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Background: Multidrug-resistant (MDR) bacterial infection causes difficulty in the therapy of peritoneal dialysis-associated peritonitis (PDAP); however, there are few studies on multidrug-resistant organism (MDRO)-PDAP. In view of growing concerns about MDRO-PDAP, the aim of this study was to investigate the clinical features, risk factors of treatment failure, and causative pathogens of MDRO-PDAP.

Methods: In total, 318 patients who underwent PD between 2013 and 2019 were included in this multicenter retrospective study. Clinical features, patient outcomes, factors related to treatment failure, and microbiological profiles associated with MDRO-PDAP were analyzed and risk factors for treatment failure associated with MDR-Escherichia coli (E. coli) were further discussed.

Results: Of 1,155 peritonitis episodes, 146 eligible episodes of MDRO-PDAP, which occurred in 87 patients, were screened. There was no significant difference in the composition ratio of MDRO-PDAP between 2013–2016 and 2017–2019 (p > 0.05). E. coli was the most prevalent MDRO-PDAP isolate, with high sensitivity to meropenem (96.0%) and piperacillin/tazobactam (89.1%). Staphylococcus aureus was the second most common isolate and was susceptible to vancomycin (100%) and linezolid (100%). Compared to non-multidrug-resistant organism-PDAP, MDRO-PDAP was associated with a lower cure rate (66.4% vs. 85.5%), higher relapse rate (16.4% vs. 8.0%), and higher treatment failure rate (17.1% vs.6.5%). Dialysis age [odds ratio (OR): 1.034, 95% confidence interval (CI): 1.016–1.052, p < 0.001] and >2 previous peritonitis episodes (OR: 3.400, 95% CI: 1.014–11.400, p = 0.047) were independently associated with treatment failure. Furthermore, longer dialysis age (OR: 1.033, 95% CI: 1.003–1.064, p = 0.031) and lower blood albumin level (OR: 0.834, 95% CI: 0.700–0.993, p = 0.041) increased the risk of therapeutic failure for MDR-E. coli infection.

Conclusion: The proportion of MDRO-PDAP has remained high in recent years. MDRO infection is more likely to result in worse outcomes. Dialysis age and previous multiple peritonitis infections were significantly associated with treatment failure. Treatment should be promptly individualized based on local empirical antibiotic and drug sensitivity analyses.
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1. Introduction

The incidence of end-stage renal disease (ESRD) has been on the rise globally (1). Peritoneal dialysis (PD) is one of the most common renal replacement therapies; however, peritonitis remains a leading cause of technical failure in PD patients (2). Although prevention and treatment techniques have improved, peritonitis still plays a significant role in the mortality of PD patients (3, 4), and the occurrence of peritonitis has negative impacts on the survival of PD patients (5).

Infections caused by multi-drug resistant (MDR) bacteria are increasing (6), and the emergence of MDR-organism (MDRO) is a serious obstacle in the treatment of PD-associated peritonitis (PDAP). One of the main causes of antimicrobial resistance is the overuse of antibiotics (7). Furthermore, with the continuous adaptation and evolution of bacteria, it is becoming increasingly difficult to rationally choose antibiotics. Therefore, it is necessary to monitor the antimicrobial sensitivity patterns of MDROs to choose antibiotics more wisely.

Presently, studies on MDRO-PDAP are mainly limited to specific bacteria, such as Acinetobacter spp. (8), including Acinetobacter baumannii (9), and Corynebacterium striatum (10), and most of them are case reports or reviews. In previous studies, hypoproteinemia, malnutrition, sex, and diabetes have been identified as risk factors for adverse peritonitis outcomes (11, 12); however, the risk factors for poor MDRO-PDAP outcomes remain unclear. Furthermore, MDRO infection is a global health and economic threat with negative clinical consequences if not recognized and treated adequately (13). In summary, considering the growing problem of MDRO-PDAP, our major objective was to identify patient characteristics, predictors of treatment failure, and microbiological profiles to prevent antibiotic abuse and improve the clinical outcomes of MDRO-PDAP.



2. Methods


2.1. Patient selection and study design

We retrospectively screened 1,155 patients with peritonitis who underwent PD at the Second Hospital of Jilin University, Jilin Central Hospital, the First Hospital of Jilin University-the Eastern Division, and Jilin FAW General Hospital between January 1, 2013 and December 31, 2019. The inclusion criteria were the PDAP diagnostic criteria issued by the 2022 International Society for Peritoneal Dialysis (ISPD). The exclusion criteria were: (1) patients without complete data, (2) PD fluid that was not cultured, (3) negative PD culture, (4) PD fluid infected by multiple pathogens or fungi, and (5) drug sensitivity results could not be obtained.

