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Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract

(b) Provide in the abstract an informative and balanced summary of what was done and what was found

Introduction

Background/ 
rationale

2 Explain the scientific background and rationale for the investigation being reported

Objectives 3 State specific objectives, including any prespecified hypotheses

Methods

Study design 4 Present key elements of study design early in the paper

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 
collection

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe 
methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control 
selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 
criteria, if applicable

Data sources/ 
measurement

8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative 
variables

11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were 
chosen and why
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Statistical 
methods

12 (a) Describe all statistical methods, including those used to control for confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy

(e) Describe any sensitivity analyses

Results

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing follow-up, and analysed

(b) Give reasons for non-participation at each stage

(c) Consider use of a flow diagram

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and 
potential confounders

(b) Indicate number of participants with missing data for each variable of interest

(c) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time

Case-control study—Report numbers in each exposure category, or summary measures of exposure

Cross-sectional study—Report numbers of outcome events or summary measures

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction 
and magnitude of any potential bias
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Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results 
from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study 
on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.
annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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ABSTRACT 
Background: Red blood cell distribution width (RDW) is associated with the severe morbidity and mortality of some Gram-negative associated chronic diseases. We designed this retrospective study to identify whether RDW can be used as a factor to provide reference for the treatment of renal abscess. Methods: All patients with renal abscess in our institution between April 2016 and November 2019 were collected, and 38 cases with the characteristic of initially diagnosis and no prior treatment were enrolled. Conservative treatment group and surgical intervention group were set based on the treatment of patients. Univariate analysis and the regression analysis were adopted to identify the difference between thesetwo groups. Results: Significant differences were found in Diabetes mellitus, RDW and size of renal abscess in both univariate and multifactor analysis. The median value of RDW in all patients was 13.62%, with 13.15% in conservative treatment group and 14.20% receiving surgical intervention (OR: 9.48, 95%CI: 1.15~78.02). Diabetes was present in 42.11% of patients, with the ratio of 20.0% in conservative treatment group and 66.67% in surgical intervention group (OR: 35.22, 95%CI: 1.55~799.05). The cut-off of RDW and size of renal abscess were 14.07% and 3.9cm respectively. Conclusions: RDW as an independent predictor of mortality in patients with Gram-negative bacteremia showed differences among patients with renal abscess who received different treatments. Since the relationship between RDW and Gram-negative bacteremia related to mortality, higher initial RDW value may represent a higher severity of renal abscess and a greater likelihood of the need of surgical intervention. 
Introduction
Renal abscess is a rare urinary system disease confined to the renal parenchyma and characterized by low incidence and high mortality with inappropriate treatment (1-3).  The treatment of renal abscess can be divided into simple drug treatment and surgical intervention (4). Simple drug treatment for renal abscess less than 3cm and surgical intervention for renal abscess larger than 5cm are generally accepted (2, 5-9). 
There are three main mechanisms of infection including ascending infection, hematogenous spread and direct spread with ascending infection being the most common (5,10). Although S. aureus was once the most common organism that causing renal abscess, several studies showed that Gram-negative bacteria, represented by E. Coli, had replaced S. aureus as the main pathogen (2,11). 
