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Abstract:
Introduction
Candidemia is a serious infection associated with high mortality and prolonged hospital length of stay. Antifungal prophylaxis is warranted in patients with composite risk factors including but not limited to recent intra-abdominal surgery, immunocompromised status, receiving total parenteral nutrition (TPN), having a central venous catheter, and prolonged antibiotic therapies. With a low overall reported incidence of candidemia of approximately 3% in high-risk populations, prophylaxis in general hospitalized patients is likely to be unnecessary. Inappropriate antifungal therapy is associated with higher healthcare cost and unwanted adverse events. The goal of this project is to compare the incidence rates of candidemia in non-abdominal surgical patients receiving parenteral nutrition with and without antifungal prophylaxis to determine if therapy is warranted in this patient population.
Methodology
This project was conducted from November 1, 2022 through May 1, 2023. Patients included were those admitted to Dignity Health St. Rose Dominican Hospital Siena and San Martin campuses from April 2018 – April 2023 who received at least 48 hours of antifungal prophylaxis for candidemia infection associated with parenteral nutrition. A matched control group was also generated. Exclusion criteria included those less than 18 years of age, women who were pregnant or breastfeeding, active fungal infection, multifocal fungal colonization, recent intra-abdominal surgery, or neutropenic fever. 
The primary outcome was to evaluate the benefit of antifungal prophylaxis by comparing the incidence of candidemia infections. Secondary outcomes included hospital length of stay, survival at discharge, adverse events and duration of antifungal agents. 
A Cerner report was collected on patients admitted to Siena and San Martin campuses from April 2018 to April 2023 who received parenteral nutrition. Chart review was conducted by the primary investigator. The data collected was analyzed using SPSS software by the primary and co-investigators.
Results
Primary outcome showed higher incidence of candidemia in the control group (1.44% vs. 0%, p = 1.0). However, the total number of positive Candida cultures from all body organ sites was higher in the prophylactic antifungal group  compared to the control group (42.8% vs. 13.7%, p = 0.005). Common factors in the candidemia cases were TPN duration of 10 days and longer as well as presence of central venous catheter. On the other hand, there were no differences in hospital length of stay, all-cause mortality or medication-related adverse events between the two groups. Based on the results of this project,  a defined duration of TPN > 7 days has been proposed as a criteria for initiating antifungal prophylaxis in non-abdominal surgical patients. Limitations of this study included retrospective study design, significant difference in sample sizes and more critically ill patients in the prophylactic antifungal group.
Conclusion	
In summary, the results of this study showed low prevalence of candidemia in hospitalized patients as previously reported. Therefore, antifungal prophylaxis may not be warranted in general non-abdominal surgical patients receiving TPN.
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1. Background
Candidemia is a serious infection associated with high mortality and prolonged hospital length of stay. In the United States, the candidemia incidence is approximately 8.7 per 100,000 population with 96% of cases occurring during hospitalization. Central venous catheters were identified as the most prevalent risk factor, occurring in 73% of those patients.3 The NEMIS study conducted by Blumberg and colleagues reported parenteral nutrition as an independent risk factor for Candida bloodstream infections in surgical critical care patients (RR, 3.6, p < 0.001). Results showed that receiving antifungal therapy reduced the risk of candidemia (RR, 0.3).1 
A study conducted by Orsetti et al reported the prevalence of candidemia was higher in patients with recent surgery within 30 days. Furthermore, surgical patients with risk factors including older age, admission to ICU, septic shock, gastrointestinal surgery or cardiovascular surgery had higher mortality rates.5 Antifungal prophylaxis is warranted in this patient population, and thus excluded from this study. The overall reported incidence of candidemia is approximately 3% in high risk populations.2,3 
Therefore, prophylaxis in the general hospitalized patient population is likely to be unnecessary and associated with higher healthcare costs and unwanted adverse events. The goal of this study is to evaluate the incidence of candidemia infections in non-intra-abdominal surgery patients who received antifungal therapy prophylactically for parenteral nutrition.
2. Methods
This is a quality improvement evaluation on the rates of candidemia infections in patients receiving parenteral nutrition and prophylactic antifungal therapy. Retrospective chart review was conducted by the primary investigator. Informed consent was waived due to retrospective design of the study. This study was conducted from November 1, 2022 through May 1, 2023. 
2.1 Data Collection
Patients included were those admitted to Dignity Health St. Rose Dominican Hospital Siena and San Martin campuses from April 2018 – April 2023 who received at least 48 hours of antifungal prophylaxis for candidemia infection associated with parenteral nutrition. A matched cohort study without prophylactic antifungal therapy was also collected. Patients excluded from the study included those less than 18 years of age, pregnant women, documented fungal infection, multifocal fungal colonization, recent intra-abdominal surgery, or neutropenic fever. 
The primary outcome was to evaluate the incidence of candidemia infections. Secondary outcomes included hospital length of stay, survival at discharge, adverse events and duration of antifungal therapy. 
2.2 Data Analysis
The proposed sample size to detect statistical difference (p < 0.05) for the primary outcome consists of 520 patients divided equally in each group to detect a 3% incidence of candidemia in high risk patients. The data collected was     analysed using SPSS software by the primary and co-investigators.
