.74-34.70,
p<0.001), use of amines during surgery (OR: 5.20, 95%
C.L: 1.85-14.62, p=0.002), duration of the surgery (OR:
1.51, 95% C.I.: 1.19-1.90, p<0.001) and intraopera-
tive blood loss(OR: 1.10, 95% C.I.: 1.05-1.14, p <0.001)
(Table 2).

At multivariable logistic regression (Table 3), a good
predictive set of risk factors for BL occurrence were
found to consist of BMI (OR: 1.21, 95% 1.C.: 1.04-1.41,
p=0.015),anatomical resection (OR: 8.35, 95% C.I.:
2.01-34.74, p=0.004), and blood loss (OR: 1.09, 95% 1.C.:
1.05-1.13, p<0.001).

Table 2 Univariate logistic regression models for the probability of
biliary fistula

Predictors QOdds ratio (95% C.I.) p value
Age, years 0.96 (0.92-1.01) 0.064
Male Sex 0.46 (0.17-1.27) 0.134
Body mass index, Kg/m? 1.19 (1.03-1.36) 0.015
Smoke 0.58 (0.18-1.86) 0.357
DIAGNOSIS.TYPE
HCC 1 (baseline) -
Liver Metastasis 2.34 (0.69-7.93) 0.172
Biliary Cancer 3.91 (0.94-16.25) 0.061
Liver Cirrhosis 0.76 (0.21-2.73) 0.673
Neoadjuvant chemotherapy 0.16 (0.02-1.20) 0.074
Laparotomic resection 6.35 (0.83-48.70) 0.075
Major resection 5.50 (1.95-15.49) 0.001
Anatomic Resection 9.07 (2.54-32.46) <0.001
Left lobe involvement 1.93 (0.71-5.23) 0.200
Central liver involvement (at 10.09 (1.32-77.21) 0.026
least one of S4, S5 or S8)
Right posterior section involve- 1.28 (0.47-3.49) 0.626
ment (at least one of S6 or S7)
Biliodigestive Anastomosis 9.75 (2.74-34.70) <0.001
Concomitant procedure 2.02 (0.43-9.40) 0.371
CUSA 2.77 (1.01-7.59) 0.047
AQUAMANTYS 1.35 (0.49-3.69) 0.565
BipolarForceps 0.60 (0.21-1.77) 0.358
Thunderbeat 0.14 (0.02-1.07) 0.059
Duration of surgery, hours 1.51 (1.19-1.90) <0.001
Amine usage 5.20 (1.85-14.62) 0.002
Blood loss, cl 1.10 (1.05-1.14) <0.001

Table 3 Multivariable logistic regression model for the probability of
biliary fistula

Predictor QOdds ratio (95% C.1.) p value
Age 0.95 (0.89-1.01) 0.085
BMI 1.26 (1.07-1.49) 0.005
HCC 0.27 (0.06-1.30) 0.102
Anatomic resection 4.47 (0.97-20.55) 0.054
Central liver involvement (at 18.88 (1.14-313.18) 0.040
least one of S4, S5 or S8)
Right posterior involvement (at ~ 4.10 (1.00-16.83) 0.050
least one of S6 or S7)
Neoadjuvant chemotherapy 0.09 (0.01-0.88) 0.039
Amine 4.53 (1.02-20.10) 0.047
Blood loss 1.08 (1.03-1.12) <0.001
Discussion

Advances in surgical technique together with anesthetic and
technological innovations have allowed a notable develop-
ment of hepatic surgery in recent years making it increas-
ingly safe and effective.

Despite this, BL remains the most frequent and most
feared complication with an incidence between 4 and 17%,
according to a recent meta-analysis [1]. BL can have quite
serious consequences: it reduces the regeneration of the
liver parenchyma and can be associated with abdominal
sepsis, prolongs hospitalization, and costs. Our study iden-
tified among risk factors for the development of BL: BMI,
resection involving one of the central segments (S4, S5,
S8), intraoperative blood loss, use of amines, biliodigestive
anastomosis.

In recent years, many studies have evaluated the impact
of body composition on the outcome of patients undergoing
liver surgery. Obesity and even more so obesity-sarcopenia
(a typical condition of cancer patients) are known to be
related to the risk of postoperative complications [3]. Obe-
sity, as is known, causes important metabolic and hormonal
disorders with important repercussions on the liver paren-
chyma [4]. This condition, associated with microcircula-
tory disorders caused by metabolic disorders can damage
the residual liver after hepatectomy and affect healing of the
cut surface tissue, which may increase the risk of postopera-
tive bile leakage [5].

