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Abstract

Background: Although pancreaticoduodenectomy (PD) outcomes have improved, complications

including surgical site infection (SSI) remain common. We present a stratification tool to predict risk for

SSI after PD.

Methods: Data was retrospectively reviewed on all patients undergoing PD at a tertiary hospital (9/

2011-8/2014). Potential SSI risk factors identified by univariate analysis were incorporated into a

multivariate logistic regression model. The resulting odds ratios were converted into a point system to

create an SSI risk score with internal validation.

Results: Six hundred seventy nine patients underwent PD and were chronologically split into derivation

(443 patients) and validation (236 patients) groups. There was no difference in demographics or peri-

operative outcomes between groups. Overall thirty-day SSI was observed in 17.2% (n = 117). Neoad-

juvant chemotherapy and/or radiation, intraoperative red blood cell transfusion, operative time greater

than 7 h, preoperative bile stent/drain, and vascular resection were associated with SSI in univariate

analysis (all p < 0.05). On multivariate analysis, preoperative bile stent/drain and neoadjuvant chemo-

therapy were independent predictors of SSI, each assigned 1 point (both p < 0.001). Patients with 0, 1,

and 2 points, respectively, had 0%, 32%, and 64% predicted risk of SSI (AUC = 0.73, R2 = 0.93). The

model performed equivalently in the validation group (AUC = 0.77, R2 = 0.99).

Conclusion: This novel, validated risk score accurately predicts SSI risk after pancreaticoduodenec-

tomy. Identifying the highest risk patients can help target interventions to reduce SSI.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading
cause of cancer deaths in the United States with an estimated
40,560 deaths in 2015.1 Surgical resection remains the best op-
portunity for cure, and for tumors in the head and neck of the
pancreas, this involves performing a pancreaticoduodenectomy
(PD).2,3 Although mortality has improved significantly for
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patients undergoing pancreatic resection, postoperative
morbidity remains high after PD. Surgical site infection (SSI) is
one of the most common complications after PD and can lead to
delayed time to adjuvant therapy, decreased disease-free survival
and decreased overall survival.2,4–6

Surgical site infection (SSI) is defined by the Centers for
Disease Control (CDC) as an infection involving only the skin or
subcutaneous tissue of a surgical incision within 30 days after an
operation.7 It is characterized by erythema, pain, heat, or
swelling and may require that the wound be opened.7 The
development of an SSI after abdominal surgery leads to a
prolonged hospital length of stay in the majority of patients,
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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contributing to dramatically increased post-operative healthcare
expenditures.8–10 Because of the impact SSIs can have on peri-
operative morbidity and hospital cost as well as disease-free and
overall survival, it is important to have a clear understanding of
the factors that may contribute to their occurrence. There is
limited data on risk factors for SSI in patients who have under-
gone PD, although previously identified factors include obesity,
prolonged operative time, and pancreatic duct diameter.11 In
addition, neoadjuvant chemotherapy has been shown to be a risk
factor for SSI in surgical treatment of rectal and breast cancer,
but has not previously been definitively associated with SSI after
PD.12,13 Finally, preoperative placement of a biliary stent or drain
may increase the risk for an SSI after pancreatic resection. Early
studies showed decreased complication rates with preoperative
drainage and stenting,14–16 but more recent studies have yielded
equivocal results17,18 or concluded that biliary stents are associ-
ated with increased surgical complications, including SSI.19–23

Other perioperative measures can be employed to decrease SSI
rates including using a laparoscopic approach and prophylacti-
cally applying a wound vacuum closure device instead of stan-
dard closure.24

There is clearly a need for improved SSI risk stratification
among patients undergoing PD to allow for preoperative iden-
tification of the highest-risk patients and implementation of
preventative strategies. This study aimed to identify risk factors
associated with an increased risk of SSI after PD and use them to
create a risk stratification score.
Methods

Patient selection
All patients who underwent PD at the Johns Hopkins Hospital
between September 2011 and August 2014 were included in this
study. Prospectively obtained data was analyzed and included
patient demographics (age, sex, medical co-morbidities), oper-
ative factors, history of chemotherapy or radiation for another
malignancy, neoadjuvant or adjuvant therapy for treatment of
PDAC, perioperative complications, long-term complications,
and tumor histopathology. SSI was identified by retrospective
chart review using criteria defined by the Center for Disease
Control (CDC).7 Patients were followed with routine post-
operative visits, including a visit approximately two weeks and
one month after hospital discharge. This study was carried out
with the approval of the Institutional Review Board at the Johns
Hopkins Hospital.

