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Abstract

IMPORTANCE Antimicrobial stewardship (AMS) programs optimize antibiotic use and mitigate
antimicrobial resistance. The literature on the efficacy of AMS programs in pancreatic surgery

is limited.

OBJECTIVE To investigate the association of a multifaceted AMS intervention targeting surgical
antibiotic prophylaxis (SAP) with the rate of surgical site infections (SSls) following

pancreatic surgery.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study was a multicenter, before-and-
after analysis conducted at 3 Italian centers. The intervention cohort included adult patients aged 18
years or older who underwent pancreatectomy between January 1, 2020, and December 31, 2022,
while the historical cohort included patients from January 1, 2015, to December 31, 2019.
EXPOSURE A multiprofessional, multidimensional ASM program that included a bundle of
interventions and pivoted on preoperative rectal screening for multidrug-resistant bacteria and
targeted SAP.

MAIN OUTCOMES AND MEASURES The primary outcomes were SSl incidence and SAP
appropriateness, assessed through the coverage rate of rectal and biliary isolates. Data were
analyzed using propensity score weighting. Secondary outcomes evaluated were other
postoperative outcomes (eg, pancreatic fistula rate, length of stay), antibiotic use, and costs.

Key Points

Question What is the association
between an antimicrobial stewardship
(AMS) program and the rate of surgical
site infections (SSls) and coverage of
bacterial isolates following

pancreatic surgery?

Findings In this cross-sectional study of
3387 patients, the AMS program was
associated with a statistically significant
reduction of overall, superficial, deep,
and organ-space SSls and increased
coverage of rectal and biliary isolates by
the tailored surgical antibiotic
prophylaxis introduced.

Meaning These findings suggest that
an AMS program for pancreatic surgery
may provide more appropriate
antimicrobial coverage of isolates to
prevent SSls.

— + Supplemental content

RESULTS A total of 3387 patients (median [IQR] age, 66 [66-73] years; 1788 male [52.8%]) were
included, with 1219 in the intervention cohort and 2168 in the historical cohort. After implementing
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the AMS program, a statistically significant reduction was found in rates of overall (30.1% vs 20.6%),
superficial (5.8% vs 2.5%), deep (0.9% vs 0.3%), and organ-space (26.3% vs 19.3%) SSls. After
propensity score weighting, the odds ratios for the estimated mean treatment effect were 0.92 (95%
Cl, 0.89-0.96) for overall, 0.85 (95% Cl, 0.78-0.93) for superficial, and 0.95 (95% Cl, 0.92-0.99) for
organ-space SSls. Surgical antibiotic prophylaxis coverage increased significantly for rectal screening
(87.2% vs 100%) and biliary bacterial colonization (59.7% vs 68.7%). Complications, infections,
length of stay, and antibiotic consumption also decreased, with an overall cost savings of

247460 euros.

CONCLUSIONS AND RELEVANCE These findings suggest that a multifaceted, pancreatic surgery-
specific AMS program is associated with decreased rates of SSls, increased coverage of isolated
bacteria, improved clinical outcomes, more judicious antibiotic use, and lower costs.
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Introduction

Antimicrobial stewardship (AMS), as defined by the Infectious Diseases Society of America and the
Society for Healthcare Epidemiology of America, optimizes antimicrobial therapy selection, dose,
route, and duration.! The aim of AMS is to control the spread of microbial infections and reduce the
development of antimicrobial resistance by leveraging key elements, such as training for health care
practitioners, antibiotic guidelines provision, surveillance programs, and infection control
strategies.?>

The application of AMS has recently attracted considerable interest in surgical departments to
improve antibiotic prophylaxis and reduce the incidence of associated surgical site infections
(SSls).*° To this end, the European Society of Clinical Microbiology and Infectious Diseases and the
European Committee on Infection Control have recommended an active surveillance program with
rectal screening, especially for high-risk operations.'® Because personalized surgical antibiotic
prophylaxis (SAP) for patients with colonized bacteria has been shown to reduce SSls in medium
acuity operations, " strategies for effective AMS have been implemented in other high-stakes
procedures, including pancreatic resections.'® Pancreatectomies are associated with high rates of
SSls, which contribute to further morbidity, the need for interventional procedures, failure to rescue,
and substantially increased hospital stays and costs.">'* Factors associated with postpancreatectomy

1516 or resident

SSls are bile bacterial colonization at the time of preoperative biliary drainage
multidrug-resistant (MDR) strains."” Initial evidence has been reported of a correlation among
preoperative rectal screening cultures, intraoperative bile cultures, and SSI development,” which
constitutes the backbone for a tailored SAP in pancreatic resections.