Alone with the change of the common causative organisms, some scholars have studied the response of renal abscess to antibiotic therapies to avoid unnecessary invasive treatment. However, waiting for the response may delay early invasive treatment and lead to poor prognosis. Therefore, some indicators related to disease severity in early onset may be a good alternative. Red blood cell distribution width (RDW) is associated with the severe morbidity and mortality of some Gram-negative associated chronic diseases, which has reported by some scholars (12). In view of this point, we designed this retrospective study to identify whether RDW can be used as a factor that to provide reference for the treatment of renal abscess. We present the following article in accordance with the STROBE reporting checklist.
Materials and Methods
Patients
All patients with renal abscess in our institution between April 2016 and November 2019 were collected, and 38 cases with the characteristic of initially diagnosis and no prior treatment (antipyretics excepted) were enrolled. Patients without complete image data were excluded. The diagnosis of renal abscess was made by experienced radiologists with the CT performance of abscess confined to the renal cortex, central medulla or calyces (13). Conservative treatment group and surgical intervention group were set based on the treatment of patients. The data of basic characteristics, laboratory examination and imaging data before treatment were collected and the clinical data between two groups were analyzed and compared respectively. The maximum diameter was measured for each abscess as the size of renal abscess with the sum of maximum diameters of all the abscess in one kidney for multiple renal abscesses. Renal dysfunction was defined as estimated glomerular filtration rate less than 90 ml/min*1.73m2 and nonfunctional kidney was defined as unilateral estimated glomerular filtration rate less than 10ml/min*1.73m2. 
Treatments
EAU guidelines point out that empirical antibiotic treatment for urological infection was necessary, with fluoroquinolone, group 3b cephalosporin or carbapenem being the most common used (14). In our study, both two groups received empirical antibiotic treatment after admission with fluoroquinolones, Group 2, 3 cephalosporin or aminoglycoside. Antibiotics were adjusted on the basis of drug sensitivity test and the response of initial antibiotic therapy. The vast majority of patients got clinically effective treatment, and patients who fail in initial treatment ultimately succeed in further treatment. Clinically effective treatment involved cure and clinical improvement. The standard of cure was the disappearance of clinical symptoms and abnormal examination results. When the clinical symptoms were significantly relieved and laboratory tests got improved, but not yet fully normalized and antibiotic therapy was still required, the outcome was considered as clinical improved (2).
Ethical consideration
The study was conducted in accordance with the Declaration of Helsinki (as revised in 2013). The study was approved by institutional board of the Peking University People’s Hospital (NO.: the registration number of ethics board) and informed consent was taken from all individual participants.
Statistical Analyses
IBM SPSS Statistics Version 25.0 was used for all the data analysis. The independent samples T test, Mann-Whitney U Test and Fisher's Exact Test were used for different variables. On the basis of univariate analysis, multivariate analysis was carried out for variables with P value less than 0.2, and ROC curve was drawn for variables with statistical difference. The standard for statistical difference was p value less than 0.05.
Results
Patient Characteristics
There were 24(63.16%) female patients and 14(36.84%) male patients. The average age of all the patients with renal abscess in this study was 48.87±15.89 years old and the distribution was wide, ranging from 22 to 82 years old. The clinical manifestations of renal abscess include fever, lumbago, chills, abdominal pain, nausea, vomiting, with fever (76.32%) and lumbago (52.63%) being the most common. Diabetes and urolithiasis with the ratio of 42.11% and 42.11% respectively were the most common comorbidities in our study. 20 (52.63%) patients received drug therapy only and 18 (47.37%) patients got surgical intervention. Among all the variables of the basic characteristics, only diabetes showed a significant difference(p=0.008) between two groups. The data details are represented in Table 1.
