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Abstract 
Chronic dialysis is a life-saving treatment for children with end-stage renal 

disease (ESRD). However, it comes with difficult challenges, cardiovascular ones 

being the most significant and fatal. Chronic kidney disease-mineral bone disorder 

(CKD-MBD) is also a common complication of chronic dialysis, as it has 

significant effects on growth and cardiovascular health. Infections are 

alsoasignificant problem for those on chronic dialysis. The cost of dialysis and the 

lifestyle of Children with CKD are also not optimal, as they have a significantly 

lower Health-related quality of life (HRQoL) than childrenwith other chronic 

illnesses. Children on chronic dialysis face several difficult challenges, which 

differ between peritoneal dialysis (PD) and hemodialysis (HD). Most of these 

challenges are manageable or preventable. This review article will discuss some of 

the challenges that children and their families encounter during chronic dialysis 

strategies to manage these challenges and the outcomes of long-term kidney 

dialysis. 
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Introduction  

The term dialysis comes from the Greek words dia, which means "through," and 

lysis, which means ―splitting‖. It is a form of renal replacement therapy (RRT) that 

enhances the kidneys' role in filtering the blood by using artificial devices that 

remove excess water, solutes, and toxins when the kidneys cannot do so 

sufficiently(1,2).There are two methods of dialysis,hemodialysis (HD) and 

peritoneal dialysis (PD). HD removes uremic toxins and fluids by passing the 

blood through a vascular access line through an artificial kidney for an average of 

four hours three times a week. PD removes uremic toxins and fluids from the 

peritoneum by infusing and draining a special fluid into the abdominal cavity 

through a PD catheter several times a day. PD is done at home, and HD is done in a 

hospital or dialysis center, but it can also be done at home(3,4). Chronic dialysisis a 

life-saving treatment for children with end-stage kidney disease. However, it 

comes with significant challenges that can affect the child's physical, emotional, 

and social well-being, with evidence suggesting that mortality rates are 

significantly higher in younger dialysis patients(1,4).  

This review article aims to explore the challenges and outcomes of chronic 

dialysis in children, including the impact on the cardiovascular system, possible 

infections, psychosocial adjustment, and the impact of chronic dialysis on the 

child's lifestyle and family. The article will also discuss the current strategies and 

interventions in managing complications of chronic dialysis in children. 

Cardiovascular system complications  

―Chronic kidney disease (CKD) is positively correlated with cardiovascular 

diseases (CVD); children with CKD have a higher risk of developing CVD than 

most other pediatric populations, and CVD is considered the most important 



 

 

comorbidity that limits survival rates in pediatric dialysis patients‖(5,6).―In dialysis 

patients particularly, CVD is accelerated by dialysis, and it causes an increased rate 

of morbidity and mortality, which is due to an aggregation of risk factors including 

classic CVD risk factors, CKD-related risk factors, and additional risk factors 

attributable to dialysis‖(5).Figure 1 shows the leading causes of death in the 

pediatric population in comparison to children on RTT (7).Sudden cardiac death is 

responsible for 25% of deaths in patients undergoing dialysis(8).

 

Figure 1Leading causes of death in the general pediatric population and children on RPT. Data for dialysisand transplant patients 

are from the USRDS (2011) (7). 

Chronic fluid overload  

―Chronic fluid overload is common in dialysis patients, especially if urine 

output is low, which leads to left ventricle (LV) hypertrophy because fluid 

clearance depends on ultrafiltration during dialysis‖(7,9). Also, removing large 

amounts of fluid during HD caused by intradialytic weight loss and sodium and 

fluid retention further damages the myocardium(10). ―Fluid overload also 



 

 

increases pre-existing hypertension in CKD and is correlated with congestive heart 

failure (CHF). Management of fluid overload is still one of the most difficult 

challenges for caregivers of pediatric dialysis patients due to the inaccuracy of dry 

weight estimation, which is essential for the prevention of fluid overload‖(5,11). 

Intradialytic hypotension (IDH)  

Intradialytic hypotension is themost common complication in HD, its 

frequency has shown a strong correlation with intradialytic weight gain, cardiac 

morbidity, and mortality. This is attributable to the hemodynamic stress that is 

caused by HD, which may cause myocardial ischemia(5,12). 

 Oxidative stress 

Dialysis promotes the accumulation of oxidative products and the discarding 

of antioxidants; this is more prominent in HD than in PD treatment. Oxidative 

stress damages organs, proteins, and tissues. It is a major cause of chronic 

inflammation and anemia; therefore, it contributes to the progression of 

CVD(5,13,14). 

Hypertension 

Hypertension is present in 50–75% of children on dialysis. It is considered 

the most important independent predictor of LV hypertrophy in CKD children; 

therefore, it is undeniably associated with poor CVD outcomes(7,15,16).Contrary 

to adults, where hypertension is a primary cause of chronic kidney disease, in 

pediatric cases, hypertension is mainly a consequence. However, it remains a 

significant factor that, similar to adults, is likely to contribute to a faster 

deterioration of kidney function or the advancement of chronic kidney disease to 

end-stage(17–19). 

 Anemia  

―It is known that the development of LV hypertrophy is a result of volume 

and pressure overload, and anemia does exactly that by causing a chronic increase 



 

 

in cardiac output and continual volume overload. It also causes decreased tissue 

oxygen delivery. A combination of these risk factors may lead to heart diseases, 

whether ischemic or congestive, and sudden cardiac death‖(5,20–22). 