Vacuum dressing placement
In a minority of patients, a superficial wound vacuum (VAC)
dressing was applied to the wound at the time of surgical closure
in a manner previously described.25 In short, VAC closure
involved closure of the dermis using interrupted 3-0 vicryl su-
tures. Rectangular strips of reticulated open-cell polyurethane
white foam (KCI) were cut to size and inserted at 6- to 8-cm
HPB 2016, 18, 893–899 © 2016 International Hepato-P
intervals through the dermal layer into the subcutaneous space.
Exposed areas of skin between the white foam wicks were
covered with silver-impregnanted nonadherent dressing (Restore
Silver Contact Layer). A negative pressure VAC therapy was
applied over the Restore layer, at a continuous pressure
of −125 mmHg. The dressing was replaced every 2–3 days until
the white foam strips were dry, at which point an SVAC remained
in place for two additional days before removal. None of these
patients had any evidence of infection at the time of surgery. The
VAC dressing was applied at the discretion of the individual
surgeon in patients felt to be at higher risk for SSI. This was based
on data demonstrating a reduced incidence of SSI and surgical
site occurrence (SSO) with prophylactic VAC dressing closure
after open ventral hernia repair.24,25

Statistical analysis and risk score creation
Summary statistics for patients are presented as percentages for
categorical variables and mean values for ranges for continuous
variables. Differences between patients with and without SSI
were assessed using Fisher’s exact test for categorical values and
Student’s t-test for continuous variables. Univariate logistic
regression modeling was used to identify individual factors
associated with SSI. Covariates with a p-value < 0.20 on uni-
variate analysis met criteria for further analysis and were entered
into a multivariable logistic regression model. The Akaike In-
formation Criterion (AIC), Hosmer–Lemeshow goodness-of-
fits test and likelihood ratio were used to assess model strength
at each step, leading to the derivation of the most parsimonious
model. Receiver operator curves were calculated to ensure
appropriate sensitivity and specificity of the risk score. Variables
significantly associated with SSI by multivariate analysis were
assigned point values based on the rounded-off ratios of their
relative odds ratios. Weighted linear regression was used to
compare observed to predicted rates of SSI based upon the risk
score calculated for all patients. Patients were split into deriva-
tion and validation cohorts based upon the time period of sur-
gical intervention. The derivation cohort consisted of all patients
between September 2012 and August 2014, while the validation
cohort consisted all patients between September 2011 and
August 2012. Statistical analysis was performed using STATA
Version 13.0 (StataCorp, College Station, TX). Significance for all
analyses performed was defined as a p-value < 0.05.
Results

Patient characteristics
During the study period, 679 patients underwent pancreatico-
duodenectomy and were included for analysis. The average age
was 63.7 (range, 19–92 years) and 56% were male. One hundred
twenty one patients (18%) were diabetic preoperatively, and 178
patients (26%) presented with weight loss. The average body mass
index (BMI) was 26.4 kg/m2 (range, 15.6–48.4 kg/m2) and 374
patients (55.1%) were considered overweight with a BMI > 25 kg/
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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m2. Obstructive jaundice was a presenting symptom in 262 pa-
tients (38.6%) and 256 patients (38%) underwent placement of an
endoscopic or percutaneous biliary stent/drain. In 43 patients
(17%), the biliary stent or drain was placed to alleviate obstructive
jaundice while receiving neoadjuvant chemotherapy, as the patient
was not an immediate surgical candidate. In the remaining pa-
tients, stent placement occurred prior to the patient seeing a
surgeon and was most often at the discretion of the gastroenter-
ologist during endoscopy for workup of the biliary obstruction.
Seventy-eight patients (12%) underwent neoadjuvant chemo-
therapy while 41 patients (6%) received concomitant neoadjuvant
chemoradiation therapy.
The majority of patients (n = 631, 93%) underwent open

