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ABSTRACT

Background and Aim: Continuous ambulatory peritoneal dialysis (CAPD) is a conventional
treatment for children with end-stage kidney disease. All infectious and non-infectious
complications should be detected early and managed because they may cause ultrafiltration,
or Soult failure, or catheter failure. This study aims to investigate infectious and non-
infectious complications of CAPD, such as mechanical and metabolic issues, at a children’s
medical center between 2020 and 2022.

Methods: A retrospective cross-sectional study was performed on pediatric patients with
end-stage renal disease (ESRD) undergoing peritoneal dialysis at Children’s Medical Center
in 2020-2022. Data were collected from the medical records and files and entered into SPSS
software, version 26 for analysis.

Results: The study included 30 participants with an average age of 5.89+1.2 years. Two-
thirds of the participants were boys. Among the gitls, 70% (7 of 10) and 80% of the boys (16
of 20) developed peritonitis. Bacterial infections were mostly observed in girls more than 2
times. Tunnel infections were observed in 10% of patients, three girls and one boy. Exit-site
infection occurred in eight boys and one girl. Non-infectious complications, such as seizures,
were observed in approximately 40% of patients. An inguinal hernia was observed in all male
patients.

Conclusion: In our experience, the most common infectious complication observed in CAPD
patients was bacterial peritonitis caused predominantly by staphylococcus aureus. Tunnel
infection and exit site infection were also common, while the predominant non-infectious
complication was hernia.

Keywords: Bacterial infection, Continuous ambulatory peritoneal dialysis, Catheter,
Children, Complications
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Introduction

hronic peritoneal dialysis (PD) is a highly

effective and safe treatment option for chil-

dren with end-stage renal disease (ESRD),

particularly while waiting for a kidney

transplant. This method is considered the
best approach to manage their condition. Data from the
North American Pediatric Renal Trials and Collabora-
tive Studies indicate that a significant majority of infants
diagnosed with ESRD (98%) are started on PD rather
than hemodialysis, highlighting their preference for pe-
diatric care [1]. However, infants under the age of two
are at a significantly increased risk of catheter-related
complications compared to older children. Hence, early
initiation of peritoneal dialysis in infants is associated
with a higher risk of catheter failure; however, the fac-
tors affecting catheter survival in this group are not well
described. Most studies on risk factors and peritoneal di-
alysis catheter outcomes in children have either included
all children up to 18 years of age or focused on those
starting PD for both acute and chronic kidney failure [2].
Complications associated with PD catheters are frequent
and more likely to occur when they are used longer.
Lower-weight children face a higher risk of leaks; how-
ever, smaller initial dialysate volumes can help reduce
this risk [3]. However, no significant difference was ob-
served between the groups regarding sex, age at the start
of PD, or the overall PD period [4].

Despite these complications, PD is often the preferred
dialysis method for children needing renal replacement
therapy (RRT) because it allows for a better quality of
life, causes less disruption to daily activities, and sup-
ports growth. Recently, peritonitis treatment has become
very effective. As a result, more focus has shifted to-
wards managing non-infectious complications related to
PD, which are now recognized as relatively more signifi-
cant issues to address in these patients’ care. Peritoneal
dialysis can be safely performed in pediatric patients
without severe complications, and non-infectious issues
rarely require catheter removal or a switch to hemodialy-
sis. Additionally, non-infectious dialysate leaks occur in
more than 5% of patients but are often clinically insig-
nificant [5]. They can be categorized as early complica-
tions occurring within 30 days, often related to the cath-
eter, or late complications arising after 30 days, typically
due to mechanical or surgical rupture in the peritoneal
membrane. Recommended approaches can help mitigate
the complications of peritoneal dialysis [6]. Hernias of-
ten develop due to increased intra-abdominal pressure
and peritoneal defects caused by catheter placement,
affecting up to 25% of patients with CAPD. The most
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common sites of these hernias are around the umbilicus,
near the catheter, and in the inguinal canal [7].