Hypoalbuminemia 

―Although hypoalbuminemia in dialysis can be caused by inflammation and 

fluid overload, decreased albumin levels are considered a separate risk factor for 

cardiac mortality that is not fully dependent on the inflammation and the fluid 

overload‖(5,23). 

―Current evidence shows that the management of cardiovascular risk factors is not 

sufficient, especially anemia and hypertension. Because even short periods of 

dialysis cause substantial effects on the cardiovascular system, aggressive 

management and careful monitoring are encouraged‖(5). 

Chronic kidney disease-mineral and bone disorder 

―One complication of chronic kidney disease that is specifically significant 

because of its effects on growth and cardiovascular health is chronic kidney 

disease-mineral and bone disorder (CKD-MBD). Kidneys have an important role 

in controlling calcium and phosphate levels in the body; in early CKD, this control 

is maintained by compensatory mechanisms‖(24,25). ―However, children on PD or 

HD have insufficient phosphate clearance. Plasma calcium, on the other hand, is 

regulated by different factors some of them are oral intake and dialysis clearance; 

its levels can be high or low. Increased phosphate levels stimulate parathyroid 

hormone (PTH) and fibroblast growth factor 23 (FGF23) production, which in turn 

can cause vascular calcification and the demineralization of bone‖(26,27). 

―Regarding the calcium side of things, decreased production of vitamin D by the 

failing kidneys leads to hypocalcemia, which if not corrected can lead to increased 

PTH and FGF23, eventually leading to bone demineralization‖(28). ―Calcium 



 

 

levels in the blood will increase at this point, which can lead to vascular 

calcifications‖(26).―Management of CKD-MBD remains challenging; children on 

dialysis can have calcium deficiency, which increases the risk of bone fracture, or 

excess calcium, which may lead to vascular calcifications. There are few evidence-

based studies for guiding clinical practice for children, and Calcium needs differ 

between children and adults; that’s why studies done on adults are not appropriate. 

Current guidelines recommend keeping calcium and phosphate levels in the age-

appropriate range; however, PTH guidelines vary considerably. Intensified dialysis 

sessions improve phosphate clearance considerably. Phosphate binders as well as 

native and active vitamin D analogues have been shown to help in the prevention 

and treatment of CKD-MBD‖(29,30). 

Infections 

Infections caused by dialysis are a major concern for patients undergoing 

this treatment. Dialysis patients are at increased risk of infection due to the 

frequently repeated access of their bloodstream via a catheter or fistula. These 

infections can range from mild skin infections to severe bloodstream infections, 

which can be fatal. According to the Centers for Disease Control and Prevention 

(CDC), the most common infections associated with dialysis include bloodstream 

infections, urinary tract infections, and infections at the site of the access point. To 

prevent these infections, healthcare providers must be strict in following infection 

control practices, such as hand hygiene and proper sterilization of equipment. The 

CDC also recommends that patients receiving dialysis receive the influenza 

vaccine every year and the pneumococcal vaccine every five years. With proper 

precautions and preventative measures, the risk of infection can be massively 

reduced(31–33).  



 

 

Encapsulating Peritoneal Sclerosis 

An uncommon clinical disease called encapsulating peritoneal sclerosis (EPS) is 

defined by an inflammatory, acquired fibrocollagenous membrane surrounding the 

small intestine, which causes symptoms similar to intestinal blockage. "A 

syndrome continuously, intermittently, or repeatedly presenting with symptoms of 

intestinal obstruction caused by adhesions of a diffusely thickened peritoneum" is 

how the International Society for Peritoneal Dialysis defines it (34). 

EPS can be classified as primary (idiopathic) or secondary, depending on whether 

the inflammatory process's source can be found. The majority of primary EPS 

research supports the equatorial predisposition of the condition, although the 

etiology is still unknown and men are affected 2:1 more frequently than 

women(35,36). It is possible to identify a systemic or local component that causes 

peritoneal inflammation in secondary EPS. Medications, infections, mechanical or 

chemical irritation peritoneal dialysis, cirrhosis, and organ transplantation are 

among the suspected triggers(37). 

Patients with a predisposing condition are thought to experience EPS when a 

peritoneal inflammatory process (inciting factor) takes place. This is known as the 

"two-hit" hypothesis in the literature on peritoneal dialysis (PD) (38), where the 

non-inflammatory peritoneal sclerosis that develops from repeated dialysis 

sessions is the "first hit" or predisposing state. The cumulative incidence of EPS on 

PD shows a sharp increase over time, providing evidence in favor of this(39,40) . A 

cascade of proinflammatory [transforming growth factor β1 (TGFβ1), interleukin-6 

(IL-6), CCN2] and proangiogenic [vascular endothelial growth factor (VEGF)] 

cytokines is initiated by a proinflammatory ―second hit‖ (41–43). TGFβ1 induces 

peritoneal mesothelial cells to transdifferentiate into mesenchymal cells, which 

leads to the depletion of mesothelial cells(21,22), increased production of 

extracellular matrix components [Collagen type 1, alpha 1 (COL1A1)], and 



 

 

fibrogenesis, which in turn creates a fibro collagenous cocoon(46).The annual 

incidence of EPS in peritoneal dialysis ranges from 0.14% to 2.5%, more recent 

studies have shown a decreasing prevalence of EPS, which is probably because of 

improved dialysis procedures(26,37,47,48). The length of PD is the most important 

risk factor for the development of EPS with a low cumulative incidence at three 

years and an increase after five years(16,17,25) . In PD patients, the death rate 

approaches 50% a year following diagnosis(37,48,49) . The diagnosis is clinical, 

and a laparotomy or CT scan can confirm it. As of right now, the most extensively 

researched and widely utilized imaging method for EPS diagnosis is the CT scan. 