The aim of this study was to evaluate the association of a multifaceted AMS intervention
targeting SAP with 30-day SSI incidence and SAP appropriateness in patients scheduled for elective
pancreatectomy. Secondarily, cost-effectiveness, antibiotic use, and clinical outcome analyses

were performed.

Methods

Study Design
This cross-sectional study was initially designed as a multicenter, time series analysis. The historical
cohort constituted the prestudy segment of the time series analysis, covering the 3 years prior to the
introduction of the AMS program. The poststudy period was divided into three 12-month segments
with monthly time points to assess the differences between the prestudy and poststudy slopes of the
time series. However, after the first 6 months, an interim evaluation found that the SSI rate per time
point was insufficient to perform the segmented regression analysis of interrupted time series.
Consequently, a multicenter, before-and-after analysis was conducted with a propensity score
weighting momentum to help balance the 2 cohorts (historical vs intervention), as suggested by the
referral statistician. The study was conducted at 3 high-volume centers for pancreatic surgery in Italy:
the Unit of Pancreatic Surgery of the University of Verona Pancreas Institute (coordinating center),
the Hepato-Bilio-Pancreatic Surgery Unit of the Careggi University Hospital, and the Department of
General Surgery of the Campus Bio-Medico University. Each center received local institutional review
board approval before the study began. All patients provided written informed consent. The study
was registered at ClinicalTrials.gov,'® and complies with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline.®

The intervention cohort was prospectively enrolled from January 1, 2020, to December 31,
2022. Itincluded adult patients aged 18 years or older scheduled to receive elective surgical
exploration with resection intent (pancreatoduodenectomy, left-side pancreatectomy with or
without splenectomy, or total pancreatectomy with or without splenectomy) for any indication.
Patients who underwent unplanned procedures, such as atypical pancreatic resection, bypass
palliative operation, or surgical exploration only, were retained in the intervention cohort. The
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historical cohort consisted of patients who underwent elective pancreatic resection between
January 1, 2015, and December 31, 2019. Patients with an American Society of Anesthesiologists
score of 4 or higher or who were pregnant or breastfeeding were excluded from both cohorts.

The study hypothesis was that a multifaceted, pancreas-specific AMS program, including
universal screening for MDR bacteria with preoperative rectal screening and tailored SAP would be
associated with an increased coverage of isolated bacteria and a reduced 30-day rate of SSls. A
secondary objective was to assess other infectious complications, surgical postoperative
complications, length of stay, antibiotic usage, and cost-effectiveness.

Procedure

Pancreatic AMS Program

The study intervention was the development of a dedicated AMS program for elective pancreatic
surgery. Its creation started in 2015 with review of postoperative infectious outcomes and center-
specific microbiological data.”-2° A multiprofessional team created a bundle of interventions that
was established and continuously implemented without any formal washout phase until 2020.
Details on the timeline implementation are provided in eMethods 1in Supplement 1. The AMS
program aligned with the National Ministry of Health recommendations, which were published in the
same year.2' The participating centers already had a surveillance program for MDR bacteria based on
preoperative rectal screening and embedded the AMS program into the well-established Enhanced
Recovery After Surgery program following the 2019 guidelines.?? The AMS bundles and their
dimensions and interventions are presented in eMethods 1in Supplement 1. The relevant items
introduced were multidisciplinary team building, infectious control specialist monitoring of surgical
unit activities, patient information and engagement, enhanced infection prevention and control
measures, tailored SAP, perioperative surgical interventions and SSI management, and

educational outreach.

