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Abstract

:

Background/Objectives: The cost resulting from peritoneal dialysis (PD), conventional hemodialysis (HD) and online hemodiafiltration (OL-HDF) in pediatric patients with end-stage renal disease (ESRD) has not been estimated to date in Greece. The present single-center retrospective study aimed to estimate the mean annual cost of the above methods, as well as the individual components of this cost. Methods: Twenty pediatric patients undergoing the three different methods of renal replacement therapy were included in this study. Their mean total annual cost was estimated by the method of micro-costing and the bottom-up approach. Results: The mean total annual cost for PD patients (n = 7) was estimated at EUR 56,676.04; for conventional HD patients (n = 9), it was EUR 39,786.86; and for OL-HDF patients (n = 4), it was EUR 43,894.73. The PD method was found to be more expensive than the other two methods (p < 0.001 vs. conventional HD and p = 0.024 vs. OL-HDF). PD consumables used for daily application had the greatest contribution to the total annual cost. The total mean annual cost in the groups of patients undergoing HD and OL-HDF did not differ significantly (p = 0.175). The total operating cost of the renal dialysis unit had the greatest contribution to the total mean annual costs of both the conventional HD and OL-HDF techniques. Conclusions: This cost analysis provides useful information to healthcare policymakers who make decisions about the treatment of children with ESRD.
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1. Introduction


Chronic kidney disease (CKD) is characterized by irreversible functional or structural damage to the kidneys that can lead to chronic end-stage renal disease (ESRD). Although CKD in the pediatric population, compared to adults, is not considered common, its progressive development into ESRD has been associated with reduced somatometric and psychosocial development, poor quality of life, increased mortality and cardiovascular morbidity [1].



Advances in medical devices and the biocompatibility of materials have helped to make dialysis methods easier, safer and more effective, but at a higher cost. Among the dialysis methods, peritoneal dialysis (PD) is a method that has been widely established in the pediatric population, especially in infants and young children, until transplantation is performed [2]. The benefits and advantages of this method are numerous, such as avoiding vascular access and its consequent risks and the lower rate of decline in residual renal function. Despite the increased burden of responsibility on the family and the appropriate education that they must follow in terms of avoiding infections, it is still a home-based treatment that allows children to participate in school and other daily activities [3]. Meanwhile, a smaller number of children around the world undergo the hemodialysis (HD) method. Many of these children switch from the PD method due to peritoneal membrane impairment from recurrent peritonitis, or they are children who, due to intra-abdominal pathologies or social difficulties, are unsuitable for the PD method [4]. Finally, the online hemodiafiltration (OL-HDF) method is a modern HD technique that may have a higher cost but is more effective in clearing higher-molecular-weight substances [4]. Moreover, this method seems to be positively associated with better growth and a lower risk of cardiovascular disease [5]. As a result, it is increasingly used in children, even at younger ages [4,5].



The burden of ESRD on the economy is significant as its prevalence in recent decades has shown a dramatic increase in both adults and children [1,6], thus making its treatment a threat to healthcare resources [7]. Already, in several countries, including Greece, these treatments consume about 2% of the total health expenditure [8,9]. In developing countries, and especially in those where the allocation of health resources to related treatments is inadequate or prohibitive, there is an increase in child mortality from CKD. As a result, the real impact of ESRD on the pediatric population is more severe than what is described by epidemiological data [1].



There are many differences between countries’ health systems in terms of reimbursement for renal replacement therapies. Despite the differences, the common purpose is quality, efficacy and equity in healthcare and resource saving [8,10,11]. To serve this purpose, and under the pressure of constraints with each country’s healthcare budgets, economic evaluations should be conducted to examine all of the cost factors that are involved in ESRD. The cost analysis of the disease helps the relevant stakeholders to formulate healthcare policies, to set priorities and also to properly allocate already finite resources to treatment options [12].



The present study is a single-center retrospective cost analysis study of ESRD in pediatric patients following the three methods of dialysis (PD, conventional HD and OL-HDF) in the Nephrology Department of the General Children’s Hospital “P. & A. Kyriakou” in Athens, Greece. This renal dialysis unit (RDU) is the largest pediatric unit in the country and the only one operating within a pediatric hospital. This study assesses the mean total annual cost of the three methods of dialysis undergone by children in Greece and identifies the factors that contribute to its increase. Estimating the direct and overhead costs, assessing the economic burden, highlighting long-term sustainability issues and identifying inefficiencies and areas for improvement are the purposes of the present study.




