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11.1 Introduction

Pediatric end-stage renal disease (ESRD) is a rare medical
disorder, but with an exponentially increasing prevalence
over the past 20 years. While the preferred treatment for pe-
diatric ESRD patients is renal transplantation, the majority
of children receive dialysis prior to transplant. Peritoneal
dialysis (PD) is the dialysis modality most commonly pre-
scribed to pediatric patients with ESRD worldwide, in large
part due its ease of administration to infants, children, and
adolescents and the cost-effective nature of the therapy. It
also still has a substantial role in the treatment of acute kid-
ney injury (AKI) around the globe. The widespread usage
of the therapy underlies the importance of medical providers
caring for pediatric patients with kidney disorders to have
an understanding of key aspects of the clinical application
of PD. In turn, this chapter will provide an overview of PD
usage in the pediatric patient, with an emphasis on catheter
selection, prescription, and the diagnosis and management of
PD-related complications.

11.2 History of Pediatric Peritoneal Dialysis

The use of the peritoneum for saline injections as fluid re-
suscitation in children was first described at the beginning of
the twentieth century [1]. Approximately 40 years later, the
first descriptions of attempts to use the peritoneum to treat
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children with renal failure were published [2, 3]. Pediatric
surgeons Swan and Gordon described what was considered
the first successful demonstration of PD using continuous
peritoneal lavage in three children with acute anuric kid-
ney injury in 1949 [3]. The use of intermittent PD followed
continuous peritoneal lavage and was soon found to be well
tolerated and effective for children of all ages, in part be-
cause of the lack of need for the large extracorporeal blood
circuits required of hemodialysis (HD) . Subsequently, acute
PD became the preferred renal replacement therapy (RRT)
in children with AKI.

In the 1960s, Henry Tenckhoff developed the permanent
indwelling peritoneal catheter and thereafter, the first home
PD regimen was developed [4]. However, it was not until
the description of continuous ambulatory peritoneal dialysis
(CAPD) by Moncrief and Popovich in 1976 that PD flour-
ished as a chronic dialytic therapy for pediatric patients [5].
CAPD was first used in a 3-year-old child in 1978 in Toronto
and offered an RRT option for infants with ESRD, previ-
ously considered too small for chronic dialysis.

At the beginning of the 1980s, automated machines were
developed for use with intermittent PD. Automated PD
(APD) was first used in a child in 1981 by Price and Suki
and became the preferred modality of pediatric programs in
North America [6]. Before the 1980s, fewer than 100 pedi-
atric patients were reported to have been treated with CAPD
worldwide. Currently, the 2013 United States Renal Data
System (USRDS) Annual Data Report (ADR) describes
more than 900 patients <19 years on chronic PD and the
International Pediatric Peritoneal Dialysis Network (IPPN)
registry has voluntary enrollment of >2500 pediatric PD pa-
tients worldwide [7, 8].
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11.3 Principles of Peritoneal Dialysis
11.3.1 Physiologic and Anatomic Concepts of
the Peritoneal Membrane in Children

Early studies by Putiloff more than 100 years ago revealed
that the pediatric peritoneum possessed a greater surface area
per scaled body weight when compared to adults [9]. Fol-
lowing this anatomic discovery, studies of the function of
the peritoneum suggested that the pediatric peritoneal mem-
brane was also more efficient than the adult peritoneal mem-
brane related to the greater pediatric peritoneal surface area
[10]. However, these early kinetic studies were flawed with
inconsistencies in dialysis mechanics and research methods.
Studies conducted over the past 25 years have instead es-
tablished a similar functionality of the pediatric and adult
peritoneum [11].

The peritoneal exchange process involves two transport
mechanisms, diffusion and convection. Diffusion refers to
the exchange of solute down a concentration gradient be-
tween two solutions separated by a semipermeable mem-
brane. Convection refers to the movement of solute along
with water across a semipermeable membrane down a pres-
sure gradient led by ultrafiltration (UF). The recruitment of
the functional peritoneum for these forms of transport in
children, as in adults, is dependent upon several physiologic
factors, most notably the peritoneal capillary microcircula-
tion. It is currently proposed that the peritoneal membrane
and the peritoneal microcirculation permit solute and water
transport via a three-pore model [12]. The ultrasmall pores
of the peritoneal capillary bed make up 1-2% of the total
pore area and are involved with approximately 40% of the
sodium-free water exchange. Small pores comprise 90 %
of the total pore area and participate primarily in low mo-
lecular weight compound exchange (i.e., urea) via diffusive
transport as well as some convective transport. Finally, large
pores comprise 5—7 % of the total pore area and allow higher
molecular weight compound (i.e., proteins, albumin) trans-
port driven by solvent drag associated with convective forces
[12].

11.3.2 Diffusive Transport

Studies of diffusive transport demonstrate that the rate of dif-
fusive transfer is directly related to the functional membrane
size, the dialysate concentration gradient, and a parameter
known as the mass transfer area coefficient (MTAC). This
parameter is essentially independent of dialysis mechan-
ics and is an expression of the diffusive permeability of the
functional peritoneal membrane in the absence of an osmotic
gradient between blood and dialysate [13]. Calculation of the
MTAC is quite rigorous, and the studies in which the MTAC
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values were measured in pediatric patients have yielded
mixed results. In the largest study, Warady et al. found that
MTAC: for potassium, glucose, and creatinine decreased in-
versely with increasing age, suggesting either an inverse re-
lationship between age and the functional peritoneal surface
area or an age-related inverse relationship with the peritoneal
permeability [14]. It should be noted that although the age-
related differences in the MTAC values obtained by Warady
et al. were statistically significant, the differences were small
and of arguable clinical importance.