Data Collection, Outcomes, and Definitions
The primary outcome measures were the incidence of SSls at 30 days after surgery and SAP
appropriateness (eMethods 2 in Supplement 1). The latter was determined by analyzing rectal
screening (eMethods 3 in Supplement 1) and biliary colonization coverage. The effectiveness of SAP
was further assessed by comparing rectal screening data (used for SAP selection) and postoperative
cultures and expressed as a categorical parameter with a percentage. Finally, the rectal screening
results were compared with the bile culture. Data agreement was categorized as positive (MDR
bacteria in both cultures), negative (no MDR bacteria in any culture), or wrong (discrepant culture
results). The SSI assessment was prospectively performed daily by trained personnel, adopting the
Centers for Disease Control and Prevention definition.?> A retrospective reevaluation of the historical
cohort's medical records was performed to assess the appropriateness of the SSI definitions in
accordance with the Centers for Disease Control and Prevention criteria. Data were extracted from
the paper and electronic medical records. As secondary clinical efficacy measures, the postoperative
evaluation included the length of stay and the assessment of major complications (Clavien-Dindo
grade =3).2* Other procedure-specific complications were recorded at the 90th postoperative day
and graded according to established international guidelines (eMethods 2 in Supplement 1).

Data on systemic antibiotic usage (Anatomic Therapeutic Chemical Classification System code
JOT1) were collected from the pharmacy databases of 2 of the 3 participating centers (University of
Verona and Campus Bio-Medico University) using study trimesters as the unit of analysis. The total
grams of antibiotics ordered by the participating units were collected for all antibiotic classes and
summed to obtain the overall antibiotic consumption and the antibiotic consumption by the World
Health Organization (WHO) Access, Watch, and Reserve classification.® The total amount of grams
per class was converted into defined daily doses following the 2023 Anatomical Therapeutic
Chemical Classification System/defined daily dose index issued by the WHO. Patient-days were used
to normalize ward-level antibiotic consumption data and collected from hospital administrative data.
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Statistical Analysis

Descriptive statistics were used to compare characteristics between the intervention and historical
groups. Continuous variables are expressed as a median (IQR) and categorical variables as absolute
frequency (relative frequency). Continuous variables were compared using t tests or Wilcoxon rank
sum tests, where appropriate. Categorical variables were compared using X2 or Fisher exact test,
where appropriate. Standardized mean differences (SMDs) and 95% Cls are reported. Missing
values, such as the number of biliary procedures, cases of cholangitis, and blood transfusions, are
reported only in the historical cohort due to the prospective data collection of the intervention
cohort. Given the low percentage of missing data (4.6%), the minimal impact of these variables on
study outcomes, and the potential for bias introduced by imputation, the latter was not performed.
All tests were 2-sided, and the statistical significance was set at P < .05.

Before analyzing the SSI occurrence risk rate evolution, propensity score weighting was
performed to balance the baseline patient characteristics between the 2 study groups, controlling for
the following potential confounding factors associated with group assignment in an observational
study framework: age, sex, body max index, Charlson Comorbidity Index, American Society of
Anesthesiologists score, presence of jaundice, type of biliary drain, neoadjuvant therapy, rectal
screening for MDR bacteria, type of operation, surgical approach, operation time, estimated blood
loss, and final pathology (eFigure 1in Supplement 1). The rationale for including these covariates was
based on the following considerations: their potential association with the AMS program (exposure),
their possible association with SSlincidence (outcome), and evidence from the literature and clinical
expertise. To reduce the impact of extreme values and decrease overlap between cohorts, we
applied trimming by excluding propensity score weights above the 95th percentile. The time effect
on the AMS program was controlled by estimating a continuous propensity score. The performance
of the propensity score balance assessment was visually presented by plotting Spearman correlation
of covariates with time before and after the propensity adjustment. The propensity score weighting
was estimated via a generalized linear model with inverse probability treatment weights. Among the
estimands, the mean treatment effect was selected as the most appropriate and crucial to the
unbiased estimation of causal effects and weights. The mean treatment effect was calculated and
estimated for the primary outcome to compare differences between treated and untreated groups.

The hypothesis of any intervention association with antibiotic consumption was tested by
comparing the preintervention and postintervention phases through a single-group interrupted time
series analysis. The development of the AMS program marked the beginning of the intervention.
Standard parameters defining the interrupted time series analysis were used to evaluate the
hypothetical effect of the antibiotic stewardship intervention on reducing antibiotic consumption.
The change in level was used to present the immediate impact of the intervention, while the
postintervention trend illustrated the trend of antibiotic consumption during the intervention phase.
The trend difference assessed antibiotic consumption changes before and after the intervention. To
compare the direct costs of antibiotics (drug consumption of systemic antibiotics presented as the
Anatomical Therapeutic Chemical Classification System/Defined Daily Dose index normalized per
1000 patient-days) and evaluate the appropriateness of antibiotic usage, a segmented regression
analysis of interrupted time series was performed, focusing on centers with available data. The model
was fitted using ordinary least squares regression analysis, and autocorrelation in the error
distribution was tested using the Cumby and Huizinga general test for autocorrelation. Changes in
slope and level before and after the intervention were assessed using ordinary least squares
regression analysis. Statistical analyses were performed using R, version 3.2.2 (R Foundation for
Statistical Computing) and Stata, version 14.0 (StataCorp LLC).

