Risk factors and the epidemiology of surgical-site infections at a tertiary care medical center in Mexico, the experience at the National Institute of Medical Sciences and Nutrition Salvador Zubirán: A 6-month-prospective cohort study; carried out during the first decade of the XXI century. 
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Abstract 

Surgical site infection (SSI) is the second most common type of nosocomial infection at the National Institute of Medical Sciences and Nutrition Salvador Zubirán. SSIs are associated with increased hospital stay, costs and mortality. Despite continuous reduction in nosocomial infection rates in the last two decades at our Institution, in the 90’s SSIs increased slightly. In the present study we investigate the epidemiology and associated risk factors of SSI at our Institution. We prospectively enrolled 510 patients on postoperative day one. We recorded several risk factors for the development of SSIs. Identification of SSIs proceeded adhering to CDC definitions of SSI. We inspected surgical sites and medical records daily on week days and conducted post discharge surveillance until postoperative day 30. SSI developed in 25.5 % of patients. SSI increased hospital and postoperative stay. Stepwise logistic multivariate regression analysis identified the following risk factors for the development of a SSI: Body Mass Index >= 27 kg/m2, albumin < 3 g/dl, preoperative stay >= 5 days, red blood cell transfusions, the presence of diabetes mellitus and National Nosocomial Infection Surveillance (NNIS) System risk index. The present study provides useful information for reducing SSI rates at our Institution. We propose different strategies to reduce SSI rates at our institution. The administration of albumin during and after surgery should be explored since it potentially reduces SSI risk and increases oncotic pressure and therefore reduces the need for red blood cell transfusions. We also need to investigate a tight glucose control regimen before, during and after surgery also to demonstrate if this approach diminishes surgical site infection rates.
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Introduction 
Previous studies have shown that surgical site infection (SSI) represents the second most common type of nosocomial infection at the National Institute of Medical Sciences and Nutrition Salvador Zubirán(1) and the National Institutes of Health(2), both in Mexico. This is consistent with nosocomial infection reports from other hospitals.(3-6) While nosocomial infection surveillance has reduced nosocomial infection rates at our Institution, SSI rates increased slightly as reported in a previous study.(1) SSIs are associated with a prolonged hospital stay, costs and higher mortality.(7-10, 42) SSI rates that have been reported in Mexico vary between approximately 1 to 30% (1;11-13); these rates are comparable with published data from other hospitals around the world.(14-17,43) Several studies have shown that SSI rates are reduced by  SSI surveillance and reporting of postoperative wound infection rates to surgeons.(18-22, 39) In this study we identified SSIs by adhering to the CDC guidelines for SSI definition.(23) We prospectively enrolled 532 patients during a six-month period and included post-discharge surveillance for the identification of SSI until postoperative day 30. This represents the first prospective study at our Institution for the identification of SSI rates and associated risk factors. We provide valuable data to reduce SSI rates at our hospital.         