2. Materials and Methods


2.1. Patients


This study includes data from 20 pediatric patients who were followed up with at the Nephrology Department of the General Children’s Hospital “P. & A. Kyriakou” in Athens, Greece, and specifically in the RDU, in the year 2019 (from 1 January 2019 to 31 December 2019). Seven of the 20 patients were treated with PD (automated PD (APD), with 5 of them sometimes also undergoing the technique of continuous ambulatory PD (CAPD)), while 9 were treated with conventional HD and 4 with OL-HDF.




2.2. Patient Case Study Form


Three case report forms (CRFs) were created for the purposes of this study, with one for each dialysis method: CRF-A, CRF-B and CRF-C for the PD method, the conventional HD and the OL-HDF, respectively. In order to register data from medical and nursing records, a form was used for each patient undergoing the respective method.



The three case study forms contained eight common sections of questions to collect the following data: registration data (nephrology clinic unit, date of registration, patient and form number); individual patient characteristics (age, date of birth, gender, nationality and insurance provider); individual medical history (cause of CKD and year of diagnosis); data on the initiation of dialysis (first-choice method and date of initiation of dialysis, age of initiation of the method undergone by the patient during the study and the type of surgical preparation/vascular access involved); data collected during the patient’s regular hospital visits (number of HD and OL-HDF visits or sessions per month and somatometric characteristics); the number and type of laboratory tests performed and directly related to the dialysis treatment; medicines and sanitary consumables directly related to the treatment; food for special medical purposes to support the children’s nutrition and development.




2.3. Methodology for Determination of Cost


In this cost analysis, the total annual cost for each method of dialysis was calculated. To fully assess and accurately calculate the resources expended, the micro-costing method with a bottom-up approach was used. Micro-costing is a cost estimation methodology employing detailed resource utilization and unit cost data to generate precise estimates of economic costs [13]. The total annual cost is divided into direct medical costs and overhead costs. The direct medical costs are those incurred by the hospital and the insurer, while the overheads are those incurred by the hospital alone.




2.4. Calculation of Mean Total Annual Cost of Each Method


The mean total annual cost of the chosen method for each patient included the cost of laboratory tests, medicines (both prescription and hospital drugs), sanitary consumables, food for special medical purposes, allowances (welfare, transport, food), the maintenance of equipment, human resources (salaries of physicians, nurses and ward assistants) and utility costs. In particular, to calculate the cost of laboratory tests, medicines, consumables and food for special medical purposes, the total annual number thereof was multiplied by their unit price. The annual maintenance cost of the equipment included sodium carbonate and citric acid cartridges for cleaning, sterilization and decalcification and microbial ultrafiltration membranes for the conventional HD equipment and thermal disinfection and dialysis solutions, filtration membranes for the purification of transfusion products and citrate solutions for the OL-HDF equipment. The maintenance costs also included the cost of a water treatment system and the costs of spare parts and emergency repairs according to the guidelines provided by the hospital’s Department of Biomedical Technology.



The calculation of staff salaries was based on the 2019 salary scale. The prices of the medicines used were obtained from the official price bulletin of drugs for human use for the year 2019. The prices and consumption of hospital drugs were provided by the hospital pharmacy. The prices of laboratory tests were derived from the listed prices of the corresponding prescriptions based on the related Government Gazette Folio (state tariff). The prices of PD consumables were obtained from the Price Observatory of the Greek Health Procurement Committee, whereas the prices of HD and OL-HDF consumables were provided by the hospital’s supply depot. By summing the total annual costs of all of the above, the total annual cost of each method of dialysis was obtained and then allocated to the patients.




2.5. Calculation of Total Annual Hospital Cost


Hospital costs include the cost of medicines billed to the RDU and administered to children orally or intravenously during the HD and OL-HDF sessions (antithrombotic drugs, vitamins, iron and sera) and the cost of the sanitary consumables used, as well as the cost of maintaining the RDU (maintenance of equipment, staff salaries and utilities).




2.6. Calculation of Total Annual Cost of Insurance Provider


The cost of the insurance provider included the costs of laboratory tests, prescription drugs, sanitary consumables (peritoneal solutions, filters and solutions of HD and OL-HDF, etc.), allowances and food for special medical purposes.