Results

The cohort included 3387 patients who underwent surgical procedures (median [IQR] age, 66
[66-73] years; 1599 female [47.2%] and 1788 male [52.8%]) (Table 1). The study flowchart is
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presented in eFigure 2 in Supplement 1. The historical cohort comprised 2168 patients (64%) and the
intervention cohort, 1219 patients (36%). The adherence rates to the AMS program consistently
exceeded 90% across all 3 centers throughout the intervention period. Details on the specific audit
parameters are included in eTable 1in Supplement 1.

Table 1shows preoperative, intraoperative, and postoperative data. The groups differed
significantly in age (SMD, -0.08; 95% Cl, -0.15 to -0.01; P = .01), sex (SMD, 0.13; 95% Cl, 0.06-0.20;
P <.001), and comorbidities (SMD, 0.08; 95% Cl, 0.01-0.15; P = .01). In the intervention cohort, a
higher rate of neoadjuvant therapy was reported (41.3% vs 24.6%; P < .001). Higher rates of
pancreatoduodenectomies were performed in the historical cohort (60.9% vs 49.2%; P < .001).
Differences were found in surgery duration (SMD, 0.26; 95% Cl, 0.19-0.33; P <.001) and estimated
blood loss (SMD, -0.22; 95% Cl, -0.30 to -0.14; P < .001). Blood transfusions did not differ between
the groups.

Table 2 details the microbiological data. All 1219 patients in the intervention cohort received
rectal screening, compared with 1897 of 2168 patients (87.5%) in the historical cohort (P < .001). The
rate of bacterial colonization was lower in the intervention group (10.7% vs 15%; P < .001). The rate
of colonization of the biliary tree was similar between the 2 groups (60.6% vs 61.4%; P = .31).

Table 1. Population Characteristics and Comparisons Between the Historical and Intervention Cohorts

Patients, No. (%)

Historical Intervention
cohort cohort
Characteristic (n =2168) (n=1219) Pvalue SMD (95% CI)
Preoperative
Age, median (IQR), y 66 (57 to 72) 66 (57 to 74) .01 -0.08 (-0.15 to -0.01)
Sex
Female 972 (44.8) 627 (51.4)
<.001 0.13(0.061t00.20)
Male 1196 (55.2) 592 (48.6)
BMI, median (IQR) 24.2 (21.8to 24.2 (21.9to .61 0.00 (-0.07 to 0.07)
27.0) 26.9)
Charlson Comorbidity Index 24 858 (39.6) 532 (43.6) .01 0.08 (0.01 to 0.15)
ASA >2 543 (25.0) 319(26.2) .33 0.03 (-0.04t0 0.10)
Jaundice 903 (57.6)* 470 (54.4)? 12 0.06 (-0.01t00.13)
Biliary stenting 819 (52.2)? 412 (47.7)? .02 0.08 (0.01t0 0.15)
Multiple biliary procedures 244 (35.1)° 126 (30.6)° 14 0.01 (-0.06 to 0.08)
Cholangitis 159 (10.1)? 94 (10.9)* .98 0.01 (-0.06 to 0.08)
Neoadjuvant therapy 533 (24.6) 504 (41.3) <.001 0.36(0.29t00.43)
Intraoperative
Type of surgery
Pancreaticoduodenectomy 1319 (60.9) 600 (49.2)
Distal pancreatectomy 599 (27.6) 355(29.1) <.001 0.49 (0.42 t0 0.57)
Total pancreatectomy 250 (11.5) 139(11.4)
Other© NA 125(10.3)
Minimally invasive 240(11.1) 158 (13.0) 24 0.06 (-0.01t00.14)
Vascular resection 337 (15.5) 164 (13.5) .14 0.06 (-0.01t0 0.13) L . .
- - - Abbreviations: ASA, American Society of
Surgery duration, median (IQR), min 390 (310to470) 352 (253t0452) <.001 0.26(0.19t00.33) Anesthesiologists; BMI, body mass index (calculated as
Estimated blood loss, median (IQR), mL 350 (200 to 550) 450(200to800) <.001  -0.22(-0.30to -0.14) weight in kilograms divided by height in meters
Pathology squared); NA, not available; SMD, standardized mean
Pancreatic ductal adenocarcinoma 1301 (60) 719 (59) difference.
Pancreatic neuroendocrine tumor 217 (10) 158 (13) ? Patients with pancreatic head lesion.
Intraductal papillary mucinous neoplasm 173 (8) 98 (8) ® Patients with biliary stent.

