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Abstract Peritoneal dialysis (PD) continues to be an
important modality of treatment for children with end-stage
renal disease. The Canadian Association of Pediatric
Nephrologists recognized the need nationally to review
the literature on the delivery of PD in children to provide
optimal standardized care. This resulted in the development
of the Canadian Clinical Practice Guidelines for pediatric
PD. Clinical practice guidelines are a useful adjunct to
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clinical care. The present review includes recommendations for catheter placement and types, requirement for
prophylactic omentectomy, initiation and adequacy of
dialysis, PD prescription, and solute clearance. It provides
physicians with updated evidence-based recommendations
that include consideration towards practicality with the
major goal of improved and standardized patient care.
Keywords Guidelines . Peritoneal dialysis . Children .
Canadian . Evidence-based practice

Introduction
The importance of peritoneal dialysis (PD) to the delivery
of chronic renal replacement therapy in children in North
America is underscored by the latest data released by the
North American Pediatric Renal Transplant Cooperative
Study (NAPRTCS) [1]. PD in the 2004 NAPRTCS annual
report is the initial modality chosen in 60% of children
started on dialysis and is currently used to dialyze 65% of
children within Canada and North America [1, 2].
With the publication of the National Kidney Foundation
Dialysis Outcome Quality Initiative (NKF K/DOQI) and
the Clinical Practice Guidelines by the Canadian Society of
Nephrology (CSN), the Canadian Association of Pediatric
Nephrologists (CAPN) recognized a need for the development of similar guidelines specific to the care of children
on dialysis [3–5]. The Ad Hoc European Committee has
published several reviews on pediatric peritoneal dialysis
but there are some aspects of care across continents that are
different [6–8]. A brief survey of present pediatric
peritoneal dialysis practices within Canada demonstrated
variability of care across the country. The aim of the
Canadian Pediatric Peritoneal Dialysis group was to
develop best evidence-based guidelines for pediatric
peritoneal dialysis by utilizing the available pediatric, and
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where significant, the best of the adult literature, with the
hope of achieving uniform evidence-based standards for
Canadian children on peritoneal dialysis.

Materials and methods
CAPN set up a working group of practicing pediatric
nephrologists to comprehensively review different aspects
of pediatric peritoneal dialysis with the goal to provide
evidence-based recommendations within specific areas.
The focus of the review was limited to addressing technical
and adequacy issues of PD in children and did not address
non-dialysis issues such as renal osteodystrophy, anemia,
nutritional issues, growth, and/or acid-base problems.
The following guidelines outline the best evidence
available to craft recommendations in children; however,
most are not supported by robust evidence from the
pediatric literature. In areas where little or no pediatric
evidence exists, where the pediatric studies are of poor
quality or conversely the adult studies are outstanding,
reference will also be made to the adult literature. For each
guideline, the final recommendation will highlight the
highest level of both pediatric and adult evidence reviewed
to provide support for the recommendations made.
The grading of levels of evidence is derived from Dr. D.
H. Sackett [9] and is included for all references cited and
recommendations. This is the same grading system utilized
on the practice guidelines of the CSN [4] (Table 1).

and signs of uremia (i.e., nausea and vomiting, anorexia,
weight loss, lethargy, poor school performance etc.).
Recommendation Peritoneal dialysis in children should be
initiated when CrCl is <10 ml/min per 1.73 m2 and/or
when there are symptoms and signs of uremia and/or
growth failure (opinion).
Guideline II: peritoneal catheter types
The latest NAPRTCS 2004 annual report states that
Tenckhoff catheters are used in 91% of all index cases of
pediatric peritoneal dialysis [1]. Similar results are reported
from other countries, including Japan and Italy [13, 14]. A
small pediatric study comparing the Toronto Western
Hospital (TWH) catheter with the Tenckhoff catheter did
suggest a possible advantage of the TWH catheter with
respect to one-way obstructions (45 versus 7%, p<0.05)
[15] (level V). However, the numbers were small and only
50% of the TWH catheter group had the catheter placed as
the initial PD catheter. There is, therefore, little evidence to
suggest that one catheter is superior to another.
Recommendation The use of a Tenckhoff-type catheter in
all ages of pediatric patients on PD is recommended and is
the standard of practice in North America (best available
evidence: pediatric V).
Guideline III: number of cuffs

Guideline I: timing of initiation of peritoneal dialysis
There has been much controversy in the adult literature
about timing for initiation of dialysis and whether patients
would benefit from early initiation when the creatinine
clearance (CrCl) is >15 ml/min per 1.73 m2. In pediatrics,
there is no clear evidence regarding the optimal time to
initiate dialysis with no available studies to support any
recommendations. Recent adult studies have failed to
confirm any significant benefits of early initiation of
dialysis [10–12]. However, it is generally accepted that
dialysis should be initiated when CrCl is less than or equal
to 10 ml/min per 1.73 m2 and/or when there are symptoms

Use of double-cuff catheters (DCC) in pediatric patients is
recommended by both the International Society of Peritoneal Dialysis (ISPD) and the Ad Hoc European Committee
[7, 16]. In addition, the Ad Hoc European Committee
recommends the use of a single-cuff catheter (SCC) in
infants less than 3 kg (opinion based). Both recommendations are based on the 1995 NAPRTCS annual report on PD
and peritonitis outcomes [17] (level V). The evidence to
support these recommendations is poor with most of the
pediatric studies showing no difference in peritonitis, exitsite infection rates, or leaks between DCC and SCC [18–
20] (levels III and V). Conversely there are three pediatric