2.7. Statistical Analyses


The demographic and dialysis-related variables of the sample were summarized using descriptive statistics. Categorical data (gender, causes of ESRD, method of dialysis, etc.) are presented as percentages. Cost data are expressed as the mean cost with the standard deviation. An analysis of variance (ANOVA) was performed to compare the overall mean annual costs for each method. All analyses were performed with IBM SPSS Statistics v.24.





3. Results


3.1. Key Patient Characteristics


Twenty pediatric patients were enrolled in the study, of whom seven (35%) underwent PD, nine (45%) underwent conventional HD and four (20%) underwent OL-HDF. The basic social and demographic characteristics of these patients are summarized in Table 1.



The causes of patients’ ESRD were glomerulopathies in nine patients (45%) and congenital kidney and urinary tract anomalies in eight patients (40%). Other causes were glomerulonephritis (one patient), bilateral renal vein thrombosis (one patient) and a neurogenic cyst with reflux nephropathy (one patient). PD was the first method followed at the start of dialysis in 14 (70%) children. In 89% (eight of nine) of patients undergoing HD and 50% (two of four) undergoing OL-HDF, a central venous catheter (CVC) had been inserted, while the rest (one patient in HD and two patients in OL-HDF) had a fistula.




3.2. Total Mean Annual Cost


The mean value for the total annual cost of treatment for PD was found to be EUR 56,676.04; that for HD was EUR 39,786.86; and that for OL-HDF was EUR 43,894.73 (Table 2).



Based on the ANOVA results, the total mean annual cost between PD, HD and OL-HDF differed significantly (p < 0.001). The multiple comparison tests performed led to the conclusion that the total mean annual cost in the groups of patients undergoing HD and OL-HDF did not differ significantly (p = 0.175), while the cost of the PD method differed significantly from that of HD (p < 0.001) and OL-HDF (p = 0.024).




3.3. Breakdown of Total Mean Annual Cost


Overall, 73.3% of the total mean annual cost of the PD method is due to the consumables required for its daily implementation. This is followed by allowances at 14.3% and then prescription drugs at 6.6%. As for the conventional HD method, the largest contribution to the total mean annual cost is made by allowances (29.2%), the RDU operating costs (25.7%) and prescription drugs (15.1%). Finally, the largest contributions to the total mean annual cost of the OL-HDF method are made by allowances (28.6%), the RDU operating costs (23.3%) and consumables (16.6%) (Table 3).



Regarding prescription drugs, for the PD method, the drugs that contributed the most to the cost were erythropoietin (37.13%), phosphorus binders (34.62%) and growth hormones (21.78%). For the conventional HD method, the cost of medication prescribed to patients was 39.32% for antithrombotic drugs, 27.02% for erythropoietin and 21.93% for growth hormones. Regarding the OL-HDF method, the pharmaceutical cost was mainly due to erythropoietin (32.82%), growth hormones (27.72%) and antithrombotic agents (17.46%).





4. Discussion


The present study assesses the costs of the three methods of dialysis followed in a pediatric setting in Greece. The costs derived from this population group have not been estimated to date in this country. As regards the proportion of children who underwent the PD method compared to that of children receiving an artificial kidney (35% vs. 65%), this is in agreement with previous studies in pediatric populations [5,14,15]. Regarding gender, boys outnumbered girls in this study (65% vs. 35%), thus mirroring studies showing that ESRD occurs more frequently in boys [1,6,16]. As far as the causes of CKD are concerned, our study is in agreement with previous epidemiological studies that have identified congenital kidney and urinary tract abnormalities and glomerulopathies as the most common ones [16,17,18,19].



Regarding the cost of the PD and HD methods around the world, after reviewing the relevant literature, Karopadi et al. [20] concluded that PD was the least expensive method in the majority of developed countries. This review included only one cost analysis in a pediatric population. Cullis et al. [21] showcased PD as a more resource- and environmentally efficient treatment with the potential to improve dialysis access, especially for vulnerable populations, including women and children, in lower-resource countries. Furthermore, a cost–utility analysis of the PD- and HD-first policy in Thai adults with ESRD concluded that the PD-first policy still remains more cost-effective than the HD-first policy at the current willingness to pay [22]. However, in the mentioned study, HD yielded more quality-adjusted life years than PD [22]. Coyte et al. [23] estimated the total annual costs of the methods of CAPD, APD and HD in children to be USD 47,669, USD 48,668 and USD 76,023, respectively. The cost difference between PD and HD was due to the cost of maintaining the dialysis unit (by 60%), physicians’ salaries (by 25.8%) and hospital costs caused by complications among HD patients (by 14.2%). In all HD patients, 60% had fistulas and 40% had CVC, whereas, in all PD patients, 35% underwent only CAPD and 65% underwent only APD.