. . .04 0.18(0.11t0 0.25) c ' ' .
Mucinous or serous cystic neoplasm 87 (4) 37 (3) Including, for example, pancreatic enucleation,
Biliary or ampullary cancer 172 (8) 85 (7) central pancreatectomy, and explorative laparotomy

with or without cholecystectomy for intraoperative
Other 218(10) 122 (10) . .
finding of metastases and local nonresectability.
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Regarding the primary outcome, the intervention vs historical group showed statistically
significant rate reductions in overall (20.6% vs 30.1%; P < .001), superficial (2.5% vs 5.8%; P < .001),
deep (0.3% vs 0.9%, P = .05), and organ-space (19.3% vs 26.3%, P < .001) SSls (Table 3).
Microbiological data of bacteria-sustaining SSls are reported in eFigures 3 to 5 in Supplement 1.

The results of the primary and secondary outcomes based on center-specific data and the
intervention cohort, which included only standard pancreatic resection, are detailed in eTables 2 and
3in Supplement 1. After propensity score weighting, the reduction of the primary outcome was
confirmed. The odds ratio for the estimated mean treatment effect was 0.92 (95% Cl, 0.89-0.96;

P < .001) for overall SSls, 0.85 (95% Cl, 0.78-0.93; P < .001) for superficial SSls, and 0.95 (95% Cl,
0.92-0.99; P = .04) for organ-space SSls. Additionally, the estimated probability of developing an SSI
over time is reported in eFigure 6 in Supplement 1. Surgical antibiotic prophylaxis coverage increased
significantly from the pre- to the postintervention period for rectal screening and biliary colonization
(87.2% vs 100% and 59.7% vs 68.7%, respectively) (P < .001). Tailored SAP was significantly
associated with better coverage for superficial and organ-space SSls caused by MDR, gram-negative
bacteria than broad-spectrum antibiotics, with coverage rates of 58.1% and 63.4% vs 32.3% and
34.7%, respectively (P < .001). During the study period, rectal screening showed similar accuracy in
estimating the presence of MDR bacteria in biliary culture (80.3% vs 82.3%; P = .22). The SSl rate in
patients with discordance between rectal screening and biliary culture was 6.4%, with only 3.2%
attributed to MDR bacteria.

Table 4 presents the postoperative outcomes and group comparisons. The intervention vs
historical group showed lower overall (49.1% vs 58.1%; P < .001) and major (15.8% vs 20%; P = .002)
complication rates. The intervention group also showed lower rates of hospital-acquired infections
(30.1% vs 40.5%; P < .001), postoperative pancreatic fistula (18.8% vs 20.5%; P < .001),

Table 2. Microbiological Data Comparison

Patients, No. (%)

Historical cohort

Intervention cohort

Variable (n =2168) (n =1219) P value SMD (95% Cl)
Positive rectal screening 285 (15.0)* 130(10.7)

Vancomycin-resistant enterococci 18(0.9) 18 (1.5)

ESBL-producing Enterobacteriaceae 254 (13.4) 105 (8.5)

Carbapenem-resistant Enterobacteriaceae 36(1.9) 17 (1.4) <.001 0.55 (0.48-0.63)

Carbapenem-resistant Klebsiella pneumoniae 31(1.6) 15(1.2)

Carbapenem-resistant Pseudomonas 2(0.1) 0 (0)

Carbapenem-resistant Acinetobacter 2(0.1) 1(0.1)
Positive bile culture 742 (61.4)° 413 (60.6)°

Vancomycin-resistant enterococci 14 (1.2) 14 (2.1)

ESBL-producing Enterobacteriaceae 154 (12.7) 72 (10.6)

