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Abstract

:

Our aim was to determine the predictive role of the preoperative neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) in vascular access malfunctioning in patients who had undergone their first native arterio-venous fistula (AVF) for hemodialysis. Methods: This was a single-center retrospective observational study. All patients who underwent the procedure of the creation of a first native AVF for hemodialysis from January 2019 to December 2020 were considered eligible to be part of this study. Reinterventions for AVF malfunctioning were registered and the population was subdivided into two groups with respect to AVF malfunctioning. ROC curves were obtained to find the appropriate cut-off values for the NLR and PLR. A multivariate analysis was used to identify the independent predictors for an AVF malfunction. Kaplan–Meier curves were used to evaluate the AVF patency rates. A total of 178 patients were enrolled in the study, of them 70% (n = 121) were male. The mean age was 67.5 ± 12 years. Reinterventions for AVF malfunctioning were performed on 102 patients (57.3%). An NLR > 4.21 and a PLR > 208.8 was selected as the cut-off for AVF malfunctioning. The study population was divided into two groups depending on the NLR and PLR values of the individual. For the NLR < 4.21 group, the AVF patency rates were 90.7%, 85.3%, and 84% at the 3-, 6-, and 12-month follow-up, respectively, and 77.5%, 65.8%, and 39.3% at 3, 6, and 12 months for the NLR > 4.21 group, respectively (p < 0.0001). For the PLR < 208.8 group, the patency rates were 85.6%, 76.7%, and 67.7% at the 3-, 6-, and 12-month follow-up. For the PLR > 208.28 group, the patency rates were 80.8%, 71.2%, and 50.7% for the 3-, 6-, and 12-month follow-up, respectively (p = 0.014). The multivariate analysis highlighted that diabetes mellitus, the neutrophil count, the lymphocyte count, and the NLR were independent risk factors for an AVF failure. In our experience, the NLR and PLR are useful markers for the stratification of vascular access failure in hemodialysis patients. The inexpensive nature and ready availability of the values of these biomarkers are two points of strength for everyday clinical practice.
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1. Introduction


The number of patients with end-stage chronic kidney disease is growing day by day and, consecutively, so is the need for hemodialysis. The Kidney Disease Outcomes Quality Initiative (K/DOQI) [1] and the European Society of Vascular and Endovascular Surgery Guidelines [2] recommend an autologous arterio-venous fistula (AVF) as the primary and preferred vascular access in performing hemodialysis thanks to a higher quality of life and fewer complications for patients in comparison with the alternatives available. Nevertheless, AVFs are prone to failure due to stenosis and thrombosis, leading to reinterventions, the creation of a new vascular access, or the positioning of dedicated catheters. Numerous elements concur with an AVF failure. Inflammation is one of them, determining the neointimal hyperplasia, stenosis, and procoagulative state [3]. Exploring the role of inflammatory markers such as the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) could reveal the subclinical systemic inflammatory status that could lead to a premature AVF failure. The NLR and PLR have already been linked to several cardiovascular pathologies [4,5,6] and surgical outcomes [7,8,9]. In this light, our aim was to determine the predictive role of the preoperative NLR and PLR in vascular access malfunctioning in patients who had undergone their first native AVF for hemodialysis.




2. Materials and Methods


All patients who underwent the procedure of the creation of a first native AVF for hemodialysis from January 2019 to December 2020 were considered eligible to be part of this study.



Every hospitalization was retrospectively analyzed in terms of the anamnestic features, medications, preoperative blood samples (white blood count, neutrophil and lymphocyte subpopulation, and platelets), and types of procedures performed.



In detail, the biochemical inflammatory markers were analyzed, calculating the NLR and PLR. The NLR and PLR were obtained by dividing the absolute neutrophil and platelet counts by the lymphocyte count. The SII was calculated using the following formula: (neutrophil count x platelet count)/lymphocyte count.



The inclusion criteria consisted of patients who underwent an autogenous radio-cephalic AVF and an autogenous brachiocephalic AVF creation and who had available preoperative complete blood samples that had been measured in the institutional laboratory. All patients had to begin hemodialysis at the moment of the AVF creation and did not experience central venous catheterization. The exclusion criteria consisted of patients who had any condition that could have affected the white blood cell count and differential counts such as an immediate past, a current history, or signs or symptoms of an infection; hematologic diseases; and recent (14 days or less) steroid intake. In addition, patients with AVFs opened with a synthetic graft were not included in the study.



Patients whose dialysis started later than 3 months after the AVF creation as well as those who were lost to follow-up during the first 3 months after surgery or had incomplete data were also excluded.