Depending on the disease status and any contraindications, treatment should focus 

on treating the underlying disease, optimizing diet, and using corticosteroids or 

tamoxifen alone or in combination. Surgical enterolysis should be taken into 

consideration for patients who have not responded to conservative medicinal 

therapy(37).Peritoneal dialysis is an effective treatment for patients with ESRD. 

However, it does cause certain complications for some patients. One of these 

complications is peritoneal dialysis-related peritonitis. It is considered the biggest 

challenge facing the success of peritoneal dialysis. Despite a marked reduction in 

incidence and mortality rates related to peritoneal dialysis-related peritonitis since 

its introduction onto the scene in the late 1950s, it is still a major issue that needs 

addressing(50).The peritoneal dialysis catheter is the source of infection in most 

cases of PD-related peritonitis. It is a portal of entry for many pathogens. The 

peritoneum is a place of weak immunity in the body, and it serves as a perfect 

environment for pathogens, most commonly, the staphylococcal species. Due to 

this susceptible environment, they can freely proliferate and cause an inflammatory 

reaction, which is often asymptomatic and is identified by cloudy peritoneal 

effluent. However, it can present with typical peritonitis features like abdominal 

pain, distention, and fever(51). 



 

 

Dialysis and Covid-19 

While SARS-CoV-2 infections can affect people of any age, children with CKD 

receiving regular in-center HD or home PD are more likely to contract infectious 

disorders like COVID-19 (52). They are susceptible to respiratory virus infections 

because of their undeveloped immune system, peculiarities of their respiratory 

tract, and frequent exposure to hospital environments (53). A retrospective study of 

children on manual physical therapy (PD) ages 0 to 18 was conducted. In 

comparison to the previous year, we observed a greater incidence of peritonitis in 

children during the COVID-19 pandemic. During this time, fewer home visits, 

retraining sessions, and outpatient visits were provided. Our center's previously 

published study revealed that the majority of children with PD live far from the 

hospital (54). Due to their immunosuppressed condition and ongoing systemic 

inflammation, patients with CKDare five times more likely than the general 

population to experience a severe COVID-19 infection (55,56). The rates of 

admission to intensive care units, mechanical ventilation, and death are higher 

among patients with COVID-19 infection who haveCKDand require renal 

replacement therapy (55,57,58). The COVID-19 pandemic has caused significant 

disruptions to patients with CKD in terms of quick hospital repurposing, staff and 

resource shortages, telehealth adoption, infection outbreaks in dialysis units, and 

the suspension of medical treatments, including kidney transplants(57–61). 

Concerns have also been raised about the COVID-19 vaccine's long-term access 

issues and the degree of its efficacy in treating CKD(62). 

 

 



 

 

Psychosocial effect of chronic dialysis 

Economic state 

Undoubtedly CKD is directly related to the economic state of the patient, the 

patient needs to make dialysis or kidney transplant, which is Financially expensive, 

nearly 750,000 persons in the United States have renal failure, accounting for 1% 

of the Medicare population but accounting for roughly 7% of the Medicare budget. 

In 2016, Medicare spent $35 billion on individuals with renal failure. In the United 

States, hemodialysis care costs the Medicare system an average of $90,000 per 

patient each year, for a total of $28 billion. The total cost of transplant patient care 

is $3.4 billion(63–65).  

PD is less costly than HD in comparison to patients under PD management, 

patients receiving HDgenerally experienced higher costs. We see a noticeable rise 

in the cost of treatment in the advanced stage of CKD and this rise affects the 

economic state of the family of the patient with end-stage renal disease displaying 

the highest expenditures ($20,110-$100,593), the transition from CKD stage 3 to 

CKD stages 4-5 was linked with a 1.3-4.2-fold increase in costs from the 

standpoint of the health system. A reduction of 8-11% in meanEuroQol 5 

Dimension 5 Level (EQ-5D) index scores was seen as CKD stages 1-3 advanced 

into stages 4-5, with stages 4-5 showing the lowest values (0.74-0.79). The number 

and scope of recent investigations on LE related to various CKD stages in various 

nations have been constrained. The cheapest treatment option (costing between 

$14,067 and $80,876), with the highest EQ-5D scores (0.82-0.83), and the longest 

LE for both sexes across all age categories was a kidney transplant(66).  

The economic state is very affected and that makes families have severe 

financial hardships. A cross-sectional study was carried out on 250 caregivers of 

children with CKD attending tertiary care hospital/health insurance clinics in 

Assiut, Egypt using PedsQL™  ️family impact module (FIM) for assessing family 



 

 

impact and economic burden between January and May 2018. The results are Only 

12.8% of the study’s caregivers of children with CKD reported no financial 

hardship, whereas 60% of them said their children’s CKD had caused them severe 

financial hardship. Selling real estate was the primary coping mechanism 

employed by careers (21.1%), followed by taking out a loan (11.5%), which can 

probably affect the quality of treatment(67).  