Encapsulating sclerosing peritonitis (ESP), or scleros-
ing peritonitis, is an inflammatory condition that results
in a thick fibrous membrane on the peritoneum, affecting
approximately 1% of patients on CAPD and increasing
to nearly 20% after 8 years. Early signs include perito-
neal thickening and calcification, with vague symptoms,
such as abdominal pain and ultrafiltration failure. Early
visceral and parietal involvement detection is crucial to
reveal potential bowel complications [5].

Materials and Methods

This retrospective cross-sectional study included chil-
dren who underwent CAPD between 2020-2022. All
patients underwent a TENCKOFF catheter insertion. All
children were treated with dialysis fluid number 1 or 2
and extraneal fluid overnight. The diagnosis of CAPDP
follows the 2016 International Society for peritoneal di-
alysis criteria, requiring two of three specific criteria for
confirmation: Symptoms of peritonitis, turbid dialysate,
abdominal pain, or fever; a white blood cell count in the
peritoneal fluid greater than 100/mL with over 50% neu-
trophils; and a positive culture of peritoneal dialysis flu-
id. Peritoneal fluid samples were collected upon patient
admission and analyzed in the laboratory for smear and
culture, with results adhering to the American National
Clinical Laboratory Standards [8, 9].

After obtaining ethical approval, patients’ medical files
were accessed. Data were collected from the medical
records and files. Frequency and percentage were used
to report qualitative (categorical) variables and to de-
scribe continuous variables, and Mean+SD were used.
Unrelated sample t-test was used to compare continuous
variables in two groups and to evaluate the connection
between two categorical variables. The chi-square test
was applied, and if needed, Fisher’s exact test was used.
All statistical analyses were performed using SPSS soft-
ware, version 26 at the 5% significance level.

Results

A total of 30 patients with CAPD were admitted to the
nephrology department of the Children’s Medical Center
Hospital. The mean age at diagnosis was 5.89+1.2 years,
and patients who were followed up from the initiation of
PD between 2020 and 2022 were included. Table 1 pres-
ents the clinical characteristics of the patients. Twenty-
three patients (76%) had bacterial peritonitis. Seventeen
patients had gram-positive infections and six children
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Table 1. Initial patient features at onset of CAPD

2024. Volume 12

No. (%)/ MeantSD

Features
Patient <5 Years Patient Above >5 Years Overall
Age (y) 18 12 5.89+1.2
Female 8 2 10(33)
Sex
Male 10 10 20(66)
Weight (Kg) 11.7 13.1 12.2+43.8
Lab Data
BUN (mg/dL) 62.3 72.2 68.93+37.6
Creatinine (mg/dL) 4.9 7.1 5.4+2.8
PTH (pg/mL) 339 246 280.53+190
PLT (103 cell/pL) 452 199 217+142
Hb (g/dL) 8.9 11.2 9.13+2.3
Vit D (ng/mL) 39.2 29.2 36.4£17.5
Sodium (mEq/L) 134.8 137.3 135.07+11.1
Potassium (mEq/L) 4.5 5.1 4.97+1.7
Calcium (mg/dL) 8.3 9.6 8.3+1
Phosphorus (mg/dL) 7.3 9.1 7.55%4

Abbreviations: CAPD: Continuous ambulatory peritoneal dialysis; BUN: Blood urea nitrogen; PTH: Parathyroid hormone;

PLT: Platelet; Hb: Hemoglobin.

had gram-negative infections (Pseudomonas). Ten pa-
tients (33%) had fungal peritonitis. All fungal peritonitis
occurred following bacterial peritonitis or simultane-
ously. Eight patients treatment failed, and the catheter
was removed or changed. Common electrolyte disorders
include hypocalcemia, hyponatremia, hyperkalemia, hy-
pernatremia, and hyperphosphatemia. Figure 1 shows
the patientsy> underlying diseases. The most common
underlying disease associated with CAPD was renal
dysplasia, accounting for 20% of patients. Neurogenic
bladder (14%), autosomal recessive polycystic kidney
disease (ARPKD) (14%), and atypical hemolytic uremic
syndrome (HUS) (6%) constitute the other common un-
derlying diseases. Some patients had recurrent peritoni-
tis and exit site infections. In 56% of patients, no residual
kidney function was observed and in 43%, variable de-
grees of residual kidney function were observed. Our re-
sults identified hypertension and seizures in 50% (n=15)
and 40% (n=12) of patients, respectively. Twenty-six
patients had a hernia. Hemoperitoneum was present in
five patients, pancreatitis in one patient, and hydrothorax
in one patient. Many patients have more than one type of
infection. One boy had six recurrent episodes of bacterial
peritonitis and three episodes of fungal infections. The