Table 1 Levels of grading of evidence [9]
Levels of
grading

Description

I

Randomized, controlled trial (RCT) that demonstrates a statistically significant difference in at least one important outcome
(i.e., survival, major illness); or if the difference is not statistically significant, a RCT of adequate sample size to exclude a
25% difference in relative risk with 80% power, given the observed results
A RCT that does not meet level I criteria
A nonrandomized trial with contemporous controls selected by some systematic method or subgroup analysis of a
randomized trial
A case series (at least 10 patients) without controls
A case series (fewer than 10 patients) without controls

II
III
IV
V
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reports suggesting that extrusion of the second cuff with
DCC is more problematic when compared with SCC [21–
23] (levels IV and V). However, the short distance of the
second cuff from the exit site in these papers (<0.5 cm)
would not be accepted today as an appropriate distance
(~2 cm cuff to exit site). Other than this anecdotal evidence
there is no evidence to suggest any disadvantage to DCC vs
SCC in any other regard. No adult studies provide any
higher grades of evidence to address this question. The
other issue of a recommended maximal distance between
the external cuff and the superficial surface is not well
addressed in the literature other than by recommendations
from review articles without any substantial evidence [16].
Recommendation Double-cuff catheters can be used in
children heavier than 3 kg where the external cuff can be
placed 2–3 cm from the exit site (best available evidence:
pediatric III).

swan neck DCC with straight subcutaneous tunnel SCC
Tenckhoff catheters [20, 24]. Both groups found no
significant differences between the straight subcutaneous
vs swan neck tunnel with regards to peritonitis rates or exitsite infections (opinion). Adult studies by Lye et al. [25]
and Eklund et al. [26] show conflicting level I and II
evidence, respectively, that swan neck catheters lower the
risk of exit-site infections but are in agreement with respect
to their equivalency in terms of episodes of peritonitis,
catheter survival, and rates of peritonitis, while Bockurt et
al. present moderately strong evidence that they may
reduce tip migration (level III) [25–27]. However, there is
no strong evidence in children supporting swan neck over
straight intramural tunnels.
Recommendation As there is no strong evidence in either
the pediatric or adult literature, use of a swan neck catheter
in children should be left to the discretion of the individual
PD center (best available evidence: pediatric III, adult I
and II).

Guideline IV: exit-site direction
The use of downward oriented exit sites in pediatric
patients is recommended by both the ISPD and the Ad Hoc
European Committee [7, 16]. This is based again on a
review of NAPRTCS data showing that a downward exit
site provided significant advantage over an upward facing
site in terms of the overall peritonitis rate (1 in 18.9 vs 1 in
10.6 patient months at risk, p=0.01) [17] (level V). A
pediatric study by Sojo et al. compared 85 Tenckhoff
straight catheters with lateral exit sites to 33 Swan neck
curled catheters with downward exit sites. They were
unable to demonstrate any advantage of one exit-site
orientation over the other in terms of rates of peritonitis,
risk of exit-site or tunnel infection, or risk of leaking [20]
(III). Adult studies, the best of which is only level IV, show
little evidence to either support or refute the recommendation of downward oriented sites. Nevertheless, there does
not seem to be any evidence that a downward exit site
predisposes to any complications.
Recommendation Exit sites should be oriented either
downward (preferred) or laterally in children (best
available evidence: pediatric III, adult IV).
Guideline V: subcutaneous tunnel: straight
versus preformed curve (swan neck)
The use of swan neck versus straight catheters in pediatrics
is briefly reviewed by Gokal et al., but there are no specific
recommendations for children [16]. Based on 2004
NAPRTCS data, swan neck catheters are less commonly
utilized in children as compared to catheters with a straight
subcutaneous tunnel (21 vs 74%, respectively) [1]. The Ad
Hoc European Committee recommends a swan neck design
based on aggregate NAPRTCS data, but there are few
studies that compare the two in children [7]. Sojo et al. and
Jones et al. reported their results in children comparing