The bad economic state has a bad effect on the patient with CKD and it 

makes the situation worse. A total of 2914 participants from 14 countries were 

included in the main analysis. They were randomized into the Safety & Health 

Achievement Recognition Program (SHARP) and had income data available at 

both screening and study ends. An additional 1706 participants were included in a 

sensitivity analysis. The study cohort was followed up for a median of 5.0 years 

(interquartile range 4.2–5.6). Out of the 2914 participants, 933 (32%) were in the 

lowest income category for their country at screening, which is known as relative 

poverty. This group had specific characteristics, such as being older, female, of 

black ethnicity, less educated, and more likely to have vascular disease and/or 

diabetes. They were also more likely to be on dialysis at screening compared to 

those in higher-income groups. The baseline characteristics of participants who 

were not in poverty at baseline screening but fell into relative poverty (436 [22%] 

participants) or any lower income category (892 [45%] participants)(68).  

Lifestyle 

A growing number of studies have evaluated the effects of RRT on the lives 

of children with ESRD. Numerous difficulties must be overcome by these kids, 

including numerous hospitalizations, grueling medical procedures, absences from 

school, and activity limitations. They are therefore susceptible to a wide range of 

short- and long-term behavioral, emotional, and negative effects, including 

withdrawing behavior. Pediatric ESRD patients have significantly poorer 



 

 

HRQoLscores than healthy children of the same age, according to various studies 

conducted in both Europe and the USA, especially when it comes to physical 

functioning in those receiving dialysis. Furthermore, children with ESRD had 

significantly lower HRQoL scores than kids with other chronic illnesses (including 

diabetes, cardiac conditions, asthma, and severe obesity) on the PedsQL 4.0 

domains of physical health, psychological health, social functioning, and school 

functioning, according to a study from the USA involving 2500 pediatric patients 

from ten different physician-diagnosed disease clusters(69–71).  

The cognitive and social state  

In comparison to others of similar age, young adults with childhood-onset 

CKD stage 5, especially those who have spent more time on dialysis, are more 

likely to suffer cognitive and learning impairment. Although children with CKD 5 

had minor IQ and fine motor coordination abnormalities, Bawden et al.'s 

neuropsychological tests of sibling pairs revealed no differences in measures of 

academic success, memory, behavior, or self-esteem. Using health-related quality-

of-life indices, more recent research has revealed that children with CKD score 

lower than healthy controls, but unexpectedly, children on dialysis score higher 

than one might anticipate, compared to transplant patients. In support of this, 

Groothoff et al. have demonstrated that, even after accounting for the unavoidable 

physical issues, the overall subjective health perception of these young adults is 

surprisingly good. Survivors of prolonged dialysis during childhood have double 

the chances of being unemployed than the age-matched population. The provision 

of psychological and educational assistance to children receiving dialysis to 

address their emotional, educational, and social needs is essential for improving 

well-being and survival outcomes and must be a core component of patient 

care(72).  

Family role in dialysis  



 

 

Before starting PD, patients need to be trained on how to do dialysis at 

home. Understanding how to do dialysis can be difficult for adults, but it can be 

even more difficult for parents with children. A study was conducted to investigate 

PD education programs for parents of children with ESRD and to explore issues 

related to educating parents of children with ESRD. The incidence of peritonitis 

varied within each hospital and ranged from 0 to 3 episodes per patient-year 

(median 1.17 episodes per patient-year). There was a significant association 

between home visits and the incidence of peritonitis (P<0.01)(73). 

Mortality in patients on dialysis  

Overall, there has been a gradual improvement in dialysis mortality since the 

introduction of dialysis technology in the 1960s. Registry data show that the 

current adjusted 5-year survival rate is 52% for PD and 42% for HD. PD survival 

is improving at a higher rate than reported in HD.The most common cause of death 

among patients receiving PD is cardiovascular diseases, which accounts for 52.7% 

of all deaths with a known cause, followed by dialysis withdrawal (17.8%), sepsis 

(9.6%), and other causes (13.3%), including cancer, and respiratory, or 

gastrointestinal diseases(50).  

PD has been performed without major complications in children requiring 

RRT. However, continuous ambulatory peritoneal dialysis (CAPD) can result in 

several infectious and non-infectious complications. Infectious complications of 

PD are frequently reported, but data on non-infectious complications of PD in 

children are underreported(74).The survival outcomes of patients undergoing HD 

and PD were found to be comparable. However, certain factors such as high age 

group and shorter infection-free time were associated with an increased risk of 

mortality(75).  



 

 

According to the evidence, patients receiving continuous renal replacement 

therapy (CRRT) may have a similar risk of mortality compared to those undergoing 

HD or PD. Nevertheless, PD may be linked to a lower risk of mortality when 

compared to HD(76). 

In the case of patients below the age of 5 who initiated dialysis, the crude 

mortality rate over 5 years was 57.0 deaths per 1000 patient-years (py) for those 

who opted for HD, whereas it was 47.3 deaths per 1000 py for those who chose 

PD. On the other hand, for patients above the age of 5 who initiated dialysis, the 

mortality rate was 20.6 deaths per 1000 py for HD and 11.1 deaths per 1000 py for 

PD(77).  