two girls were affected by bacterial peritonitis five times
each. Half of the boys were unaffected by fungal infec-
tion, and only one boy was affected thrice. Eight boys
were affected by exit-site infection only once, one boy
was affected twice, one girl was affected by tunnel infec-
tion twice, and one was affected only once. Most compli-
cations occurred in children aged <5 years. Leakage was
observed in three patients after catheter placement, and
other leakages occurred at other times (Table 2).

Discussion

Peritoneal dialysis (PD) is a favored and convenient
treatment option for children with chronic renal failure
[10-12]. This cross-sectional study revealed that the most
common infectious complication observed in our pa-
tients with CAPD was peritonitis, predominantly caused
by Staphylococcus aureus or epidermidis, followed by
Pseudomonas. Tunnel and exit site infections are also
common, while the most common non-infectious com-
plications are hernia and leakage. Our results were simi-
lar to those reported by Abir Abdellatif et al. [13].
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Table 2. The distribution of complications related to continuous ambulatory peritoneal dialysis

No. (%)
Complications
Patient <5 Years Patient >5 Years Overall
Hernia 18 8 26(86)
Peritonitis 17 6 23(76)
Female 6 2 8(34)
Bacterial infection
Male 11 4 15(65)
Acidosis 12 6 18(60)
Exit site infection 12 5 17(56)
Cardiovascular side effect 3 12 15(50)
Hypertension 3 12 15(50)
Death 11 3 14(46)
Change to hemodialysis 1 12 13(43)
Residual kidney function 10 3 13(43)
Seizure 10 2 12(40)
Transplant of renal 3 8 11(36)
Female 2 0 2(6)
Fungal infection
Male 6 2 8(27)
Technical failure 7 2 9(30)
Tunnel infection 3 6 9(30)
Catheter leakage 5 2 7(23)
Alkalosis 1 1 2(6)
Renal Dysplasia
PUWV
b
& Neurogenic Bladder
S
& ARPKD
g
=
E HUS
Congenital
Mephrotic Syndrome
Hyperoxaluria
0 5 10 15

Number of Pafients

Figure 1. Distribution of underlying renal disease in 30 patients
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The mean age of patients starting PD was 9.75+4.67
years. Among them, 69 experienced infectious compli-
cations, including six with hernias, seven with hemo-
peritoneum, and three with pancreatitis; no cases of hy-
drothorax were observed [13].

Significant variations are found among continents re-
garding infecting organisms. Europe shows a higher
prevalence of gram-positive peritonitis, while Asia and
South America, particularly Argentina, mainly experi-
ence gram-negative peritonitis. Factors, such as climate,
humidity, the application of mupirocin cream for care
at exit sites, and the age demographics of patients may
contribute to the regional distinctions observed in culture
results [14].

Peritonitis remains the primary cause of procedure
breakdown in patients undergoing PD despite a decline
in its rate over time in Canada. Recent investigations
have shown that peritonitis-related procedure break-
down does not decrease overall [10]. Among our pa-
tients, six experienced technique failure and underwent
hemodialysis. The mortality rate in our study was 46.6%
due to complications and technical failure; 78.5% of the
patients were under 5 years of age, and the chief rea-
son for mortality was peritonitis. Research indicates that
children who require RRT at a young age exhibit higher
mortality rates than older children. Additionally, non-
renal comorbidities are significant factors affecting these
mortality rates [15].

