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Abstract

:

Antibiotic stewardship programs optimize the use of antimicrobials to prevent the development of resistance and improve patient outcomes. In this prospective interventional study, a multidisciplinary team led by surgeons implemented a program aimed at shortening the duration of antibiotic treatment <7 days. The impact of the intervention on antibiotic consumption adjusted to bed-days and discharges, and the isolation of multiresistant bacteria (MRB) was also studied. Furthermore, the surgeons were surveyed regarding their beliefs and feelings about the program. Out of 1409 patients, 40.7% received antibiotic therapy. Treatment continued for over 7 days in 21.5% of cases, and, as can be expected, source control was achieved in only 48.8% of these cases. The recommendations were followed in 90.2% of cases, the most frequent being to withdraw the treatment (55.6%). During the first 16 months of the intervention, a sharp decrease in the percentage of extended treatments, with R2 = 0.111 was observed. The program was very well accepted by surgeons, and achieved a decrease in both the consumption of carbapenems and in the number of MRB isolations. Multidisciplinary stewardship teams led by surgeons seem to be well received and able to better manage antibiotic prescription in surgery.






Keywords:


anti-bacterial agents/therapeutic use*; antimicrobial stewardship/organization and administration*; antimicrobial stewardship/statistics and numerical data*; drug resistance; multiple; bacterial/drug effects; infection control/organization and administration; general surgery/standards*; surgical wound infection/prevention and control












1. Introduction


According to the World Health Organization (WHO), antimicrobial resistance (AMR) is one of the biggest threats to global health, food security and development [1]. The World Health Assembly in 2015 endorsed a global action plan on AMR, one of its strategic objectives being to optimize the use of antimicrobial medicines [2]. The discovery of antibiotics transformed the practice of medicine in the modern world, making once lethal infections readily treatable and enabling many other medical advances, such as organ transplants and chemotherapy, possible. Early initiation of antibiotics to treat sepsis and severe infections reduces morbidity and mortality [3]. However, the largest driver for the development and spread of AMR is the overuse and misuse of antibiotics [4]. About 30% of all antibiotics prescribed in the Western world in acute care hospitals are either unnecessary or inappropriate [5,6]. Antibiotic Stewardship Programs (ASPs) can help clinicians improve clinical outcomes and minimize harm by improving how antibiotics are prescribed [7]. Optimizing the use of antimicrobials is critical to efficiently fight infections, protect patients from harm, and decrease AMR. Hospital antibiotic stewardship programs can increase infection cure rates while reducing AMR [8], but few of them have been reported as being led by surgeons [9]. It has been argued that surgeons, who actively engage in antimicrobial agent prescription, should play a major role in the establishment and support of ASPs [10].



Carbapenem resistance has dramatically increased worldwide and poses a serious public health threat. In our setting, an increasing high level of carbapenem consumption, mostly related to urinary or intraabdominal infections, has been demonstrated [11], and a duration of 7.6 days in empirical and 11.4 days in directed carbapenem treatment has been observed.



The compliance rates with the suggested duration of therapy in evidenced-based guidelines is low among the surgical community. The use of antibiotics in intra-abdominal infections has been found to be inappropriate in up to 74% of cases, and most of the violations are due to the excessive duration of said therapy [12,13].



The goals of this study were: (1) to decrease the rate of inappropriately prolonged antibiotic treatment in a general surgical service; (2) to assess the effect of the intervention on the consumption of carbapenems and other antibiotics; (3) to assess its effect on the prevalence of AMR in the Department of Surgery; and (4) to assess how the surgeons received the intervention.




2. Results


2.1. Stewardship Program


Out of 1409 patients evaluated, 573 received antibiotic therapy (40.7%). Of these, 123 underwent treatments for more than 7 days (21.5%), for which a 7-VINCut recommendation was issued. The most important reason that led to a prolonged antibiotic treatment was intraabdominal infection (80.5%). Among these cases, the main diagnostics were community or postoperative peritonitis (38.4%), hepato-biliary infection (36.4%), intraabdominal abscess (15.2%), diverticulitis (5.1%) and pancreatic infection (3.0%). An adequate source control was achieved in only 48.8% of these prolonged treatments, being incomplete or not achieved in the remaining cases.



The antibiotics most frequently targeted by the intervention were piperacillin-tazobactam (37.4%), carbapenems (26.8%), linezolid (13%) and amoxicillin-clavulanate (10.6%).



The issued recommendations are shown in Table 1, and were mainly withdraw or maintain treatment (53.6% and 33.3%, respectively). The recommendations were followed in 111 cases (90.2% adherence).



There was a significant decrease in treatments >7 days during the overall study period, with R2 = 0.111, Spearman rho = −0.38 (IC 95%: −0.6–−0.11; p < 0.05) (Figure 1).



Due to the surge of the COVID-19 pandemic in the second part of the Intervention Period (IP), this was split up into two segments of eight months. Comparing these two periods (IP1 and IP2), the hospital stays in the Department of Surgery decreased from 9032 to 5920 (34%), and admissions decreased from 1643 to 1364 (17%), which required an adjustment of the results.



There were 92 prolonged treatments out of 351 patients having antibiotic treatment during the IP1 (26.2%) and 31 out of 222 in IP2 (14.0%). The percentage of prolonged treatments sharply decreased during IP1 (R2 = 0.172; Spearman rho = −0.492; 95% CI −0.7–−0.2; p < 0.05) (Figure 2), but kept stable during IP2 including the COVID-19 pandemic (R2 = 0.004; Spearman rho = −0.103 (95% CI −0.35–−0.11; p = 0.68) (Figure 3).



As most of the prolonged treatments came from the surgical emergency department, this flattening of the curve during IP2 could be due to differences in the timing and severity of the emergency cases during the pandemic.



Comparing both periods, no significant differences were observed in the type of diagnoses or the achievement of source control (49.3% vs. 44.2%, p = 0.574).




2.2. Consumption of Antibiotics


When comparing the period before the intervention (PI) with both intervention periods (IP1 and IP2), the consumption of antibiotics decreased, in particular during IP2, the period covering the final 8 months of the intervention (Figure 4). Table 2 and Table 3 show the individual changes in the use of antibacterials based on DDD/100 stays and DDD/100 discharges.