Carbapenem-resistant Enterobacteriaceae 51(4.2) 22(3.2) 31 0.19 (0.12-0.26)

Carbapenem-resistant Klebsiella pneumoniae 19 (1.6) 11(1.6)

Carbapenem-resistant Pseudomonas 6 (0.5) 5(0.7)

Carbapenem-resistant Acinetobacter 1(0.1) 0 (0)
Accordance rectal screening, bile culture 995 (82.3)° 547 (80.3)¢ 22 0.25(0.18-0.32)
SAP covering rectal screening isolate 1652 (87.2) 1219 (100) <.001 0.19(0.12-0.26)
SAP covering bile contamination 721 (59.7)° 468 (68.7)° <.001 0.19(0.12-0.26)
Accordance rectal screening, MDR gram-negative sustained superficial SSIs 76 (60.3)¢ 25 (80.6)¢ <.001 0.65(0.30-1.0)
Accordance rectal screening, MDR gram-negative sustained organ-space SSls 379 (66.4)¢ 162 (68.9)¢ <.001 0.46 (0.31-0.62)
Accordance bile culture, MDR gram-negative sustained superficial SSls 33 (26.4)¢ 8(25.8)¢ .57 0.35(0.0-0.70)
Accordance bile culture, MDR gram-negative sustained organ-space SSls 88 (15.4)¢ 38 (16.2)¢ <.001 0.37(0.22-0.52)

Abbreviations: ESBL, extended-spectrum B-lactamase; MDR, multidrug resistant; SAP, surgical antibiotic prophylaxis; SSI, surgical site infection; SMD, standardized mean difference.

2 Of 1895 patients, 237 (12.5%) did not receive the rectal swab; the total exceeds 100% given that multiple bacteria could be present.

b Atotal of 1208 patients (pancreaticoduodenectomy and total pancreatectomy).

© Atotal of 681 patients (pancreaticoduodenectomy and total pancreatectomy).
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postpancreatectomy hemorrhage (10.5% vs 14.1%; P = .001), delayed gastric emptying (10.3% vs
13.0%; P = .01), and a shorter length of stay (median [IQR], 9 [7-18] vs 10 [7-18] days; P < .001).
Regarding postpancreatectomy hemorrhage, 40% of events were associated with postoperative

Table 3. Primary Outcome Analysis

Patients, No. (%) Before propensity score weighting  After propensity score weighting
Historical cohort Intervention cohort
Surgical site infection (n =2168) (n=1219) P value SMD (95% ClI) P value OR (95% CI)
Overall 653 (30.1) 251 (20.6) <.001 0.21 (0.14-0.28) NA NA
Superficial
All 126 (5.8) 31(2.5)
Vancomycin-resistant enterococci 6 (4.8) 0 (0)
ESBL-producing Enterobacteriaceae 24 (19) 1(3.2)
Carbapenem-resistant Enterobacteriaceae 10 (8) 2(6.5) <001 0.16 (0.09-0.23) 008 0.85(0.75-0.96)
Carbapenem-resistant Klebsiella pneumoniae 4(3.2) 1(3.2)
Carbapenem-resistant Pseudomonas 1(0.8) 0 (0)
Deep
All 19 (0.9) 4(0.3)
Vancomycin-resistant enterococci 1(5.3) 0 (0)
ESBL-producing Enterobacteriaceae 6(31.6) 1(25)
Carbapenem-resistant Enterobacteriaceae 1(5.3) 0(0) 05 0.07(0.0-0.14) 05 0-80(0.63-1.0)
Carbapenem-resistant Klebsiella pneumoniae 1(5.3) 0 (0)
Carbapenem-resistant Pseudomonas 0(0) 0(0)
Organ-space
All 571(26.3) 235(19.3)
Vancomycin-resistant enterococci 18(3.2) 12 (5.1)
ESBL-producing Enterobacteriaceae 110(19.3) 45 (19.1)
Carbapenem-resistant Enterobacteriaceae 58(10.2) 13(5.5) <.001 0.17 (0.10-0.24) .04 0.87 (0.75-0.99)
Carbapenem-resistant Klebsiella pneumoniae 37 (6.5) 8(3.4)
Carbapenem-resistant Pseudomonas 13 (2.3) 0 (0)
Carbapenem-resistant Acinetobacter 6(1.1) 0 (0)

Abbreviations: ESBL, extended-spectrum B-lactamase; NA, not applicable; OR, odds ratio; SMD, standardized mean difference.