Peritonitis is the leading cause of catheter revision
during the first year of treatment. Additionally, studies
have shown that it occurs more often in children aged
0-2 years than in older children and adults [11]. In 2006,
Schroff et al. reported that the mortality rate of younger
children undergoing dialysis was 10%, which increased
to 17% over the entire follow-up period. This indicates
that their risk of death was 2.7 times greater than that of
older children on dialysis [16]. In our study, all compli-
cations were common in children aged <5 years old.

Conclusion

PD is the preferred method for RRT in children await-
ing kidney transplants. Its physiological benefits stem
from its greater peritoneal membrane surface area rela-
tive to body mass than that of adults. While peritonitis
is the primary complication associated with PD, hernias
are the most frequent non-infectious issues. In certain
centers, many complications can be treated conserva-
tively, helping preserve the peritoneal membrane and
avoiding catheter removal or replacement.

2024. Volume 12

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Ethics Commit-
tee of Tehran University of Medical Sciences (Code:
IR.TUMS.CHMC.REC.1402.018).

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

All authors contributed equally to the conception and
design of the study, data collection and analysis, inter-
ception of the results, and manuscript drafting. Each au-
thor approved the submission of the final version of the
manuscript.

Conflict of interest

The authors declared no conflict of interest.

References

[1] Abbasi M, Chertow G, Hall Y. End-stage renal risease. Am
Fam Physician. 2010; 82(12):1512. [PMID]

[2] LaPlant MB, Saltzman DA, Segura BJ, Acton RD, Feltis BA,
Hess DJ. Peritoneal dialysis catheter placement, outcomes
and complications. Pediatr Surg Int. 2018; 34(11):1239-44.
[DOI:10.1007 /s00383-018-4342-1] [PMID]

[3] Hashmi MF, Benjamin O, Lappin SL. End-stage renal dis-
ease. StatPearls. Treasure Island (FL): StatPearls Publishing;
2023. [PMID]

[4] Schaefer F, Warady BA. Peritoneal dialysis in children with
end-stage renal disease. Nat Rev Nephrol. 2011; 7(11):659-68.
[DOI:10.1038/nrneph.2011.135] [PMID]

[5] Goldstein M, Carrillo M, Ghai S. Continuous ambulatory
peritoneal dialysis-a guide to imaging appearances and com-
plications. Insights Imaging. 2013; 4(1):85-92. [DOI:10.1007/
513244-012-0203-y]

[6] Chesnaye NC, van Stralen K], Bonthuis M, Harambat J,
Groothoff JW, Jager KJ. Survival in children requiring chronic
renal replacement therapy. Pediatr Nephrol. 2018; 33(4):585-
94. [DOI:10.1007 /s00467-017-3681-9] [PMID]

[7] Stuart S, Booth TC, Cash CJ, Hameeduddin A, Goode
JA, Harvey C, et al. Complications of continuous ambula-
tory peritoneal dialysis. Radiographics. 2009; 29(2):441-60.
[DOI:10.1148/1g.292085136] [PMID]

Ali T, et al. Prevalence of Infection and Non-infection Complications in CAPD Patients. J Ped Nephrol. 2024; 12:E44900.



https://journals.sbmu.ac.ir/jpn
https://en.tums.ac.ir/en
https://pubmed.ncbi.nlm.nih.gov/21166372/
https://doi.org/10.1007/s00383-018-4342-1
https://www.ncbi.nlm.nih.gov/pubmed/30203179
https://pubmed.ncbi.nlm.nih.gov/29763036/
https://doi.org/10.1038/nrneph.2011.135
https://www.ncbi.nlm.nih.gov/pubmed/21947118
https://doi.org/10.1007/s13244-012-0203-y
https://doi.org/10.1007/s13244-012-0203-y
https://doi.org/10.1007/s00467-017-3681-9
https://www.ncbi.nlm.nih.gov/pubmed/28508132
https://doi.org/10.1148/rg.292085136
https://www.ncbi.nlm.nih.gov/pubmed/19325058

2024. Volume 12

[8] YinS, Tang M, Rao Z, Chen X, Zhang M, Liu L, et al. Risk fac-
tors and pathogen spectrum in continuous ambulatory perito-
neal dialysis-associated peritonitis: A single center retrospec-
tive study. Med Sci Monit. 2022; 28:€937112. [DOI:10.12659/
MSM.937112]