In the present study, it was found that the PD method was more expensive than the conventional HD method and the OL-HDF method, with a total annual cost of EUR 56,676.04, EUR 39,786.86 and EUR 43,894.73, respectively. These results were obtained after a micro-assessment and bottom-up approach using all of the elements that contribute to the costs of the three methods and are borne by the insurance provider and the hospital. However, the costs of treatment complications, such as peritonitis, infections and thrombosis of the catheter and the arteriovenous anastomosis, whose treatment is directly associated with a significant increase in hospital costs, have not been taken into account [24]. Studies have shown that the risk of complications in children who carry a CVC is 11.9%, while, in children undergoing PD, it is 6.3% [25]. The lower risk of peritonitis is confirmed by other studies [24,26], where it has been estimated at one episode every 15 months, while, in contrast, catheter-related complications are estimated at 8.1 episodes per 100 patients annually. Therefore, if the cost of complications were accounted for in this study, there would be a greater burden on the total annual cost of the HD method as 89% (eight out of nine patients) of children had a CVC.



Our study confirms the results of a similar Greek study in an adult population where PD was estimated to be the most expensive dialysis method, with a mean annual cost per patient of EUR 52,057.20, compared to EUR 39,258.50 for HD [27]. In the mentioned study, the majority of adult patients underwent the CAPD method instead of APD (at a rate of 70%–30%, respectively). The rate of using the PD techniques can significantly influence the final cost, since consumables and solutions are the most contributing factors. Indeed, in our study, it was the cost of the solutions and materials necessary to perform PD that contributed the most to the formation of its total annual cost (by 73.3%). It should be noted that, in addition to APD consumables, the majority of the patients in our study, especially those with the loss of residual renal function, also received CAPD consumables to achieve better ultrafiltration. In general, APD is a technique that is widely used in the pediatric population, despite the high cost of its consumables. In addition to the lower likelihood of complications such as peritonitis, being disconnected from the machine during the day enables children undergoing APD to attend school and participate in daily activities [3].



The present study confirms the results of the study by Coyte et al. [23] regarding the significant economic difference found between the PD method and the two techniques of HD due to the RDU operating costs. As the results of our study show, the RDU operating costs, which also included the maintenance of equipment costs, had a huge difference (by 98%) between the two methods. Moreover, these costs were found to have the highest contribution to the total annual cost of the two HD techniques (33.4% and 28.5% for conventional HD and OL-HDF, respectively). These results are also in agreement with the corresponding Greek study in an adult population where a significant economic difference (by 79%) was estimated between the specific costs of the two methods [27].



In addition to the costs of RDU maintenance and operation, PD appears to be superior also in terms of the costs of laboratory tests. In our study, the annual cost regarding the specific expenses of the PD method was found to be lower compared to the conventional HD and OL-HDF methods by 50.7% and 48.7%, respectively. This is reasonable since, in the PD method, laboratory tests are performed monthly and in conjunction with the hospital visit. In contrast, in the two HD techniques, laboratory tests are performed weekly, before and after dialysis.



Regarding the comparison of the conventional HD with the OL-HDF technique, the 18-month cost–benefit study by Ibrahim et al. (2020) in a sample of 34 children (mean age 14.7 years) showed improvements in all biochemical and clinical indicators after the switch from conventional HD to OL-HDF. Among these were the indicators of growth, anemia and adequacy of dialysis. In their study, OL-HDF was found to be 23% more expensive than conventional HD. However, the cost of medication for OL-HDF was found to be lower than that of conventional HD, mainly due to the reduction in the doses of iron, erythropoietin, phosphorus binders and active vitamin D metabolites. In addition, the benefits of each technique were measured by generating benefit scores. Overall, 100% of children undergoing OL-HDF scored positively, compared to only 33% of children undergoing conventional HD. In conclusion, the cost–benefit ratio of OL-HDF was not found to be significantly different from the cost–benefit ratio of conventional HD [28].