Follow-up evaluations were performed at 2 weeks after the AVF surgery and then every month for an additional 3–6 months to monitor the AVF success or failure as well as complications. The follow-up examinations were performed by experienced vascular surgeons using a duplex ultrasound. Malfunctions that occurred after AVF maturation were highlighted by the nephrologists during the hemodialysis sessions. In the case of complications, patients were referred for a surgical re-evaluation. If an AVF failed to function or any complications occurred, an additional intervention was performed.



The ethical committee was informed of the no-experimental design of the retrospective investigation and endorsed the study. An informed consent waiver was approved by the ethical committee due to the retrospective design of this study based on patient records. We performed the study in accordance with the Declaration of Helsinki.



2.1. Definitions and Outcomes


The primary access functional patency is related to the functionality of the access and its continuous use for successful hemodialysis during its indicated patency. An access is said to be “functional” when it is able to deliver a flow rate of 350 to 400 mL/min without access to recirculation to maintain a treatment time less than 4 h. Thus, primary patency was defined as the interval from the time of the access placement to the time of any intervention designed to maintain or re-establish patency, access a thrombosis, or the measurement of patency [10].



Reinterventions were defined as any surgical, endovascular, or hybrid manipulation of the access to maintain or re-establish its functionality.




2.2. Statistical Analysis


The categorical data were reported as numbers and percentages. The means (±standard deviation) were used to analyze the continuous variables. A Student’s t-test was used to compare the normally distributed variables. Mann–Whitney U tests were used to compare the non-normally distributed variables. The categorical variables were compared using a Fisher’s exact test. The statistical significance was considered to be a p-value of less than 0.05.



An analysis of the NLR and PLR for vascular access failure was conducted.



The NLR and PLR were studied by receiver operating characteristic (ROC) curves with vascular access failure. Optimal cut-offs were chosen based on the specificity and sensitivity.



Vascular access patency was estimated using the Kaplan–Meier method and the NLR and PLR cut-offs obtained by the ROC curves. The log-rank test was used to compare all life table curves performed in the study.



The datasets were analyzed using univariate methods with the aim of determining the risk factors correlated to the vascular access loss of patency.



A Cox proportional analysis was used to determine the independent predictors for vascular access failure; a probability of 0.10 was used to enter the variables into the Cox model in a forward-stepwise manner. A probability of 0.15 was used to remove the variables from the model. Independent predictor variables that contributed to the final multivariate model were considered to be significant risk factors for restenosis if they achieved a two-sided p < 0.05.



All statistical analyses were performed with GraphPad Prism 9.0 (GraphPad Software Inc., San Diego, CA, USA) and StatPlus Build 7.1.1 (AnalysisSoft Inc., Walnut, CA, USA).





3. Results


A total of 218 patients were initially enrolled in the study. Of them, 40 were excluded: 18 had an active oncological disease; 3 had assumed steroids; 5 had an acute cardiovascular event that had occurred in the previous month; 6 had an active infection; and the remaining 8 were excluded due to the lack of a preoperative blood sample (Figure 1).



A total of 178 patients were enrolled in the study, of them 70% (n = 121) were male. The mean age was 67.5 ± 12 years. A full list of the baseline preoperative characteristics is provided in Table 1.



The most common causes of end-stage renal disease were hypertension (45.5%), glomerulonephritis (23.6%), and diabetes mellitus (21.3%); in 9.6%, the cause was not defined.



In 67.4% (n = 115), a native distal AVF fistula was created whereas in 32.6% (n = 63), a proximal native AVF fistula was created.



Reinterventions were performed on 102 patients (57.3%). In 54 patients (30.3%), multiple reinterventions were registered. The causes of the first reinterventions were: AVF thrombosis in 46 cases (45.1%); AVF stenosis in 43 cases (42.2%); and central vein stenosis/occlusion in 13 cases (12.7%). In 70.6% (72/102), a surgical/endovascular AVF revision was performed; in the residual 30 cases (29.4%), a new AVF was created.



3.1. Inflammatory Marker Results


The baseline laboratory data are reported in Table 1.



The mean NLR was 6.32 ± 3.12 whereas the mean PLR was 238.92 ± 105.23. The mean values of both the NLR and PLR were statistically different between the groups of functioning and non-functioning AVFs: NLR 3.55 ± 1.62 vs. 8.27 ± 6.7 (p-value = 0.0001) and PLR 194 ± 89.7 vs. 266 ± 170 (p-value = 0.001), respectively. (Figure 2)



The single cut-offs for the NLR and PLR were calculated and ROC curves were obtained to analyze the effect of the NLR and PLR with vascular access malfunctioning.