In addition to the MTAC, the transmembrane concentra-
tion gradient, the peritoneal permeability, and any residual
peritoneal volume also affect the rate of diffusive transport.
The concentration gradient between blood and dialysate di-
minishes over time and is influenced by factors including
cycle frequency and dialysate volume. The impact of dialy-
sate volume rests on the principle of geometry of diffusion,
which states that the larger the volume of dialysate, the lon-
ger the transmembrane concentration gradient will persist
and thereby drive diffusion. In children, this principle has
been a confounding variable in many early PD studies in
which exchange volumes were scaled to body weight as op-
posed to body surface area (BSA). Given that infants have
a greater ratio of BSA to body weight compared to adults,
earlier studies in pediatric PD patients in which exchange
volumes were scaled to body weight resulted in relatively
small dialysate volumes in the youngest patients and thus
an inaccurate interpretation of enhanced membrane transport
capacity [10]. Finally, the presence of residual exchange vol-
ume from previous exchanges diminishes the concentration
gradient and thus limits solute transport. Studies have shown
that the residual volume can be substantial in children [14].

11.3.3 Convective Transport

Convection involves the transfer of dissolved solute across
the peritoneal membrane in association with ultrafiltered
water, a process also known as solvent drag. Determina-
tion of the exact fraction of solute transport which occurs
due to convection is complex due to the relationship with
transperitoneal UF and peritoneal membrane permeability.
Transperitoneal UF is a time-dependent process, which oc-
curs simultaneously with fluid absorption and can dilute the
dialysate solute concentration, enhancing diffusive transport
[15]. Therefore, mathematical models are often necessary to
differentiate the amount of diffusive and convective solute
transport that occurs during PD [16].

The membrane permeability is expressed as a sieving
coefficient, which is the ratio of the dialysate concentration
of solute and its plasma water concentration in the absence
of diffusive transport. A study conducted by Pyle estimated
that in a 4-h CAPD exchange with 4.25% dextrose dialy-
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sis solution, the contribution of convection to urea removal
was 12%, 45% for inulin, and 86 % for protein [17]. Thus,
in the context of solute removal, convection is thought to
contribute to a lesser degree to removal of small solutes and
is primarily responsible for most large solute removal [18].

11.3.4 Ultrafiltration

UF describes the movement of fluid across the peritoneal
membrane. It is a complex process that is primarily driven by
the balance between osmotic pressures created by dextrose
within the dialysis solution, most notably, and the uptake of
fluid into the peritoneal and lymphatic tissues. Early stud-
ies of UF in infants and younger children suggested that ad-
equate UF was difficult to achieve because researchers noted
a more rapid dissipation of the dialysate dextrose concentra-
tion in this population [19]. However, as noted above, earlier
studies used exchange volumes scaled to body weight. Sub-
sequent pediatric PD studies with exchange volumes scaled
to BSA demonstrated an age-independent UF capacity [20].

11.3.5 Peritoneal Lymphatic Absorption

Peritoneal lymphatic absorption involves the movement of
fluid into the peritoneal interstitium driven by hydraulic
pressure. It has been estimated to account for nearly a 20 %
reduction of net UF. While there are limited studies on the
contribution of lymphatic absorption to net UF in children
receiving PD, studies by Schroder et al. and de Boer et al.
found that net UF and lymphatic absorption were not age
dependent [21, 22]. When lymphatic absorption rates were
scaled to BSA in children, there were no differences when
compared to adult reference values [23].

11.3.6 Peritoneal Dialysis for Acute Kidney
Injury

PD was the first RRT used for the management of AKI in
children. Although there have been many advancements in
vascular access techniques as well as improvements in HD
and continuous renal replacement therapies (CRRT) for the
treatment of AKI, acute PD remains the modality of choice
in many parts of the world, particularly in infants and small
children [24]. Its advantages include its wide availability, the
avoidance of the need for vascular access and large extracor-
poreal blood volume requirements, and its slow and well-
tolerated solute and fluid removal. Furthermore, while there
have been no randomized clinical trials comparing the dif-
ferent dialysis modalities for the treatment of pediatric AKI,
observational studies have not demonstrated a difference in
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mortality between children treated with PD and those treated
with CRRT [25].

11.3.7 Indications for the Initiation of Acute

Peritoneal Dialysis

In general, most of the indications for acute PD in the pe-
diatric age group mirror those seen in adults. Although the
majority of cases of AKI can be managed conservatively, se-
vere metabolic disturbances, particularly hyperkalemia that
is not responsive to medical management, mandate prompt
initiation of dialysis. Additionally, there is accumulating
evidence that fluid overload in the setting of AKI is asso-
ciated with adverse outcomes, particularly in the pediatric
population [26-30]. A multicenter, prospective study of chil-
dren demonstrated that the percent fluid accumulation prior
to starting RRT was significantly lower in survivors versus
non-survivors [29].

11.3.8 Acute Peritoneal Dialysis Access

The two most commonly used accesses for acute PD are
the percutaneously placed Cook catheter and the surgically
placed Tenckhoff catheter. The Cook catheter offers the ad-
vantage of bedside placement by a nephrologist or intensivist
via the Seldinger technique. Since only local anesthesia is re-
quired, it can be placed promptly, even in an unstable patient
[31, 32]. However, its use is hampered by a very high rate of
complications such as obstruction from omentum and leak-
age of dialysate from the catheter entry site on the abdominal
wall. Chadha et al. [33] in a single-center retrospective study
of infants and young children with AKI found that by day 6
of dialysis, only 46 % of the Cook catheters were function-
ing without complications. In comparison, they found that
over 90 % of surgically placed Tenckhoff catheters were free
of complications at the same time point. Thus, the authors
suggested that if dialysis is expected to be required for more
than 5 days, a Tenckhoff catheter should either be placed
initially or elective replacement of the Cook catheter with a
Tenckhoff catheter should be performed in a timely manner.
More recently, a multipurpose percutaneous catheter (Cook
Mac-Loc Multipurpose Drainage catheter) showed promis-
ing results in a small cohort of infants with AKI with a mean
complication-free survival of approximately 11 days [32].
Current pediatric recommendations from the Internation-
al Society of Peritoneal Dialysis (ISPD) reflect the published
data and support a surgically placed Tenckhoff catheter as
the “catheter of choice” for acute PD [34]. Additionally, the
guidelines recommend that the catheter be inserted laparo-
scopically, given the reduced chance for leakage compared
to placement by laparotomy. Methods to decrease the risk
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of dialysate leakage are particularly important when dialysis
is to be initiated emergently. There is preliminary evidence
that the application of fibrin sealant (glue) at the peritoneum
can be used to treat leaks that occur soon after the place-
ment of a Tenckhoff catheter and the implementation of PD.
Rusthoven et al. demonstrated in eight infants, ages 0.8—-57
months that application of fibrin glue into the subcutaneous
catheter tunnel through the exit site was able to successfully
correct leaks that occurred within 48 h of initiating therapy
while using a single-cuff Tenckhoff catheter [35]. Addition-
ally, Sojo et al. demonstrated that application of fibrin glue
to the peritoneal cuff suture at the time of implantation re-
duced the incidence of leakage in the early postoperative
period [36]. Dialysate leakage only occurred in 9% of the
fibrin glue group versus 57 % of the control group.