In our study, OL-HDF was found to be 9.3% more expensive than conventional HD. Its results are in agreement with the study by Ibrahim et al. [28] regarding the contribution of consumables to the final cost. As shown in Table 3, OL-HDF consumables had almost double the contribution to the total annual cost of OL-HDF compared to conventional HD (16.6% vs. 7.8%, respectively). The additional cost of OL-HDF consumables mainly comes from the high-permeability filters required by this technique and the arteriovenous connection lines.



Regarding medication, in our study, its contribution to the annual cost of PD was much lower compared to conventional HD and OL-HDF (6.6% versus 15.1% and 15.9%, respectively). From the percentage distribution of the total annual cost of medication by drug category, it is evident that erythropoietin administered for the treatment of anemia is the one that contributes the most to the cost of medication for all three methods. Also noteworthy is the difference in the cost contribution of the category of phosphorus-binding drugs administered for the management of hyperphosphatemia. In this category, the costs of two pharmaceutical preparations administered to children with the active substances sevelamer and calcium carbonate were recorded. Sevelamer is a high-cost drug; however, it is effective in managing phosphorus, calcium and PTH levels. Its long-term benefits in terms of calcification and the risk of cardiovascular disease also appear to be significant [29]. However, calcium carbonate is preferred in infants and young children so that the required calcium needs are met and when, due to the young age, there is no compliance with the sevelamer administration scheme [29]. Indeed, in the present study, a significantly lower overall cost burden of phosphorus-binding drugs, and specifically of sevelamer, was observed in the conventional HD method with which patients with a younger mean age were treated, compared to the other two methods.



Transplantation is considered the therapeutic goal of ESDR in children. Given the enormous costs consumed by dialysis methods, cost estimation studies in adults suggest transplantation for younger patients, even with significant comorbidities, as the most cost-effective treatment [30]. Indeed, in a cost analysis study of renal function replacement therapies in children, Camargo et al. [30] compared APD with transplantation. The total monthly cost per patient of APD was found to be USD 3500 and that of transplantation was USD 1900. Based on the results of this study, transplantation emerged as the least expensive treatment compared to any other method of dialysis after the first 13–15 months of the transplantation period.



The sample of this study consisted of 20 patients attending the Nephrology Department of the General Children’s Hospital “P. & A. Kyriakou” in Athens during the year 2019. This unit is the largest pediatric RDU in the country and the only one operating within a pediatric hospital. In addition, according to the official data of the Hellenic Transplant Coordination and Control Service, the total number of children undergoing the PD method in Greece for the year 2019 was 24. Thus, although the small sample size is a weakness of this study, it can be considered that the participating patients were a representative sample of the Greek pediatric population <16 years of age undergoing dialysis during the year 2019.



Another limitation of this study is that the conducted cost analysis utilized the prices prevailing in the Greek healthcare system, rendering its results non-comparable with those in other jurisdictions. For example, in the PD method, the cost of consumables, which counts for 73.3% of the total cost, may differ significantly in other countries. Additionally, social security allowances, which drive the costs in HD and OL-HDF, may also differ significantly in other healthcare systems.




5. Conclusions


The present study is the only cost analysis of the three methods of dialysis that pediatric patients undergo in Greece. The PD method is found to be the most expensive, mainly due to the consumables needed for its daily application. However, both the PD and HD methods have complications, which result in additional costs for their treatment. To estimate these additional costs, further research should be carried out in this population group. Moreover, the OL-HDF technique is found to be more expensive than conventional HD. The cost analysis carried out provides useful information to healthcare policymakers who make decisions about the treatment of children with ESRD. In the PD method, it is the consumables and medication that contribute about 80% of the total cost. As for the conventional HD method, which is the one with the lowest cost, it appears that RDU maintenance together with drugs are the factors that contribute about 49% of the total cost. Finally, in the OL-HDF method, consumables contribute significantly to the cost, which, together with RDU maintenance and medicines, account for 61% of the total cost. In conclusion, cost containment policies should focus mainly on all of the above areas, but without the risk of compromising the efficacy, quality and safety of the treatments.