The ROC curves identified the following values (Figure 2): an NLR > 4.21 was selected as the cut-off for AVF malfunctioning (sensitivity of 75% (95% CI 64.22–83.37%) and specificity of 69.66% (95% CI 62.55–75.94%)) with an area under the curve (AUC) of 0.7733 (95% CI 0.7128–0.8339; p < 0.0001); a PLR > 208.8 was selected as the cut-off for AVF malfunctioning (sensitivity of 61.84% (95% CI 50.6–71.94%) and specificity of 56.86% (95% CI 47.517–66.05%)) with an AUC of 0.6131 (95% CI 0.5308–0.6954; p = 0.009). (Figure 3).



The study population was divided into two groups, depending on the NLR and PLR values of the individual. Kaplan–Meier survival curves for AVF patency were obtained. (Figure 4)



For the NLR < 4.21 group, the patency rates were 98.6%, 90.7%, 85.3%, and 84% at the 1-, 3-, 6-, and 12-month follow-up, respectively. For a longer follow-up, the patency rate was 73.9% at 24 and 36 months. For the NLR > 4.21 group, the patency rates were 94.2%, 77.5%, 65.8%, and 39.3% at the 1-, 3-, 6-, and 12-month follow-up, respectively. The patency rates were 24.4% and 11.2% at the 24- and 36-month follow-up, respectively. The log-rank test revealed that the two curves were significantly statistically different (p < 0.0001).



The same analysis was repeated for the PLR.



For the PLR < 208.8 group, the patency rates were 94.5%, 85.6%, 76.7%, and 67.7% at the 1-, 3-, 6-, and 12-month follow-up, respectively. For a longer follow-up, the patency rates were 53.3% and 48.5% at 24 and 36 months, respectively.



For the PLR > 208.28 group, the patency rates were 96.4%, 80.8%, 71.2%, and 50.7% at the 1-, 3-, 6-, and 12-month follow-up, respectively. The patency rates were 38.5% and 25.5% at the 24- and 36-month follow-up, respectively. The log-rank test revealed that the two curves were significantly statistically different (p = 0.014).




3.2. Multivariate Analysis


The variables identified as significant from the univariate analyses were entered into the Cox regression analysis (Table 2).



Diabetes mellitus (hazard ratio 1.41 (1.04–2.15)), the neutrophil count (hazard ratio 1.93 (1.34–2.81)), the lymphocyte count (hazard ratio 1.59 (1.34–2.17)), and the NLR (hazard ratio 2.53 (1.89–3.11)) were independent risk factors for an AVF failure.





4. Discussion


In this study, we have shown that inflammatory markers such as the NLR and PLR can be informative and helpful tools in relation to AVF malfunctioning.



We have demonstrated that a higher preoperative NLR and PLR are associated with reduced AVF patency. Although the NLR was found to be an independent risk factor for an AVF failure, the PLR was not.



End-stage chronic kidney disease is increasing in terms of incidence and prevalence worldwide. The creation and maintenance of a reliable vascular access for hemodialysis is essential, and an autologous AVF is recommended as the first-line choice. Unfortunately, AVFs are prone to several complications due to the continuous traumatism related to the punctures of the hemodialysis needle as well as to the hemodialysis sessions themselves. AVF stenosis and thrombosis are the most important causes of failure, leading to reinterventions, the creation of a new AVF, or central vein catheter positioning.



The real mechanism of these events is not clearly defined, but inflammation is advocated as one of the most important and influential factors that can lead to vascular access malfunctioning.



From this perspective, inflammation has recently been linked to neointimal hyperplasia, which is one of the most common causes for AVF stenosis and thrombosis.



In several chronic debilitating disorders, such as chronic kidney disease, inflammation becomes maladaptive, uncontrolled, and persistent. Systemic persistent inflammation has, for almost 20 years, been recognized as a major contributor to the uremic phenotype and a predictor of cardiovascular and total mortality. Moreover, inflammation is likely to be the consequence of a multifactorial etiology and interacts with several factors that emerge when uremic toxins accumulate [11,12].



The identification of reliable markers for the systemic inflammation status could be useful in stratifying the risk of an AVF failure or malfunction. Several markers have been studied in order to understand what type of patients are more prone to develop AVF stenosis and subsequent failures.



Most of these markers are expensive and are not usually used in daily clinical practice. Specifically, interleukin-6, interleukin-1L-β, and C-reactive protein have been studied in a few exploratory experiences with data that confirm a potential link between inflammation and the vascular access patency [13,14,15,16]. In this light, the validation of inexpensive and readily available biomarkers could enlighten interesting clinical scenarios. The NLR is becoming an important tool for clinical practice as a surrogate of the systemic inflammation index. It has already been linked with several clinical scenarios such as cardiovascular [17,18,19], oncological [20,21], and many other medical and surgical fields [22,23].