Methods 
We conducted a prospective cohort study at the National Institute of Medical Sciences and Nutrition Salvador Zubirán, a 211-bed, tertiary-care and national referral hospital, that provides care for patients with complex medical and surgical conditions. Patients were enrolled in the study the day after surgery (postoperative day 1). The study was approved by the Institutional Review Board of our Institution, which is the Research Ethics Committee or Comite de Etica de Investigacion (C.E.I.), Registration Code 1102. Informed consent to participate in the study was not required since nosocomial infection identification is a regular activity at our hospital. Exclusion criteria included surgery for treatment of a SSI, implantation of prosthetic material during the surgery, surgical problems of the anus or biopsies of the musculoskeletal and lymphatic apparatuses. Patients were withdrawn from the study if they died during the follow-up period (30 days) without evidence of developing a SSI; if the patient chart was not available for review 30 days after surgery; or if the development of a SSI during the study period could be attributed to other causes different than the surgery itself. To identify SSIs we adhered to CDC criteria, these definitions are widely accepted as the standard for the identification of SSI for epidemiological and research purposes.(23) We performed during week-days, daily surveillance of surgical-sites and review of medical records. Post discharge surveillance was an angular component of our study. At the moment of discharge we discussed with patients data that could be attributed to the development of a SSI. The written and oral information we provided was clear and concise. Patients would have to watch for the development of the following signs and symptoms at the wound: redness, purulent discharge, pain, heat, or dehiscence of the wound and temperature >=38℃. We could be reached by patients telephonically if the patients were concerned that they had developed a SSI. On postoperative day 30 we scheduled an appointment at the department of epidemiology in order to inspect the wound and ask for the development of symptoms and signs attributable to a SSI. If the patients did not attend the post discharge visit we would contact patients by phone and ask for the development of the following signs at the wound: redness, pus or dehiscence of the surgical-site or received a prescription of antibiotics because the surgeon in charge stated that the surgical-site was infected. Patients who unequivocally stated, over the phone or during the outpatient visit, that they presented at some time after discharge, purulent secretion from the wound (not serous or hematic) or that they received a prescription of antibiotics because of the diagnosis of a SSI by a surgeon were considered as having developed an incisional SSI; we did not attempt to diagnose Organ/Space infections over the phone, since they are of a magnitude in which hospitalization will be required. Patients who did not attend the post discharge visit or were not reached by phone were considered not infected. The following factors were gathered during interview on postoperative day 1: age, gender, loss of weight (more than 10% over the previous six months). Other preoperative risk factors we obtained from patient charts included: preoperative stay, blood count (including hemoglobin, leukocytes, neutrophils and lymphocytes), albumin, creatinine, body mass index, underlying morbidities (limited to a diagnosis of HIV/AIDS, diabetes mellitus, autoimmune and/or neoplastic disease), presence of a focus of infection at a distant site, use of steroids, use of antibiotics in the preoperative period (one week) and American Society of Anesthesiology Score.(24) Risk factors recorded from patient charts and/or inspected during the postoperative period and until discharge included: presence, location (through the operative incision or  at a different  site), type (closed suction vs. open) and duration of drainages, respectively; type of surgery (elective vs. emergency); transfusion of red blood cell products during the intraoperative period and until 72 hours after the completion of surgery; duration of surgery; wound class; antimicrobial surgical prophylaxis; intensive care unit stay after surgery; number of diagnoses at discharge; and Study of the Efficacy of Nosocomial Infection Control (SENIC)(4) and National Nosocomial Infection Surveillance (NNIS) System risk indices.(26) We also recorded postoperative pain with a visual analogue scale (0-100) every 24 hours on postoperative days 1, 2 and 3. (For statistical analysis Stata version 8.2 was used, College Station, TX, USA.)    

Results 
Our study was conducted during the first decade of the XXI century, from May 1, to October 31. We enrolled 532 general surgery patients. Seventeen patients were withdrawn from the final analysis since they died without evidence of developing a SSI (Mortality rate = 3.2%). In three cases patient records were not available, however one of these developed an Organ/Space SSI, but all were excluded from final analysis. We also withdrew a patient from the study because he developed an enterocutaneous fistula and symptoms of an incisional SSI, however the SSI was attributed to the fistula. Finally, an additional patient was withdrawn since we could not clearly establish if the development of an Organ/Space infection was related to the surgery or to multiple diagnostic paracentesis after surgery. Five hundred and ten patients remained for final analysis. Of 510 patients, 130 (25.5%) developed a SSI. None of these died during follow-up. The mean age of the cohort was 49.9 ± 0.8 years (All values are summarized as Mean ± S.E.M). The mean length of hospital-stay was 13.6 ± 0.5 days. Patients who developed a SSI had significantly longer hospital and postoperative-stays (17.6 ± 1.2 vs 12.3 ± 0.5; 95 % CI 15.2 to 20.0 vs. 11.3 to 13.2; P < 0.0001) and (10.5 ± 1.1 vs. 6 ± 0.4; 95% CI 8.3 to 12.6 vs. 5.2 to 6.7; P < 0.0001), respectively. Of the 510 patients included in the study 7 (1.37%) were lost to follow-up after discharge; even though the medical records were available, we could not establish from medical charts if someone from the medical or surgical staff had inspected the wound until postoperative day 30; we were also not able to follow them in the clinic of our department or contact them by phone until postoperative day 30. But we considered these patients as not having developed a SSI. The rest of the patients were followed until postoperative day 30: 159 (31.12%) were contacted by phone, 289 (56.7%) were seen by our group at the epidemiology division, and in 55 (10.78%) patients who could not be contacted by phone or seen in our clinic the charts indicated the status of the surgical-site at least until postoperative day 30. Of 130 infections identified by our group, 63 (48.5%) were also correctly identified and recorded in patient charts by surgeons and other physicians of the hospital, in the remaining 67 (51.5%) SSIs that our study identified the medical records did not indicate the development of a SSI. Of these 67 SSIs, 58 (44.62%) were identified by our group by visually inspecting the wound and 9 (6.92%) via telephone survey. SSI rate stratified by wound class was 20.8% for clean, 25.2% for clean-contaminated, 66.7% for contaminated and 31.3% for dirty surgery. However there was not a statistical significant difference between clean and dirty wounds, or contaminated or dirty wounds. However there was a tendency for SSI rates to be lower in dirty procedures, which indicates that the surgeons or other physicians and our epidemiological division were not infecting the wound by performing a detailed inspection of the surgical sites. We performed strict hand washing techniques and use of masks before and after inspection of the surgical sites. In table 1 we report number of surgeries, and SSI rates by wound class, and for the most common surgical procedures for clean and clean-contaminated wounds, number of infections according to site (Deep incisional or Organ-space SSI), and number of infections developed during in-hospital surveillance. According to site of infection 61 (46.9%), 44 (33.8%) and 25 (19.2%) were superficial incisional, deep incisional and Organ/Space SSIs, respectively. Of 130 SSIs, 67 (51.5%) were detected during in-hospital surveillance and 63 (48.5%) developed after discharge. However, when stratified by wound class 9 (20.9%), 40 (63.5%), 9 (64.3%) and 9 (90%) of SSIs developed during hospitalization for clean, clean-contaminated, contaminated and dirty surgical procedures, respectively. The mean number of days for the development of a SSI was 12.4 ± 0.8, range 27 days (3-30), mode 30 days (16 cases). Table 2 indicates different measures of central tendency and dispersion for the day of development of a SSI stratified by wound class. We were also interested in comparing the number of SSIs detected by different surveillance methods used in our hospital, we assumed that our system was able to detect all of the SSI that developed. In table 3 we compare each method: our method, the traditional system used by our department (review of wound culture data and medical charts), and the data provided in medical charts by medical and surgical staff of the hospital who also inspected the wound during hospitalization and after discharge. However we came to the possible conclusion that surgeons usually report only Organ/Space SSIs, if we consider this only 4.9% of patients developed an infection. So CDC criteria for the identification of a SSI are much stricter and possibly help in identifying risk factors for the development of SSIs better. 