11.3.9 Acute Peritoneal Dialysis Prescription

Much like the chronic PD prescription (see below), there are
four main components of the acute PD prescription: fill vol-
ume, dialysate composition, dwell times, and total length of
dialysis therapy. The initial fill volume of 10 ml/kg should
be used for at least the first 2448 h to minimize the risk
of dialysate leakage through the catheter insertion site. The
fill volume can be gradually increased to a target volume
of 3040 ml/kg (800—1100 ml/m? BSA) to achieve adequate
fluid and solute removal goals [34]. Whether performing
manual exchanges or automated exchanges, the initial dwell
time should be at least 30-60 min, with gradual prolonga-
tion as the patient is stabilized and fluid and solute removal
targets are achieved. Acute PD should be continuous for the
first 1-3 days with gradual shortening of the total daily dura-
tion of dialysis as tolerated by the patient [34]. Given the use
of rapid exchanges, often with higher dialysate dextrose con-
centrations, along with the continuous nature of the dialysis,
close monitoring of electrolytes is mandatory. Patients un-
dergoing acute PD are at risk for hypernatremia secondary to
sodium sieving, a consequence of disproportionately greater
water to sodium transport via aquaporin-mediated pores, and
hyperglycemia secondary to substantial dextrose absorption
[371.

11.3.10 Causes of End-Stage Renal Disease in
Children

While a variety of disorders result in ESRD during child-
hood, approximately one half are congenital in origin and
one half are acquired lesions. The largest source of data on
primary diagnoses comes from the dialysis registry of the
North American Pediatric Renal Trials and Collaborative
Studies (NAPRTCS) [38]. The most common diagnoses in

K. Sanderson et al.

Table 11.1 Primary renal disorders [38]

N %
All dialysis patients 7039 100.0
Primary diagnosis
FSGS 1016 14.4
A/hypo/dysplastic kidney 998 14.2
Obstructive uropathy 888 12.6
Reflux nephropathy 244 3.5
SLE nephritis 226 32
HUS 216 3.1
Chronic GN 214 3.0
Polycystic disease 201 2.9
Congenital nephrotic syndrome 182 2.6
Prune belly 144 2.0
Medullary cystic disease 140 2.0
Idiopathic crescentic GN 130 1.8
Familial nephritis 130 1.8
MPGN—Type | 116 1.6
Pyelo/interstitial nephritis 101 1.4
Cystinosis 99 1.4
Renal infarct 90 1.3
Berger’s (IgA) nephritis 86 1.2
Henoch-Schonlein nephritis 67 1.0
MPGN—Type 11 64 0.9
Wilms tumor 55 0.8
Wegener’s granulomatosis 49 0.7
Drash syndrome 39 0.6
Other systemic immunologic disease 37 0.5
Oxalosis 32 0.5
Membranous nephropathy 29 0.4
Sickle cell nephropathy 21 0.3
Diabetic GN 10 0.1
Other 887 12.6
Unknown 528 7.5

FSGS focal segmental glomerulosclerosis, SLE systemic lupus erythe-
matosus, HUS hemolytic uremic syndrome, GN glomerulonephritis,
MPGN membranoproliferative glomerulonephritis, /g4 immunoglobu-
lin A

the registry’s cohort of >7000 patients are focal segmental
glomerulosclerosis, congenital aplasia/hypoplasia/dyspla-
sia, and obstructive uropathy, accounting for 14.4, 14.2 and
12.6% of cases, respectively (Table 11.1) [38].

Indications and Contraindications for
Chronic Peritoneal Dialysis

11.3.11

In many cases, the choice of PD as the initial dialytic modal-
ity is based on patient/family preference and center philoso-
phy. In addition, however, an important aspect of the selec-
tion process for PD is a thorough evaluation of the family’s
social, psychological, and economic background so as to
best determine the likely ability of the family to cope with
the “burden of care” associated with the provision of home
dialysis therapy on a daily basis [39]. An evaluation of the
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parent or caregiver’s educational background and learning
capacity is also desirable so that a realistic assessment of
their ability to process the information necessary to carry out
home dialysis can be made. All that being said, the absolute
indications for PD in children with ESRD are a very small
patient, lack of a vascular access, and the presence of contra-
indications to anticoagulation [40—45].

With recognition that the performance of PD requires a
patent abdominal cavity and a functioning peritoneal mem-
brane, the only absolute contraindications to PD consists of
the presence of one of the following: omphalocele, gastros-
chisis, bladder extrophy, diaphragmatic hernia, or an oblit-
erated peritoneal cavity. While the lack of an appropriate
caregiver for home therapy is a relative contraindication, the
presence of a colostomy, gastrostomy, ureterostomy, and/
or pyelostomy or a ventriculoperitoneal shunt does not pre-
clude chronic PD [46].