In the literature, there are a few preliminary experiences in which the NLR has been related to vascular access maturation and complications, sometimes with conflicting results.



Bashar et al., proposed that patients with a higher level of NLR were more likely to have a matured AVF than patients with a lower NLR level [24]; however, a more recent experience revealed that a preoperative and postoperative NLR value > 2.5 and 2.7, respectively, were associated with an AVF failure [25]. The latter results were confirmed by another recent experience in which the NLR was advocated as a reliable biomarker for vascular access complications. The NLR and red blood cell distribution width were found to be strong independent predictors of an AVF failure; in detail, an NLR value > 2.65 had a specificity of 80% and a sensitivity of 98% in predicting vascular access failures in a cohort of 150 patients [26]. An NLR > 2.7 was also associated with late AVF stenosis [27]. In addition, Çildağ et al., found that the NLR could influence the primary patency rate of an AVF after a balloon angioplasty in the treatment of restenosis, especially when using conventional ballooning [28]. These emerging data are in line with our results, even if we found a higher optimal cut-off value for the NLR than the previous experiences. At one year after the creation of a native AVF, patients with a higher level of inflammation (NLR > 4.21) have more than a three-fold risk of having a malfunctioning vascular access. In the nephrological setting, the PLR has also been explored in various medical fields as an additional inflammatory marker. In a recent experience, the PLR emerged as a factor associated with a high risk of mortality in both peritoneal and hemodialysis patients [29,30].



Very few experiences have investigated the influence of the PLR on vascular access maturation and AVF longevity. In this light, high levels of the PLR may be a supportive finding of AVF stenosis and thrombosis, and may be taken into consideration during the follow-up of hemodialysis-dependent patients [31].



The scientific interest in valid inflammatory biomarkers in predicting the probability of vascular access failure is growing, especially because, in hemodialysis patients, the functionality of an AVF is essential. It is not easy to translate this scientific experience into daily clinical practice in favor of the perspective of the patient. High-AVF-failure-risk patients could be included in a stricter program and follow-up protocol in which the health of the vascular access is monitored with greater attention. Patients could be educated and checked in order to reduce the factors that could increase the level of systemic inflammation such as smoking and alcohol consumption. The punctures of the AVF could be ultrasound-guided in order to reduce unintentional and additional AVF traumas. Finally, the NLR and PLR could be included in a more comprehensive assessment score to increase their potential in predicting an AVF failure or complications, anticipating pre-emptive actions.



Limitations


Our study has a few limitations. First, the retrospective and observational nature of the study that could preclude the opportunity to derive direct cause-and-effect risk associations; second, the limited numerosity of the study population; third, the impossibility to take into account other inflammatory markers (such as C-reactive protein) that are not usually evaluated before the execution of this type of surgical procedure; and lastly, the predictors in this analysis were assessed only in a single time-point.





5. Conclusions


In our experience, the NLR and PLR are useful markers for the stratification of vascular access failure in hemodialysis patients. The inexpensive nature and ready availability of these biomarker values are two points of strengths for their use in everyday clinical practice. Further studies are needed to validate these findings and to define the most accurate cut-offs for the risk stratification for patients and for the definition of customizing surveillance protocols.







Author Contributions


Conceptualization, E.P. and G.d.D.; methodology, E.P. and G.d.D.; formal analysis, E.P.; investigation, E.P., E.L. and C.M.; data curation, E.P., E.L. and C.M.; writing—original draft preparation, E.P.; writing—review and editing, E.P., G.G. and M.G.; supervision, G.P., G.G. and M.G. 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 ethical committee was informed of the no-experimental design of the retrospective investigation and endorsed the study. Informed consent waiver was approved by the ethical committee due to its retrospective design based on patient records. We performed the study in accordance with the Declaration of Helsinki.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




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 issue.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Lok, C.E.; Huber, T.S.; Lee, T.; Shenoy, S.; Yevzlin, A.S.; Abreo, K.; Allon, M.; Asif, A.; Astor, B.C.; Glickman, M.H.; et al. KDOQI Clinical Practice Guideline for Vascular Access: 2019 Update. Am. J. Kidney Dis. 2020, 75, S1–S164. [Google Scholar] [CrossRef] [PubMed]

	



Schmidli, J.; Widmer, M.K.; Basile, C.; de Donato, G.; Gallieni, M.; Gibbons, C.P.; Haage, P.; Hamilton, G.; Hedin, U.; Kamper, L.; et al. Editor’s Choice—Vascular Access: 2018 Clinical Practice Guidelines of the European Society for Vascular Surgery (ESVS). Eur. J. Vasc. Endovasc. Surg. 2018, 55, 757–818. [Google Scholar] [CrossRef] [PubMed]