Once a patient presented with peritonitis symptoms such as abdominal pain or cloudy dialysis fluid suspected to be caused by PDAP, the specimen of dialysis fluid was collected and sent for microbiological culture and sensitivity test, and then the patients was administered empirical intraperitoneal antibiotics. Most of the empirical treatment regimens were first-generation cephalosporins or vancomycin combined with third-generation cephalosporins or aminoglycoside drugs, and the corresponding antibiotic therapy plan was adjusted after obtaining the bacterial culture and drug sensitivity results. Finally, patients were treated according to the ISPD peritonitis treatment recommendations for 2–3 weeks, and clinicians decided whether to conduct catheter removal.

The study participants were divided into a MDRO group and a non-multidrug-resistant organism (NMDRO) group based on the results of microbial culture and drug sensitivity in the peritoneal dialysate fluid. Combined with patients’ other clinical data, we mainly studied the clinical characteristics, microbiological overview, and risk factors of treatment failure. Additionally, we also analyzed the risk factors for treatment failure of MDR-Escherichia coli (E. coli)-PDAP specifically. This study was conducted in line with the Declaration of Helsinki. The Ethics Committee of the Second Hospital of Jilin University approved this study; ethics approval number: 2020026. Informed consent was not required due to the retrospective study design.



2.2. Data collection

All clinical data were obtained from patients’ record review, including age, dialysis duration, sex, etiology of renal failure, comorbidities, past infections of MDRO-PDAP, number of previous episodes of peritonitis, and laboratory index (for white blood cell count, neutrophil percentage, and neutrophil count in blood, hemoglobin, albumin, potassium, calcium, phosphorus, blood urea nitrogen, serum creatinine, and dialysate white cell count on the first day of PDAP) before or at diagnosis of the index PDAP episode. Treatment outcomes were classified as the initial treatment evaluation, which was primary response and the follow-up treatment evaluation, which included clinical cure, relapse, catheter removal, and PDAP-related death. Drug sensitivity data were also recorded. Finally, we collected the microbiological results of peritoneal dialysate cultures taken from the patients on admission to identify gram-positive, gram-negative, anaerobic bacteria, Mycobacterium tuberculosis, fungi, and polymicrobial infections.



2.3. Definition

In accordance with the 2022 ISPD guidelines (14), when at least two of the following conditions were present, peritonitis was diagnosed: (1) abdominal pain and/or cloudy ascites, (2) white blood cells in the dialysate >0.1 × 109/L or >100/μL (after at least 2 h dwell time), with >50% polymorphonuclear neutrophil cells, and (3) a positive dialysate pathogen culture. However, the surveillance and study of MDROs has been compromised by the lack of a complete consensus on the definition. Thus, MDRO was considered to be insensitivity to at least one agent in three or more antimicrobial categories following the joint recommendations for epidemiologic studies from the European Center for Disease Prevention and Control (15). The guide also clearly defines common MDROs in healthcare systems, including Staphylococcus aureus, Enterococcus spp., Enterobacteriaceae (other than Salmonella and Shigella), Pseudomonas aeruginosa, and Acinetobacter spp. We have only conducted related studies on the above bacteria for reliability and unity of definitions. The effective primary response was identified, when the symptoms of PDAP were significantly alleviated, the dialysate fluid was cleared, and the white blood cell count of the fluid decreased significantly within 48–72 h of reasonable anti-infection treatment (16). Clinical cure implied reasonable antibiotic treatment for 2–3 weeks, complete relief of clinical peritonitis symptoms, clear peritoneal fluid, and white blood cell count in dialysis fluid <0.1 × 109/L (14). PDAP-related death implied death occurring within 30 days of the onset of peritonitis or death due to peritonitis during hospitalization (14). Relapse implied an episode occurring within 4 weeks of therapy completion for a previous episode caused by the same organism (14). Recurrent implied a peritonitis episode occurring within 4 weeks of therapy completion for a previous episode caused by a different organism (14). Repeat implied a peritonitis episode occurring more than 4 weeks after therapy completion for a previous episode caused by the same organism (14). Treatment failure implied catheter removal or PDAP-related death (17).