Guideline VI: intraperitoneal segment: curled
versus straight
Current 2004 NAPRTCS data show that 63% of PD
catheters in children have curled intraperitoneal segments
and as a percent of Tenckhoff catheters, in particular, curled
segments make up almost 69% of catheters inserted [1].
Curled intraperitoneal segments also predominate in
Europe although the actual numbers are not provided
[28]. Recommendations from both the ISPD and the Ad
Hoc Group advocate for the use of curled rather than
straight intraperitoneal segments based on observations
that curled intraperitoneal segments reduce the risk of
mechanical failure and minimize the incidence of inflow
pain and catheter tip irritation of the bowel [7, 16]. This is
supported in pediatrics in a study by Lerner et al. who
found a significant difference in the risk of obstruction with
a straight intraperitoneal segment versus the curled catheter
(12 vs 6%, respectively, p<0.05) [19] (level IV). However,
in a study by Sojo et al., they did not find any significant
difference in the risk of tip migration or omental capture
between the straight and curled intraperitoneal segments
(944 catheter months at risk for the straight peritoneal
segment vs 266 months at risk for the curled segment) [20]
(III). Neither of these studies showed any difference in
surgical revision rates or risk of peritonitis when comparing
the two intraperitoneal catheter designs. There are three
randomized clinical trials in the adult literature comparing
curled with straight intraperitoneal catheters [29–31]
(levels I and II). One trial was terminated early because
of vastly improved catheter survival with the curled
intraperitoneal segment [29]. Al-Hilali’s study had opposite results in a level I trial comparing immediate postoperative drainage failures due to malposition or omental
wrap in curled versus straight catheters. This trial was also
terminated early at a planned interim analysis after 24
patients because of the vastly superior results in the straight
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catheter arm [31]. Although the pediatric literature is not
strong in providing evidence for or against the use of curled
intraperitoneal segments, there is strong level I and II
evidence in the adult population which suggests that curled
segment catheters have improved survival rates and
minimizes the risk of catheter tip migration.
Recommendation Children should have a PD catheter
which has a curled intraperitoneal segment (best available
evidence: pediatric III, adult I and II).
Guideline VII: catheter tip placement
Catheter tip placement plays a pivotal role in effluent
drainage where there should be easy inflow and outflow of
peritoneal dialysate fluid. The ISPD adult guidelines
recommend that the catheter tip be placed between the
parietal and visceral epithelium, aimed towards the pouch
of Douglas and away from loops of bowel or omentum
[16]. Although this premise is accepted by all nephrologists, there is a paucity of evidence to support this
recommendation.
Recommendation The tip of the PD catheter should be
placed, whenever possible, in the pelvis (opinion).
Guideline VIII: prophylactic omentectomy
The need for prophylactic omentectomy at the time of the
PD catheter insertion remains controversial in both the
adult and pediatric PD literature [32]. The opinions range
between all infants and children requiring prophylactic
omentectomies to that of the fact that an omentectomy
should only occur when problems arise [33, 34]. In fact,
only 53% (9/17) of centers in the Pediatric Peritoneal
Dialysis Study Consortium when surveyed said they
routinely performed omentectomies [34]. However, as
catheter obstructions, most commonly due to omental and
fimbrial adhesions, are second only to peritonitis in terms
of major catheter complications, with rates varying
between 6 and 31% [35–43], the possible importance of
omentectomy in preventing this problem should not be
overlooked. Children in particular may be at higher risk of
omental obstruction, and although subtotal omentectomies
may cause significant bleeding and trauma, performing
them at initial insertion may prevent the need for a second
operation to correct an omental obstruction [44]. There are
few prospective and no randomized trials addressing issues
related to omentectomy. There are no well-designed studies
in the pediatric literature to either support or refute the use
of prophylactic omentectomies as a strategy for maximizing catheter life and minimizing outflow obstruction [44,
45] (levels IV and V). The adult literature provides more
robust evidence in favor of omentectomies [46–48] with
one prospective study providing level III evidence [46].