11.3.12 Chronic Peritoneal Dialysis Usage

Data on the use of chronic PD by children with ESRD are
derived from a number of different registries from around
the globe. The NAPRTCS has demonstrated that chronic PD
was the initial dialysis modality prescribed to 62.9 % of more
than 7000 patients, most commonly through the use of APD
(see below) [1]. Noteworthy is the fact that 85 % of the chil-
dren <5 years were prescribed chronic peritoneal dialysis
(CPD) versus 51% of those >12 years. The USRDS ADR
provides data on all patients 0—19 years old and on dialysis,
in contrast to only those cared for in pediatric centers, as
reported by the NAPRTCS [8]. In turn, the ADR recently re-
ported that only 28 % of 1410 incident patients received PD,
in contrast to the 49 % who were prescribed HD. A decade-
old compilation of data from 12 European registries revealed
that 34 % of the incident patients received PD (vs. 48 % HD),
whereas European data published in 2013 showed that 50 %
of the pediatric patients initiated therapy with PD and 34 %
with HD, with patient/family choice and patient size being
the most influential factors regarding modality selection [47,
48].

11.4 Chronic Peritoneal Dialysis Prescription

11.4.1 Choice of Modality

In centers where APD is freely available and without finan-
cial constraints, this PD modality is generally preferred in
the pediatric population. It is the modality used by 82.9 % of
the infant, child, and adolescent PD patients in the USA [49,
50]. The preference for APD is in large part because of the
manual nature and daytime requirements of CAPD, in con-
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trast to the nocturnal provision of multiple exchanges with
APD, as well as the greater ability to tailor the PD prescrip-
tion to the patient’s needs. The peritoneal membrane trans-
port capacity can also influence the PD modality choice,
with those individuals demonstrating high membrane trans-
port capacity more likely to require either continuous cycling
peritoneal dialysis (CCPD) in which the dialysate is left in
the abdomen following nocturnal cycling or nocturnal inter-
mittent PD (NIPD) in which the abdomen is left dry during
the daytime to achieve adequate UF. Recent data from the
IPPN have, in fact, revealed that 37.4 % of the patients were
prescribed CCPD, 37.5% NIPD, and 23.8 % CAPD. Finally,
tidal PD, an APD variant in which only a portion of each
exchange is drained until completion of the entire dialysis
session, has been used to alleviate “drain pain” in children
on PD [ 51].

11.4.2 Chronic Peritoneal Dialysis Access

The most important consideration for the successful place-
ment and long-term function of a Tenckhoff catheter in the
pediatric patient with ESRD is the experience of the surgeon
[52]. This can be particularly problematic at centers caring
for a small number of patients, where the need to provide
chronic dialysis to very young children may be a rare event.
Because of the importance of the access and the desire for
the outcome of placement to be complication free, surgical
placement should ideally be limited to only a few surgeons
per center and on rare occasion, it may be preferable to refer
the patient to another, more experienced center for access
placement, in a manner similar to what has been recom-
mended for vascular access [53].

There are a variety of configurations of pediatric-sized
Tenckhoff catheters available from several manufactures
(Baxter, USA; Medionics, Canada; Covidien, USA). Current
data from the IPPN show that ~70% and 30 % of 2290 pedi-
atric PD patients (median age 10.5 years) have curled versus
straight catheters, respectively [54]. A majority of these cath-
eters (86 %) had two cuffs with a downward or lateral exit-
site orientation. Although there are limited data available to
permit determination of the “best” configuration, observa-
tional data from the NAPRTCS suggest that a dual-cuffed,
swan-neck (allows for downward facing exit site) catheter
is associated with a reduction in infectious complications
compared with other catheter configurations (Fig. 11.1)
[55]. This information is especially relevant in infants and
young children because of their increased rates of peritonitis
compared to older children [55]. The exit site should also be
placed outside of the groin area and away from the diaper re-
gion and any potential gastrostomy site, with the superficial
cuff located approximately 2 cm from the skin surface [56].
While the catheter must be immobilized to minimize the risk
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Fig. 11.1 Time to first peritonitis infection by peritoneal dialysis (PD) access characteristics [38]

of exit-site trauma, no sutures should be placed at the exit
site as they increase the risk of bacterial colonization [57].
A somewhat controversial aspect of catheter placement is
the decision whether or not to routinely perform an omentec-
tomy. A survey of pediatric surgeons indicated that an omen-
tectomy was performed routinely in 53 % of the participating
centers at the time of catheter placement [58]. The basis for
its performance in children is that catheter obstruction (usu-
ally due to omental wrapping) is second only to peritonitis in
terms of major catheter complications in this age group [59].
Ironically, most of the data in support of omentectomy come
from the adult literature [60]. One retrospective study of chil-
dren by Cribbs et al. demonstrated a decreased risk of early
catheter failure with omentectomy, and Rinaldi et al. noted
improved catheter survival with omentectomy, especially in
children less than 2 years of age [61, 62]. Additionally, in
a retrospective study of 92 pediatric patients (mean age 5
years), Conlin et al. demonstrated that the outflow obstruc-
tion rate was 5% in patients who received an omentectomy

versus 10% in patients who did not [63]. Finally, another
single-center retrospective review of 207 patients (median
age 10 years) revealed that failure to perform an omentecto-
my was associated with a higher rate of catheter failure [64].

One additional unique consideration for catheter place-
ment in the pediatric age group is the timing and location
of placement relative to the common need for gastrostomy
tube (G-tube) placement in order to accommodate nutritional
requirements (see below). As noted above, the catheter exit
site should ideally be placed at a distance (often the contra-
lateral side) from the site of a current or potential G-tube
to decrease the risk of contamination and possible perito-
nitis. Likewise, it is recommended that when possible, the
PD catheter should be placed either simultaneously or after
placement of a G-tube to avoid contamination of the perito-
neum from gastric contents [65]. When the catheter place-
ment precedes G-tube placement, the latter procedure should
take place under prophylactic antibiotic and antifungal ther-
apy. Whereas percutaneous G-tube placement while on PD
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should not be performed due to the high risk of infection
and mechanical failure; placement via an open Stamm gas-
trostomy procedure is possible [66]. Conversely, PD catheter
placement is possible in the setting of a well-established G-
tube with no increased risk of bacterial or fungal peritonitis
[67-69].

Ideally, the use of a PD catheter for chronic dialysis
should be postponed until the exit site is completely healed
with dressing changes avoided during the first postoperative
week, unless they are required because of soiling or bleeding.
Generally, a minimum of 2-3 weeks delay is preferred, al-
though the exact timing will vary from patient to patient with
complete healing taking up to 6 weeks in some patients [57].