	



Costa, E.; Rocha, S.; Rocha-Pereira, P.; Castro, E.; Reis, F.; Teixeira, F.; Miranda, V.; Faria, M.D.S.; Loureiro, A.; Quintanilha, A.; et al. Cross-talk between inflammation, coagulation/fibrinolysis and vascular access in hemodialysis patients. J. Vasc. Access 2008, 9, 248–253. [Google Scholar] [CrossRef] [PubMed]

	



Delcea, C.; Buzea, C.A.; Dan, G.A. The neutrophil to lymphocyte ratio in heart failure: A comprehensive review. Rom. J. Intern. Med. 2019, 57, 296–314. [Google Scholar] [CrossRef]

	



Li, X.; Li, J.; Wu, G. Relationship of Neutrophil-to-Lymphocyte Ratio with Carotid Plaque Vulnerability and Occurrence of Vulnerable Carotid Plaque in Patients with Acute Ischemic Stroke. BioMed Res. Int. 2021, 2021, 6637584. [Google Scholar] [CrossRef]

	



Quan, X.-Q.; Ji, H.-Y.; Jiang, J.; Huang, J.-B.; Zhang, C.-T. Prognostic Utility of the Combination of Platelet Count with Neutrophil-to-Lymphocyte Ratio in Aged Patients with Acute Myocardial Infarction Undergoing Percutaneous Coronary Intervention. Emerg. Med. Int. 2021, 2021, 4023472. [Google Scholar] [CrossRef]

	



Mazaki, J.; Katsumata, K.; Kasahara, K.; Tago, T.; Wada, T.; Kuwabara, H.; Enomoto, M.; Ishizaki, T.; Nagakawa, Y.; Tsuchida, A. Neutrophil-to-lymphocyte ratio is a prognostic factor for colon cancer: A propensity score analysis. BMC Cancer 2020, 20, 922. [Google Scholar] [CrossRef]

	



Choi, D.-H.; Kobayashi, Y.; Nishi, T.; Luikart, H.; Dimbil, S.; Kobashigawa, J.; Khush, K.; Fearon, W.F. Change in lymphocyte to neutrophil ratio predicts acute rejection after heart transplantation. Int. J. Cardiol. 2017, 251, 58–64. [Google Scholar] [CrossRef]

	



Wang, Z.; Wang, H.; Yang, L.; Jiang, W.; Chen, X.; Liu, Y. High platelet-to-lymphocyte ratio predicts poor survival of elderly patients with hip fracture. Int. Orthop. 2020, 45, 13–21. [Google Scholar] [CrossRef]

	



Sidawy, A.N.; Gray, R.; Besarab, A.; Henry, M.; Ascher, E.; Silva, M., Jr.; Miller, A.; Scher, L.; Trerotola, S.; Gregory, R.T.; et al. Recommended standards for reports dealing with arteriovenous hemodialysis accesses. J. Vasc. Surg. 2002, 35, 603–610. [Google Scholar] [CrossRef]

	



Cobo, G.; Lindholm, B.; Stenvinkel, P. Chronic inflammation in end-stage renal disease and dialysis. Nephrol. Dial. Transplant. 2018, 33 (Suppl. S3), iii35–iii40. [Google Scholar] [CrossRef] [PubMed]

	



Stenvinkel, P.; Alvestrand, A. Inflammation in end-stage renal disease: Sources, consequences, and therapy. Semin Dial. 2002, 15, 329–337. [Google Scholar] [CrossRef] [PubMed]

	



Kaysen, G.A.; Eiserich, J.P. Renal Research Institute Sympositum: Characteristics and Effects of Inflammation in End-Stage Renal Disease. Semin. Dial. 2003, 16, 438–446. [Google Scholar] [CrossRef]

	



Marrone, D.; Pertosa, G.; Simone, S.; Loverre, A.; Capobianco, C.; Cifarelli, M.; Memoli, B.; Schena, F.P.; Grandaliano, G. Local Activation of Interleukin 6 Signaling Is Associated with Arteriovenous Fistula Stenosis in Hemodialysis Patients. Am. J. Kidney Dis. 2007, 49, 664–673. [Google Scholar] [CrossRef] [PubMed]

	



You, L.L.; Wu, Y.; Zheng, Y.; Liu, J.; Xue, J. Elevated Serum Interleukin-18 Level is Correlated with Vascular Access Dysfunction in Patients on Maintenance Haemodialysis. Ann. Acad. Med. Singap. 2020, 49, 119–126. [Google Scholar] [CrossRef] [PubMed]