Recommendation The decision to perform an omentectomy (or omentopexy if a laparoscopic insertion is
contemplated) in a pediatric patient should be left to the
discretion of the surgeon, bearing in mind that there is
some adult evidence which suggests improved catheter
survival in adults following such a procedure (best
available evidence: pediatric IV, adult III).
Guideline IX: catheter insertion and the use
of prophylactic antibiotics
The ISPD defers all pediatric perioperative catheter care
issues, including prophylactic antibiotics, to the adult
recommendations [16]. The European Ad Hoc Committee
recommends a cephalosporin antibiotic be given at the time
of the catheter insertion although no reference was given to
support this guideline [7]. In pediatrics, Sardegna et al.
addresses the issue of prophylactic antibiotics for PD
catheter insertions [49] (level IV). This paper reviewed 77
SCC straight catheters inserted over a 6-year period and
compared 66 insertions which received prophylactic
antibiotics with 16 insertions which did not. Antibiotic
prophylaxis included cefazolin and vancomycin as single
agents or a combination of ampicillin and gentamicin. In
the prophylactic antibiotic group, only 6 of 61 developed
peritonitis as compared to 7 of 16 in the nontreated group
(p<0.001). The reduced incidence of peritonitis was not
specific to any class of antibiotic used. In the adult
population, there are three level I trials clearly demonstrating a lower incidence of peritonitis in those treated with
prophylactic antibiotics when compared to no treatment
[50–52]. In the largest level I trial the incidence of
peritonitis in the vancomycin vs cefazolin vs placebo
groups were 1% vs 7% vs 12%, p value = 0.02 [52].
Gadallah et al. suggested a further advantage to the use of
vancomycin since its prolonged half-life in dialysis patients
allows it to be given in one dose 12 h pre-insertion and
remains effective for up to 7 days post-insertion. This
compares to cephalosporins where patients require multiple
dosing to ensure adequate antimicrobial coverage for the
first 4–5 days post-catheter insertion [52]. Nevertheless,
one has to be cognizant of the emergence of vancomycinresistant organisms and that this is the only study
suggesting that vancomycin is superior to cephalosporins.
Recommendation All children should receive preoperative
and, when appropriate, postoperative antibiotics with the
insertion of a PD catheter. The first choice should be
multiple doses of intravenous cephalosporins (first dose
3 h pre-insertion) with the second choice being one dose of
vancomycin given at least 12 h prior to the catheter
insertion in patients with little or no residual renal function
(best available evidence: pediatric IV, adult I).
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Guideline X: initiation of PD
There are no pediatric data available on how to best initiate
PD and the literature in adults is limited. Concern for the
aggressive and early use of catheters derives mainly from
the perceived risk of both dialysate leaks and the
subsequent risk of peritonitis. Tzamaloukis et al. reported
a retrospective review of dialysate leaks in 386 PD adult
patients over an 11-year period. They noted that a wait
period of 10–14 days between catheter insertion and PD
initiation, as well as low starting dialysate volumes,
resulted in a reduced incidence of leaks within the first
30 days postoperatively [53]. Subsequently, this practice
has been advocated by several authors, including an official
update, by Gokal et al. for the International Society of
Peritoneal Dialysis [16, 54]. It should be noted that neither
review provides any references or evidence to confirm or
refute these recommendations. In most instances, when
initiating an elective start for a peritoneal dialysis patient, it
would be reasonable to wait 10–14 days before commencing dialysis in order to allow for maximal wound healing,
noting that the optimal duration of this waiting time is
currently unknown.
Recommendation Timing for the initiation of dialysis postcatheter insertion should be left to the discretion of the
center recognizing the need for wound healing. If initiation
of dialysis is required within 7 days post-catheter insertion, low volumes should be commenced (500 ml/BSA)
(opinion).
Guideline XI: intraperitoneal volume
The fill volume for pediatric PD has traditionally been
recommended based on body weight (30–50 ml/kg body
weight) [55, 56]. However, it has been shown that the use
of body weight for determination of dialysate volume will
underestimate the optimal dialysate volume for younger
children [57] (level V). Kohaut et al. demonstrated in a
prospective study that equilibration curves based on body
surface area was independent of age and optimal at dwell
volumes of 1,200 cc/m2. In children over the age of 2 years,
Fischbach et al. found that the maximum tolerable dialysate
volume was closer to 1,400 ml/m2 [58, 59]. Although the
intraperitoneal volumes are variable for each patient, the
evidence strongly suggests the use of body surface area for
intraperitoneal volume calculations.
Recommendation Optimal dialysate volume for children
over the age of 2 years should be targeted between 1,200
and 1,400 cc/m2 (best available evidence: pediatric V).
Guideline XII: PD adequacy
Dialysis adequacy has been validated in numerous adult
studies and is defined as the minimum dialysis dose below
which there is significant morbidity and mortality [60, 61]

(level I). This subsequently led to the development of
practice guidelines by both the National Kidney Foundation and the Canadian Society of Nephrology advocating
for a minimum Kt/V (dialysis and residual renal function)
of 2.1 for automated PD and 2.0 for all forms of PD,
respectively [3, 4]. In pediatrics, there are no randomized
clinical trials validating adequacy with outcome. Van der
Voort et al. retrospectively reviewed their pediatric PD
patients and found that only 45% of patients achieved the
recommended NKF-DOQI Kt/V targets [62] (level V).
Unfortunately, as clinical outcomes were not provided, it is
difficult to come to any conclusion with respect to the
importance of achieving the suggested Kt/V targets in
children. In contrast, other pediatric adequacy studies had
no difficulties in achieving NKF-DOQI Kt/V targets [63–
67] (level V). In fact, the patients in these studies often
achieved much higher Kt/V and CrCl targets and demonstrated positive effects between these high levels and
important pediatric outcome parameters such as growth,
reversal of renal osteodystrophy changes, and cardiac
function [63–67]. To complicate matters further, there is
also concern amongst pediatric nephrology dialysis experts
about the achievability of the adult guidelines in children
who are anephric. Hence, although the pediatric literature
on adequacy is not strong, there does not appear to be
detrimental effects from utilizing the DOQI and CSN
guidelines as the minimal value for children on PD.
Recommendation New updated DOQI guidelines for
pediatric dialysis adequacy in peritoneal dialysis are
soon to be published and we would like to refer to this
new guideline for the updated specific Kt/V and weekly
clearance targets.
Guideline XIII: PD prescription
It has been well recognized that there are major physiologic
and psychosocial differences between pediatric and adult
patients on PD. These include membrane characteristics,
membrane relationship with body surface area [68–72]
(level V) as well as nonmedical influences on the choice of
dialysis modalities, in part related to the recognition that
children attending school have different needs than adults
in the workplace. All of these variables have resulted in the
use of automated PD as the most common modality of PD
utilized among pediatric patients in North America [1].
Lack of data comparing the different modalities of PD does
not allow for any firm recommendation about the type of
PD other than that based on opinion.
The other important aspect of PD prescription is that of
determining membrane characteristics. This has important
implications as to the dialysis regimen of any given patient.
Twardowski et al. first developed the peritoneal equilibration test (PET) to characterize peritoneal transport rates
[73]. There have been numerous reports to date on the use
of PET in children [65, 71, 74–80]. Warady et al. addressed
the lack of a standardized process and published pediatric
reference data in 1996 from 95 children who underwent a
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standardized pediatric PET protocol [81]. The results of
this study showed that membrane transport in children is
very similar to that of adults although there may be agerelated differences in mass transfer area coefficients.
Recommendation Membrane characteristics should be
determined by the PET with a test exchange volume
scaled to BSA (1,100 ml/m2, 2.5% dialysate) and this
should then determine a dialysis regimen with optimization of dwell time and exchange volumes (best available
evidence: pediatric V).