We were able to identify several risk factors for the development of a SSI. In table 4 we present risk factors for the development of a SSI that we studied. We also performed a multivariate stepwise logistic regression analysis to identify the best independent predictors for the development of a SSI. The significance level for inclusion of a variable in this model was 0.2, recommended to avoid residual confounding. We present the results of the multivariate stepwise logistic regression analysis in table 5. Microbiologic data of wound cultures are presented in table 6. We were able to obtain microbiologic data in 96 (73.8%) of 130 SSIs. Cultures were falsely negative in 10 (10.4%) cases. Of the 86 positive cultures, 47(54.7%) were mono-microbial and in 39 (45.3%) we were able to isolate > 1 pathogen (range 2-6). The most common organism was Enterococcus spp. this might be significant because we might need to adapt antimicrobial prophylaxis in our Institution and these are highly pathogenic organisms, with associated high morbidity and mortality.(47) Surgical antimicrobial prophylaxis in this study was not a protective factor against the development of SSI, but is potentially related to a small sample size. However, we have raised flags in the past about the adequate design of clinical trials to correctly establish the efficacy of a clinical intervention to reduce SSI rates, particularly antibiotics.(27) In general we believe that antimicrobial prophylaxis when adequately administered protects against the development of a SSI. However, the selection of the antibiotic has to be considered and adjusted. And antimicrobial agents have to be administered with close monitoring of the timing of administration, before surgery.(40,41,45) 

Discussion 
Method and duration of surveillance of surgical sites influences SSI rates dramatically as proved in this study (Table 3) and reported previously by other authors.(29) SSI rates are a function of method of surveillance and importantly post discharge surveillance. The CDC currently recommends post discharge surveillance until postoperative day 30 for surgeries in which no implant has been left in place.(23)  However, of the SSI that we report 105 (80.8%) of 130 SSIs are limited to the incisional site and 25 (19.2%) to the Organ/Space site, this is in contrast to other reports where 1/3 of SSIs are located to the Organ/Space site(30), it might not be statistically significant, but it purports that the level of expertise of the attending surgeons of our Institution is adequate. Therefore, close surveillance of surgical sites increases the sensitivity for detection of incisional SSIs in our hospital but without adding sensitivity for the detection of Organ/Space infections (Table 3). In this regard it has been shown that associated mortality of SSIs is primarily attributed to Organ/Space SSIs (93%).(28)   

Interestingly, in clean surgeries at least 80% of SSIs developed after discharge, whereas for other levels of contamination of the wound this percentage fell to at least lower than 40%. This is also consistent with other reports of the epidemiology of SSIs. This underscores the need of conducting post discharge surveillance in our Institution, especially for clean surgeries; since 80% of infections for clean surgeries would go unnoticed if no post discharge surveillance would be performed. On average 48.5% of SSIs developed after discharge, which is also in accordance with other reports on the epidemiology of SSIs.(31)  
SSIs are associated with higher costs, mortality and hospital-stay.(29-31) In this study we also show that both hospital and postoperative stay are increased by the development of a SSI, and increasing costs highlighting the need for SSI surveillance at our Institution(1), and also the imperative need of decreasing them. 