The recent advancements and prospects 

Currently, more than two million people in the world suffer from ESRD. The best 

treatment for current patients with ESRD is a kidney transplant (78). Dialysis is 

initiated when a donor organ is not available. However, two of the most recent 

technological advancements and innovations in this field are the implantable 

bioartificial kidney, and kidney regeneration technology. Both techniques are in 

preclinical stages and aim to fully replace normal kidney functionality. They are 

considered a fully functioning alternative to long-term dialysis or a donor organ. 

They improve on previous iterations of renal replacement technology by 

accomplishing all aspects of normal kidney functionality, while also being fully 

implantable and autologous to allow patients maximum mobility (79). Another 

promising prospective cohort study was conducted on 31 hemodialysis children to 

assess the eff ectiveness of Omega-3 supplements on quality of life among children 

on dialysis. The study found that the quality of life and adequacy of dialysis 

improved after n-3FA(Omega-3) supplementation. Some laboratory parameters 

such as lipid profiles, inflammatory markers, and renal functions have shown 



 

 

improvements, which encourages its testing for more patients to evaluate its long-

term effects and support its routine use. Generally, n-3 FA has shown promising 

results in changing disease processes involving the inflammatory and immune 

pathways(80–83). 

In summary, while the overall survival outcomes between HD and PD are 

comparable, factors such as age and infection-free time have been acknowledged 

as predictors of mortality. Additionally, PD appears to be associated with a lower 

mortality risk compared to HD, particularly in younger patients. However, further 

high-quality research is needed to provide a more comprehensive evaluation of 

mortality outcomes across different dialysis modalities in patients with CKD. 

Conclusion  

Children on dialysis treatment face many challenges which can be caused or 

accelerated by the treatment itself. These challenges affect not only the children 

themselves but also their families. Most of these challenges are manageable or 

preventable if taken care of correctly. Outcomes of chronic dialysis have improved 

greatly since the technology has been introduced, with peritoneal dialysis having 

lesser mortality rates than hemodialysis.  

 

 

 
 



 

 

 

 

 

References 
1. Himmelfarb J, Ikizler TA. Hemodialysis. N Engl J Med. 2010 Nov 4;363(19):1833–45.  

2. Reddenna L, Basha SA, Reddy KSK. Dialysis Treatment: A Comprehensive Description.  

3. Geremia I, Stamatialis D. Innovations in dialysis membranes for improved kidney 

replacement therapy. Nat Rev Nephrol. 2020 Oct 1;16(10):550–1.  

4. Kalantar-Zadeh K, Jafar TH, Nitsch D, Neuen BL, Perkovic V. Chronic kidney disease. 

The Lancet. 2021 Aug;398(10302):786–802.  

5. Querfeld U, Schaefer F. Cardiovascular risk factors in children on dialysis: an update. 

Pediatr Nephrol. 2020 Jan 1;35(1):41–57.  

6. Anavekar NS, Pfeffer MA. Cardiovascular risk in chronic kidney disease. Kidney Int. 

2004 Nov;66:S11–5.  

7. Mitsnefes MM. Cardiovascular Disease in Children with Chronic Kidney Disease. J Am 

Soc Nephrol. 2012 Apr;23(4):578–85.  

8. Mavrakanas TA, Charytan DM. Cardiovascular complications in chronic dialysis 

patients: Curr Opin Nephrol Hypertens. 2016 Nov;25(6):536–44.  

9. Khan YH, Sarriff A, Adnan AS, Khan AH, Mallhi TH. Chronic Kidney Disease, Fluid 

Overload and Diuretics: A Complicated Triangle. Joles JA, editor. PLOS ONE. 2016 Jul 

21;11(7):e0159335.  

10. Hothi DK, Rees L, McIntyre CW, Marek J. Hemodialysis-Induced Acute Myocardial 

Dyssynchronous Impairment in Children. Nephron Clin Pract. 2013 Jun 21;123(1–2):83–92.  

11. Cader RA, Ibrahim OA, Paul S, Gafor HA, Mohd R. Left ventricular hypertrophy and 

chronic fluid overload in peritoneal dialysis patients. Int Urol Nephrol. 2014 Jun;46(6):1209–15.  

12. Davenport A. Why is Intradialytic Hypotension the Commonest Complication of 

Outpatient Dialysis Treatments? Kidney Int Rep. 2023 Mar;8(3):405–18.  

13. Del Vecchio L, Locatelli F, Carini M. What We Know About Oxidative Stress in Patients 

with Chronic Kidney Disease on Dialysis—Clinical Effects, Potential Treatment, and Prevention. 

Semin Dial. 2011 Jan;24(1):56–64.  

14. Liakopoulos V, Roumeliotis S, Gorny X, Eleftheriadis T, Mertens PR. Oxidative Stress in 

Patients Undergoing Peritoneal Dialysis: A Current Review of the Literature. Oxid Med Cell 

Longev. 2017;2017:1–14.  

15. Locatelli F, Covic A, Chazot C, Leunissen K, Luno J, Yaqoob M. Hypertension and 

cardiovascular risk assessment in dialysis patients. Nephrol Dial Transplant. 2004 May 

1;19(5):1058–68.  

16. Bucharles SGE, Wallbach KKS, Moraes TPD, Pecoits-Filho R. Hypertension in patients 

on dialysis: diagnosis, mechanisms, and management. Braz J Nephrol. 2019 Sep;41(3):400–11.  