Comparing the pre-intervention and IP2 periods, the reduction was especially marked for first (ertapenem) and second-line carbapenems (imipenem-cilastatin and meropenem), going from 2.66 to 1.62 DDD/100 discharges and from 0.48 to 0.37 DDD/100 bed-days for ertapenem. The consumption of second-line carbapenems decreased even more, from 23.91 to 8.15 DDD/100 discharges, and from 4.34 to 1.87 DDD/100 bed-days. Regarding second-line carbapenems, there was a relative decrease in imipenem-cilastatin and an increase in meropenem due to changes in the antibiotics policy of the hospital.




2.3. Evolution of Multiresistant Bacteria in the Department of Surgery


The incidence of multiresistant bacteria (MRB) in the Department of Surgery during the 16 months before and after the intervention was compared. The number of MRB isolations/discharges and MRB isolations/bed-days decreased by 41.1% and 37.2%, respectively, as shown in Figure 5. However, the low number of isolations precluded any statistical analysis.




2.4. Internal Evaluation of the 7-VINCut Stewardship Program


The whole surgery department participated in this study, in fact 94.1% of them believed that this program to be a most useful clinical tool. Importantly, over 43% of the surgical team stated that this perception would not change even if other medical doctors rather than surgeons, had participated in the study. However, 56.3% of the respondents considered that the intervention would be less well accepted without the involvement of surgeons in the ASP team.



All those surveyed felt that surgeons should actively participate (64.7%) or lead (35.3%) these stewardship programs in surgery. Regarding the comments found in the electronic medical record, 88.2% of respondents welcomed them, and considered them to be beneficial to their clinical tasks. Only 6% considered the annotations to be an intrusion into their work. The personal percentage of adherence to the recommendations was deemed to be 84.2%. The main reasons for not following the recommendations were disagreement with the comments (35.7%), knowing the patient better (28.6%), and forgetting to make the changes (21.4%).



Respondents considered the most effective ways of improving the program to be educational lectures on antibiotics in surgery, feed-back of stewardship results to providers, and discussion of all recommendations in the teams’ clinical rounds.





3. Discussion


Several authors have demonstrated that morbidity is not increased by a shortened course of antibiotics in intraabdominal infection, provided an adequate septic source control is achieved [14,15,16,17,18]. The use of clinical or biological markers such as fever, leukocytosis, or procalcitonin have been described being used to shorten treatment duration [19,20,21]. Other authors found that in patients with complicated intraabdominal infections, a fixed short duration of antibiotic treatment resulted in similar outcomes to those based on resolution of physiological abnormalities [22,23].



Altogether, these data suggest that infectious complications are not improved by a long duration of therapy and that antibiotics may be safely discontinued in a period of time as short as 4 days after an appropriate source control. Longer duration of antibiotic therapy for intraabdominal infection has been even associated with an increased risk of mortality [24].



Current guidelines [25,26,27], recommend no more than 5 to 7 days of antibiotics for complicated intra-abdominal infections depending on the intraoperative findings and resolution of signs and symptoms. They also suggest that patients with continued evidence of infection at the end of the predetermined length of antibiotic therapy (fever, leukocytosis) should be evaluated for an alternative source, likely requiring additional invasive procedures rather than continued antibiotics. If local control is inadequate, a longer duration of therapy might be warranted. Finally, according to these guidelines, completion of an antimicrobial course with oral forms of antimicrobial agents is acceptable in patients able to tolerate an oral diet [26].



In spite of these recommendations, Gorecki et al. found that antibiotics were used inappropriately in 74% of cases of prophylactic and therapeutic administration of antibiotics in surgery. The main reason for inappropriate administration of antibiotics in surgical practice in two-thirds of the cases was excessive duration [12].



Antibiotic Stewardship Programs (ASPs) have been described as “a coherent set of actions designed to use antimicrobials responsibly” [28]. A substantial amount of evidence supports the effectiveness of hospital ASPs [29,30] to optimize antibiotic prescription as well as reduce the incidence of colonization with antibiotic-resistant bacteria and Clostridium difficile infections, reduce adverse effects, hospital stay and associated costs [9,31].



ASP teams usually include multidisciplinary experts adequately trained in antibiotic prescribing and stewardship, such as infectious diseases specialists, clinical microbiologists and pharmacists [28]. However, some programs advise including a clinician with expertise in the surgical area whenever possible [32].



It has been argued that surgeons, who actively engage in antimicrobial agent prescription, should play a major role in the establishment and support of ASPs [10]. These stewardship programs are of particular importance to surgical specialties due to their prominent role in prophylactic antibiotic usage and management of surgical infections, but there are few published experiences of ASPs in surgery [9,10,33]. Surgeons should be aware that judicious use of antibiotics is an integral part of any stewardship program and necessary to maximize clinical cure and minimize the emergence of antimicrobial resistance.



3.1. Stewardship Program


Less than half of the patients admitted to the surgical wards and included in this study were on antibiotic treatments. Of them, one in five patients had prolonged treatments lasting for over one week. As can be expected, the infections requiring extended treatments were mostly peritonitis or hepato-biliary infections, with an adequate source control achieved in fewer than 50% of cases. Adequacy of source control is crucial to performing short courses of antibiotics in surgical sepsis [22,23,24,25,26,27,28,29,30,31,32,33,34]. Therefore, the low rate of adequate source control in this subset of patients is not surprising.



The main finding of the present study is that a prospective audit combined with a persuasive intervention and feedback to the prescriber can reduce the duration of antibiotic treatments in surgery. It is noteworthy that the results of the intervention were much more successful in the first half of the study than in the second containing the COVID-19 pandemic. This can be due to two reasons. First, the COVID-19 lockdown led to a change in the profile of the patients presenting at the surgical emergency departments (ED). Some of the most frequent emergency surgical conditions showed reductions in their incidence up to 60% (62% for appendicitis, 39% for cholecystitis) [35], probably due to patients’ reluctance to attend hospital [35] or conservative treatments prescribed by primary care physicians [36]. In consequence, the disease seems to have been left to develop at home [35,36], and patients presented with more severe condition [36,37,38], making source control more difficult to achieve. Furthermore, some institutions recommended non-surgical management of cholecystitis or appendicitis [39] placing the emphasis on antibiotic treatment. Moreover, there were changes in the recommendations of the use of some surgical techniques [40], and some authors reported lesser use of the laparoscopic approach [35] (35. Boyle). In summary, patients experienced suboptimal outcomes with more complications and a longer length of stay in the ICU [35] or in-hospital [37], which increased the use of antibiotic treatments.