Laboratory Tests and Imaging
The results of blood and urine test on admission were used as reference data. Variables with P values less than 0.05 between the two groups included PLT, RDW%, BUN, PLR, AG and WBC in urine, as shown in Table 2. The median value of initial RDW in all patients was 13.62%, with 13.15% in conservative treatment group and 14.20% in invasive treatment group. Significant difference was shown in the size of renal abscess (2.77±1.48cm vs 5.85±2.67cm), with the surgical intervention group being larger (p <0.001, Table 3).
Treatment outcome
In patients who received conservative treatment，19 cases showed clinical improvement or cure. While in patients who received surgical intervention initially, 3 patients showed no clinical improvement or cured, with one patient received further treatment of surgical drainage and two patients required nephrectomy after the diagnosis of nonfunctional kidney. Of the 4 patients who failed the initial treatment, 3 had a renal abscess between 3 cm and 5 cm, and 1 patient with large abscess failed due to long-term use of bone marrow suppressive drugs. After summarizing the characteristics of 4 patients with initial treatment failure, it can be found that 3 patients got the size of renal abscess of 3-5cm, and 1 patient failed due to long-term use of myelosuppression drugs.
Urine and Abscess culture
Urine culture was performed in 21 patients, of which 14 (66.67.0%) were negative and 7 (33.33%) were positive. Five of the positive patients (71.43%) were Gram-negative bacteria. Abscess culture was performed in 15 patients (83.33%) who received surgical intervention, of which 12 (80.00%) were positive, with Gram-negative bacteria being found in 11 (91.67%) cases.
Logistic Regression Analysis and ROC Curve
On the basis of univariate analysis, logistic regression analysis was carried out for variables with P value less than 0.2. Diabetes mellitus (OR: 35.22, 95%CI: 1.55~799.05), size of renal abscess (OR: 2.67, 95%CI: 1.00~7.11) and RDW (OR: 9.48, 95%CI: 1.15~78.02) were retained in the regression equation, with P value less than 0.05. It was presented in Table 4. ROC curves were drawn for variables of RDW and size (Figure 1). The cut-off of RDW was 14.07%, with sensitivity 90.00 and specificity 55.56. In addition, the cut-off of size of renal abscess was 3.9cm, with sensitivity 95.00 and specificity 77.78.
Discussion
Renal abscess characterized by low incidence and high mortality is a clinically important diagnosis during clinical work. The update of examination technique (CT, MRI) has improved the accuracy of the diagnosis of renal abscess and the prognosis of renal abscess is related to the early and accurate diagnosis (15). In 1996, Siegel proposed for the first time that 3cm and 5cm can be used as a reference standard for surgical intervention of renal abscess (9). After his proposal, many researchers had further studied the relationship between the abscess size and surgical intervention. However, no definite consensus of the proper treatment has been reached, especially for the size of 3~5cm (3,6-8,16). Nevertheless, consensus on the use of antibiotics for renal abscess, an infectious disease, has been unanimously reached.
Recently, Gram-negative bacteria gradually replaced Staphylococcus aureus and became the main pathogenic bacteria of renal abscess due to the use of antibiotic (2,11). In a study conducted by Yamamichi F et al, E. coli was responsible for 23% of renal abscesses (17). Although there were some negative results, our study also found that Gram-negative bacteria was the main causative organism. In the meanwhile, some scholars found that the increase of RDW to some extent indicates the severity and mortality of Gram-negative bacteria diseases (12). In view of this point, we speculated whether initial RDW can be used to indicate the severity of renal abscess and guide surgical intervention. In our study, the median value of initial RDW in all patients was 13.62%, with 13.15% in conservative treatment group and 14.20% in invasive treatment group. Compared with the conservative group, patients receiving surgical intervention appeared to have higher initial RDW values. After excluding other factors through multivariate analysis, it was found that RDW was still the influential factor that may influence the choice of surgical intervention for renal abscess. This may be attributed to the changes of the predominant pathogens of renal abscess. To our knowledge, for the first time, the increase of initial RDW has been considered as an influential factor that guiding the treatment of renal abscess. 