A quality transformation effort, Standardizing Care to
Improve Outcomes in Pediatric End Stage Renal Disease
(SCOPE), is currently examining the impact of standardizing
PD catheter care on infectious complications in 29 pediatric
dialysis centers in the USA [70].

11.4.3 Peritoneal Dialysis Solutions

The peritoneal dialysis solutions (PDS) used are the same
for children and adults. The composition of the PD solutions
is aimed at promoting removal of water and solute waste
products while maintaining electrolyte homeostasis and the
long-term stability of the peritoneal membrane. Therefore,
standard PD solutions contain an osmotic agent necessary
to maintain a transmembrane osmotic gradient, a buffer to
correct metabolic acidosis, magnesium, calcium, and elec-
trolytes. However, over the past decade, we have come to
better understand the harmful effects of prolonged exposure
of the peritoneum to the high glucose, lactate, and osmolar
concentrations found in many of the commercially available
PD solutions. Glucose concentrations used in PD solutions
are particularly nonphysiologic, and the glucose degrada-
tion products (GDPs) generated during the heat sterilization
process are directly toxic to the peritoneal membrane and
vasculature. These have been shown to induce production of
and crosslink with advanced glycation end products (AGE),
all of which can contribute to diabetiform vascular changes,
ultrafitration failure, and purification loss of the peritoneum
[71].

The biocompatibility of PD solutions is of particular sig-
nificance in the pediatric population who might require fre-
quent, repeated, and a longer overall duration of exposure to
PD solutions over a lifetime.

New PD solutions, which offer greater biocompatibility,
are now available and offer lower GDP concentrations and
are more pH neutral with a bicarbonate or bicarbonate/lac-
tate buffer (Table 11.2). In children, the use of biocompatible
PD solutions has been associated with equally good acidosis
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control and better membrane preservation [72]. Additionally,
the neutral pH of these PD solutions has been shown to in-
duce less pain at peritoneal filling.

Icodextrin, an isosmotic glucose polymer, is also a com-
mercially available alternative PD solution which offers a
slower, sustained UF by means of colloid osmotic pressure
[72, 73]. A 7.5% icodextrin solution produces sustained UF
over a 12—14 h dwell similar to that obtained with a 3.86%
glucose-containing solution [74]. The use of icodextrin in
pediatric patients has been shown to significantly increase
solute and water removal during long dwell periods and is
generally used in instances of UF failure. Long-term experi-
ence with icodextrin is, however, limited in pediatrics, and
the results in infants have been poorer than in older children
[72, 75]. Its application should be generally limited to one
exchange per day [73, 76].

11.4.4 Fill Volume

As mentioned previously, initial recommendations that fill
volumes in children be prescribed per kilogram of body
weight led to PD prescriptions with small, suboptimal fill
volumes, particularly in infants and young children. The
small fill volumes lead to premature loss of the osmotic gra-
dient and impaired UF capacity [20]. Given the age-inde-
pendent relationship between the peritoneal membrane sur-
face area and BSA, it was subsequently determined that the
fill volumes in children should be based on BSA rather than
weight [77]. In turn, the KDOQI clinical practice guidelines
recommend that for children >2 years of age, the fill vol-
ume should be 1100-1200 ml/m? BSA (Fig. 11.2) [78]. This
volume can be increased to an upper limit of 1400 ml/m? as
tolerated to achieve maximum recruitment of the peritoneal
membrane vascular pore area [12]. In children <2 years of
age, a lower fill volume of 600-800 ml/m? is recommended
based more on tolerance [79]. Measurement of the intraperi-
toneal pressure (IPP) can be useful in determining the op-
timum PD volume to maintain a target IPP between 7 and
14 cm H,O [80]. A fill volume that is too large and generates
an [PP of > 18 cm H,0 may contribute to complications such
as abdominal pain, dyspnea, hydrothorax, hernia formation,
GERD, and loss of UF due to increased lymphatic uptake.

11.4.5 DwellTime

Determination of the length of each dialysis exchange, or
dwell time, should also be selected based upon individual pa-
tient needs [12]. Long dwell times, as seen with CAPD, can
be associated with insufficient UF, but are best for achieving
phosphate purification. Most children, however, are treated
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Table 11.2 Characteristics of currently available peritoneal dialysis solutions (PDS) [12]. (Source: Used with permission from Fischbach [12])

Lactate buffered: Balance®,
Gambrosol Tri®

Manufacturer

Fresenius Gambro

Potential drawbacks

More physiological pH, but
not neutral. Local and systemic
glucose exposure

Lactate/bicarbonate buffered: | Baxter Local and systemic glucose
Physioneal® exposure. Does not eliminate
peritoneal lactate exposure
Bicarbonate buffered: Fresenius Local and systemic glucose
BicaVera® exposure
Lactate-buffered glucose Baxter Low pH (5.5)
containing Dianeal® High GDP content
Poor peritoneal membrane
biocompatibility
Infusion pain
Local and systemic glucose
exposure
Icodextrin-containing; lactate | Baxter Hypersensitivity
buffered Low pH (5.5)
Licensed for single daily use only
Lactate containing
Amino-acid containing: Baxter Low pH (6.7)

Nutrineal®

Licensed for single daily use only
(avoid exacerbation of uremic
symptoms and acidosis)

Potential benefits

Lower GDP levels

More physiological pH (5.5-6.5)
Improved-peritoneal membrane biocompatibility
Preserved-membrane defense

Lower GDP levels

More physiological pH (7.4)
Improved-peritoneal membrane biocompatibility
Preserved-membrane defense

Reduced-infusion pain

Lower GDP levels

More physiological pH(7.4)

More peritoneal membrane biocompatibility
Preserved-membrane defense

Improved correction of acidosis

Ease of manufacture; low cost

Sustained ultrafiltration
Preservation of RRF
Hypertonic glucose replacement
Reduced hyperglycemia

Improved short-term systemic hemodynamic
profile

Desirable effects on metabolic profile and body
composition

No GDPs

Avoid systemic and peritoneal glucose exposure
Peritoneal membrane protection

Enhance nutrition

GDP glucose degradation product, RRF residual renal function

with APD, in which the dwell times can be manipulated to
optimize both solute and fluid removal.