Table 4. Postoperative Course

Patients, No. (%) Before propensity score weighting After propensity score weighting
Historical cohort Intervention cohort
Postoperative course (n=2168) (n=1219) P value SMD (95% CI) P value OR (95% Cl)
Any complications 1260 (58.1) 599 (49.1) <.001 0.18 (0.11t0 0.25) .001 0.87 (0.80 to 0.95)
Major complications® 433(20.0) 192 (15.8) .002 0.11 (0.04 t0 0.18) .97 0.99(0.91to1.1)
Hospital-acquired infection (any type) 879 (40.5) 367 (30.1) <.001 0.22(0.15t00.29) .03 0.88 (0.80t0 0.98)
Postoperative pancreatic fistula

Grade B 314 (16.4) 185 (17.1)

Grade C 79(4.1) 18(1.7) <.001 0.11(0.04t0 0.18) .81 0.98 (0.88t0 1.1)
Biliary fistula (any grade 114 (5.3) 83 (6.8) 11 0.07 (-0.01t0 0.14) .02 1.1(1.0to1.2)
Chyle leak (any grade) 97 (4.5) 52 (4.3) .82 0.01 (-0.06 to 0.08) .33 1.1(0.94t01.2)
Enteric fistula (any grade) 56 (2.6) 27 (2.2) .57 0.02 (-0.05 to 0.09) .26 1.1(0.96t0 1.2)
Postpancreatectomy hemorrhage (any grade) 306 (14.1) 128 (10.5) .001 0.11(0.04t00.18) .46 0.96 (0.89t0 1.0)
Delayed gastric emptying (any grade) 282 (13.0) 126 (10.3) .01 0.08 (0.01 to 0.15) .33 0.89(0.73t01.1)
Intensive care unit admission (any grade) 262 (12.1) 124 (10.2) .05 0.06 (-0.01t0 0.13) .78 0.97 (0.85t01.2)
Reoperation 179 (8.3) 84(6.9) .15 0.05(-0.02t00.12) .55 0.97 (0.89t01.1)
Length of stay, median (IQR), d 10 (7-18) 9(7-18) <.001 0.07 (0.0 t0 0.14) 73 -0.06 (0.44 t0 0.32)
Mortality 70(3.2) 35(2.9) .34 0.02 (-0.05 to 0.09) .35 0.94 (0.84to0 1.1)

Abbreviations: OR, odds ratio; SMD, standardized mean difference.

3 Clavien-Dindo classification®* grade of 3 or more.
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pancreatic fistula grade B or C. These results were partially confirmed after the propensity score
weighting, also shown in Table 4.

Regarding the evaluation of antibiotic use and related cost-effectiveness analysis, the
interrupted time series analysis revealed a statistically significant reduction in mean (SD) overall
antibiotic consumption in the intervention cohort compared with the historical cohort from 753.54
(91.30) to 652.58 (90.82). This decrease was observed in specific antibiotic groups, including those
in the WHO Watch category, such as meropenem (from a mean [SD] of 76.37 [35.32] to 46.95 [19.51]
defined daily doses per patient-day) and ciprofloxacin (from a mean [SD] of 117.40 (32.7) to 22.07
(11.62) defined daily doses per patient-day (full results of the interrupted time series analysis are
presented in Table 5). Concurrently, a reduction in the direct costs associated with antibiotic use of
247 460 euros was identified.

Discussion

This cross-sectional study shows that an AMS program specifically designed for pancreatic surgery
was associated with clinical and economic advantages. Following surgical exploration with resection
intent for any indications, a statistically significant increase in coverage from isolates from the biliary
and gastrointestinal tract was found, confirming the appropriateness of the tailored SAP. In addition,
the AMS program implementation was associated with a statistically significant decrease in all SSls.
Finally, the program was associated with minimized key antibiotic consumption, in line with WHO
recommendations.®-52>