the PD prescription in children. These national guidelines
will help promote optimal care for Canadian children on
dialysis.
Acknowledgements We would like to acknowledge Baxter
Healthcare Ltd., Canada, and Hoffman LaRoche, Canada for an
(unrestricted) educational grant which was utilized for the guidelines
meeting held September 2002. We would also like to thank all
members of CAPN who participated in the meeting as well as the
final review of this document.

References
Guideline XIV: total solute clearance and regimen
The reproducibility of adequacy measurements should be
obtained at a time that serum samples reflect the overall
average for the 24-h period. The ideal time for this is at the
midpoint of the day (opinion). The Ad Hoc European
Committee does not comment on the frequency of
adequacy measurements [7]. The DOQI recommendations
do not differentiate between adults and children in regards
to the frequency of routine measurements [5]. Their
recommendations are to perform an initial Kt/V 1 month
after initiation of dialysis and then a minimum of two other
times in the first 6 months. After 6 months, the
recommendation is to measure total solute clearance
every 4 months. This would appear to be reasonable in
an adult population where their general state of health is
static. In children, there are never-ending effects of growth
(with subsequent revision of peritoneal dialysate volumes)
with multiple changes in nutrition as well as effects on
cognition and brain development that would support a
more frequent monitoring of adequacy. Due to lack of
available evidence, the recommendations here are based
purely on previous experience and consensus.
Recommendation Delivered PD dose and residual renal
function (the average of the weekly clearances of creatinine and urea derived from a 24-h urine collection with
measurements of creatinine and urea in blood and urine,
and urine volume) should be measured 1 month after
reaching maximum volume on peritoneal dialysis and a
minimum of two times over the subsequent 6 months.
After 6 months, total solute clearance should be measured
every 3 months and/or if there has been significant
changes in the dialysis prescription and/or in the setting of
a recent bout of peritonitis (must wait minimum 4 weeks
from peritonitis). In the younger child on PD, the
frequency of these measurements is the recommended
minimum and is left to the discretion of the nephrologist if
frequency is to be increased (opinion).

Conclusion
The goal of the Canadian Association of Pediatric
Nephrologists with this review and recommendations was
to comprehensively review and assess specific aspects of

1. NAPRTCS 2004 Annual Report. http://www.spitfire.emmes.
com/study/ped/resources/annlrept2004.pdf
2. CORR, Report—dialysis and renal transplantation, August
2001
3. Anonymous (1997) NKF-DOQI clinical practice guidelines for
peritoneal dialysis adequacy: National Kidney Foundation. Am
J Kidney Dis 30(Suppl 2):67–136
4. Bargman JM, Bick J, Cartier P, Dasgupta MK, Fine A, Lavoie
SD, Spanner E, Taylor PA (1999) Guidelines for adequacy and
nutrition in peritoneal dialysis. Canadian Society of Nephrology. J Am Soc Nephrol 10(Suppl 3):S311–S321
5. Anonymous (2001) NKF-DOQI clinical guidelines for peritoneal dialysis adequacy: update 2000. Am J Kidney Dis 37:S65–
S136
6. Schroder CH, on behalf of the European Peritoneal Dialysis
Working Group (2001) The choice of dialysis solutions in
pediatric chronic peritoneal dialysis: guidelines by an ad hoc
European Committee. Perit Dial Int 21:568–574
7. Watson AR, Gartland C, on behalf of the European Peritoneal
Dialysis Working Group (2001) Guidelines by an ad hoc
European Committee for elective chronic peritoneal dialysis in
pediatric patients. Perit Dial Int 21:240–244
8. Fischbach M, Stefanidis CJ, Watson AR, for the European
Pediatric Peritoneal Dialysis Working Group (2002) Guidelines
by an ad hoc European Committee on adequacy of the pediatric
peritoneal dialysis prescription. Nephrol Dial Transplant
17:380–385
9. Sackett DL (1989) Rules of evidence and clinical recommendations on the use of antithrombotic agents. Chest 95(Suppl 2):
S2–S4
10. Korevaar JC, Jansen MA, Dekker FW, Jager KJ, Boeschoten
EW, Krediet RT, Bossuyt PMM, Netherlands Cooperative
Study on the Adequacy of Dialysis Study Group (2001) When
to initiate dialysis: effect of proposed U.S. guidelines on
survival. Lancet 358:1046–1050
11. Beddhu S, Samore MH, Roberts MS, Stoddard GJ, Ramkumar
N, Pappas LM, Cheung AK (2003) Impact of timing of
initiation of dialysis on mortality. J Am Soc Nephrol 14:2305–
2312
12. Korevaar JC, Jansen MA, Dekker FW, Boeschoten EW,
Bossuyt PM, Krediet RT (2002) Evaluation of DOQI guidelines: early start of dialysis treatment is not associated with
better health-related quality of life. Am J Kidney Dis 39:108–
115
13. Honda M (1997) The Japanese experience with CAPD/CCPD
in children. In: Fine RN, Alexandar SR, Warady BA (eds)
CAPD and CCPD in children, 2nd edn. Kluwer Academic,
Boston, pp 40–44
14. Verrina E, Zacchello G, Perfumo F, Edefonti A, Sovino P, Bassi
S, Andreetta B, Cattarelli D, Capasso G, Consalvo G, Lavoratti
G, Longo L, Rinaldi S, Gusmano R (1995) Clinical experience
in the treatment of infants with chronic peritoneal dialysis. Adv
Perit Dial 11:281–284
15. Hogg RJ, Coln D, Chang J, Arant BS Jr, Houser M (1983) The
Toronto Western Hospital catheter in a pediatric dialysis
program. Am J Kidney Dis 3:219–223