Second, due to the sudden and extraordinary care load in the hospital during March and April 2020 and the illness of one of the leading team members (with COVID-19), the number of weekly interventions reduced and became irregular. Improvement of the data was slowed, although no worsening was observed. This seems to confirm that continuous stewardship is necessary to maintain good results. At least until such a time as these interventions became a routine part of patient management.




3.2. Consumption of Antibiotics


The program also seems to suggest a reduction the consumption of certain antibiotics known to select MR bacteria and the incidence of its isolation, although the study was underpowered to demonstrate those items. However, a reduction of around 50% was observed for both, first and second-line carbapenems, during the period of the study. It should be noted that adherence rates to recommendations related to carbapenem use in ASP interventions have been reported as being not well received [41].



The misuse and overuse of carbapenems, has been associated with the surge of multidrug-resistant or extensively drug-negative Gram-negative bacteria [42]. In surgical departments, there has been a significant increase in the prescription of carbapenems in recent years [11]. Nowadays, Gram-negative rods producing extended spectrum β-lactamases and carbapenemases are the main sources of concern, due to their high speed of dissemination within and between hospitals, and to the risk of them becoming clinically uncontrollable disorders with the associated increased costs [43]. Resistance figures of Pseudomonas aeruginosa to meropenem exceeds 20% in the United States and in Spain [44]. In the case of Klebsiella pneumoniae, the data have grown considerably in recent years, reaching 4% in Spain, 8% in the United States and up to 36% in Italy in 2015 [44].




3.3. Multiresistant Bacteria Isolation


The ultimate goal of an antibiotic stewardship program is to decrease the number of infections produced by mutiresistant bacteria. Although from our data it seems that this has been achieved, we observed a low number of isolations which precluded any statistical analysis. From our present data we are only able to show the variation in the percentage of multiresistant bacteria isolated.




3.4. Acceptance of the Stewardship Program


This non-restrictive intervention led by surgeons achieved a good level of approval by providers. Our survey’s results indicate that the high rate of acceptance of ASP recommendations can be related to the presence of a surgeon on this particular ASP team. As acceptance of ASP interventions has been found to be lower among surgeons than by other medical practitioners [41,45], the Global Alliance for Optimizing Rational Antibiotic Use in Intra-Abdominal Infections propose that surgical leaders drive antimicrobial stewardship and education programs to help standardize and improve prescribing behaviors [46]. The engagement of surgeons in antibiotic stewardship programs is likely to be crucial to their success [9,47].



Interestingly enough, some authors found that recommendations to decrease antibiotic exposure, interventions involving carbapenem use, and recommendations to de-escalate or discontinue were associated with lower odds of adherence to ASP interventions [41,45].



Factors that have been associated with increased acceptance included the presence of the ASP physician during rounds, making recommendations verbally [45], and by direct communication via a phone call [41]. In our study, all recommendations were reviewed and discussed weekly at the surgical grand round.



A successful ASP should focus on collaboration among the various professionals within a healthcare institution including prescribing clinicians. In this context, surgeons with knowledge of surgical infections should be directly involved in the improvement projects related to infection in the Departments of Surgery. It is likely that antibiotic guidelines and stewardship programs developed by multidisciplinary teams including surgeons will achieve optimal adherence [48].



However, as it has been shown in the study, the benefits of improvement actions may take some time to be realized, as changes are often difficult to implement in health institutions. According to the Normalization Process Theory [49], patients, professionals, managers, and policy-makers, face two pertinent types of difficulties as they attempt to get advancements into practice: process issues (regarding the utilization of novel perspectives, acting and organizing in health care) and organizational issues (regarding the incorporation of new schemes of practice into existing hierarchical scenarios). Normalization Process Theory is a descriptive model that may help researchers and clinicians understand these procedures, and perhaps may facilitate the introduction of multifaceted processes and new technologies in health systems [50]. Increasing recognition of the failure to translate knowledge into practice has led to greater awareness of the importance of using active dissemination and implementation strategies [51]. Research is still required in this field to explore determining factors of provider behavior to estimate the efficiency of dissemination and implementation strategies in the presence of various barriers and effect modifiers [52]. The ultimate goal of a stewardship should be to stimulate a behavioral change in prescribing practice [46].




3.5. Limitations of the Study


This work has several limitations. First, half of the study covered the time of the COVID-19 pandemic, with a concomitant decrease in admissions to surgical units. An attempt has been made to compensate for this by using the DDD per bed-days and per surgical discharge, which in our opinion adjusts data and allows for comparison between both periods. Second, due to the lack of information on variability and dispersion of data, we were unable to statistically demonstrate a change in antibiotic consumption related to the intervention, although we found differences that seem clinically relevant. It is also difficult to calculate accurately its effect on MR bacteria isolation, given its low incidence. These results, although drawn from a single department, may well represent the actual effect of non-restrictive stewardship programs in surgery.





4. Materials and Methods


To visualize the effect of the intervention, for some analysis the study period was divided into two 8-month periods: Intervention Period 1 (IP1), from May to December 2019, and Intervention Period 2 (IP2), from January to August 2020, as shown in Figure 6. Given that the COVID-19 pandemic began in the second period, and the admissions and hospital stays in the Department of Surgery were not comparable, some results have been adjusted according to the number of admissions and the hospital stays to allow comparisons.