[9] Li PK, Szeto CC, Piraino B, de Arteaga J, Fan S, Figueiredo
AE, et al. ISPD peritonitis recommendations: 2016 update on
prevention and treatment. Perit Dial Int. 2016; 36(5):481-508.
[DOI:10.3747/ pdi.2016.00078] [PMID]

[10] Tian Y, Xie X, Xiang S, Yang X, Zhang X, Shou Z, et al.
Risk factors and outcomes of high peritonitis Rate in con-
tinuous ambulatory peritoneal dialysis patients: A retro-
spective study. Medicine (Baltimore). 2016; 95(49):5569.
[DOI:10.1097/MD.0000000000005569] [PMID]

[11] Bakal U, Sarac M, Tartar T, Aydin M, Kara A, Gurgoze MK,
et al. Peritoneal dialysis in children: Infectious and mechani-
cal complications: Experience of a tertiary hospital in Elazig,
Turkey. Niger ] Clin Pract. 2022; 25(8):1227-32. [DOI:10.4103/
njcp.njcp_1529_21] [PMID]

[12] Azat NF. Indications and complication of peritoneal di-
alysis in children with acute renal failure, single canter. ] Fac
Med Baghdad. 2016; 58(2):126-31. [DOI:10.32007/jfacmedb-
agdad.582222]

[13] Abdellatif A, Jellouli M, Bousetta A, Sayari T, Gargah
T. Peritoneal dialysis complications in pediatrics: A Tuni-
sion experience. Nephrol Dial Transplant. 2023; 38(S 1).
[DOI:10.1093/ndt/ gfad063c_5577]

[14] Prasad N, Rangaswamy D, Patel M, Gulati S, Bhadauria D,
Kaul A, et al. Long-term outcomes in children on chronic con-
tinuous ambulatory peritoneal dialysis: A retrospective co-
hort study from a developing country. Pediatr Nephrol. 2019;
34(11):2389-97. [DOI:10.1007 /s00467-019-04311-w] [PMID]

[15] Vidal E, Edefonti A, Murer L, Gianoglio B, Maringhini S,
Pecoraro C, et al. Peritoneal dialysis in infants: The experience
of the Italian Registry of Paediatric Chronic Dialysis. Nephrol
Dial Transplant. 2012; 27(1):388-95. [DOI:10.1093 /ndt/ gfr322]
[PMID]

[16] Shroff R, Rees L, Trompeter R, Hutchinson C, Ledermann
S. Long-term outcome of chronic dialysis in children. Pediatr
Nephrol. 2006; 21(2):257-64. [DOI:10.1007 / s00467-005-2067-6]
[PMID]

= J Ped " ephrol

Journal of Pediatric Nephrology

Ali T, et al. Prevalence of Infection and Non-infection Complications in CAPD Patients. J Ped Nephrol. 2024; 12:E44900.



https://journals.sbmu.ac.ir/jpn
https://doi.org/10.12659/MSM.937112
https://doi.org/10.12659/MSM.937112
https://doi.org/10.3747/pdi.2016.00078
https://www.ncbi.nlm.nih.gov/pubmed/27282851
https://doi.org/10.1097/MD.0000000000005569
https://www.ncbi.nlm.nih.gov/pubmed/27930566
https://doi.org/10.4103/njcp.njcp_1529_21
https://doi.org/10.4103/njcp.njcp_1529_21
https://www.ncbi.nlm.nih.gov/pubmed/35975368
https://doi.org/10.32007/jfacmedbagdad.582222
https://doi.org/10.32007/jfacmedbagdad.582222
https://doi.org/10.1093/ndt/gfad063c_5577.
https://doi.org/10.1007/s00467-019-04311-w
https://www.ncbi.nlm.nih.gov/pubmed/31468143
https://doi.org/10.1093/ndt/gfr322
https://www.ncbi.nlm.nih.gov/pubmed/21669887
https://doi.org/10.1007/s00467-005-2067-6
https://www.ncbi.nlm.nih.gov/pubmed/16270221