pancreaticoduodenectomy while the remaining patients un-
derwent either laparoscopic or robotic resection. All surgeries
were elective, and no patient had signs of clinical infection at the
time of surgery. All patients received appropriate perioperative
antibiotics 1 h prior to surgical incision and for 24 h after the
operation, based upon SCIP (Surgical Care Improvement
Project) guidelines by the Joint Commission. Patients who un-
derwent prolonged surgical operations were re-dosed with the
same antibiotic during the case. The individual antibiotic
administered depended on the patient’s individual medication
allergies, but usually involved a dose of cefotetan or cefoxitin for
pancreaticoduodenectomy. Patients with an allergy to beta-
lactam antibiotics were instead given clindamycin and a
Table 1 Comparison of patient variables between the derivation and v

Characteristic Derivation cohort

Mean age, years, (range) 63.5 (19–92)

Male gender 248 (56%)

Diabetes 80 (18%)

Current or prior smoker 137 (45%)

Weight loss 118 (27%)

Mean BMI, kg/m2, (range) 26.4 (15.6–48.4)

BMI > 30 101 (23%)

Obstructive jaundice 176 (40%)

Preoperative biliary stent/drain 169 (38%)

Neoadjuvant chemotherapy for PDAC 57 (13%)

Neoadjuvant chemoradiation for PDAC 30 (7%)

Open PD 417 (94%)

Pancreatic malignancy 361 (81%)

PRBC transfusion 103 (23%)

Mean estimated blood loss, ml, range 824 (50–10,000)

Mean operative time, minutes, range 399 (218–706)

Use of superficial wound vacuum dressing 37 (8%)

Concomitant vascular resection 61 (14%)

Postoperative SSI 77 (17%)

Postoperative biliary leak 93 (21%)

Postoperative pancreatic fistula 10 (2.2%)
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secondary antibiotic such as a fluoroquinilone based on SCIP
guidelines. Malignant disease was found in 541 patients (80%).
Postoperatively, a superficial wound vacuum (VAC) dressing was
applied to the incisions of 50 patients (7%), at the discretion of
the surgeon.
All patients were seen in the surgical clinic for follow-up at 2

weeks and 30 days post-operative, at which time the wound was
assessed for any signs of infection. The rate of SSI within 30 days
of PD was 17.2% (n = 117). Median time to clinical diagnosis of
SSI was 10 days (IQR 6 days–16 days). Treatment of the SSI
involved opening of the wound in 104 patients (89%) with or
without the administration of antibiotics in 54 patients (46%).
The most common antibiotics prescribed for therapy included
sulfamethoxazole/trimethoprim (Bactrim), amoxicillin/clav-
ulanate (Augmentin) and cephalexin (Keflex). Cultures of the
wound were not routinely obtained in this patient cohort and
were not available at the time of this analysis.

Creation of risk score for SSI after
pancreaticoduodenectomy
For the risk score analysis, the derivation cohort consisted of 443
patients who underwent PD between September 2012 and
August 2014 and the validation cohort consisted of 236 patients
who underwent PD between September 2011 and August 2012.
Baseline characteristics were similar between the derivation and
alidation cohorts

(n [ 443) Validation cohort (n [ 236) p-value

63.9 (21–91) 0.69

130 (55%) 0.87

41 (17%) 0.92

74 (51%) 0.19

60 (25%) 0.78

26.6 (17–44.3) 0.69

56 (24%) 0.78

86 (36%) 0.41

87 (37%) 0.74

21 (9%) 0.13

11 (5%) 0.31

214 (91%) 0.12

180 (77%) 0.19

48 (20%) 0.44

808 (50–6200) 0.82

401 (218–735) 0.69

13 (5.5%) 0.21

24 (10%) 0.22

40 (17%) 0.92

43 (18%) 0.42

9 (3.8%) 0.33
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Table 3 Multivariable regression analysis of predictors of SSI in the

derivation cohort

Characteristic Odds
ratio
(OR)