1065
16. Gokal R, Alexander SR, Ash S, Chen TW, Danielson A,
Holmes C, Joffe P, Moncrief J, Nichols K, Piraino B, Prowant
B, Slingeneyer A, Stegmayr B, Twardowski Z, Vas S (1998)
Peritoneal catheters and exit-site practices toward optimal
peritoneal access: 1998 update. Perit Dial Int 18:11–33
17. Warady BA, Sullivan EK, Alexander SR (1996) Lessons from
the peritoneal dialysis database: a report of the North American
Pediatric Renal Transplant Cooperative Study. Kidney Int 49
(Suppl 53):S68–S71
18. Furth SA, Donaldson LA, Sullivan EK, Watkins SL (2000)
Peritoneal dialysis catheter infections and peritonitis in
children: a report of the North American Pediatric Transplant
Cooperative Study. Pediatr Nephrol 15:179–182
19. Lerner GR, Warady BA, Sullivan EK, Alexander SR (1999)
Chronic dialysis in children and adolescents: the 1996 annual
report of the North American Pediatric Transplant Cooperative
Study. Pediatr Nephrol 13:404–417
20. Sojo ET, Bisigniano L, Grosman M, Bailez M (1997) Ten years
of experience with CAPD catheters. In: Fine RN, Alexander
SR, Warady BA (eds) CAPD and CCPD in children, 2nd edn.
Kluwer Academic, Boston, pp 263–279
21. New AM, Ho PL, McDonald RA, Warady BA (2002) Chronic
dialysis in children and adolescents. The 2001 NAPRTCS
Annual Report. Pediatr Nephrol 17:656–663
22. Alexander SR, Tank ES (1982) Surgical aspects of continuous
ambulatory peritoneal dialysis in infants, children and adolescents. J Urol 127:501–504
23. Guillot M, Clermont MJ, Gagnadoux MF, Broyer M (1981)
Nineteen months experience with CAPD in children: main
clinical results. Proceedings of the Second International
Symposium on Peritoneal Dialysis, Berlin (West), 16–19
June, pp 203–207
24. Jones LL, Tweedy L, Warady BA (1995) The impact of exitsite care and catheter design on the incidence of catheter-related
infections. Adv Perit Dial 11:302–305
25. Lye WC, Kour NW, van der Straaten JC, Leong SO, Lee EJC
(1996) A prospective randomized comparison of the swan
neck, coiled and straight Tenckhoff catheters in patients on
CAPD. Perit Dial Int 16(Suppl 1):S333–S335
26. Eklung BH, Honkanen EO, Kala AR, Kyllonen LE (1995)
Prospective randomized comparison of the swan neck and
Tenckhoff catheters. Perit Dial Int 15:353–356
27. Bockurt F, Keller E, Schollmeyer P (1988) Reduced catheter
complications with the swan neck peritoneal dialysis catheter.
Adv Perit Dial 4:237–239
28. Schaefer F, Klaus G, Muller-Wiefel DE, Mehls O, and the MidEuropean Pediatric Peritoneal Dialysis Study Group (MEPPS)
(1999) Current practice of pediatric peritoneal dialysis in
children: results of a longitudinal study. Perit Dial Int 19(Suppl
2):S445–S449
29. Nielsen PK, Hemmingsen C, Ladefoged J, Olgaard K (1994) A
consecutive study of 646 peritoneal dialysis catheters. Perit
Dial Int 14:170–172
30. Lye WC, Lee EJC, Tan CC (1992) Prophylactic antibiotics in
the insertion of Tenckhoff catheters. Scand J Urol Nephrol
26:177–180
31. Al-Hilali NA, Ninan VT, Al-Humond, Nampoory MRN, Johny
KV (2005) A randomized clinical trial comparing the function
of straight and coiled Tenckhoff catheters for peritoneal
dialysis. Perit Dial Int 25:85–88
32. Fonkalsrud EW (1990) Ask the expert. Pediatr Nephrol 4:574
33. Zaontz MR, Cohn RA, Moel DI, Makkowski N, Firlit C (1987)
Continuous ambulatory peritoneal dialysis: the pediatric experience. J Urol 138:353–356
34. Neu AM, Kohaut EC, Warady BA (1995) Current approach to
peritoneal access in North American children: a report of the
pediatric peritoneal dialysis study consortium. Adv Perit Dial
11:289–292
35. Wilson JAP, Swartz RD (1985) Peritoneoscopy in the management of catheter malfunction during continuous ambulatory
peritoneal dialysis. Dig Dis Sci 30:465–467