Author Contributions


Conceptualization, J.F. and K.L.; methodology, J.F., K.L. and N.K.; software, C.P.; validation, K.L. and J.F.; formal analysis, C.P.; investigation, K.L.; resources, K.L.; data curation, K.L.; writing—original draft preparation, C.N.; writing—review and editing, C.N. and N.K.; visualization, C.P.; supervision, J.F. and N.K.; project administration, K.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


This study was conducted in accordance with the Declaration of Helsinki and approved by the General Children’s Hospital “P. & A. Kyriakou”, Athens, Greece (protocol code 7325/21-04-2021, 21 April 2021).




Informed Consent Statement


Informed written consent was obtained (from the parents or guardians) from all subjects involved in the study.




Data Availability Statement


The data that support the findings of this study are available from the corresponding author upon reasonable request.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Becherucci, F.; Roperto, R.M.; Materassi, M.; Romagnani, P. Chronic kidney disease in children. Clin. Kidney J. 2016, 9, 583–591. [Google Scholar] [CrossRef] [PubMed]

	



Verrina, E.; Schmitt, C.P. Peritoneal dialysis in children. In Pediatric Nephrology; Avner, W.E., Harmon, P., Niaudet, N., Yoshikawa, F., Emma, S., Goldstein, Eds.; Springer: Berlin, Heidelberg, 2016. [Google Scholar]

	



Fraser, N.; Hussain, F.K.; Connell, R.; Shenoy, M.U. Chronic peritoneal dialysis in children. Int. J. Nephrol. Renovasc. Dis. 2015, 8, 125–137. [Google Scholar] [CrossRef] [PubMed]

	



Rees, L.; Schaefer, F.; Schmitt, C.P.; Shroff, R.; Warady, B.A. Chronic dialysis in children and adolescents: Challenges and outcomes. Lancet Child. Adolesc. Health 2017, 1, 68–77. [Google Scholar] [CrossRef] [PubMed]

	



Shroff, R.; Bayazit, A.; Stefanidis, C.J.; Askiti, V.; Azukaitis, K.; Canpolat, N.; Agbas, A.; Anarat, A.; Aoun, B.; Bakkaloglu, S.; et al. Effect of haemodiafiltration vs conventional haemodialysis on growth and cardiovascular outcomes in children–the HDF, heart and height (3H) study. BMC Nephrol. 2018, 19, 199. [Google Scholar] [CrossRef] [PubMed]

	



Kaspar, C.D.W.; Bholah, R.; Bunchman, T.E. A review of pediatric chronic kidney disease. Blood Purif. 2016, 41, 211–217. [Google Scholar] [CrossRef]

	



Mushi, L.; Marschall, P.; Fleßa, S. The cost of dialysis in low and middle-income countries: A systematic review. BMC Health Serv. Res. 2015, 15, 506. [Google Scholar] [CrossRef]

	



Baboolal, K.; McEwan, P.; Sondhi, S.; Spiewanowski, P.; Wechowski, J.; Wilson, K. The cost of renal dialysis in a UK setting-a multicentre study. Nephrol. Dial. Transplant. 2008, 23, 1982–1989. [Google Scholar] [CrossRef]

	



Kaitelidou, D.; Ziroyanis, P.N.; Maniadakis, N.; Liaropoulos, L.L. Economic evaluation of hemodialysis: Implications for technology assessment in Greece. Int. J. Technol. Assess. Health Care 2005, 21, 40–46. [Google Scholar] [CrossRef]

	



Bello, A.K.; Alrukhaimi, M.; Ashuntantang, G.E.; Bellorin-Font, E.; Benghanem Gharbi, M.; Braam, B.; Feehally, J.; Harris, D.C.; Jha, V.; Jindal, K.; et al. Global overview of health systems oversight and financing for kidney care. Kidney Intern. Suppl. 2018, 8, 41–51. [Google Scholar] [CrossRef]

	



Vanholder, R.; Davenport, A.; Hannedouche, T.; Kooman, J.; Kribben, A.; Lameire, N.; Lonnemann, G.; Magner, P.; Mendelssohn, D.; Saggi, S.J.; et al. Reimbursement of dialysis: A comparison of seven countries. J. Am. Soc. Nephrol. 2012, 23, 1291–1298. [Google Scholar] [CrossRef]

	



Jo, C. Cost-of-illness studies: Concepts, scopes, and methods. Clin. Mol. Hepatol. 2014, 20, 327–337. [Google Scholar] [CrossRef] [PubMed]

	



Xu, X.; Lazar, C.M.; Ruger, J.P. Micro-costing in health and medicine: A critical appraisal. Health Econ. Rev. 2021, 11, 1. [Google Scholar] [CrossRef] [PubMed]