2.4. Statistical analysis

Sample size estimation was performed using PASS version 16.0 (NCCS LLC, Kaysville, Utah, USA), setting a power value of 0.80, an α of 0.05, and a ratio of 1:3 for the number of patients in the two groups, yielding a minimum ideal sample size of 139 cases in the MDRO group and 390 cases in the NMDRO group, respectively. All statistical data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). For categorical variables, data were analyzed as frequencies and percentages; Pearson’s chi-square and Fisher’s exact tests were used to compare categorical variables between groups. For continuous variables, data were analyzed as interquartile ranges [M, (P25, P75)], mean [image: image] standard deviation [image: image], using the independent t-test (normal distribution) and Wilcoxon rank-sum test (non-normal distribution) to compare continuous variables between groups. Poisson regression was used to compare the incidence of peritonitis. Risk factors influencing treatment failure were analyzed using logistic regression models. Variables with p-values <0.05 in the univariate analysis and factors that may influence treatment outcome (age > 60 years, diabetes mellitus) were included in the multivariate model for MDRO-PDAP treatment failure for correction. However, due to limitations in the positive sample size, only variables with p-values < 0.05 in the univariate analysis were supported for inclusion in the multivariate model of MDR-E. coli-PDAP treatment failure. Statistical significance was set at a p-value < 0.05. All probabilities were two-tailed. All figures were plotted using GraphPad Prism version 8.0 (GraphPad Software, San Diego, CA, United States).




3. Results


3.1. Clinical characteristics

A total of 1,155 PDAP episodes occurred in 670 individuals from January 1, 2013 to December 31, 2019. The screening process for including patients is shown in Figure 1. After applying the exclusion criteria, 318 individuals and 546 cases were finally included in the study, with 113 patients and 146 cases included in the MDRO group while 336 patients and 400 cases were included in the NMDRO group. During the study period, 93 patients experienced only one episode of MDRO-PDAP, 11 patients experienced only two episodes of MDRO-PDAP, 7 patients experienced only three episodes, 1 patient experienced only four episodes, and 1 patient experienced six episodes.

[image: Figure 1]

FIGURE 1
 Flow chart. PD, peritoneal dialysis; PDAP, peritoneal dialysis-associated peritonitis; MDRO, multi-drug resistant organism; NMDRO, non-multi-drug resistant organism.


Comparisons of clinical characteristics between the two groups are presented in Table 1. Patients in the MDRO group had a higher percentage of blood neutrophils, were more likely to have past infections of MDRO-PDAP, more likely to show polycystic kidney as protopathy, and were more likely to be relapsing cases (p < 0.05) than those in the NMDRO group. Conversely, patients in the NMDRO group had higher blood albumin levels and were more likely to be initial cases than those in the MDRO group (p < 0.05). However, additional parameters showed no significant differences between the two groups. The details of each pathogenic bacteria studied are presented in Table 1.



TABLE 1 Comparison of clinical characteristics between the MDRO and NMDRO groups.
[image: Table1]



3.2. Constituent ratio of MDRO-PDAP and pathogen distribution

A total of 146 cases of MDRO-PDAP accounted for 12.6% of the total 1,155 cases of PDAP over seven years. From 2013 to 2019, the average incidence of peritonitis was 0.225 episodes/patient-year, and the overall trend in incidence of MDRO-PDAP was decreasing (p < 0.001; Figure 2A); however, the composition ratio of MDRO-PDAP remained high from 2013–2015 (13.9%) to 2016–2019 (13.3%) (p > 0.05; Figure 2B). A total of 146 MDRO strains were isolated from 546 PDAP cases. Among these MDROs, gram-negative bacterial isolates (n = 110, 75.3%) were more common than gram-positive bacterial isolates (n = 36, 24.7%). MDR-E. coli (n = 79, 54.1%), followed by Klebsiella pneumoniae (n = 10, 6.8%), was the most common antimicrobial isolate among gram-negative strains, accounting for 78.2% (79/92) of all E. coli isolates. MDR-S. aureus (n = 34, 23.3%), followed by Enterococcus (n = 2, 1.4%), was the most common isolate among the gram-positive strains, accounting for 73.9% (34/46) of all S. aureus isolates (Table 2).

[image: Figure 2]

FIGURE 2
 (A) The incidence of MDRO-PDAP from 2013 to 2019. (B) The constituent ratio of MDRO-PDAP from 2013 to 2019.