4.1. Stewardship Program


The 7VINCut project started in 2019 at a national level to shorten the duration of antibiotic treatment in surgery. Secondary objectives were to reduce the consumption of carbapenems in surgical services, and to reduce the consumption of other antibiotics with ecological impact (piperacillin-tazobactam, amoxicillin/clavulanate, 3rd and 4th generation cephalosporins and quinolones). 7VINCut promotes the establishment of multidisciplinary teams (surgeon, pharmacologist and infectious diseases specialists) to adapt, in a non-punitive way, antibiotic therapy with the aim of reducing antibiotic treatments to below 7 days in surgical services. Although the intervention focused on the duration of antibiotic treatment, the stewardship team added recommendations on the microbiological appropriateness of the treatments and the use of broad-spectrum antibiotics, especially carbapenems. Before implementation of the program in the hospital, a series of educational initiatives related to antibiotic management were introduced in the Department of Surgery. The prescriptions analyzed were either pathogen directed or empirical broad spectrum antibiotic treatments. Before making the ASP recommendations, the microbiological results were reviewed, when available. The appropriateness of the empirical antibiotics prescribed according to the hospital antibiotic guideline was also reviewed.



The prospective study was conducted between May 2019 and August 2020. All patients hospitalized in the General Surgery Service were prospectively analyzed weekly. A computerized alert allowed the 7VINCut team to identify those patients whose antibiotic treatment lasted longer than 7 days. The team met to individually analyze each of these cases, concluding with a written recommendation in the electronic medical record of each patient. The available recommendations were: withdraw, maintain, de-escalate, broaden, change route, optimize dose, no recommendation. The recommendations were discussed the same day in the General Surgery grand round and implemented if deemed necessary. The 7VINCut program provided educational suggestions for each recommendation made, which were subsequently discussed by the group of surgeons, so it can be considered to be a continuous learning intervention. Adherence to the recommendations was recorded 48 h later by the 7VINCut team.



The main outcome evaluated was the percentage of patients subjected to more than 7 days of antibiotic therapy. To analyze the results of this section, the two Intervention Periods have been used (IP1 and IP2). Variables such as diagnosis of infection, quality of control of infectious focus, use of broad-spectrum antibiotics, route of administration, microbiological adequacy and the percentage of patients subjected to more than 7 days of antibiotic therapy have been analyzed.




4.2. Consumption of Antibiotics


Comparative study of antimicrobial use during the eight months before the program implementation (PP2) and during the Intervention Periods (IP1 and IP2). The antimicrobials and routes of administration were selected according to the main objectives of the 7-VINCut program: reduction of the duration of treatments, de-escalation (or spectrum reduction), reduction of carbapenem use, and sequencing of IV to oral therapy. Thus, the considered antimicrobials were: piperacillin-tazobactam (IV), imipenem, meropenem, ertapenem (IV), linezolid (IV and O). The consumption list was obtained through the economic management module of the Pharmacy Service (Farmatools®). The consumption in the units that do not generate hospital stays, such as the emergency room, outpatient consultations, day hospital and outpatient dispensing area, were not considered.



The WHO definition of DDD (assumed average maintenance dose per day for a drug used for its main indication in adults), and the WHO classification of DDD of each antimicrobial were used [53]. The DDD per 100 bed-days and DDD per 100 discharges were calculated from the following formula: antimicrobial consumption (grams) during the selected period of time x 100 / DDD x the number of stays (or discharges) during the selected period of time [54]. Consumptions in grams were obtained by multiplying the grams of the pharmaceutical form by the consumption in units. The stays and registrations were provided by the analytical accounting service of the hospital.



A comparison of consumption between DDD/100 bed-days and DDD/100 discharges, was made, according to Collado et al. [55]. This was made because DDD/100 stays reflects the hospital’s exposure to antimicrobials, while DDD/100 discharges better shows changes in hospital activity, which was considered important as the second period of the study included the time of the COVID-19 pandemic.




4.3. Multiresistant Bacteria in the Department of Surgery


This section is based in the comparison of the incidence of MRB in the department of surgery during the 16 months before the program implementation (pre-intervention period, PP) and the intervention period (IP). The definition for Gram-positive and Gram-negative bacteria which we used was: bacteria ‘resistant to three or more antimicrobial classes’, according to the definitions of the European Centre for Disease Prevention and Control (ECDC) and the Centers for Disease Control and Prevention (CDC) [56].



The number of MRB was retrieved from the digital records of the microbiology department. Only the organisms considered to be relevant in this surgical department were analyzed (E. coli, Klebsiella spp. and Pseudomonas spp.). The overall number of MRB per hospital stays and MRB per discharge were used for comparison. Due to the low number of isolations, only the variation in the percentage of multiresistant bacteria isolation is shown.




4.4. Internal Evaluation of the 7-VINCut Stewardship Program


At the end of the Intervention Period, a link to a Web-based survey (SurveyMonkey; https://es.surveymonkey.com/r/9GPNTTZ) was circulated via email and WhatsApp to the members of the Department of Surgery. The survey remained open for 20 days. The anonymous questionnaire contained 11 questions aimed at evaluating the beliefs, feelings and suggestions of surgeons about the 7-VINCut intervention.




4.5. Ethics and Statistics


The study was approved by the Research Ethics Committee of the Hospital General Universitari de Granollers with code 20202057, which did not consider an informed consent document necessary. The project has been reported according to the “Consolidated criteria for Reporting Qualitative Research (COREQ)” criteria.



Data was entered into a computerized database that was analyzed using the IBM SPSS program (v. 21.0, Chicago, IL, USA). To analyze the relationship between two categorical variables, the chi-square test has been used. Statistical significance was defined at p <0.05. To investigate the temporal evolution of patients on antibiotic treatment with duration over 7 days a linear regression model and a Spearman correlation were used. Since we have worked with aggregated data, the results on antibiotic consumption and MRB isolation have been presented by the percentage of variation in the use of each antibiotic and in the bacteria isolation, not being possible to carry out further statistical comparisons. The results of the survey for the internal evaluation of the program are expressed in percentages of the total answers obtained.





5. Conclusions


This 7-VINCut stewardship program achieved a reduction in antibiotic treatment lasting over 7 days. Moreover, this was related with a reduction in the consumption of targeted antibiotics in a General Surgery Service, in particular with carbapenems, and with a reduction in resistant bacteria. Multidisciplinary teams including surgeons seem to be well received by providers, and effective in improving the management of antibiotics in surgical services.