	



Bello, A.; Sangweni, B.; Mudi, A.; Khumalo, T.; Moonsamy, G.; Levy, C. The financial cost incurred by families of children on long-term dialysis. Perit. Dial. Int. 2018, 38, 14–17. [Google Scholar] [CrossRef] [PubMed]

	



Levy Erez, D.L.; Krause, I.; Dagan, A.; Cleper, R.; Falush, Y.; Davidovits, M. Impact of pediatric chronic dialysis on long-term patient outcome: Single center study. Int. J. Nephrol. 2016, 2016, 2132387. [Google Scholar] [CrossRef] [PubMed]

	



Leonard, M.B.; Donaldson, L.A.; Ho, M.; Geary, D.F. A prospective cohort study of incident maintenance dialysis in children: An NAPRTC study. Kidney Int. 2003, 63, 744–755. [Google Scholar] [CrossRef]

	



Kramer, A.; Boenink, R.; Stel, V.S.; Santiuste de Pablos, C.; Tomović, F.; Golan, E.; Kerschbaum, J.; Seyahi, N.; Ioanou, K.; Beltrán, P.; et al. The ERA-EDTA Registry Annual Report 2018: A summary. Clin. Kidney J. 2020, 14, 107–123. [Google Scholar] [CrossRef]

	



Johansen, K.L.; Chertow, G.M.; Foley, R.N.; Gilbertson, D.T.; Herzog, C.A.; Ishani, A.; Israni, A.K.; Ku, E.; Kurella Tamura, M.; Li, S.; et al. US Renal Data System 2020 Annual Data Report: Epidemiology of Kidney Disease in the United States. Am. J. Kidney Dis. 2021, 77, A7–A8. [Google Scholar] [CrossRef]

	



Ardissino, G.; Dacco, V.; Testa, S.; Bonaudo, R.; Claris-Appiani, A.; Taioli, E.; Marra, G.; Edefonti, A.; Sereni, F. Epidemiology of chronic renal failure in children: Data from the ItalKid project. Pediatrics 2003, 111, e382–e387. [Google Scholar] [CrossRef]

	



Karopadi, A.N.; Mason, G.; Rettore, E.; Ronco, C. Cost of peritoneal dialysis and haemodialysis across the world. Nephrol. Dial. Transplant. 2013, 28, 2553–2569. [Google Scholar] [CrossRef]

	



Cullis, B.; McCulloch, M.; Finkelstein, F.O. Development of PD in lower-income countries: A rational solution for the management of AKI and ESKD. Kidney Int. 2024, 105, 953–959. [Google Scholar] [CrossRef]

	



Assanatham, M.; Pattanaprateep, O.; Chuasuwan, A.; Vareesangthip, K.; Supasyndh, O.; Lumpaopong, A.; Susantitaphong, P.; Limkunakul, C.; Ponthongmak, W.; Chaiyakittisopon, K. Economic evaluation of peritoneal dialysis and hemodialysis in Thai population with end-stage kidney disease. BMC Health Serv. Res. 2022, 22, 1384. [Google Scholar] [CrossRef] [PubMed]

	



Coyte, P.C.; Young, L.G.; Tipper, B.L.; Mitchell, V.M.; Stoffman, P.R.; Willumsen, J.; Geary, D.F. An economic evaluation of hospital-based hemodialysis and home-based peritoneal dialysis for pediatric patients. Am. J. Kidney Dis. 1996, 27, 557–565. [Google Scholar] [CrossRef] [PubMed]

	



Mahon, A.C.R.; Richardson, T.; Neu, A.M.; Warady, B.A. Factors associated with high-cost hospitalization for peritonitis in children receiving chronic peritoneal dialysis in the United States. Pediatr. Nephrol. 2019, 34, 1049–1055. [Google Scholar] [CrossRef] [PubMed]

	



Saran, R.; Robinson, B.; Abbott, K.C.; Agodoa, L.Y.C.; Bragg-Gresham, J.; Balkrishnan, R.; Bhave, N.; Dietrich, X.; Ding, Z.; Eggers, P.W.; et al. US Renal Data System 2018 annual data report: Epidemiology of kidney disease in the United States. Am. J. Kidney Dis. 2019, 73, A7–A8. [Google Scholar] [CrossRef] [PubMed]