TABLE 2 The distribution of causative organisms in patients infected with MDRO.
[image: Table2]



3.3. Antimicrobial susceptibility analysis

Figures 3A,B show the antibiotic sensitivity results with the two MDROs (S. aureus and E. coli) representing the largest proportion. All S. aureus strains showed susceptibility to vancomycin and linezolid (Figure 3A). The enterococcus spp. isolates were 100% susceptible to linezolid. Among gram-negative bacteria, E. coli strains were highly susceptible to meropenem (96.0%) and piperacillin/tazobactam (89.1%; Figure 3B). P. aeruginosa and Acinetobacter spp. were completely susceptible to meropenem and imipenem, respectively.

[image: Figure 3]

FIGURE 3
 (A) Antimicrobial sensitivity result of MDR-Staphylococcus aureus. LZD, linezolid; VA, vacomycin; QDA, quinupristin-dalfopristin; TGC, tigecycline; SXT, trimethoprim-sulphamethoxazole; RFP, rifampicin; CFZ, cephazolin; CIP, ciprofloxacin; GEN, gentamicin; TCY, tetracucline; CLI, clindamyxin; ERY, erythrocin; PEN, penicillin. (B) Antimicrobial sensitivity result of MDR-Escherichia coli MEM, meropenem; PIS, piperacillin/tazobactam; AMK, amikacin; IMP, imipenem; FEP, cefepime; CAZ, ceftazidime; ATM, aztreonam; GEN, gentamicin; CIP, ciprofloxacin; SAM, ampicillin/sulbactam; PIP, peperacillin; SXT, trimethoprim-sulphamethoxazole; CFZ, cephazolin; AMP, ampicillin.




3.4. Evaluation of treatment outcome

Table 3 shows the treatment outcomes of the two groups. Compared to the NMDRO group, the MDRO group had a lower initial effective rate (70.5% vs. 88.5%, p < 0.001), lower cure rate (66.4% vs. 85.5%), higher relapse rate (16.4% vs. 8.0%), and higher treatment failure rate (17.7% vs. 6.5%, p < 0.001), which included a higher frequency of catheter removal (11.6% vs. 3.8%) and death (5.5% vs. 2.8%).



TABLE 3 Evaluation of treatment between MDRO group and NMDRO group.
[image: Table3]



3.5. Risk factors for treatment failure

PD age and more than 2 previous PDAP episodes were suggested to be significant in the univariate analysis, and after adjusting for other confounding factors (age > 60 years, diabetes), a multifactorial logistic regression model identified the two independent risk factors for MDRO-PDAP treatment failure, namely PD age [odds ratio (OR): 1.034, 95% confidence interval (CI): 1.016–1.052, p < 0.001] and more than 2 previous PDAP episodes (OR: 3.400, 95% CI: 1.014–11.400, p = 0.047; Table 4). In addition, we also analyzed the risk factors for MDR-E. coli-PDAP treatment failure, with albumin levels and PD age showing significance in the univariate analysis. Putting the above indicators into a multifactorial regression analysis, it was determined that lower albumin levels (OR: 0.834, 95% CI: 0.700–0.993, p = 0.041) and PD age (OR: 1.033, 95% CI: 1.003–1.064, p = 0.031) increase the risk of MDR-E. coli-PDAP treatment failure (see Table 5).



TABLE 4 Risk factors of treatment failure in patients with MDROs group.
[image: Table4]



TABLE 5 Risk factors of treatment failure in patients with MDR-E. coli-PDAP.
[image: Table5]




4. Discussion

To our knowledge, this is the first multicenter retrospective study to explore the clinical characteristics, antimicrobial susceptibility, patient outcomes, and risk factors of treatment failure associated with MDRO-PDAP.

The average peritonitis rate was 0.225 episodes/patient-year in our study from 2013 to 2019, and per the ISPD recommendations updated in 2022, the requirement is no more than 0.4 episodes per patient-year, indicating that the incidence of peritonitis was relatively well controlled in the hospitals where this study was conducted. Another study from our center pointed out that the incidence of PDAP has decreased in recent years (18), and our study also observed that the incidence of MDRO-PDAP was similarly decreasing between 2013–2019. However, MDRO-PDAP remains a serious challenge for clinicians because of increasing drug resistance among bacteria. Considering that MDRO-PDAP incidence could be influenced by the overall incidence of peritonitis, we further studied the composition ratio of MDRO-PDAP in all PDAP cases. Not surprisingly, we observed that the proportion of MDRO-PDAP remained high in these years. During the study period, 93 patients with MDROs experienced only one episode of MDRO-PDAP, 11 patients experienced only two episodes, and 9 patients experienced more than two episodes. These results support the notion that, because of the seriousness of the problem presented by MDRO, the vigilance for MDROs should be improved and further research conducted on the microbiological profiles and risk factors of MDRO-PDAP to fill the current gap in research.