	



Dukkipati, R.; Molnar, M.Z.; Park, J.; Jing, J.; Kovesdy, C.P.; Kajani, R.; Kalantar-Zadeh, K. Association of Vascular Access Type with Inflammatory Marker Levels in Maintenance Hemodialysis Patients. Semin. Dial. 2013, 27, 415–423. [Google Scholar] [CrossRef]

	



Pasqui, E.; de Donato, G.; Giannace, G.; Panzano, C.; Alba, G.; Cappelli, A.; Setacci, C.; Palasciano, G. The relation between neutrophil/lymphocyte and platelet/lymphocyte ratios with mortality and limb amputation after acute limb ischaemia. Vascular 2021, 30, 267–275. [Google Scholar] [CrossRef]

	



Liu, J.; Ao, W.; Zhou, J.; Luo, P.; Wang, Q.; Xiang, D. The correlation between PLR-NLR and prognosis in acute myocardial infarction. Am. J. Transl. Res. 2021, 13, 4892–4899. [Google Scholar]

	



Gong, P.; Liu, Y.; Gong, Y.; Chen, G.; Zhang, X.; Wang, S.; Zhou, F.; Duan, R.; Chen, W.; Huang, T.; et al. The association of neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, and lymphocyte to monocyte ratio with post-thrombolysis early neurological outcomes in patients with acute ischemic stroke. J. Neuroinflamm. 2021, 18, 51. [Google Scholar] [CrossRef]

	



Templeton, A.J.; Mcnamara, M.G.; Šeruga, B.; Vera-Badillo, F.E.; Aneja, P.; Ocaña, A.; Leibowitz-Amit, R.; Sonpavde, G.; Knox, J.J.; Tran, B.; et al. Prognostic Role of Neutrophil-to-Lymphocyte Ratio in Solid Tumors: A Systematic Review and Meta-Analysis. J. Natl. Cancer Inst. 2014, 106, dju124. [Google Scholar] [CrossRef]

	



Hirahara, T.; Arigami, T.; Yanagita, S.; Matsushita, D.; Uchikado, Y.; Kita, Y.; Mori, S.; Sasaki, K.; Omoto, I.; Kurahara, H.; et al. Combined neutrophil-lymphocyte ratio and platelet-lymphocyte ratio predicts chemotherapy response and prognosis in patients with advanced gastric cancer. BMC Cancer 2019, 19, 672. [Google Scholar] [CrossRef]

	



Wu, X.; Luo, Q.; Su, Z.; Li, Y.; Wang, H.; Liu, Q.; Yuan, S.; Yan, F. Neutrophil-to-lymphocyte ratio as a predictor of mortality in intensive care unit patients: A retrospective analysis of the Medical Information Mart for Intensive Care III Database. BMJ Open 2021, 11, e053548. [Google Scholar] [CrossRef] [PubMed]

	



Seo, C.L.; Park, J.Y.; Park, J.; Kim, H.E.; Cho, J.; Seok, J.-H.; Kim, J.-J.; Shin, C.S.; Oh, J. Neutrophil-Lymphocyte Ratio as a Potential Biomarker for Delirium in the Intensive Care Unit. Front. Psychiatry 2021, 12, 729421. [Google Scholar] [CrossRef] [PubMed]

	



Bashar, K.; Zafar, A.; Ahmed, K.; Kheirelseid, E.A.; Healy, D.; Clarke-Moloney, M.; Burke, P.E.; Kavanagh, E.G.; Walsh, S.R. Can a Neutrophil-Lymphocyte Ratio Derived from Preoperative Blood Tests Predict Arteriovenous Fistula Maturation? Ann. Vasc. Surg. 2016, 35, 60–67. [Google Scholar] [CrossRef]

	



Wongmahisorn, Y. Role of neutrophil-to-lymphocyte ratio as a prognostic indicator for hemodialysis arteriovenous fistula failure. J. Vasc. Access 2019, 20, 608–614. [Google Scholar] [CrossRef] [PubMed]

	



Usman, R.; Jamil, M.; Naveed, M. High Preoperative Neutrophil-Lymphocyte Ratio (NLR) and Red Blood Cell Distribution Width (RDW) as Independent Predictors of Native Arteriovenous Fistula Failure. Ann. Vasc. Dis. 2017, 10, 205–210. [Google Scholar] [CrossRef] [PubMed]

	



Yilmaz, H.; Bozkurt, A.; Cakmak, M.; Celik, H.T.; Bilgiç, M.A.; Bavbek, N.; Akcay, A.; Yılmaz, H. Relationship between late arteriovenous fistula (AVF) stenosis and neutrophil–lymphocyte ratio (NLR) in chronic hemodialysis patients. Ren. Fail. 2014, 36, 1390–1394. [Google Scholar] [CrossRef]