3. Results
Of the total 283 patient charts reviewed, 153 were included in the study. Baseline characteristics were similar between the groups with the average age of 66.3 + 16.1 years, weight of 70.4 + 24 kg and 54% identifying as female. A majority of patients received broad spectrum antibiotics during their hospital admission with an average duration of 7 days. At the start of TPN therapy, 30.7% of patients were immunocompromised and 19.6% of patients were located in the ICU.  
Our primary outcome showed more patients with candidemia in the control group than the antifungal prophylaxis group (1.44% versus 0%, p = 1.0) (Table 2).  Of the two patients with candidemia, one patient was started on TPN approximately a month prior to admission. The blood culture and the PICC catheter tip culture grew Candida parapsilosis. Their medical history was significant for active Clostridium difficile infection and malnutrition. 
The other candidemia patient had TPN initiation during admission after prolonged intubation due to SAR-CoV-2 infection. Blood cultures and PICC line cultures were reported positive for growth of Candida albicans after 10 days of TPN infusion. Both patients had their PICC lines removed and were treated with micafungin.
Additional findings from the study were the positive Candida cultures beside the positive blood cultures.  The overall number of positive cultures were higher in the antifungal prophylaxis group (43.8% vs. 13.7%, p = 0.005). However, documented information of previous cultures to rule out new infections versus colonization was minimal (Table 2). 
Secondary outcomes were conducted to evaluate the efficacy and safety of antifungal prophylaxis. Overall, the control group had a higher survival rate at discharge (87.8% vs. 64.3%, p = 0.017) and a shorter average hospital length of stay (15.5 days vs. 19.3 days, p = 0.272). There were no significant differences in medication-related adverse events between two groups (Table 3).
4. Discussion
The emergence of multidrug-resistant Candida auris emphasizes the need for antifungal stewardship in acute care settings. While the use of antifungal prophylaxis has been shown to reduce mortality in febrile neutropenic patients or critically ill patients with recent intra-abdominal surgeries, there is a lack of consistent data to support the routine use of prophylactic therapy in non-neutropenic or non-septic patient populations. To address this issue, guidelines from the Infectious Disease Society of America (IDSA) and the bedside Candida scoring systems from the Society of Critical Care Medicine provide resources to determine when to initiate prophylactic antifungal regimens in critically ill patients.6,7,8 While total parenteral nutrition is recognized as one of the risk factors for candidemia infections in these guidelines, given the low incidence rate of candidemia in non-surgical patients, initiating antifungal prophylaxis due to parenteral nutrition and without other major risk factors would lead to overuse of these agents. 
The primary outcome from this project showed the low prevalence of candidemia in hospitalized patients receiving TPN but without other risk factors such as neutropenic fever or invasive abdominal surgeries (2 of 139 patients, 1.4%). Prolonged duration of TPN and coinfection with other pathogens were common factors between the candidemia cases. On the other hand, incidence of other fungal infections seemed to be higher in the prophylactic antifungal group (13.7% vs. 42.8%, p = 0.005). Of note, regarding respiratory and urine cultures, it is indeterminate whether these were newly-acquired infections or incidental colonization findings due to minimal history of previous cultures. This information could play a key role to rule out resistance in the prophylactic antifungal group, since these patients reported positive fungal cultures while receiving antifungal agents.
In terms of secondary outcomes, higher survival at discharge in the control group was reported compared to the prophylactic antifungal group (87.8% vs. 64.3%, p = 0.017). However, patients in the prophylactic antifungal group appeared to be more critically ill with more hemodialysis patients (35.7% vs. 2.9%, p = 0.0003) and patients receiving systemic steroids for acute respiratory dysfunction and sepsis (50% vs. 20.1%, p = 0.011). On the contrary, there was no significant difference in hospital length of stay or medication-related adverse events between the two groups. 
A previous study conducted by Luzzati et al compared candidemia risk between different duration of TPN and PPN (categories included 0, 1 - 3, 4 - 7, more than 7 days). They found a duration of TPN 7 days and longer strongly associated with candidemia (OR 20.09, 95% CI 3.44 - 117.52)9. The results from this project also reported both patients with candidemia having receiving TPN at least 10 days and longer. Combined with the data of the previously - mentioned study, the proposed criteria is to consider antifungal prophylaxis in high risk patients receiving at least 7 days of TPN. 
4.1 Limitations
This project had some limitations. Firstly, the patient selection process was dependent on documenting the indication for antifungal agents. Therefore, there could be a potential number of patients who met the inclusion criteria for the project but were not included due to insufficient documentation. This led to the study not recruiting enough patients to meet power in order to detect a significant difference for the primary outcome. Secondly, drastic differences in the sample size and baseline characteristics between the groups could have also skewed our results. Lastly, APACHE scores were not consistently documented for all patients included in the study and therefore not reported. This information may have been helpful to compare the severity of critical illness between the two groups and evaluation of the secondary outcomes of the study.
5. Conclusion
In summary, there was no statistically significant difference in the incidence of candidemia between the control group and the antifungal prophylaxis group. This emphasizes the need for more stringent criteria relating to the use of antifungal prophylaxis in regards to parenteral nutrition to reduce unwarranted therapy in non-surgical patients. Further studies with larger sample sizes are needed to evaluate the benefits of this proposed criteria.
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Figure 1: Screening and selection of patients
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Table 2: Primary outcomes
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