Author Contributions


Conceptualization and design: J.M.B., M.J.; methodology: J.M.B., M.S., G.M.; acquisition of data: J.M.B., M.S., J.C., M.A.P., M.J., M.B., P.R.-d.L.; formal analysis and interpretation of data: J.M.B., G.M., M.J., M.B., P.R.-d.L.; writing—original draft preparation: J.M.B.; writing—review and editing: J.M.B., G.M., J.C., M.A.P., M.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Research Ethics Committee of the Hospital General Universitari de Granollers with code 20202057 (11 December 2020).




Informed Consent Statement


Patient consent was waived by the Research Ethics Committee which did not consider it necessary because data was anonymized and its extraction for the study was covered by the general admission consent of the patient.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy restrictions.




Acknowledgments


The authors thank David Morton for his review of the manuscript.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



World Health Organization. Antibiotic Resistance. July 2020. Available online: https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance (accessed on 24 August 2020).

	



Global Action Plan on Antimicrobial Resistance. Available online: https://www.who.int/antimicrobial-resistance/global-action-plan/en/ (accessed on 24 August 2020).

	



Rhodes, A.; Evans, L.E.; Alhazzani, W.; Levy, M.M.; Antonelli, M.; Ferrer, R.; Kumar, A.; Sevransky, J.E.; Sprung, C.L.; Nunnally, M.E.; et al. Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016. Intensiv. Care Med. 2017, 43, 304–377. [Google Scholar] [CrossRef] [PubMed]

	



Kardos, N. Overuse of Antibiotics and Antibiotic Resistance in Medical Applications Featuring Carbapenemase Resistant Enterobacteriaceae (CRE). SOJ Microbiol. Infect. Dis. 2017, 5, 1–21. [Google Scholar] [CrossRef]

	



Fridkin, S.K.; Baggs, J.; Fagan, R.; Magill, S.; Pollack, L.A.; Malpiedi, P.; Slayton, R. Vital Signs: Improving Antibiotic Use among Hospitalized Patients. MMWR Morb. Mortal. Wkly. Rep. 2014, 63, 194–200. [Google Scholar] [PubMed]

	



Bugnon-Reber, A.; De Torrenté, A.; Troillet, N.; Genné, D. Antibiotic misuse in medium-size Swiss hospitals. Swiss Med. Wkly. 2004, 134, 481–485. [Google Scholar]

	



Dellit, T.H.; Owens, R.C.; McGowan, J.E., Jr.; Gerding, D.N.; Weinstein, R.A.; Burke, J.P.; Huskins, W.C.; Paterson, D.L.; Fishman, N.O.; Carpenter, C.F.; et al. Infectious Diseases Society of America and the Society for Healthcare Epidemiology of America Guidelines for Developing an Institutional Program to Enhance Antimicrobial Stewardship. Clin. Infect. Dis. 2007, 44, 159–177. [Google Scholar] [CrossRef]

	



Core Elements of Hospital Antibiotic Stewardship Programs. Available online: https://www.cdc.gov/antibiotic-use/core-elements/hospital.html (accessed on 24 August 2020).

	



Vázquez, A.M.; Balibrea, J.M.; Ramia, J.M. Antimicrobial stewardship programs and surgery: What is our role? Cir. Esp. 2019, 97, 187–189. [Google Scholar] [CrossRef]

	



Sartelli, M.; Duane, T.M.; Catena, F.; Tessier, J.M.; Coccolini, F.; Kao, L.S.; De Simone, B.; Labricciosa, F.M.; May, A.K.; Ansaloni, L.; et al. Antimicrobial Stewardship: A Call to Action for Surgeons. Surg. Infect. 2016, 17, 625–631. [Google Scholar] [CrossRef]

	



Grau, S.; Fondevilla, E.; Echeverría-Esnal, D.; Alcorta, A.; Limon, E.; Gudiol, F. Widespread increase of empirical carbapenem use in acute care hospitals in Catalonia, Spain. Enferm. Infecc. Microbiol. Clin. 2019, 37, 36–40. [Google Scholar] [CrossRef]

	



Gorecki, P.; Schein, M.; Rucinski, J.C.; Wise, L. Antibiotic Administration in Patients Undergoing Common Surgical Procedures in a Community Teaching Hospital: The Chaos Continues. World J. Surg. 1999, 23, 429–433. [Google Scholar] [CrossRef]

	



Gorecki, P.J.; Schein, M.; Mehta, V.; Wise, L. Surgeons and Infectious Disease Specialists: Different Attitudes towards Antibiotic Treatment and Prophylaxis in Common Abdominal Surgical Infections. Surg. Infect. 2000, 1, 115–126. [Google Scholar] [CrossRef]

	



Smith, S.E.; Rumbaugh, K.A.; May, A.K. Evaluation of a Short Course of Antimicrobial Therapy for Complicated Intra-Abdominal Infections in Critically Ill Surgical Patients. Surg. Infect. 2017, 18, 742–750. [Google Scholar] [CrossRef] [PubMed]

	



Hassinger, T.E.; Guidry, C.A.; Rotstein, O.D.; Duane, T.M.; Evans, H.L.; Cook, C.H.; O’Neill, P.J.; Mazuski, J.E.; Askari, R.; Napolitano, L.M.; et al. Longer-Duration Antimicrobial Therapy Does Not Prevent Treatment Failure in High-Risk Patients with Complicated Intra-Abdominal Infections. Surg. Infect. 2017, 18, 659–663. [Google Scholar] [CrossRef] [PubMed]

	



Cole, K.; Phlamon, M.; Petite, S.E. Comparison of Short-Course and Prolonged Antimicrobial Therapy in the Management of Intra-Abdominal Infections. Surg. Infect. 2019, 20, 519–523. [Google Scholar] [CrossRef] [PubMed]

	



Rattan, R.; Allen, C.J.; Sawyer, R.G.; Mazuski, J.; Duane, T.M.; Askari, R.; Banton, K.L.; Claridge, J.A.; Coimbra, R.; Cuschieri, J.; et al. Patients with Risk Factors for Complications Do Not Require Longer Antimicrobial Therapy for Complicated Intra-Abdominal Infection. Am. Surg. 2016, 82, 860–866. [Google Scholar] [CrossRef] [PubMed]