The majority of children on APD are prescribed an initial
regimen of 6—12 exchanges over 8—10 h per night with a day-
time fill volume for patients on CCPD consisting of approxi-
mately 50% of the nighttime volume [38, 81] (Fig. 11.2).
Thus, the typical choice for an initial APD dwell time is ap-
proximately 1 h. However, the dwell time (as well as the
fill volume) should be reevaluated periodically to ensure that
the prescription is meeting the needs of the individual pa-
tient in terms of solute clearance and UF. The use of multiple
short exchanges can also result in hypernatremia secondary
to sodium sieving, as noted in the discussion of AKI man-
agement [37]. Additionally, short exchanges can contribute
to poor phosphate clearance and the inherent increased risk
for cardiovascular and metabolic bone disorders in children
[12]. A clinically useful way to individualize dwell duration
in pediatric patients on CPD is by determining the peritoneal

membrane transport capacity with the peritoneal equilibra-
tion test (PET) .

11.4.6 Peritoneal Equilibration Test Evaluation
in Children

PET was developed by Twardowski et al. to evaluate perito-
neal membrane function in the clinical arena [82]. Reference
curves were constructed for adults based upon the kinetics
of solute equilibration of creatinine and glucose between
dialysate and plasma (D:P ratio), which made possible the
categorization of adult PD patients into those with high,
high average, low average, and low peritoneal membrane
solute transport rates. Thus, PET data provide information
which can guide the application of the most appropriate di-
alysis prescription in terms of dwell time [81]. It is recom-
mended that an initial PET evaluation should be conducted
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I

Provide educational materials to
caregivers, patients

A

No Immediate PD needed?

Yes

A 4

I

2- to 6-week healing period, then start
dialysis using 300 mL/m? BSA volume,*
increase fill volume to ~1100 mL/m? BSA
within 7-14 days

Start supine dialysis using 300 mL/m? BSA
volume* for ~7 days, increase fill volume
to ~1100 mL/m? BSA within 14-21 days

A

Establish maximally tolerable fill volume by either repeated IPP measurements or
clinical judgement; adjust to maximally tolerable fill volume

Initial prescription: 6-12 60-90 min cycles with maximally tolerable fill volume (usually
~1100 mL/m” BSA) + 1 daytime cycle with >50% of nocturnal fill volume (CCPD) or <50%
of nocturnal fill volume (NIPD)

A 4

Perform PET, measure urinary and dialysate urea clearances at the end of training
(preferably >4 weeks after start of PD)

A

Use PD dosing tables or software to adjust PD prescription

* ~200 mL/m?* BSA
during infancy

Fig. 11.2 Algorithm for initiation of chronic peritoneal dialysis (PD). (Source: Used with permission from Warady [42])

4-8 weeks following the initiation of PD for most accurate
results [81, 83, 84]. The PET should be repeated following
clinical events known to alter peritoneal membrane transport
(i.e., peritonitis), following the clinical demonstration of UF
deterioration (i.e., worsening hypertension, increasing need
for hypertonic dialysate, persistent fluid overload, erythro-
poietin-stimulating agents (ESA)-resistant anemia), or fol-
lowing worsening solute removal.

The PET for adults was designed to be performed during
a 4-h dwell with a 2-L fill volume. However, in children, ap-
preciation of the age-independent relationship between BSA
and the peritoneal membrane surface area mandates use of a
fill volume scaled to BSA when conducting studies of pedi-
atric peritoneal transport kinetics. The Pediatric Peritoneal

Dialysis Study Consortium (PPDSC) and the Mid-European
Pediatric Peritoneal Dialysis Study Group (MEPPS) have
both conducted large multicenter trials using a 2.5 % or 2.3—
2.4% dextrose dialysis solution and a fill volume of 1000—
1100 ml/m? BSA to develop reference kinetic data (i.e., D:P
ratios and D:DO ratios), which can be used to categorize a
pediatric patient’s peritoneal membrane transport character-
istics and contribute to the prescription process (Fig. 11.3)
[5, 85]. Commercially available modeling programs which
use these data for PD prescription have been validated in
children [86]. In infants <2 years of age, however, the fill
volume used for the PET evaluation is typically the current
clinically prescribed volume due to the infant’s limited toler-
ance of high fill volumes. The 4-h PET procedure in children
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Fig. 11.3 Pediatric peritoneal equilibration test (PET) reference curves for creatinine and glucose

is described in Table 11.3. Finally, recent research suggests
that a 2-h PET procedure in children performs as well as the
4-h procedure. The shortened version of the study is less
labor intensive and less costly than the 4-h procedure [87,
88].

Table 11.3 The peritoneal equilibration test (PET) procedure in
children
Dwell period: 4 h
Fill volume: 1100 mL/m? BSA?
2.3-2.4% anhydrous glucose dialysis solution (Europe)
2.5% dextrose dialysis solution (North America, Japan)
Test exchange after prolonged (8 h) dwell, if possible as follows:
Drain the overnight dwell
Record the length of the dwell and the volume drained. Also note
the dextrose concentration and volume infused
Infuse the calculated fill volume, note infusion time
Keep patient in supine position
Drain <10 % of dialysate solution into the drain bag at 0, 120, and
240 min

Invert bag for mixing and obtain sample. Reinfuse any remaining
eftluent

Obtain blood sample after 120 min
Measure creatinine and glucose in each sample
Calculate dialysate to plasma (D/P) creatinine and dialysate glucose
to baseline dialysate glucose (D/DO) concentration ratios
Determine transporter state by comparing creatinine and glucose
equilibration curves with pediatric reference percentiles
BSA body surface area
2 In early infancy, volume may not be tolerable; in these cases, conduct
PET with regular daily exchange volume for evaluation