36. Smith DW, Rankin RA (1989) Value of peritoneoscopy for
non-functioning continuous ambulatory peritoneal dialysis
catheters. Gastrointest Endosc 35:90–92
37. Chao SH, Tsai TJ (1993) Laparoscopic rescue of dysfunctional
Tenckhoff catheters in continuous ambulatory peritoneal dialysis patients. Nephron 65:157–158
38. Crabtree JH, Fishman A (2003) Selective performance of
prophylactic omentopexy during laparoscopic implantation of
peritoneal dialysis catheters. Surg Laparosc Endosc Percutan
Tech 13:180–184
39. Gadallah MF, Pervez A, El-Shahawy MA, Sorrells D, Zibari G,
McDonald J, Work J (1999) Peritoneoscopic versus surgical
placement of peritoneal dialysis catheters: a prospective
randomized study on outcome. Am J Kidney Dis 33:118–122
40. Jacobs IG, Gray RR, Elliot DS, Grossman H (1992) Radiologic
placement of peritoneal dialysis catheters: preliminary experience. Radiology 182:251–255
41. Öðunç G, Tuncer M, Öðunç D, Yardimsever M, Ersoy F (2003)
Laparoscopic omental fixation technique versus open surgical
placement of peritoneal dialysis catheters: a prospective study
on outcome. Surg Endosc 17:1749–1755
42. Swartz R, Messana J, Rocher L, Reynolds J, Starmann B, Lees
P (1990) The curled catheter: dependable device for percutaneous access. Perit Dial Int 10:231–235
43. Lewis M, Webb N, Smith T, Roberts D (1995) Routine
omentectomy is not required in children undergoing chronic
peritoneal dialysis. Adv Perit Dial 11:293–295
44. Conlin MJ, Tank ES (1995) Minimizing surgical problems of
peritoneal dialysis in children. J Urol 154:917–919
45. Rinaldi S, Sera F, Verrina E, Edefonti F, Sorino F, Zacchello G,
Andreetta B, Ardissino G, Bassi S, Capasso G, Caringella DS,
Gianglio B, Gusmano R, Rizzoni G (1998) The Italian Registry
of Pediatric Chronic Peritoneal Dialysis: a ten-year experience
with chronic peritoneal dialysis catheters. Perit Dial Int 18:71–
74
46. Nicholson ML, Burton PR, Donnelly PK, Veitch PS, Walls J
(1991) The role of omentectomy in continuous ambulatory
peritoneal dialysis. Perit Dial Int 11:330–332
47. Reissman P, Lyass S, Shiloni E, Rivkind A, Berlatzky Y (1998)
Placement of a peritoneal dialysis catheter with routine
omentectomy—does it prevent obstruction of the catheter?
Eur J Surg 164:703–707
48. Sanderson MC, Swartzendruber DJ, Fenoglio ME, Moore JT,
Haun WE (1990) Surgical complications of continuous ambulatory peritoneal dialysis. Am J Surg 160:561–566
49. Sardegna KM, Beck AM, Strife CF (1998) Evaluation of
perioperative antibiotics at the time of dialysis catheter
placement. Pediatr Nephrol 12:149–152
50. Bennett-Jones DN, Martin J, Barratt AJ, Duffy TJ, Naish PF,
Abert GM (1988) Prophylactic gentamicin in the prevention of
early exit-site infections and peritonitis in CAPD. Perit Dial Int
14:147–150
51. Wikdahl AM, Engman U, Stegmayr BG, Sorenssen JG (1997)
One-dose cefuroxime i.v. and i.p. reduces microbial growth in
PD patients after catheter insertion. Nephrol Dial Transplant
12:157–160
52. Gadallah MF, Ramdeen G, Mignone J, Patel D, Mitchell L,
Tatro S (2000) Role of preoperative antibiotic prophylaxis in
preventing postoperative peritonitis in newly placed peritoneal
dialysis catheters. Am J Kidney Dis 36:1014–1019
53. Tzamaloukas AH, Gibel LJ, Eisenberg B, Goldman RS, Kanig
SP, Zager PG, Elledge L, Wood B, Simon D (1990) Early and
late peritoneal dialysate leaks in patients on CAPD. Adv Perit
Dial 6:64–71
54. Winchester JF, Kriger FL (1994) Fluid leaks: prevention and
treatment. Perit Dial Int 14(Suppl 3):S43–S48
55. Alexander S, Balfe JW, Harvey E (1994) Peritoneal dialysis in
children. In: Gokal R, Nolph KD (eds) The textbook of
peritoneal dialysis. Kluwer Academic, Dorbrecht, pp 591–637