	



Rattan, R.; Allen, C.J.; Sawyer, R.G.; Askari, R.; Banton, K.L.; Claridge, J.A.; Cocanour, C.S.; Coimbra, R.; Cook, C.H.; Cuschieri, J.; et al. Patients with Complicated Intra-Abdominal Infection Presenting with Sepsis Do Not Require Longer Duration of Antimicrobial Therapy. J. Am. Coll. Surg. 2016, 222, 440–446. [Google Scholar] [CrossRef] [PubMed]

	



Taylor, E.; Dev, V.; Shah, D.; Festekjian, J.; Gaw, F. Complicated appendicitis: Is there a minimum intravenous antibiotic requirement? A prospective randomized trial. Am. Surg. 2000, 66, 887–890. [Google Scholar] [PubMed]

	



Maseda, E.; Suarez-De-La-Rica, A.; Anillo, V.; Tamayo, E.; García-Bernedo, C.A.; Ramasco, F.; Villagran, M.-J.; Maggi, G.; Gimenez, M.-J.; Aguilar, L.; et al. Procalcitonin-guided therapy may reduce length of antibiotic treatment in intensive care unit patients with secondary peritonitis: A multicenter retrospective study. J. Crit. Care 2015, 30, 537–542. [Google Scholar] [CrossRef] [PubMed]

	



Montravers, P.; Tubach, F.; Lescot, T.; Veber, B.; Esposito-Farèse, M.; Seguin, P.; Paugam, C.; Lepape, A.; Meistelman, C.; Cousson, J.; et al. Short-course antibiotic therapy for critically ill patients treated for postoperative intra-abdominal infection: The DURAPOP randomised clinical trial. Intensiv. Care Med. 2018, 44, 300–310. [Google Scholar] [CrossRef]

	



Sawyer, R.G.; Claridge, J.A.; Nathens, A.B.; Rotstein, O.D.; Duane, T.M.; Evans, H.L.; Cook, C.H.; O’Neill, P.J.; Mazuski, J.E.; Askari, R.; et al. Trial of Short-Course Antimicrobial Therapy for Intraabdominal Infection. N. Engl. J. Med. 2015, 372, 1996–2005. [Google Scholar] [CrossRef]

	



Guidry, C.A.; Sawyer, R.G. Short-Course Antimicrobial Therapy for Intraabdominal Infection. N. Engl. J. Med. 2015, 373, 1578. [Google Scholar] [CrossRef]

	



Riccio, L.M.; Popovsky, K.A.; Hranjec, T.; Politano, A.D.; Rosenberger, L.H.; Tura, K.C.; Sawyer, R.G. Association of Excessive Duration of Antibiotic Therapy for Intra-Abdominal Infection with Subsequent Extra-Abdominal Infection and Death: A Study of 2552 Consecutive Infections. Surg. Infect. 2014, 15, 417–424. [Google Scholar] [CrossRef] [PubMed]

	



Guirao, X.; Arias, J.; Badía, J.M.; García-Rodríguez, J.A.; Mensa, J.; Alvarez-Lerma, F.; Borges, M.; Barberán, J.; Maseda, E.; Salavert, M.; et al. Recomendaciones en el tratamiento antibiótico empírico de la infección intraabdominal [Recommendations in the empiric anti-infective agents of intra-abdominal infection]. Cir. Esp. 2010, 87, 63–81. (In Spanish) [Google Scholar] [CrossRef] [PubMed]

	



Solomkin, J.S.; Mazuski, J.; Bradley, J.S.; Rodvold, K.A.; Goldstein, E.J.C.; Baron, E.J.; O’Neill, P.J.; Chow, A.W.; Dellinger, E.P.; Eachempati, S.R.; et al. Diagnosis and Management of Complicated Intra-abdominal Infection in Adults and Children: Guidelines by the Surgical Infection Society and the Infectious Diseases Society of America. Clin. Infect. Dis. 2010, 50, 133–164, Erratum in 2010, 50, 1695. [Google Scholar] [CrossRef] [PubMed]

	



Mazuski, J.E.; Tessier, J.M.; May, A.K.; Sawyer, R.G.; Nadler, E.P.; Rosengart, M.R.; Chang, P.K.; O’Neill, P.J.; Mollen, K.P.; Huston, J.M.; et al. The Surgical Infection Society Revised Guidelines on the Management of Intra-Abdominal Infection. Surg. Infect. 2017, 18, 1–76. [Google Scholar] [CrossRef] [PubMed]

	



Dyar, O.J.; Huttner, B.; Schouten, J.; Pulcini, C.; ESGAP (ESCMID Study Group for Antimicrobial stewardshiP). What is antimicrobial stewardship? Clin. Microbiol. Infect. 2017, 23, 793–798. [Google Scholar] [CrossRef] [PubMed]

	



Hulscher, M.E.J.L.; Prins, J.M. Antibiotic stewardship: Does it work in hospital practice? A review of the evidence base. Clin. Microbiol. Infect. 2017, 23, 799–805. [Google Scholar] [CrossRef]

	



Wagner, B.; Filice, G.A.; Drekonja, D.; Greer, N.; Macdonald, R.; Rutks, I.; Butler, M.; Wilt, T.J. Antimicrobial Stewardship Programs in Inpatient Hospital Settings: A Systematic Review. Infect. Control. Hosp. Epidemiol. 2014, 35, 1209–1228. [Google Scholar] [CrossRef]

	



Baur, D.; Gladstone, B.P.; Burkert, F.; Carrara, E.; Foschi, F.; Döbele, S.; Tacconelli, E. Effect of antibiotic stewardship on the incidence of infection and colonisation with antibiotic-resistant bacteria and Clostridium difficile infection: A systematic review and meta-analysis. Lancet Infect. Dis. 2017, 17, 990–1001. [Google Scholar] [CrossRef]

	



Plan Nacional Frente a la Resistencia a Antibióticos. Available online: http://www.resistenciaantibioticos.es/es/system/files/field/files/prorgramas_de_optimizacion_de_uso_de_antibioticos_proa.pdf?file=1&type=node&id=363&force=0 (accessed on 24 August 2020).