17. Gallibois C, Jawa N, Noone D. Hypertension in pediatric patients with chronic kidney 

disease: management challenges. Int J Nephrol Renov Dis. 2017 Jul;Volume 10:205–13.  

18. Georgianos PI, Agarwal R. Epidemiology, diagnosis and management of hypertension 

among patients on chronic dialysis. Nat Rev Nephrol. 2016 Oct;12(10):636–47.  



 

 

19. Agarwal R, Flynn J, Pogue V, Rahman M, Reisin E, Weir MR. Assessment and 

Management of Hypertension in Patients on Dialysis. J Am Soc Nephrol. 2014 Aug;25(8):1630–

46.  

20. Koshy SM, Geary DF. Anemia in children with chronic kidney disease. Pediatr Nephrol. 

2008 Feb;23(2):209–19.  

21. McClellan W, Aronoff SL, Bolton WK, Hood S, Lorber DL, Tang KL, et al. The 

prevalence of anemia in patients with chronic kidney disease. Curr Med Res Opin. 

2004;20(9):1501–10.  

22. Atkinson MA, Warady BA. Anemia in chronic kidney disease. Pediatr Nephrol. 

2018;33:227–38.  

23. Manzano AC. Hypoalbuminemia in dialysis. Is it a marker for malnutrition or 

inflammation? Rev Investig Clin Organo Hosp Enfermedades Nutr. 2001;53(2):152–8.  

24. Bacchetta J, Harambat J, Cochat P, Salusky IB, Wesseling-Perry K. The consequences of 

chronic kidney disease on bone metabolism and growth in children. Nephrol Dial Transplant. 

2012 Aug 1;27(8):3063–71.  

25. Waziri B, Duarte R, Naicker S. Chronic Kidney Disease–Mineral and Bone Disorder 

(CKD-MBD): Current Perspectives. Int J Nephrol Renov Dis. 2019 Dec;Volume 12:263–76.  

26. Shroff R, Long DA, Shanahan C. Mechanistic insights into vascular calcification in 

CKD. J Am Soc Nephrol. 2013 Jan 31;24(2):179–89.  

27. Mac Way F, Lessard M, Lafage-Proust MH. Pathophysiology of chronic kidney disease-

mineral and bone disorder. Joint Bone Spine. 2012 Dec;79(6):544–9.  

28. Rees L, Schaefer F, Schmitt CP, Shroff R, Warady BA. Chronic dialysis in children and 

adolescents: challenges and outcomes. Lancet Child Adolesc Health. 2017 Sep;1(1):68–77.  

29. Dasgupta I, Shroff R, Bennett-Jones D, McVeigh G. Management of hyperphosphataemia 

in chronic kidney disease: summary of National Institute for Health and Clinical Excellence 

(NICE) guideline. Nephron Clin Pract. 2013;124(1–2):1–9.  

30. Cannata-Andía JB, Martín-Carro B, Martín-Vírgala J, Rodríguez-Carrio J, Bande-

Fernández JJ, Alonso-Montes C, et al. Chronic Kidney Disease—Mineral and Bone Disorders: 

Pathogenesis and Management. Calcif Tissue Int. 2021 Apr;108(4):410–22.  

31. Liakopoulos V, Nikitidou O, Kalathas T, Roumeliotis S, Salmas M, Eleftheriadis T. 

Peritoneal dialysis-related infections recommendations: 2016 update. What is new? Int Urol 

Nephrol. 2017;49:2177–84.  

32. Gefen AM, Singer PS, Sethna CB. Infectious Complications in Children Undergoing 

Dialysis. In: Handbook of Dialysis Therapy. Elsevier; 2023. p. 794–803.  

33. Li PKT, Chow KM. Infectious complications in dialysis—epidemiology and outcomes. 

Nat Rev Nephrol. 2012 Feb;8(2):77–88.  

34. Kawaguchi Y, Kawanishi H, Mujais S, Topley N, Oreopoulos DG. Encapsulating 

peritoneal sclerosis: definition, etiology, diagnosis, and treatment. Perit Dial Int. 

2000;20(4_suppl):43–55.  

35. Li N, Zhu W, Li Y, Gong J, Gu L, Li M, et al. Surgical treatment and perioperative 

management of idiopathic abdominal cocoon: single-center review of 65 cases. World J Surg. 

2014;38:1860–7.  

36. Akbulut S. Accurate definition and management of idiopathic sclerosing encapsulating 

peritonitis. World J Gastroenterol WJG. 2015;21(2):675.  

37. Danford CJ, Lin SC, Smith MP, Wolf JL. Encapsulating peritoneal sclerosis. World J 

Gastroenterol. 2018;24(28):3101.  



 

 

38. Alston H, Fan S, Nakayama M. Encapsulating peritoneal sclerosis. In Elsevier; 2017. p. 

93–102.  

39. Johnson DW, Cho Y, Livingston BE, Hawley CM, McDonald SP, Brown FG, et al. 

Encapsulating peritoneal sclerosis: incidence, predictors, and outcomes. Kidney Int. 

2010;77(10):904–12.  

40. Kawanishi H, Moriishi M. Epidemiology of encapsulating peritoneal sclerosis in Japan. 

Perit Dial Int. 2005;25(4_suppl):14–8.  