	



Neu, A.M.; Martin Ho, P.L.; McDonald, R.A.; Warady, B.A. Chronic dialysis in children and adolescents. The 2001 NAPRTCS annual report. Pediatr. Nephrol. 2002, 17, 656–663. [Google Scholar] [CrossRef]

	



Koukou, M.G.; Smyrniotis, V.E.; Arkadopoulos, N.F.; Grapsa, E.I. PD vs HD in post-economic crisis Greece—differences in patient characteristics and estimation of therapy cost. Perit. Dial. Int. 2017, 37, 568–573. [Google Scholar] [CrossRef]

	



Ibrahim, M.A.; ElHakim, I.Z.; Soliman, D.; Mubarak, M.A.; Said, R.M. Online hemodiafilteration use in children: A single center experience with a twist. BMC Nephrol. 2020, 21, 306. [Google Scholar] [CrossRef]

	



Huybrechts, K.F.; Caro, J.J.; Wilson, D.A.; O’Brien, J.A. Health and economic consequences of sevelamer use for hyperphosphatemia in patients on hemodialysis. Value Health 2005, 8, 549–561. [Google Scholar] [CrossRef]

	



Camargo, M.F.C.; Souza Barbosa, K.; Fetter, S.K.; Bastos, A.; Feltran, L.S.; Koch-Nogueira, P.C. Cost analysis of substitutive renal therapies in children. J. Pediatr. (Rio J.) 2018, 94, 93–99. [Google Scholar] [CrossRef]








 





Table 1. Basic social and demographic characteristics of the study patients (N = 20).






Table 1. Basic social and demographic characteristics of the study patients (N = 20).





	

	
PD (N = 7)

	
HD (N = 9)

	
OL-HDF (N = 4)

	
Total (N = 20)






	
Gender




	
Male (%)

	
4 (57)

	
7 (78)

	
2 (50)

	
13 (65)




	
Female (%)

	
3 (43)

	
2 (22)

	
2 (50)

	
7 (35)




	
Age (years)




	
Mean (SD)

	
9.41 (4.08)

	
8.20 (3.75)

	
12.48 (3.30)

	
10.03 (3.71)




	
0–4 (%)

	
1 (14.3)

	
2 (22.2)

	
0 (0)

	
3 (15)




	
5–9 (%)

	
2 (28.6)

	
3 (33.3)

	
1 (25)

	
6 (30)




	
10–14 (%)

	
4 (57.1)

	
4 (44.4)

	
2 (50)

	
10 (50)




	
15+ (%)

	
0 (0)

	
0 (0)

	
1 (25)

	
1 (5)




	
Nationality




	
Greek (%)

	
5 (71)

	
9 (100)

	
3 (75)

	
17 (85)




	
Other (%)

	
2 (29)

	
0 (0)

	
1 (25)

	
3 (15)




	
Social Security




	
EOPYY a (%)

	
6 (86)

	
7 (78)

	
4 (100)

	
17 (85)




	
Uninsured/vulnerable groups (%)

	
1 (14)

	
2 (22)

	
0 (0)

	
3 (15)








a EOPYY: Greek National Health Services Organisation.













 





Table 2. Total mean annual cost per method of dialysis.
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	Total Mean Annual Cost (EUR)
	SD (EUR)
	Range (EUR)





	PD
	56,676.04
	8332.13
	51,005–72,270



	HD
	39,786.86
	4330.92
	32,935–43,174



	OL-HDF
	43,894.73
	5619.78
	36,285–48,394










 





Table 3. Breakdown of total mean annual costs by dialysis method.
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PD

	
HD

	
OL-HDF




	
Mean (SD) (EUR)

	
%

	
Mean (SD) (EUR)

	
%

	
Mean (SD) (EUR)

	
%






	
Laboratory tests

	
1460.70 (231.96)

	
2.6

	
2960.79 (217.10)

	
7.4

	
2845.72 (415.26)

	
6.5




	
Prescription drugs

	
3735.54 (2134.43)

	
6.6

	
6023.22 (3128.32)

	
15.1

	
6964.06 (3049.39)

	
15.9




	
Hospital medicines a

	
0 (0)

	
0

	
852.86 (146.03)

	
2.1

	
886.90 (225.13)

	
2.0




	
Consumables

	
41,517.09 (6217.70)

	
73.3

	
3