	



Tarchini, G.; Liau, K.H.; Solomkin, J.S. Antimicrobial Stewardship in Surgery: Challenges and Opportunities. Clin. Infect. Dis. 2017, 64 (Suppl. 2), S112–S114. [Google Scholar] [CrossRef]

	



Saar, S.; Mihnovitš, V.; Lustenberger, T.; Rauk, M.; Noor, E.-H.; Lipping, E.; Isand, K.-G.; Lepp, J.; Lomp, A.; Lepner, U.; et al. Twenty-four hour versus extended antibiotic administration after surgery in complicated appendicitis: A randomized controlled trial. J. Trauma Acute Care Surg. 2019, 86, 36–42. [Google Scholar] [CrossRef]

	



Boyle, L.I.; Boyle, A.; Jay, S.; Marnewick, J. COVID-19 lockdown impact on common general surgical acute presentations to a regional centre in New Zealand. N. Z. Med. J. 2020, 133, 96–105. [Google Scholar] [PubMed]

	



Del Pozo, E.P.; Aparicio-Sánchez, D.; Ramírez, F.H.; Ciuró, F.P.; Muñoz-Cruzado, V.D.; Arteaga, A.S.; Barbeito, S.D.; Ruiz, F.J.P. A prospective cohort study of the impact of covid19 world pandemic on the management of emergency surgical pathology. Br. J. Surg. 2020, 13. [Google Scholar] [CrossRef] [PubMed]

	



Gerall, C.D.; DeFazio, J.R.; Kahan, A.M.; Fan, W.; Fallon, E.M.; Middlesworth, W.; Stylianos, S.; Zitsman, J.L.; Kadenhe-Chiweshe, A.V.; Spigland, N.A.; et al. Delayed presentation and sub-optimal outcomes of pediatric patients with acute appendicitis during the COVID-19 pandemic. J. Pediatr. Surg. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Fisher, J.C.; Tomita, S.S.; Ginsburg, H.B.; Gordon, A.; Walker, D.; Kuenzler, K.A. Increase in Pediatric Perforated Appendicitis in the New York City Metropolitan Region at the Epicenter of the COVID-19 Outbreak. Ann. Surg. 2020. [Google Scholar] [CrossRef]

	



Spanish Association of Surgeons. General Recommendations for the Performance of Surgical Procedures in the Context of the COVID-19 Pandemic. Available online: https://www.aecirujanos.es/Documentos-de-posicionamiento-y-recomendaciones-de-la-AEC-en-relacion-con-la-cirugia-y-COVID19_es_116_508_0_345.html (accessed on 11 November 2020).

	



Balibrea, J.M.; Badia, J.M.; Pérez, I.R.; Antona, E.M.; Peña, E.Á.; Botella, S.G.; Gallego, M.Á.; Pérez, E.M.; Cortijo, S.M.; Miguelañez, I.P.; et al. Surgical Management of Patients With COVID-19 Infection. Recommendations of the Spanish Association of Surgeons. Cir. Esp. 2020, 98, 251–259, (In English, Spanish). [Google Scholar] [CrossRef]

	



Wee, L.E.; Chung, S.J.; Tang, S.L.S.; Liew, Y.X.; Tan, L.Y.; Cherng, P.Z.B.; Kwa, L.H.A.; Chlebicki, M.P. Who listens and who doesn’t? Factors associated with adherence to antibiotic stewardship intervention in a Singaporean tertiary hospital. J. Glob. Antimicrob. Resist. 2020, 22, 391–397. [Google Scholar] [CrossRef]

	



Corcione, S.; Lupia, T.; Maraolo, A.E.; Pinna, S.M.; Gentile, I.; De Rosa, F.G. Carbapenem-sparing strategy: Carbapenemase, treatment, and stewardship. Curr. Opin. Infect. Dis. 2019, 32, 663–673. [Google Scholar] [CrossRef]

	



Oteo, J.; Calbo, E.; Rodríguez-Baño, J.; Oliver, A.; Hornero, A.; Ruiz-Garbajosa, P.; Horcajada, J.P.; Del Pozo, J.L.; Riera, M.; Sierra, R.; et al. The threat of the carbapenemase-producing enterobacteriaceae in Spain: Positioning report of the SEIMC study groups, GEIH and GEMARA. Enferm. Infecc. Microbiol. Clin. 2014, 32, 666–670. [Google Scholar] [CrossRef]

	



Gelband, H.; Miller-Petrie, M.; Pant, S.; Gandra, S.; Levinson, J.; Barter, D. The State of the World’s Antibiotics. Center for Disease Dynamics & Policy 2015b (CCDDEP). Available online: https://cddep.org/sites/default/files/swa_2015_final.pdf (accessed on 7 September 2020).

	



Langford, B.J.; Nisenbaum, R.; Brown, K.A.; Chan, A.; Downing, M. Antibiotics: Easier to start than to stop? Predictors of antimicrobial stewardship recommendation acceptance. Clin. Microbiol. Infect. 2020. [Google Scholar] [CrossRef]

	



Sartelli, M.; Weber, D.G.; Ruppé, E.; Bassetti, M.; Wright, B.J.; Ansaloni, L.; Catena, F.; Coccolini, F.; Abu-Zidan, F.M.; Coimbra, R.; et al. Antimicrobials: A global alliance for optimizing their rational use in intra-abdominal infections (AGORA). World J. Emerg. Surg. 2016, 11, 1–32, Erratum in 2017, 12, 35. [Google Scholar] [CrossRef]

	



Çakmakçi, M. Antibiotic stewardship programmes and the surgeon’s role. J. Hosp. Infect. 2015, 89, 264–266. [Google Scholar] [CrossRef] [PubMed]

	



Labricciosa, F.M.; Sartelli, M.; Correia, S.; Abbo, L.M.; Severo, M.; Ansaloni, L.; Coccolini, F.; Alves, C.; Melo, R.B.; Baiocchi, G.L.; et al. Emergency surgeons’ perceptions and attitudes towards antibiotic prescribing and resistance: A worldwide cross-sectional survey. World J. Emerg. Surg. 2018, 13, 1–9. [Google Scholar] [CrossRef] [PubMed]