41. Abrahams AC, Habib SM, Dendooven A, Riser BL, Van Der Veer JW, Toorop RJ, et al. 

Patients with encapsulating peritoneal sclerosis have increased peritoneal expression of 

connective tissue growth factor (CCN2), transforming growth factor-β1, and vascular endothelial 

growth factor. PLoS One. 2014;9(11):e112050.  

42. Lambie MR, Chess J, Summers AM, Williams PF, Topley N, Davies SJ, et al. Peritoneal 

inflammation precedes encapsulating peritoneal sclerosis: results from the GLOBAL Fluid 

Study. Nephrol Dial Transplant. 2016;31(3):480–6.  

43. Honda K, Oda H. Pathology of encapsulating peritoneal sclerosis. Perit Dial Int. 

2005;25(4_suppl):19–29.  

44. Braun N, Alscher DM, Fritz P, Edenhofer I, Kimmel M, Gaspert A, et al. Podoplanin-

positive cells are a hallmark of encapsulating peritoneal sclerosis. Nephrol Dial Transplant. 

2011;26(3):1033–41.  

45. Lopez-Anton M, Lambie M, Lopez-Cabrera M, Schmitt CP, Ruiz-Carpio V, Bartosova M, 

et al. miR-21 promotes fibrogenesis in peritoneal dialysis. Am J Pathol. 2017;187(7):1537–50.  

46. Reimold FR, Braun N, Zsengellér ZK, Stillman IE, Karumanchi SA, Toka HR, et al. 

Transcriptional patterns in peritoneal tissue of encapsulating peritoneal sclerosis, a complication 

of chronic peritoneal dialysis. PLoS One. 2013;8(2):e56389.  

47. Betjes MG, Habib SM, Boeschoten EW, Hemke AC, Struijk DG, Westerhuis R, et al. 

Significant decreasing incidence of encapsulating peritoneal sclerosis in the Dutch population of 

peritoneal dialysis patients. Perit Dial Int. 2017;37(2):230–4.  

48. Brown EA, Bargman J, Van Biesen W, Chang MY, Finkelstein FO, Hurst H, et al. Length 

of time on peritoneal dialysis and encapsulating peritoneal sclerosis—position paper for ISPD: 

2017 update. Perit Dial Int. 2017;37(4):362–74.  

49. Balasubramaniam G, Brown EA, Davenport A, Cairns H, Cooper B, Fan SL, et al. The 

Pan-Thames EPS study: treatment and outcomes of encapsulating peritoneal sclerosis. Nephrol 

Dial Transplant. 2009;24(10):3209–15.  

50. Bello AK, Okpechi IG, Osman MA, Cho Y, Cullis B, Htay H, et al. Epidemiology of 

peritoneal dialysis outcomes. Nat Rev Nephrol. 2022 Dec 1;18(12):779–93.  

51. Salzer WL. Peritoneal dialysis-related peritonitis: challenges and solutions. Int J Nephrol 

Renov Dis. 2018;173–86.  

52. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus from patients 

with pneumonia in China, 2019. N Engl J Med. 2020;382(8):727–33.  

53. Qi Z, Yu Y. Epidemiological features of the 2019 novel coronavirus outbreak in China. 

Curr Top Med Chem. 2020;20(13):1137–40.  

54. Kamath N, Reddy HV, Iyengar A. Clinical and dialysis outcomes of manual chronic 

peritoneal dialysis in low-body-weight children from a low-to-middle-income country. Perit Dial 

Int. 2020;40(1):6–11.  

55. D’Marco L, Puchades MJ, Romero-Parra M, Gimenez-Civera E, Soler MJ, Ortiz A, et al. 

Coronavirus disease 2019 in chronic kidney disease. Clin Kidney J. 2020;13(3):297–306.  



 

 

56. Menon T, Gandhi SAQ, Tariq W, Sharma R, Sardar S, Arshad AM, et al. Impact of 

chronic kidney disease on severity and mortality in COVID-19 patients: a systematic review and 

meta-analysis. Cureus. 2021;13(4).  

57. Danziger-Isakov L, Blumberg EA, Manuel O, Sester M. Impact of COVID-19 in solid 

organ transplant recipients. Am J Transplant. 2021;21(3):925–37.  

58. Zhao R, Zhou Q, Xu H, Shen Q. A narrative review of care for patients on maintenance 

kidney replacement therapy during the COVID-19 era. Pediatr Med. 2021;4.  

59. Rabb H. Kidney diseases in the time of COVID-19: major challenges to patient care. J 

Clin Invest. 2020;130(6):2749–51.  

60. Quintaliani G, Reboldi G, Di Napoli A, Nordio M, Limido A, Aucella F, et al. Exposure 

to novel coronavirus in patients on renal replacement therapy during the exponential phase of 

COVID-19 pandemic: survey of the Italian Society of Nephrology. J Nephrol. 2020;33:725–36.  

61. Mahalingasivam V, Su G, Iwagami M, Davids MR, Wetmore JB, Nitsch D. COVID-19 

and kidney disease: insights from epidemiology to inform clinical practice. Nat Rev Nephrol. 

2022 Aug;18(8):485–98.  

62. Stevens KI, Frangou E, Shin JIL, Anders HJ, Bruchfeld A, Schönermarck U, et al. 

Perspective on COVID-19 vaccination in patients with immune-mediated kidney diseases: 

consensus statements from the ERA-IWG and EUVAS. Nephrol Dial Transplant. 2022 Jul 

26;37(8):1400–10.  