The term AMS refers to coordinated activities aimed at optimizing antibiotic prescription and
use. These activities include selecting the best drug regimen in terms of dosage, duration, and route
of administration while minimizing the spread of MDR bacteria and achieving clinical benefits.
Despite its importance, there are few reports on AMS in high-acuity surgery, and none have been
specifically developed for pancreatic surgery. Pancreatic surgery presents unique challenges for
infectious disease specialists due to several factors, such as preoperative conditions (obstructive
jaundice with a biliary stent or cholangitis if tumors are located in the pancreatic head) and
postoperative complications (pancreatic fistula, postoperative bleeding, intensive care unit
admission). The multifaceted approach applied in this study included several enhanced infection
prevention and control measures, such as updating the local policies and guidelines, universal rectal
screening surveillance, prevalence reports, education, and practice audits. A key component of this
program was the introduction of universal rectal screening in clinical practice. Rectal screening
became the foundation of the active surveillance program, which allowed for the rapid identification
of patients with bacteria colonization. These patients were flagged with isolation codes, and specific
infection control strategies were implemented to reduce the transmission of MDR bacteria within
the hospital.

Current guidelines for pancreatic surgery recommend first- or second-generation
cephalosporins for SAP. However, these broad-spectrum antibiotics may not be effective for patients
at higher risk of infectious complications, such as those with biliary stents who are more likely to carry
MDR, gram-negative bacteria.” 7227 |n this framework, the presented AMS program enhances the
concept of tailored SAP by addressing specific clinical needs. This approach not only promotes
prudent antibiotic use but also leads to substantial cost savings.?® Shifting the focus from treating
SSls to controlling MDR bacterial colonization may minimize the use of crucial antibiotics, classified as
Watch; encourage the use of more commonly prescribed antibiotics, classified as Access; and reduce
unnecessary postoperative doses. This study aligns with the WHO Access, Watch, and Reserve
classification and recommendations for antibiotic use, in contrast to recent articles that advocated
for increased reliance on broad-spectrum antibiotics, such as piperacillin and tazobactam,?® and
extended therapy until the third postoperative day.3°

Valuable insights can be gained from the analysis of microbiological data. First, the preoperative
rectal screening was associated with the MDR bacterial colonization in the biliary tract in more than
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80% of patients. Second, the tailored SAP was significantly associated with better coverage for both
rectal screening and bile MDR, gram-negative contamination compared with broad-spectrum
antibiotic use, with rates of 100% vs 87.2% for rectal screening and 68.7% vs 59.7% for bile
contamination. Third, the preoperative rectal screening was associated with the presence or absence
of MDR bacteria associated with superficial and organ-space SSls, suggesting a possible cause-and-
effect mechanism and reinforcing the idea that these bacteria should be the focus of any
antimicrobial interventions. Fourth, tailored SAP was significantly associated with better coverage
for superficial and organ-space SSls caused by MDR, gram-negative bacteria than broad-spectrum
antibiotics, with coverage rates of 58.1% and 63.4% vs 32.3% and 34.7%, respectively. The overall
clinical benefits observed in the intervention cohort can be understood through the lens of previous
research, according to which SSls can be viewed as a driving factor, rather than as a consequence,

of major postoperative complications.>'

Limitations

This study had some limitations. First, the study design shifted from a time series to a before-and-
after analysis, potentially introducing bias. Propensity score weighting could address some bias in
balancing cohorts, but its application was limited to observed characteristics and did not account for
unobserved ones, which means that it could not provide a causal interpretation. Second, the overlap
with the COVID-19 pandemic may have contributed to the reduction of SSls due to increased
awareness and implementation of infection control measures. Third, the tailored SAP used in this
study did not cover infections caused by vancomycin-resistant Enterococcus species. Nonetheless,
the existing literature does not support the use of tailored prophylaxis for these species or indicates
that it is associated with worse postoperative outcomes. Fourth, differences in surgical volume and
internal organization among the participating centers may introduce bias. Fifth, the general
applicability may be challenging because implementing an AMS program for high-stakes procedures
is a complex and time-consuming process that requires close collaboration among multiple
specialists, adequate hospital facilities, and robust infection control measures and strategies. Sixth,
some novelties were implemented and standardized in clinical practice over the long study period
(eg. minimally invasive surgery, surgical drain management). Still, we believe that the individual
contribution of these factors may not outweigh the generalized effect of the AMS program.

Conclusions

This cross-sectional found that a multifaceted, pancreatic surgery-specific AMS program was associ-
ated with reduced SSls, broader coverage of isolated bacteria, and improved clinical outcomes. Further-
more, these findings also suggest that AMS leads to more appropriate antibiotic use and lower costs.
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