	



May, C. Towards a general theory of implementation. Implement. Sci. 2013, 8, 18–31. [Google Scholar] [CrossRef] [PubMed]

	



Elwyn, G.; Legare, F.; van der Weijden, T.; Edwards, A.; May, C. Arduous implementation: Does the normalisation process model explain why it is so difficult to embed decision support technologies in routine clinical practice. Implement. Sci. 2008, 3, 57. [Google Scholar] [CrossRef] [PubMed]

	



Grimshaw, J.M.; Shirran, L.; Thomas, R.; Mowatt, G.; Fraser, C.; Bero, L.; Grilli, R.; Harvey, E.; Oxman, A.; O’Brien, M. Changing provider behavior: An overview of systematic reviews of interventions. Med. Care 2001, 39 (Suppl. 2), II-2-45. [Google Scholar] [CrossRef]

	



Grimshaw, J.M.; Eccles, M.P.; Walker, A.E.; Thomas, R.E. Changing physiciansʼ behavior: What works and thoughts on getting more things to work. J. Contin. Educ. Health Prof. 2002, 22, 237–243. [Google Scholar] [CrossRef] [PubMed]

	



DDD Definition and General Considerations. Available online: https://www.whocc.no/ddd/definition_and_general_considera/ (accessed on 7 September 2020).

	



Grau, S.; Bou, G.; Fondevilla, E.; Nicolás, J.; Rodríguez-Maresca, M.; Martínez-Martínez, L. How to measure and monitor antimicrobial consumption and resistance. Enferm. Infecc. Microbiol. Clin. 2013, 31 (Suppl. 4), 16–24. [Google Scholar] [CrossRef]

	



Collado, R.; Losa, J.E.; Álvaro, E.A.; Toro, P.; Moreno, L.; Pérez, M. Evaluación del consumo de antimicrobianos mediante DDD/100 estancias versus DDD/100 altas en la implantación de un Programa de Optimización del Uso de Antimicrobianos [Measurement of antimicrobial consumption using DDD per 100 bed-days versus DDD per 100 discharges after the implementation of an antimicrobial stewardship program]. Rev. Esp. Quimioter. 2015, 28, 317–321. [Google Scholar]

	



Magiorakos, A.P.; Srinivasan, A.; Carey, R.B.; Carmeli, Y.; Falagas, M.E.; Giske, C.G.; Harbarth, S.; Hindler, J.F.; Kahlmeter, G.; Olsson-Liljequist, B.; et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: An international expert proposal for interim standard definitions for acquired resistance. Clin. Microbiol. Infect. 2012, 18, 268–281. [Google Scholar] [CrossRef]








[image: Antibiotics 10 00011 g001 550] 





Figure 1. (a) Scatterplot (rho = −0.38) and (b) Temporal evolution of the percentage of patients on antibiotic treatment with duration over 7 days for the whole study period (R2 = 0.111). 
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Figure 2. Evolution of the percentage of antibiotic treatments >7 days over patients treated with antibiotics in the Department of Surgery during the first 8 month-period (IP1) (a) Scatterplot (rho = −0.492); (b) Temporal evolution of the percentage of patients on antibiotic treatment with duration over 7 days (R2 = 0.172). 
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Figure 3. Evolution of the percentage of antibiotic treatments >7 days over patients treated with antibiotics in the Department of Surgery the second 8 month-period, containing the COVID-19 pandemic (IP2). (a) Scatterplot (rho = −0.103); (b) Temporal evolution of the percentage of patients on antibiotic treatment with a duration of over 7 days (R2 = 0.004). 
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Figure 4. Antibiotic DDD1 adjusted per discharges, showing Pre-intervention Period and the two Intervention periods. 1 DDD: Defined Daily Dose; PI: Pre-intervention Period; IP1: Intervention Period 1; IP2: Intervention Period 2. 
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Figure 5. Comparison of the overall incidence of multiresistant bacteria per discharges and bed-days between the Pre-intervention period and the Intervention Period. MR: multiresistant bacteria. 
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Figure 6. Timeline of the study. 
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Table 1. List of recommendations issued during the stewardship program.
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	Recommendation
	Frequency





	Withdraw
	66 (53.6%)



	Maintain
	41 (33.3%)



	De-escalate
	8 (6.5%)



	Broaden
	5 (4.1%)



	Change route
	2 (1.6%)



	Optimize dose
	1 (0.8%)
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Table 2. Antibiotic DDD 1 adjusted per discharges. Analysis of the variations among Pre-intervention Period and the two Intervention periods.
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	Antibiotics
	PI
	IP1
	Variation

(PI-IP1)
	IP2
	Variation

(IP1-IP2)





	Ertapenem
	2.66
	3.16
	↑ 18%
	1.62
	↓ 48%



	Second-line carbapenems
	23.91
	25.10
	↑ 4%
	8.16
	↓ 67%



	Piperacillin-tazobactam
	84.43
	57.94
	↓ 31%
	53.73
	↓ 7%



	Linezolid
	9.20
	14.40
	↑ 56%
	9.29
	↓ 35%







1 DDD: Defined Daily Dose; PI: Pre-intervention Period; IP1: Intervention Period 1; IP2: Intervention Period 2.
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Table 3. Antibiotic DDD 1 adjusted per bed-days. Analysis of the variations among Pre-intervention Period and the two Intervention periods.
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	Antibiotics
	PI
	IP1
	Variation

(PI-IP1)
	IP2
	Variation

(IP1-IP2)





	Ertapenem
	0.48
	0.58
	↑ 20%
	0.37
	↓ 36%



	Second-line carbapenems
	4.34
	4.57
	↑ 5%
	1.87
	↓ 59%



	Piperacillin-tazobactam
	15.33
	10.54
	↓ 30%
	12.38
	↑ 17%



	Linezolid
	1.67
	2.62
	↑ 56%
	2.14
	↓ 18%







1 DDD: Defined Daily Dose; PI: Pre-intervention Period; IP1: Intervention Period 1; IP2: Intervention Period 2.
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