1066
56. Fischbach M, Terzix J, Gangler C, Bergere V, Munch K, Hansel
G, Provot E, Donnars E (1998) Impact of an increased
intraperitoneal fill volume both on tolerance and dialysis
effectiveness in children. Adv Perit Dial 14:258–264
57. Kohaut EC, Waldo FB, Benfield M (1994) The effects of
changes on dialysate volume on glucose and urea equilibration.
Perit Dial Int 14:236–239
58. Fischbach M, Terzic J, Dangelsar C, Schneider P, Roger ML,
Gersert J (1998) Effect of position on intraperitoneal pressure
and peritoneal permeability in children. Pediatr Nephrol
12:311–314
59. Fischbach M, Haraldsson B (2001) Dynamic changes of the
total pore area available for peritoneal exchange in children. J
Am Soc Nephrol 12:1524–1529
60. Lowrie EG, Laird NM, Parker TF, Sargent JA (1981) Effect of
the hemodialysis prescription on patient morbidity: report from
the National Cooperative Dialysis Study. N Engl J Med
305:1176–1181
61. Canada-USA (CANUSA) Peritoneal Dialysis Study Group
(1996) Adequacy of dialysis and nutrition in continuous
peritoneal dialysis: association with clinical outcomes. J Am
Soc Nephrol 7:198–297
62. Van der Voort JH, Harvey EA, Braj B, Geary DF (2000) Can
the DOQI guidelines be met by peritoneal dialysis alone in
pediatric patients? Pediatr Nephrol 14:717–719
63. Holtta T, Ronnholm K, Jalanko H, Holmbert C (2000) Clinical
outcome of pediatric patients on peritoneal dialysis under
adequacy control. Nephrol Dial Transplant 14:889–897
64. Chadha V, Blowey DL, Warady BA (2001) Is growth a valid
outcome measure of dialysis clearance in children undergoing
peritoneal dialysis. Perit Dial Int 21(Suppl 3):S179–S184
65. Schaefer F, Klaus G, Mehls O (1999) Peritoneal transport
properties and dialysis dose affect growth and nutritional status
in children on chronic peritoneal dialysis. Mid-European
Pediatric Peritoneal Dialysis Study Group. J Am Soc Nephrol
10:1786–1792
66. Bakkaloglu SA, Ekim M, Kocak G, Atalay S, Turner N (2001)
Impact of dialysis adequacy on cardiac function in pediatric
CAPD patients. Perit Dial Int 21:395–400
67. Walk TLM, Schroder CH, Reddingius RE, Lelivelt M,
Monnens LH, Willems HL (1997) Adequate dialysis? Measurement of Kt/V in a pediatric peritoneal dialysis population.
Perit Dial Int 17:175–178
68. Balfe JW, Vigneux A, Williamsen J, Hardy BE (1981) The use
of CAPD in the treatment of children with end stage renal
disease. Perit Dial Bull 1:35–38

69. Kohaut EC, Alexander SR (1981) Ultrafiltration in the young
patient on CAPD. In: Moncrief JW, Popovich RP (eds) CAPD
update. Masson, New York, pp 221–226
70. Esperanca MJ, Collins DL (1996) Peritoneal dialysis efficiency
in relation to body weight. J Pediatr Surg 1:161–171
71. Schroder CH, Van Dreumel MJ, Reddingius R, Theeuwes GM,
Willems HL, deJong M, Monnens LH (1991) Peritoneal
transport kinetics of glucose, urea and creatinine during infancy
and childhood. Perit Dial Int 2:322–325
72. Geary DF, Harvey EA, Balfe JW (1994) Mass transfer area
coefficients in children. Perit Dial Int 14:30–33
73. Twardowski ZJ, Nolph KD, Kharma R, Prowant BF, Ryan LP,
Moore HL, Neilsen MP (1987) Peritoneal equilibration test.
Perit Dial Bull 7:138–147
74. Ellis EN, Watts K, Wells TG, Arnold WC (1999) Use of the
peritoneal equilibration test in pediatric dialysis patients. In:
Khanna R, Nolph KD, Prowant BT, Twardowski ZJ, Oreopoulos DG (eds) Advances in peritoneal dialysis. Peritoneal
Dialysis Bulletin, Inc, Toronto 7:259–261
75. Geary DF, Harvey EA, MacMillan JH, Goodman Y, Scott M,
Balfe JW (1992) The peritoneal equilibration test in children.
Kidney Int 42:102–105
76. Edefonti A, Picca M, Guez S, Giani M, Ghio I, Galato R,
Santeramo C (1992) Evaluation of the peritoneal equilibration
test in children on chronic peritoneal dialysis. Perit Dial Int 12:
S92
77. Hanna JD, Foreman JW, Gehn TWB, Chan JCM, Wolfrum J,
Ruddley J (1993) The peritoneal equilibration test in children.
Pediatr Nephrol 7:731–734
78. Mendley SR, Umans JG, Majkowski NL (1993) Measurement
of peritoneal dialysis delivery in children. Pediatr Nephrol
7:284–289
79. Sliman GA, Klee KM, Gall-Holden B, Watkins SL (1994)
Peritoneal equilibration test curves and adequacy of dialysis in
children on automated peritoneal dialysis. Am J Kidney Dis
24:813–818
80. Fitzwater DS, Jones DP (1995) Use of a modified peritoneal
equilibration test to optimize solute and water clearance. Pediatr
Nephrol 9:341–345
81. Warady BA, Alexander SR, Hossli S, Vonesh E, Geary D,
Watkins S, Salusky IB, Kohaut EC (1996) Peritoneal membrane transport function in children receiving long-term
dialysis. J Am Soc Nephrol 4:2385–2391