63. Saran R, Robinson B, Abbott KC, Agodoa LYC, Bragg-Gresham J, Balkrishnan R, et al. 

US Renal Data System 2018 Annual Data Report: Epidemiology of Kidney Disease in the United 

States. Am J Kidney Dis. 2019 Mar;73(3):A7–8.  

64. Komenda P, Sood MM. The Economics of Home Dialysis: Acting for the Individual 

While Planning Responsibly for the Population. Adv Chronic Kidney Dis. 2009 May;16(3):198–

204.  

65. Klarenbach S, Manns B. Economic Evaluation of Dialysis Therapies. Semin Nephrol. 

2009 Sep;29(5):524–32.  

66. Elshahat S, Cockwell P, Maxwell AP, Griffin M, O’Brien T, O’Neill C. The impact of 

chronic kidney disease on developed countries from a health economics perspective: a systematic 

scoping review. PloS One. 2020;15(3):e0230512.  

67. Darwish MM, Hassan SH, Taha SF, El-Megeed A, Said H, Ismail TAAM. Family impact 

and economic burden among caregivers of children with chronic kidney disease in Assiut, Egypt. 

J Egypt Public Health Assoc. 2020;95(1):1–8.  

68. Morton RL, Schlackow I, Gray A, Emberson J, Herrington W, Staplin N, et al. Impact of 

CKD on Household Income. Kidney Int Rep. 2018 May;3(3):610–8.  

69. Tjaden LA, Grootenhuis MA, Noordzij M, Groothoff JW. Health-related quality of life in 

patients with pediatric onset of end-stage renal disease: state of the art and recommendations for 

clinical practice. Pediatr Nephrol. 2016 Oct 1;31(10):1579–91.  

70. McKenna AM, Keating LE, Vigneux A, Stevens S, Williams A, Geary DF. Quality of life 

in children with chronic kidney disease—patient and caregiver assessments. Nephrol Dial 

Transplant. 2006;21(7):1899–905.  

71. Dotis J, Pavlaki A, Printza N, Stabouli S, Antoniou S, Gkogka C, et al. Quality of life in 

children with chronic kidney disease. Pediatr Nephrol. 2016;31:2309–16.  

72. Shroff R, Ledermann S. Long-term outcome of chronic dialysis in children. Pediatr 

Nephrol. 2009 Mar 1;24(3):463–74.  



 

 

73. Alhameedi RS, Collier J. How are Families Taught to Look After their Children on 

Peritoneal Dialysis? Saudi J Kidney Dis Transplant [Internet]. 2016;27(1). Available from: 

https://journals.lww.com/sjkd/fulltext/2016/27010/how_are_families_taught_to_look_after_their.

5.aspx 

74. Kim JE, Park SJ, Oh JY, Kim JH, Lee JS, Kim PK, et al. Noninfectious Complications of 

Peritoneal Dialysis in Korean Children: A 26-Year Single-Center Study. Yonsei Med J. 

2015;56(5):1359.  

75. Vicentini CA de A, Ponce D. Comparative analysis of patients’ survival on hemodialysis 

vs. peritoneal dialysis and identification of factors associated with death. Braz J Nephrol. 

2022;45:8–16.  

76. Chander S, Luhana S, Sadarat F, Parkash O, Rahaman Z, Wang HY, et al. Mortality and 

mode of dialysis: meta-analysis and systematic review. BMC Nephrol. 2024;25(1):1.  

77. Chesnaye NC, Schaefer F, Groothoff JW, Bonthuis M, Reusz G, Heaf JG, et al. Mortality 

risk in European children with end-stage renal disease on dialysis. Kidney Int. 2016;89(6):1355–

62.  

78. Luyckx VA, Tonelli M, Stanifer JW. The global burden of kidney disease and the 

sustainable development goals. Bull World Health Organ. 2018;96(6):414.  

79. Dominy CL, Shamsian EB, Okhawere KE, Korn TG, Meilika K, Badani K. Recent 

innovations in renal replacement technology and potential applications to transplantation and 

dialysis patients: a review of current methods. Kidney Res Clin Pract. 2023;42(1):53.  

80. Kasemy ZA, Hathout HM, Omar ZA, Samir MA, Bahbah WA. Effect of Omega-3 

supplements on quality of life among children on dialysis: a prospective cohort study. Medicine 

(Baltimore). 2020;99(40):e22240.  

81. Dashti-Khavidaki S, Gharekhani A, Khatami MR, Miri ES, Khalili H, Razeghi E, et al. 

Effects of omega-3 fatty acids on depression and quality of life in maintenance hemodialysis 

patients. Am J Ther. 2014;21(4):275–87.  

82. Friedman A, Moe S. Review of the effects of omega-3 supplementation in dialysis 

patients. Clin J Am Soc Nephrol. 2006;1(2):182–92.  

83. Moeinzadeh F, Shahidi S, Mortazavi M, Dolatkhah S, Kajbaf M, Javanmard SH, et al. 

Effects of omega-3 fatty acid supplementation on serum biomarkers, inflammatory agents, and 

quality of life of patients on hemodialysis. Iran J Kidney Dis. 2016;10(6):381.  

 

 