95%
Confidence
interval

p-value

Obstructive jaundice 1.22 0.77–1.9 0.38

Neoadjuvant chemotherapy
for PDAC

5.4 2.6–10.9 <0.001

Neoadjuvant
chemoradiation for PDAC

0.59 0.22–1.6 0.30

Preoperative biliary stent/
drain

5.9 3.7–9.4 <0.001

PRBC transfusion during
operation

1.2 0.73–2.0 0.47

Operative time > 7 h 1.3 0.82–2.1 0.26

Absence of superficial
wound vacuum dressing

6.7 1.3–24.9 0.02

Concomitant vascular
resection

1.47 0.72–3.0 0.28
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validation cohorts, including the incidence of post-operative SSI
(Table 1).
In the derivation cohort, 77 patients (17%) had a post-

operative SSI. Univariate logistic regression was utilized to
identify factors associated with the development of a post-
operative SSI (Table 2). Obstructive jaundice, neoadjuvant
chemotherapy or radiation for PDAC, placement of a pre-
operative biliary stent/drain, operative time greater than 7 h,
intraoperative transfusion of packed red blood cells, a concom-
itant vascular resection, and the absence of placement of a su-
perficial wound vacuum dressing were all associated with SSI
after PD (all, p < 0.05). These factors were incorporated into a
multivariate logistic regression model, in which neoadjuvant
chemotherapy, placement of a preoperative biliary stent/drain,
and the absence of a superficial wound vacuum dressing
remained significant for risk of SSI after PD (all, p < 0.05)
(Table 3). However, by AIC, the model utilizing only neoadju-
vant chemotherapy and the placement of a preoperative biliary
Table 2 Univariable regression analysis of predictors of SSI in the

derivation cohort

Characteristic Odds
ratio (OR)

95%
Confidence
interval

p-value

Age > 60 1.14 0.65–2.0 0.47

Male gender 1.1 0.69–1.9 0.63

Diabetes 1.1 0.60–2.1 0.73

Current or prior smoking 0.69 0.38–1.25 0.23

BMI > 25 1.01 0.62–1.66 0.95

BMI > 30 0.86 0.48–1.58 0.64

Obstructive jaundice 3.1 1.8–5.1 <0.001

Neoadjuvant chemotherapy
for PDAC

5.5 3.0–10.0 <0.001

Neoadjuvant
chemoradiation for PDAC

3.0 1.4–6.7 0.006

Open surgery 2.6 0.61–11.4 0.20

Preoperative biliary stent/
drain

5.1 2.89–8.7 <0.001

Pancreatic malignancy 1.3 0.66–2.5 0.47

PRBC transfusion during
operation

1.8 1.04–3.04 0.04

EBL > 500 ml 1.5 0.91–2.6 0.11

EBL > 1000 ml 1.3 0.8–2.3 0.26

Operative time > 7 h 1.8 1.08–2.9 0.02

Absence of superficial
wound vacuum dressing

8.3 1.1–61.4 0.04

Concomitant vascular
resection

2.3 1.2–4.2 0.008

Postoperative biliary leak 0.52 0.06–4.2 0.54

Postoperative pancreatic
fistula

1.65 0.95–2.9 0.08

Bold values are considered significant, with a p value < 0.05.

Bold values are considered significant, with a p value < 0.05.
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stent/drain was superior to a model incorporating all three fac-
tors (p = 0.002). As such, both variables were normalized to a
score based on a rounded-off odds ratio; neoadjuvant chemo-
therapy and placement of a preoperative biliary stent or drain
were each normalized to 1 point. Predicted risk of SSI using this
score was 0%, 32%, and 64% for 0, 1, and 2 points, respectively
(Table 4). Actual versus predicted rate of SSI correlated strongly
for this risk model with a coefficient of determination (R2) of
0.93 (Fig. 1a) and corresponded to an area under the curve
(AUC) of 0.73.