Although the patients of renal abscess receiving surgical intervention with higher initial RDW was found for the first time in our study, its concrete pathophysiologic mechanism is still unknown, the role of RDW in predicting severity and mortality in patients with Gram-negative bacteremia may be one explanation. It has been generally established that, Gram-negative bacteria can cause systemic inflammation which can influence bone marrow function and iron metabolism (18,19), thus lead to the suppression of erythrocyte maturation. When inflammation is severe, even sepsis, the newer and larger reticulocytes are allowed to enter the circulation, consequently cause the increase of RDW (20,21), which may explain why RDW was higher in patients with renal abscess who needed invasive treatment. Oxidative stress may also one reason for the elevated RDW (22,23). To sum up, higher initial RDW value may represent a higher severity of renal abscess and a greater likelihood of the need of invasive treatment.
In additional to RDW, the difference was also found in diabetes mellitus (P value 0.008). In our study, diabetes mellitus occurred in 42.11% of patients, with the ratio of 20.0% in conservative treatment group and 66.67% in surgical intervention group. Diabetes can increase the risk of infection and control difficulty. This may be one of the reasons why renal abscess patients with diabetes received more surgical intervention. Research by Ko et almay also explain this phenomenon (24).  
Some studies also reported that the poor prognosis and high mortality of renal abscess are related to some other factors such as advanced age, higher C-reactive protein levels and blood urea nitrogen, occurrence of lethargy (6,26). In our study, the mean age was 48.87±15.89 years, the ratio of female was 63.16%. Although the youngest renal abscess patient was reported to be only 6 months old (27), no pediatric patient was included. In our study, the average value of PLT was 285.08±129.44, with patients receiving invasive treatment had higher value which was contrary to the outcome of poor prognosis indicated by thrombocytopenia (3). This may be related to the bias of subjective choice in clinical work. 
In addition to the above variables, BUN, PLR, AG and WBC in urine with differences in univariate analysis were excluded in multivariate analysis. Diabetes mellitus, size of renal abscess and RDW were retained in the regression equation and ROC curves were drawn for variables of RDW and size. In general, for patients with RDW >14.07%, abscess size >3.9cm and diabetes mellitus, surgical intervention should be taken into consideration.
However, there were several limitations to our study. Firstly, there is a certain degree of subjective bias in this retrospective study, especially in the choice of initial treatment. Secondly, the number of cases is limited due to single center study. Since renal abscess is a rare urinary system disease, more cases and multicenter study are needed. Thirdly, some factors such as C-reactive protein, erythrocyte sedimentation rate which were demonstrated to be associated with prognosis were excluded due to incomplete data. Lastly, blood culture was not been discussed for the reason of limited data. 
Conclusions
With Gram-negative bacteremia being the most common pathogenic bacteria of renal abscess, RDW as an independent predictor of mortality in patients with Gram-negative bacteremia showed differences among patients with renal abscess who had received different treatments. Higher initial RDW value may represent a higher severity of renal abscess and a greater likelihood of the need of invasive treatment.
Acknowledgments
None
Footnote 
Reporting Checklist: The authors have completed the STROBE reporting checklist.
Conflicts of interest: All authors have completed the ICMJE uniform disclosure form. The authors have no conflicts of interest to declare.
Ethical Statement: The authors are accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved. The study was conducted in accordance with the Declaration of Helsinki (as revised in 2013). The study was approved by institutional board of the Peking University People’s Hospital (NO.: the registration number of ethics board) and informed consent was taken from all individual participants.