We observed that the percentage of neutrophils was higher in the MDRO group than in the NMDRO group, with higher expression levels of inflammatory mediators, resulting in a stronger inflammatory response and a more severe degree of disease in the MDRO group; this finding is supported by an article demonstrating elevated expression of inflammatory mediators in endophthalmitis patients infected with MDR-P. aeruginosa (19). Another study (20) from China clarified that elevated neutrophil levels are a sensitive systemic inflammatory marker associated with high mortality in patients with ESRD. Furthermore, several studies (21, 22) have associated hypoalbuminemia with the development of PDAP. In our study, the MDRO group had low albumin levels. Serum albumin level is often used to assess patient nutritional condition, although hypoalbuminemia may also be linked to inflammation. Malnutrition affects immunity and causes immune dysfunction, which in turn affects the resistance to infection. Besides, some studies (13, 23) have noted that having a history of MDROs is associated with positive MDRO isolation on admission; this could partially explain why the MDRO group in our study were more likely to have a history of MDRO colonization.

Compared to the NMDRO group, the MDRO group had more relapsing cases, which required medical professionals to pay closer attention to patients with relapsing peritonitis because they are more prone to infections by MDROs. A systematic review (24) indicated that previous antibiotic use was related to the likelihood of MDRO isolation, possibly because prior antimicrobial treatment strongly modified the abdominal microbiota and was associated with an increased risk of drug-resistant microbial infection. Interestingly, there were no significant differences in the recurrent and repeat cases between the case and control groups. Besides, the MDRO group had a lower initial treatment effective rate and higher treatment failure rate compared with the NMDRO group. Reportedly, a poor prognosis was more common in patients with peritonitis due to methicillin-resistant S. aureus (MRSA), vancomycin-resistant enterococci, and extended spectrum β-lactamase (ESBL)- and metallo-β-lactamase-producing bacteria (25, 26), which supported our conclusion to some extent that MDRO-PDAP tended to have poor outcomes. Therefore, it is necessary to adjust the poor treatment plan of MDRO-PDAP on the basis of the drug sensitivity results and attempt to reduce the related risk to prevent poor prognosis whenever possible.

In our multivariate study, PD age and more than 2 previous PDAP episodes were independently associated with MDRO-PDAP treatment failure. Our previous study showed that long dialysis age was a risk factor for treatment failure of first peritonitis (27). The thickness of the submesothelial layer increases gradually and is accompanied by peritoneal fibrosis and neovascularization in the peritoneum of patients with long-term PD. Thus, these patients have a higher incidence of ultrafiltration failure (28). In this study, we observed a 2.4-fold increase in the risk-of-failure of the current peritonitis treatment when there were more than 2 previous PDAP episodes. Repeated episodes of peritonitis cause aggregation of inflammatory cells such as mononuclear macrophages and release transforming growth factor-β (TGF-β), a major molecule in the course of peritoneal fibrosis, and the overexpression of TGF-β is linked to worse PD outcomes (29). We further inferred that the effect of empirical antimicrobial therapy could be compromised based on the above pathological basis if the patient had an infection caused by MDROs, with treatment delay increasing the likelihood of treatment failure. In our study, non-first-episode peritonitis with the same pathogen cultured in the previous peritonitis episode accounted for 74.3% (26/35) of all non-first-episode peritonitis cases. This also suggests that in patients who are repeatedly hospitalized for peritonitis in a short period, clinicians should choose the initial treatment regimen in conjunction with their previous culture and drug susceptibility results. There are few studies related to the risk factors for treatment failure in MDR-S. aureus and MDR-E. coli; however, to avoid statistical bias caused by the few cases of S. aureus treatment failure, we only studied E. coli, which is the most prevalent species in the Enterobacteriaceae family. We observed that lower albumin levels and longer PD age increased the risk of treatment failure, similar to the results of another study (30) conducted in our center on the treatment outcome of E. coli infection. Therefore, for E. coli-PDAP, especially those infected with MDROs, it could be beneficial for clinical outcomes to raise albumin levels.