	



Ildağ, M.B.; Çildağ, S.; Köseoğlu, Ö.F. The Relationship Between Neutrophil-Lymphocyte Ratio and Primary Patency of Percutaneous Transluminal Angioplasty in Hemodialysis Arteriovenous Fistula Stenosis When Using Conventional and Drug-Eluting Balloons. Cardiovasc. Interv. Radiol. 2016, 39, 1702–1707. [Google Scholar] [CrossRef]

	



Liu, S.; Yang, M.; Zhao, Q.; Zhang, L.; Chen, Q.; Wang, Y. Platelet-to-Lymphocyte Ratio is Associated with the Mortality in Peritoneal Dialysis Patients. Iran. J. Kidney Dis. 2021, 15, 206–212. [Google Scholar]

	



Zhang, J.; Lu, X.; Wang, S.; Li, H. High Neutrophil-to-Lymphocyte Ratio and Platelet-to-Lymphocyte Ratio Are Associated with Poor Survival in Patients with Hemodialysis. BioMed Res. Int. 2021, 2021, 9958081. [Google Scholar] [CrossRef]

	



Sarioglu, O.; Capar, A.E.; Belet, U. Relationship of arteriovenous fistula stenosis and thrombosis with the platelet–lymphocyte ratio in hemodialysis patients. J. Vasc. Access 2019, 21, 630–635. [Google Scholar] [CrossRef] [PubMed]








[image: Biomedicines 10 02218 g001 550] 





Figure 1. Flow diagram of study population enrollment. 
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Figure 2. Biochemical marker differences between AVF functioning and AVF malfunctioning groups. (A) Neutrophil-to-Lymphocyte Ratio mean value and Standard deviation between Functional and Non-Functional Arterovenous fistula; (B) Platelet-to-Lymphocyte Ratio mean value and standard deviation between Functional and Non-Functional Arterovenous fistula. Asterisks indicated the highly significant differences between values. 
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Figure 3. Receiver operator characteristic (ROC) curves. Red curve: NLR for arterio-venous failure; blue curve: PLR for arterio-venous failure. 
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Figure 4. Kaplan–Meier curves representing: (A) arterio-venous fistula patency based on NLR cut-off value; (B) arterio-venous fistula patency based on PLR cut-off value. Color-filled areas represent the standard error. 
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Table 1. Baseline characteristics of the population study.
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	Variables
	Total Population
	Functional AVF Group (n = 76)
	Non-Functional AVF Group (n = 102)
	p-Value





	
	(n = 178)
	
	
	



	Age (Mean ± SD)
	67.5 ± 12
	68.5 ± 13.2
	66.1 ± 12.5
	0.2



	Male (n, %)
	120 (67.4%)
	52 (68.4%)
	68 (66.7%)
	0.8



	Diabetes Mellitus (n, %)
	36 (20.2%)
	10 (13.2%)
	26 (25.5%)
	0.05



	Hypertension (n, %)
	150 (84.3%)
	67 (88.2%)
	83 (81.4%)
	0.3



	Coronary Artery Disease (n, %)
	63 (35.4%)
	21 (27.6%)
	41 (40.2%)
	0.1



	Atrial Fibrillation
	
	
	
	



	Peripheral Artery Disease (n, %)
	16 (9%)
	8 (10.5%)
	8 (7.8%)
	0.6



	COPD
	13 (7.3%)
	5 (6.6%)
	8 (7.8%)
	0.9



	History of Smoking
	26 (14.6%)
	8 (10.5%)
	18 (17.6%)
	0.2



	Cerebrovascular Disease (n, %)
	13 (7.3%)
	4 (5.2%)
	9 (8.8%)
	0.4



	Dyslipidemia (n, %)
	89 (50%)
	34 (44.7%)
	55 (53.4%)
	0.3



	Type of AFV Configuration (n, %)
	
	
	
	



	Distal
	120 (67.4%)
	52 (68.4%)
	68 (66.7%)
	0.8



	Proximal
	58 (32.6%)
	24 (31.6%)
	34 (33.3%)
	0.8



	Type of Puncture For Hemodialysis
	
	
	
	



	Single Needle
	15 (8.4%)
	7 (9.2%)
	8 (7.8%)
	0.8



	Double Needle
	163 (91.6%)
	69 (90.8%)
	94 (92.2%)
	0.8



	Medications
	
	
	
	