References 
1.	Gardiner RA, Gwynne RA, Roberts SA. Perinephric abscess. BJU Int. 2011;107 Suppl 3:20-23. 
2.	Coelho RF, Schneider-Monteiro ED, Mesquita JL, et al. Renal and perinephric abscesses: analysis of 65 consecutive cases. World J Surg. 2007;31(2):431-436. 
3.	Lin HS, Ye JJ, Huang TY, et al. Characteristics and factors influencing treatment outcome of renal and perinephric abscess--a 5-year experience at a tertiary teaching hospital in Taiwan. J Microbiol Immunol Infect. 2008;41(4):342-350. 
4.	Shu T, Green JM, Orihuela E. Renal and perirenal abscesses in patients with otherwise anatomically normal urinary tracts. J Urol. 2004;172(1):148-150.
5.	Lee SH, Jung HJ, Mah SY, et al. Renal abscesses measuring 5 cm or less: outcome of medical treatment without therapeutic drainage. Yonsei Med J. 2010;51(4):569-573.
6.	Hung CH, Liou JD, Yan MY, et al. Immediate percutaneous drainage compared with surgical drainage of renal abscess. Int Urol Nephrol. 2007;39(1):51-55.
7.	Dalla Palma L, Pozzi-Mucelli F, Ene V. Medical treatment of renal and perirenal abscesses: CT evaluation. Clin Radiol. 1999;54(12):792-797. 
8.	Lee BE, Seol HY, Kim TK, et al. Recent clinical overview of renal and perirenal abscesses in 56 consecutive cases. Korean J Intern Med. 2008;23(3):140-148.
9.	Siegel JF, Smith A, Moldwin R. Minimally invasive treatment of renal abscess. J Urol. 1996;155(1):52-55.
10.	Constantine S, Kaye J. Metastatic renal abscess mimicking Wilms' tumour. Pediatr Radiol. 2004;34(11):924-926.
11.	Capitán Manjón C, Tejido Sánchez A, Piedra Lara JD, et al. Retroperitoneal abscesses--analysis of a series of 66 cases. Scand J Urol Nephrol. 2003;37(2):139-144.
12.	Ku NS, Kim HW, Oh HJ, et al. Red blood cell distribution width is an independent predictor of mortality in patients with gram-negative bacteremia. Shock. 2012;38(2):123-127.  
13.	Patterson JE, Andriole VT. Renal and perirenal abscesses. Infect Dis Clin North Am. 1987;1(4):907-926.
14.	Grabe M (Chair) BR, Bjerklund Johansen TE, et al. 3D.4 Disease Management; in Guidelines on Urological Infections. European Association of Urology. 2015; pp:24-25.
15.	Rubilotta E, Balzarro M, Lacola V, et al. Current clinical management of renal and perinephric abscesses: a literature review. Urologia. 2014;81(3):144-147.
16.   Linder BJ, Granberg CF. Pediatric renal abscesses: A contemporary series. J Pediatr Urol. 2016;12(2):99.e1-99.e995. 
17.    Yamamichi F, Shigemura K, Kitagawa K, et al. Should We Change the Initial Treatment of Renal or Retroperitoneal Abscess in High Risk Patients ?. Urol Int. 2017;98(2):222-227.
18.    Deswal A, Petersen NJ, Feldman AM, et al. Cytokines and cytokine receptors in advanced heart failure: an analysis of the cytokine database from the Vesnarinone trial (VEST). Circulation. 2001;103(16):2055-2059. 
19.    Chiari MM, Bagnoli R, De Luca PD, et al. Influence of acute inflammation on iron and nutritional status indexes in older inpatients. J Am Geriatr Soc. 1995;43(7):767-771.
20.    Rogiers P, Zhang H, Leeman M, et al. Erythropoietin response is blunted in critically ill patients. Intensive Care Med. 1997;23(2):159-162. 
21.    Pierce CN, Larson DF. Inflammatory cytokine inhibition of erythropoiesis in patients implanted with a mechanical circulatory assist device  [published correction appears in Perfusion. 2005 May;20(3):183].  Perfusion. 2005;20(2):83-90. 
22.  Kolls JK. Oxidative stress in sepsis: a redox redux. J Clin Invest. 2006;116(4):860-863.
23.   Ghaffari S. Oxidative stress in the regulation of normal and neoplastic hematopoiesis. Antioxid Redox Signal. 2008;10(11):1923-1940. 
24.	Ko MC, Liu CC, Liu CK, et al. Incidence of renal and perinephric abscess in diabetic patients: a population-based national study. Epidemiol Infect. 2011;139(2):229-235.
25.	Stapleton A. Urinary tract infections in patients with diabetes. Am J Med. 2002;113 Suppl 1A:80S-84S.
26.	Yen DH, Hu SC, Tsai J, et al. Renal abscess: early diagnosis and treatment. Am J Emerg Med. 1999;17(2):192-197.
27.	Wang YT, Lin KY, Chen MJ, et al. Renal abscess in children: a clinical retrospective study. Acta Paediatr Taiwan. 2003;44(4):197-201.









Figure 1: ROC curve of RDW and size of renal abscess
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