Previous studies (31, 32) showed that the most common microorganisms isolated from patients with PDAP were gram-positive bacteria, among which coagulase-negative Staphylococcus was the most prevalent, followed by S. aureus. Furthermore, E. coli was the most common gram-negative bacterium, followed by Klebsiella pneumoniae and P. aeruginosa. However, because coagulase-negative Staphylococcus was not included in the MDRO group in our study, the microbiological distribution of MDROs in our study was slightly different from the results of the PDAP population. Therefore, as shown in Table 2, gram-positive MDROs were mainly S. aureus and E. coli, followed by Klebsiella pneumoniae, and Baumannii was the most common gram-negative bacterium.

Owing to the small number of strains of other MDROs, including P. aeruginosa, Enterococcus spp., and Acinetobacter spp., we did not perform detailed drug susceptibility analysis of the above pathogens to avoid a small sample size distorting study results but instead focused on MDR-S. aureus and MDR-E. coli. The causative organism that produced more severe outcomes in MDR-S. aureus PDAP was MRSA, which are usually more severe than peritonitis caused by methicillin-susceptible S. aureus, with significantly increased frequency of hospitalization and length of treatment time, as well as increased frequency of extubation and death (33). Severe negative outcomes were more likely to occur when vancomycin was not used in the regimen of treatment for MRSA peritonitis (33). In our study, all the MDR-S. aureus strains were susceptible to vancomycin, reflecting the importance of vancomycin in the treatment of MDR-S. aureus-infection. Producing extended-spectrum beta-lactamases (ESBLs) is the most vital resistance mechanism in Enterobacteriaceae. In a study of MDROs from Hong Kong (6), E. coli accounted for 85.6% of all ESBL-producing isolates. Unfortunately, owing to the limitations of this retrospective study, ESBL-producing organisms could not be accurately detected. Carbapenems are ideal therapeutic agents against this bacterium (34). The 2022 ISPD guidelines also state that for Enterobacteriaceae, treatment regimens should be based on resistance patterns. Intraperitoneal application of meropenem could be an option for ESBL-producing Enterobacteriaceae (ESBL-E) (14). The treatment recommendations were also supported by our finding that almost all MDR-E. coli cultured in vitro are susceptible to meropenem. However, it is worth noting that except for ESBL-E, Enterobacteriaceae had evolved to resist carbapenems (6), causing mortality rates of up to 70% (35) which are rising globally (36). Above all, our results showed that the local antimicrobial susceptibility patterns of MDR-E. coli and MDR-S. aureus were consistent with the therapeutic antibiotics recommended by the guidelines. Nevertheless, the final treatment plan should still be carefully selected according to the drug susceptibility results to prevent more resistance caused by antibiotic abuse.

This study had some limitations. Firstly, the retrospective nature of the study resulted in the presence of some unavoidable biases. For example, the results of this study cannot be extrapolated to the general population because of the confined location from which patients were included and the treatment regimens in each region. What’s more, we excluded cases with mixed bacterial infections due to concerns that they would interfere with the analysis of treatment failure of MDR-PDAP, but mixed infections are more likely to develop antibiotic resistance than isolated infections (37), which might introduce selection bias. Secondly, we were unable to identify MRSA or ESBL-E based on the collected drug sensitivity results; therefore, our efforts to analyze the antibiotic sensitivity pattern in more detail were limited. Finally, the number of MDROs for some species was too few to be analyzed categorically, so larger prospective studies are warranted in the future.



5. Conclusion

In summary, MDRO-PDAP has remained a major issue in recent years, resulting in poor treatment outcomes. Special attention should be paid to patients with more than two previous peritonitis episodes, and those who have been undergoing dialysis for a long time because treatment for such patients is more likely to fail. Although the treatment regimens recommended by the current guidelines for infections caused by MDR-S. aureus and MDR-E. coli are appropriate in the area where we are conducting our study; they should be modified promptly in accordance with drug susceptibility to reduce the adverse outcomes caused by delays in MDRO-PDAP treatment.
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In addition o describing the differences betveen the two groups, we also presented baseline information for each type of MDRO we studied for reference.
"Because there were only two cases of this bacterium, the continuous variables were described using the mean.
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