11.4.7 Peritoneal Dialysis Adequacy

PD adequacy in children should be characterized by a pre-
scription that results in the achievement of optimal UF, sodi-
um balance, and solute clearance so that the patient’s clinical
status is characterized by sufficient growth, blood pressure
control, avoidance of hypo- or hypervolemia, and adequate
psychomotor development. Care must always be taken to
individualize therapy with these considerations in mind be-
cause of the absence of definitive data linking patient out-
come to measures such as urea clearance in pediatrics [87].
Despite the appropriate emphasis on clinical parameters,
small solute (urea) clearance has historically been used as a
surrogate for PD adequacy. Urea removal scaled for the urea
volume of distribution or Kt/V, is this reccommended mea-
sure of urea clearance and PD adequacy [89]. This measure
includes evaluation of urea removal via residual renal func-
tion combined with urea removal via dialysis. Whereas data
in adults support a target total (peritoneal and kidney) Kt/
Virea Of at least 1.7/week, there is very little data correlating
Kt/Vea With outcomes in pediatrics [90, 91]. In turn, cur-
rent KDOQI guidelines support the recommendation that the
pediatric population should use clearance goals that meet or
exceed current KDOQI adult standards, or a minimal deliv-
ered total Kt/V ., of at least 1.8/week [81]. The total weekly

urea
Kt/Veq 1s calculated as follows:

_ (Dur.VD )(Uur-Vu) 7

WeeklyKt/V .., = P v
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where D, U,,, and P, are the dialysate, urinary, and plasma
concentrations of urea, V, and Vy; are the 24-h dialysate and
urine volumes, and V is the urea distribution volume. The
ability to accurately estimate V, or the patient’s total body
water (TBW) volume in children can be accomplished by
using validated gender specific formulas [92]. The formulae
are as follows:

Boys : TBW = 0.10 x (HtWt)"* -0.37 x weight
Girls: TBW = 0.14 x (HtWt)"* - 0.35 x weight

It is recommended that a 24-h collection of urine and di-
alysis fluid should be obtained within the first month after
the initiation of dialysis for Kt/V,,., evaluation. Following
this initial clearance, pediatric PD patients should reas-
sess Kt/V,,., a minimum of twice yearly or following any
change in clinical status that could alter dialysis perfor-
mance and may mandate a modification of the dialysis pre-
scription.

Finally, and as mentioned above, fluid removal is also an
important measure of PD adequacy and should be optimized
to prevent fluid overload. Overhydration represents an im-
portant clinical problem in pediatric PD patients because of
its contribution to hypertension and an increased risk of ad-
verse cardiovascular outcomes [93]. Data from the NAPRT-
CS have demonstrated that 57% of 4000 pediatric PD pa-
tients in the registry had hypertension. In another study,
68 % of the pediatric patients on chronic PD were found to
have left ventricular hypertrophy [94, 95]. Therefore, routine
monitoring of volume status including repeated assessment
of target dry weight and measurement of residual urine out-
put are important components of PD adequacy evaluation. A
modified PET using 4.25 % dextrose dialysate can be used to
evaluate UF kinetics in the patient with evidence of UF fail-
ure [90]. In patients experiencing decreased UF, therapeutic
interventions may include use of a long daytime exchange

0
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Fig. 11.4 One-year adjusted rates of hospitalization for infection in pe-
diatric patients (from day 90), by age and modality. (Source: From U.S.
Renal Data System, USRDS [8]. The data reported have been supplied
by the United States Renal Data System (USRDS). The interpretation

145

with icodextrin, an increase in the number of exchanges or
an increased overall treatment time, and/or an increase in the
dialysate glucose concentration [12]. Failure of these inter-
ventions to optimize fluid management may mandate transi-
tion to HD.

11.5 Infectious Complications of Peritoneal

Dialysis

Records from the USRDS reveal that infection is the most
common cause for hospitalization among children receiving
PD with a hospitalization rate of >600 admissions per 1000
patient-years [8] (Fig. 11.4). Infection is also the most com-
mon reason for modality change for pediatric patients on PD
[38].

11.5.1 Peritonitis

Peritonitis remains the most significant complication of
chronic PD in the pediatric population, and one that can com-
promise the long-term viability of PD as a dialytic option.
However, reductions in peritonitis rates have been reported
in children in association with treatment of Staphylococcus
aureus nasal carriage or application of topical antibiotics
(e.g., mupirocin or gentamicin) at the catheter exit site, as
well as with technical developments such as disconnect sys-
tems and the flush-before-fill technique [96-98]. The prac-
tice of prolonged training with an emphasis on hand hygiene
has also proven beneficial [70].

11.5.1.1 Incidence

Data from the NAPRTCS include information on 4248 epi-
sodes of peritonitis, which reflects an annualized peritonitis
rate of 0.64 or 1 infection every 18.8 patient-months [38].
Similar to previous reports, the data reveal an inverse rela-
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I I r‘
20032007 2008-2012

and reporting of these data are the responsibility of the author(s) and in
no way should be seen as an official policy or interpretation of the US
government. http://www.usrds.org/faq.aspx)
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Table 11.4 Peritoneal dialysis (PD) peritonitis rates in pediatric patients [38]

No. of episodes Years of FU
Total 4248 6658
Age
0-1 years 938 1193
2-5 years 552 821
6-12 years 1345 2145
>12 years 1413 2499
Catheter
Straight 1180 1668
Curled 2697 4137
Presternal 225 420
Cuff
One 2553 3440
Two 1620 2912
Tunnel
Swan necked/curved 1161 2317
Straight 2995 4032
Exit-site orientation
Up 702 850
Down 1181 2221
Lateral 1828 2466

CI confidence interval, FU follow up

tionship between the age of the patient and the peritonitis
rate, with the highest rate (annualized rate: 0.79 or 1 infec-
tion every 15.3 months) seen in patients 0—1 year of age, in
contrast to an annualized rate of 0.57 or 1 infection every
21.2 patient-months, in children more than 12 years of age
(Table 11.4).