In the univariate analysis we identified several risk factors associated with the development of a SSI (See table 4). The NNIS index in this study predicted more accurately the risk of developing a SSI. Since the SENIC index lost its significance in the multivariate regression model. However, it is of interest that despite high SSI rates per SENIC category, we were able to identify a group of patients which are at lower risk of developing a SSI, since patients with a SENIC index of 0 had a SSI rate of 0%. The NNIS index has been recommended for comparing SSI rates between hospitals.(33) However, when comparing SSI rates between hospitals it is important to consider the method of detection of SSIs. Therefore inter-hospital comparisons of SSI rates are difficult to interpret because of the implementation of different surveillance strategies of SSIs detection and distinct severity of illness of patients between hospitals. SSI rates are highly dependent on the method of surveillance, a recent study in Spain reported a SSI rate for general surgery of 14.8% (34), and their post-discharge surveillance method was telephone survey, in contrast to our study where post discharge surveillance was more aggressive. Other studies from around the world have demonstrated similar high rates of SSI as this study, even for clean surgeries.(35-37) In 1896, Brewer, reported high surgical infection rates for clean wounds, since he observed that 39% of this type of surgical sites became infected after surgery.(39) However by adhering to Lister’s observations and changes in surgical techniques SSI rates fell dramatically. This is also observed partially in this study, since patients with a higher NNIS index and therefore disease severity had a lower risk of SSI development. This is also important because some attending surgeons at our hospital, made the observation that we were contaminating the wound, however the fact that patients with a higher NNIS index had a lower rate of developing a SSI argues strongly against this. Vide Infra. Since patients with a higher NNIS index are more immunosuppressed and if we were contaminating the wounds they would be more keen to develop a SSI. So this observation argues strongly against the comments of the attending surgeons. Since the National Institutes of Medical Sciences and Nutrition Salvador Zubiran is a tertiary referral hospital center, disease severity is higher and surgical cases are more complex as well, and leading to higher SSI rates. Not surprisingly in the multivariate analysis preoperative stay was significant for the development of a SSI. Another interesting risk factor for the development of SSI, which turned out to be significant in the multivariate analysis is the transfusion of red blood cell products. Red blood cell (RBC) product transfusion might lead to the development of immunosuppression and therefore a more likely outcome of presenting a SSI. Also the need for RBC transfusions indicate that there might be hypoxemia so this also leads to the development of a SSI.(44,46) Unfortunately we did not record oximetry values during the preoperative period to assess this as a risk factor for the development of a SSI. However, it also adds to the evidence that administering albumin might reduce SSI rates dramatically.(38,44) It is also interesting that a low albumin in the stepwise logistic regression multivariate analysis model resulted to be significant for a more likelihood of developing a SSI. Administering albumin in the preoperative period, intraoperative period and postoperative might dramatically diminish SSI rates, since albumin potentially increases oncotic pressure and might decrease the need for RBC transfusion products. In the multivariate analysis a preoperative stay >= 5 days also resulted in an increased risk of developing a SSI. In our Institution reducing preoperative stay would perhaps lead to reduced SSI rates. Of course it is also a marker of increased disease severity but it suggests that the patients might be more prone to be colonized by infectious pathogens, so this leads us to believe that implementing chlorhexidine showers among patients that will be surgically intervened might lead to diminished SSI rates. The fact that a body mass index greater or equal to 27 was also a risk factor in the multivariate analysis regression model suggests that monitoring glucose levels during the preoperative period, intraoperative period and postoperative period would decrease SSI, unfortunately we do not have data for glucose levels during the mentioned intervals, but should be explored, this is also supported by the fact that in the multivariate analysis regression model the presence of diabetes mellitus was a highly significant factor for the development of a SSI. (38,44,48) Also in obese patients it is suggested that laparoscopic procedures might reduce the risk of developing a SSI.(49)

Finally the number of infections per NNIS category for superficial incisional SSI was 16, 23, 11 and 2, respectively for a NNIS index of 0, 1, 2 and 3. For deep incisional it was 6, 20, 15 and 2, respectively. And for Organ/Space SSI it was 4 (0.78%), 11 (2.16%), 6 (1.18%) and 1 (0.2%), respectively, suggesting that the attending surgeons treat more severe cases with better Listerian principles.  
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