The study showed a strong correlation between the type
of resection performed and the onset of BL. In particular,
resections involving segments 4-5—8 (called central seg-
ments) are at a higher risk of fistula. Due to their anatomical
position, during the resection of the central segments, the
main Glisson system around the hilum is easily damaged,
thus causing bile leakage. Central hepatectomy involves a
larger resection area, and no tissue coverage may also be one
of the reasons for post-operative bile leakage. [5]
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Notably, we also found a strong association between
anatomical resection and the onset of BL. Anatomical liver
resection requires a much more invasive manipulation of the
Glisson ligaments, and resection of the central area of the
hepatic portal region may increase the occurrence of bile
leakage. This association could play an important role in the
risk—benefit assessment related to anatomic resection, cer-
tainly more advantageous from a prognostic point of view,
but riskier. We have insufficient evidence, and more studies
are needed to verify this conjecture in the future further.

Intraoperative blood loss is also a risk factor related to the
occurrence of BL. Anemization associated with clamping of
the hepatic pedicle (Pringle's maneuver) is sometimes neces-
sary to dominate massive bleeding and can cause ischemia
of the liver and reperfusion injury with effects on liver func-
tion and fistula development[6].

Use of amines during surgery is a condition that underlies
hypotension and hemodynamic instability often associated
with blood loss or sepsis. The amines act on the microcir-
culation, helping to create ischemia of the liver which is
correlated with a disorder of parenchyma scarring and the
onset of biliary fistula. [5]

A strong association between the presence of biliary anas-
tomosis and the onset of the fistula is well known in the lit-
erature. The use of preoperative endoscopic or percutaneous
biliary drainage remains controversial. On the one hand, it
facilitates the recognition of biliary structures, which can
be maintained in the trans-anastomotic site to guarantee the
anastomosis itself. Still, on the other, it exposes the patient to
an infectious risk. Although the routine use of preoperative
biliary drainage is not recommended, it has been shown that
the outcome is better in selected patients (jaundice patients,
cholangitis) [7, 8]

We did not find a significant association between BL and
the devices used nor differences between laparoscopy and
laparotomy, as is known in the literature. [9]

Another fact that emerges from our analysis is the protec-
tive role of neoadjuvant chemotherapy. Although its hepa-
totoxic effects are known (steatohepatitis related to irinote-
can and damage to the liver sinusoids related to oxaliplatin)
when respecting the recommended washout, neoadjuvant
chemotherapy has proved to be a safe and effective treat-
ment. [10]

Knowing the risk factors for the development of biliary
leakage is important to prevent its appearance and possibly
facilitate its spontaneous resolution. Experience has shown
that most biliary fistulas resolve spontaneously. In these
cases drainage plays a fundamental role because it avoids the
formation of abdominal collections that can easily become
infected and cause sepsis. However, the routine usage of
abdominal drainage at the end of liver resection is contro-
versial [11, 12]. On the one hand, drainage allows for early
detection of any complications such bleeding and biliary
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fistula; on the other hand it is itself a procedure prone to
the onset of other complications such as increased ascitic
production, retrograde infections, pain, intestinal injuries,
increased costs, slowing of rehabilitation of the patient and
prolongation of hospitalization [13]. In the literature, there is
therefore a wide consensus on discouraging routine usage of
drainage after surgery, but to reserve its placement only for
selected patients, who indeed are at greater risk to develop
BL. [14]

This study has some limitations. Even if the sample size
is not exceedingly small, the distribution of patients with
respect to the event of interest is severely unbalanced, with
only 16 patients who experienced BL. This, together with
the retrospective nature of the study which did not allow a
proper a-priori stratification with respect to some important
factors (biliary cancer vs. other tumors, cirrhotic vs. non
cirrhotic liver, anatomic vs. non-anatomic resection, etc.),
limited the possibility of studying the correlational structure
of the variables, possibly hid important predictors of BL due
internal correlation among variables, and almost certainly
inflated confidence intervals’ sizes. In addition, we lacked
information on a number of variables that are part of already
proposed useful risk scores (see for example[15] and the
Vasoactive-inotropic score[16]).

Conclusions

Resections involving the central segments (S4-5-8), bilio-
digestive anastomosis, intraoperative use of the amine, BMI
and blood loss are risk factors for the development of BL.
Identifying this risk factors can guide the choice of position-
ing a drain at the end of the liver resection.
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