Validation of risk score for SSI after
pancreaticoduodenectomy
The risk stratification score was then applied to the validation
cohort. For the validation cohort, the observed SSI rates for risk
scores of 0, 1, and 2 points were 5%, 30.5% and 61.5%,
respectively. These were similar to the observed SSI rates for the
same scores in the derivation cohort. The model performed
equivalently in the validation group (R2 = 0.99) (Fig. 1b), and
corresponded to an AUC of 0.77.
Table 4 Risk model for SSI demonstrating the actual and predicted

SSI rates for each score

Score No SSI within
30 days (Actual)

SSI within
30 days (Actual)

Predicted SSI
within 30 days
by score

0 239 (92%) 20 (8%) 0%

1 118 (76%) 38 (24%) 32%

2 9 (32%) 19 (68%) 64%

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



(a)

(b)

Figure 1 Weighted bubble plots of predicted versus actual SSI rates in

the derivation cohort (a) and validation cohort (b)
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Discussion

Pancreatic adenocarcinoma is often a lethal disease that requires
a multimodality approach. At this time, the best opportunity for
cure includes surgical resection.26,27 Although mortality has
improved significantly for patients undergoing pancreatic
resection, postoperative morbidity remains high after PD, and
SSI is one of the most common postoperative complications.2,4,5

In a study of 1144 patients undergoing PD at Johns Hopkins
Hospital, postoperative complications were associated with
delayed time to adjuvant therapy and decreased disease-free and
overall survival.6 Furthermore, studies of SSIs in postsurgical
patients have found an estimated cost of up to $1400 per patient
secondary to prolonged hospitalization, wound care, and wound
complications in patients with procedures complicated by a
SSI.28 It is imperative that we understand factors that can in-
crease the risk of post-operative complications, specifically SSI,
and implement mechanisms to reduce if not prevent their
occurrence. However, few studies to date have identified risk
factors associated with the development of an SSI after PD.
HPB 2016, 18, 893–899 © 2016 International Hepato-P
In our study, on univariate analysis, pre-operative factors for
SSI after PD included obstructive jaundice, neoadjuvant
chemotherapy or radiation for PDAC, placement of a pre-
operative biliary stent/drain, operative time greater than 7 h,
and transfusion of one or more packed red blood cells. In a
subsequent multivariate analysis, neoadjuvant chemotherapy
and placement of a preoperative biliary stent/drain remained
significant. Our study is the first to demonstrate a potential
relationship between neoadjuvant chemotherapy and SSI for
PDAC.29–32 Additionally, our study demonstrated a correlation
between neoadjuvant radiation therapy and SSI in PDAC, a
relationship that has been previously shown for rectal and breast
cancer.33,34 However, it is important to note that neoadjuvant
radiation was not a risk factor by multivariate modeling. This is
perhaps due to the fact that radiation is often administered
concurrently with chemotherapy, which likely confounded the
relationship between neoadjuvant radiation and SSI. Our finding
that pre-operative biliary stent or drain placement was associated
with SSI is consistent with findings in other recent studies, and is
believed to be related to bacterial colonization related to the
stenting device.19–23 In patients with obstructive jaundice who
require neoadjuvant chemotherapy, preoperative stenting or
drainage may be a necessary bridge to surgical intervention.
However, in those who can undergo immediate resection of the
pancreas mass, limiting stent or drain placement could poten-
tially decrease SSI risk.22