	Single Antiplatelet Therapy
	102 (57.3%)
	41 (53.9%)
	61 (59.8%)
	0.4



	Dual Antiplatelet Therapy
	23 (12.9%)
	10 (13.2%)
	13 (12.7%)
	0.9



	Anticoagulants
	15 (8.4%)
	6 (7.9%)
	9 (8.8%)
	0.9



	Statins
	75 (42.1%)
	28 (36.8%)
	47 (46%)
	0.2



	Laboratory Preoperative Variables (Mean ± SD)
	
	
	
	



	Neutrophil (1000/mL)
	5.8 ± 3.11
	4.39 ± 2.16
	6.85 ± 3.30
	0.0001



	Lymphocyte (1000/mL)
	1.18 ± 0.51
	1.33 ± 0.52
	1.06 ± 0.47
	0.0004



	Platelet (1000/mL)
	229 ± 79.4
	236 ± 82.1
	225 ± 77.5
	0.36



	NLR
	6.32 ± 4.2
	3.55 ± 1.62
	8.27 ± 6.7
	0.0001



	PLR
	239 ± 160
	194 ± 89.7
	266 ± 170
	0.001



	Creatinine (mg/dL)
	7.6 ± 2.1
	7.2 ± 1.8
	7.8 ± 2.4
	0.07



	Urea (mg/dL)
	256 ± 56
	248 ± 42
	259 ± 32
	0.03







Bold p-values indicate a statistical significance. COPD: chronic obstructive pulmonary disease; AVF: arterio-venous fistula; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.
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Table 2. Stepwise analysis for the predictors of AVF malfunctioning.
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Variables for AFV Malfunctioning

	
Hazard Ratio

	
CI 95%

	
p-Value






	
Age

	
0.97

	
(0.87–1.23)

	
0.51




	
Male

	
0.87

	
(0.78–1.45)

	
0.63




	
Diabetes Mellitus

	
1.19

	
(0.97–1.34)

	
0.09




	
Hypertension

	
0.9

	
(0.81–1.32)

	
0.45




	
Coronary Artery Disease

	
1.2

	
(0.98–1.45)

	
0.67




	
Atrial Fibrillation

	

	

	




	
COPD

	
0.94

	
(0.76–1.29)

	
0.75




	
History of Smoking

	
1.13

	
(0.94–1.76

	
0.34




	
Peripheral Artery Disease

	
1.13

	
(0.67–1.23)

	
0.73




	
Cerebrovascular Disease

	
0.89

	
(0.76–1.34)

	
0.63




	
Dyslipidemia

	
0.9

	
(0.87–1.23)

	
0.59




	
Distal AFV Configuration

	
0.85

	
(0.72–1.17)

	
0.61




	
Single Needle Puncture For Hemodialysis

	
0.76

	
(0.71–1.21)

	
0.65




	
Medications

	

	

	




	
Single Antiplatelet Therapy

	
0.81

	
(0.65–1.31)

	
0.71




	
Dual Antiplatelet Therapy

	
1.03

	
(0.78–1.25)

	
0.45




	
Anticoagulants

	
0.92

	
(0.76–1.31)

	
0.67




	
Statins

	
0.78

	
(0.56–1.21)

	
0.54




	
Laboratory Preoperative Variables

	

	

	




	
Neutrophil (1000/mL)

	
2.12

	
(1.45–2.56)

	
0.01




	
Lymphocyte (1000/mL)

	
1.84

	
(1.32–2.23)

	
0.04




	
Platelet (1000/mL)

	
1.61

	
(1.18–2.72)

	
0.08




	
NLR

	
2.53

	
(1.85–2.96)

	
0.02




	
PLR

	
2.37

	
(1.64–2.76)

	
0.04




	
Creatinine (mg/dL)

	
1.21

	
(1.02–1.45)

	
0.05




	
Urea (mg/dL)

	
0.98

	
(0.74–1.45)

	
0.43




	
Stepwise (Multivariate) Analysis




	
Diabetes Mellitus

	
1.41

	
(1.04–2.15)

	
0.04




	
History of Smoking

	

	

	




	
Neutrophil (1000/mL)

	
1.93

	
(1.34–2.81)

	
0.04




	
Lymphocyte (1000/mL)

	
1.59

	
(1.34–2.17)

	
0.05




	
Platelet (1000/mL)

	
1.78

	
(1.26–2.76)

	
0.07




	
NLR

	
2.53

	
(1.89–3.11)

	
0.01




	
PLR

	
1.48

	
(0.98–2.36)

	
0.06




	
Creatinine

	
1.21

	
(0.87–1.45)

	
0.63








Bold p-values indicate a statistical significance. AVF: arterio-venous fistula; COPD: chronic obstructive pulmonary disease; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.
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