Intraoperatively, on univariate analysis, intraoperative red
blood cell transfusion, operative time greater than 7 h, a
concomitant vascular resection and the absence of a superficial
wound vacuum dressing were associated with SSI after PD. In a
subsequent multivariate analysis, only the absence of placement
of a superficial wound vacuum dressing remained significant.
Interestingly, open compared to laparoscopic surgery was not
associated with an increased risk of SSI. This is contrary to
multiple previous studies in open abdominal surgery showing
that open surgery is associated with increased risk of SSI
compared to laparoscopic surgery. This includes a 2005
Cochrane review of 25 randomized control trials (RCTs), which
found laparoscopic colectomy was associated with a decreased
risk of SSI compared to open surgery, and a 2009 Cochrane
review of 34 RCTs, which found laparoscopic hysterectomy was
associated with a similar decreased risk of SSI compared to open
surgery.35,36 In our study, the majority of patients in both the
derivation (94%) and validation (91%) cohort underwent open
resection, and only a small percentage of patients underwent
minimally invasive laparoscopic or robotic (MIS) resection. As
such, our current study was underpowered to look at the effect of
laparoscopic versus open PD on SSI. Given the overwhelming
evidence for decreased SSI rates for MIS versus open approach
for other abdominal procedures, using this approach in selected
patients may help to decrease SSIs.
We also determined that the use of a superficial vacuum

closure (VAC) device markedly decreased the SSI rate. In a
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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previous study of patients undergoing ventral hernia repair, su-
perficial VAC decreased the rate of SSI from 32% to 9%
(p < 0.001) and surgical site occurrence (SSO) from 42% to 17%,
respectively (p < 0.001).24 Furthermore, when used in grade 3
ventral hernias, superficial VAC had an SSI rate of 5.2% at 90
days, which is markedly lower than previously published rates
using standard closure in these complex hernia repairs.25 Based
on these findings, the application of a superficial VAC may also
be an important adjunct to decreased SSI rates in patients un-
dergoing open PD, especially those determined preoperative to
be at high risk. Further assessment of the utility of the superficial
wound VAC for decreasing wound infection rate in this popu-
lation using a properly powered prospective randomized trial will
be needed to more conclusively determine its ability to prevent
SSI in this population.
In addition to identifying pre-operative and perioperative risk

factors for a postoperative wound infection, we developed a
novel and internally validated risk stratification score was created
that accurately predicts the risk of SSI after pancreaticoduode-
nectomy. The risk score is based upon neoadjuvant chemo-
therapy and biliary stent/drain placement. Using this
stratification score, a patient who received neoadjuvant chemo-
therapy and a preoperative biliary stent or drain had an estimated
risk of SSI of 64% utilizing our model, similar to the rates
observed in both the derivation and validation cohorts. Inter-
estingly, 42.8% (291) of patients in this study had one or both of
these risk factors. The presence of one or both risk factors may
help to explain the high rates of SSI after pancreaticoduode-
nectomy and underscores the need for improved perioperative
management.
Further study of this novel risk score for SSI in patients un-

dergoing PD is needed before it can be applied to a larger pop-
ulation. While we were able to validate this risk score in a
separate cohort of patients, the study was performed using data
that was collected retrospectively and potentially limits its
application to a wider population. Additional validation with
prospectively collected data will be needed to avoid under-
estimating the true incidence of SSI after PD. In addition, while
we determined that the use of a postoperative wound vacuum
closure device is associated with a decreased risk of SSI after PD,
this device is not standard practice after PD at our institution or
elsewhere and its use was partly influenced by physician bias.
Therefore, a properly powered randomized control trial to assess
the utility of a postoperative wound vacuum closure device will
be needed before recommending more widespread use after PD.
In conclusion, neoadjuvant chemotherapy and radiation,

operative time greater than 7 h, intraoperative red blood cell
transfusion, preoperative placement of a biliary drain or stent,
concomitant vascular resection, and the absence of a superficial
wound vacuum dressing at surgery were individual risk factors
for the development of a SSI by univariate analysis. However,
only neoadjuvant chemotherapy, the absence of a postoperative
HPB 2016, 18, 893–899 © 2016 International Hepato-P
wound vacuum dressing, and preoperative placement of a bile
stent/drain were independent risk factors by multivariate anal-
ysis. A risk stratification model was created by multivariate
modeling which was able to accurately predict the risk of SSI
based on neoadjuvant chemotherapy and preoperative biliary
stent or drain placement. Identifying patients with the highest
risk of SSI can help target interventions to reduce SSI, such as the
application of a superficial wound vacuum dressing.
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