Noteworthy is a significant improvement in the overall
annualized infection rate from 0.79 in 1992—-1996 to 0.44 in
recent years, likely related to the prophylactic measures de-
scribed above, in addition to a greater use of PD catheters
characterized by two cuffs and a downward pointed exit site
and prophylactic antibiotic usage at the time of PD catheter
placement and prior to invasive procedures, as described in
the Consensus Guidelines for the Prevention and Treatment
of Catheter-Related Infections and Peritonitis in Pediatric
Patients Receiving Peritoneal Dialysis [57)].

11.5.1.2 Presentation and Diagnosis

Peritonitis should be suspected in any patient with abdomi-
nal pain and/or cloudy PD effluent, accompanied by an ef-
fluent white blood cell (WBC) count >100/mm? and at least
50% polymorphonuclear leukocytes. For patients on APD,
the PD effluent WBC count should be obtained from a dwell
instilled for at least 1-2 h. In those cases, the percentage
of neutrophils may meet diagnostic criteria when the total
WBC count does not, and still be indicative of peritonitis.

Annualized rate Expected months between

infections

Rate 95% C1 Months 95% C1

0.64 (0.62-0.66) 18.8 (18.3-19.4)
0.79 (0.74-0.84) 15.3 (14.3-16.3)
0.67 (0.62-0.73) 17.9 (16.5-19.5)
0.63 (0.59-0.66) 19.1 (18.2-20.2)
0.57 (0.54-0.59) 21.2 (20.2-22.4)
0.71 (0.67-0.75) 17.0 (16.0-18.0)
0.65 (0.63-0.68) 18.4 (17.7-19.1)
0.54 (0.47-0.61) 22.4 (19.8-25.8)
0.74 (0.71-0.77) 16.2 (15.6-16.8)
0.56 (0.53-0.58) 21.6 (20.6-22.7)
0.50 (0.47-0.53) 23.9 (22.6-25.4)
0.74 (0.72-0.77) 16.2 (15.6-16.8)
0.83 (0.76-0.89) 14.5 (13.5-15.7)
0.53 (0.50-0.56) 22.6 (21.4-23.9)
0.74 (0.71-0.78) 16.2 (15.5-17.0)

11.5.1.3 Microbiology

The successful prophylaxis of exposure to S. aureus has result-
ed in a decrease in the incidence of gram-positive peritonitis
and an associated increase in the incidence of gram-negative
infections. Data from the International Pediatric Peritoneal
Dialysis Registry (IPPR) revealed that 44 % of peritonitis epi-
sodes in children are secondary to gram-positive organisms,
25 % to gram-negative organisms, 2 % to fungi, and a remark-
able 31% are culture negative [99]. Of the gram-positive
organisms, coagulase-negative Staphylococci are most com-
mon. A significant worldwide variation in the microbiology of
peritonitis and in the frequency of culture-negative infections
was also evident in the IPPR analysis (Fig. 11.5).

11.5.1.4 Treatment

Empiric antibiotic treatment should be initiated as soon as
the diagnosis of peritonitis is considered and an effluent
sample is obtained for culture and Gram’s stain using a stan-
dardized technique [57]. The antibiotic regimen used should
provide coverage for both gram-positive and gram-negative
organisms and should be given by the intraperitoneal route
to ensure immediate bioavailability. The recently published
pediatric peritonitis treatment guidelines propose empiric
monotherapy with the fourth-generation cephalosporin ce-
fepime where available, and in the absence of a history of
methicillin-resistant S. aureus (Fig. 11.6). An alternative ap-
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Fig. 11.5 Distribution of peritonitis culture results according to geo-
graphical regions. (Source: Used with permission from Schaefer [125])

proach consists of the use of a first-generation cephalosporin
or a glycopeptide (e.g., vancomycin) combined with ceftazi-
dime or an aminoglycoside. In all cases, empiric therapy
should be guided by the center-specific susceptibility pat-
tern, and maintenance antibiotic therapy should be instituted
once the antibiotic susceptibilities of the cultured organism
have been determined (Table 11.5). In the IPPR analysis,

89 % of the episodes were followed by full functional recov-
ery, with only an 8.1 % incidence of technique failure and
<1% mortality rate [99].

11.5.1.5 Exit-Site and Tunnel Infection

Exit-site and tunnel infections are significant causes of peri-
tonitis and catheter failure [100]. Early efforts to reduce the
incidence of these infections include the provision of intra-
venous prophylactic antibiotics (usually a first-generation
cephalosporin) within 60 min prior to the incision for PD
catheter placement, immobilization of the catheter without a
suture following catheter placement to decrease the risk for
exit-site trauma, and limited postoperative dressing chang-
es [57, 101]. Subsequent measures should include delayed
onset of dialysis (if possible) to decrease the risk of dialysate
leakage, regular cleansing of the exit site with an antiseptic
solution followed by the application of a topical antibiotic,
proper hand hygiene, and regular exit-site and tunnel moni-
toring using a standardized scoring system to permit early
detection of infection [57, 101, 102]. The combined use of
topical mupirocin and sodium hypochlorite solution for exit-
site care has been associated with reduced rates of catheter-
related infections and prolonged catheter survival in children
[103].

The diagnosis of an exit-site infection does not require a
positive culture, as long as there is purulent discharge from
the sinus tract or marked pericatheter swelling, redness, or
tenderness. However, S. aureus does account for the major-

Start intraperitoneal antibiotics as soon as possible.
Allow to dwell for 3-6 hours.
Ensure gram-positive and gram-negative coverage.
Base selection on historical patient and
center susceptibility patterns, as available

Monotherapy with cefepime®

If cefepime is not available:

Gram-positive coverage:
Either 1st-generation

cephalosporin or glycopeptide®

Gram-negative coverage:
Either ceftazidime
or aminoglycoside

a. If'the center’s rate of methicillin-resistant Staphylococcus aureus (MRSA) exceeds 10%, or if the patient
has history of MRSA infection of colonization, glycopeptide (vancomycin or teicoplanin) should be added
to cefepime or should replace the first-generative cephalosporin for gram-positive coverage.

Glycopeptide use can also be considered if the patient has a history of severe allergy to penicillins and

cephalosporins.

Fig. 11.6 Empiric therapy of peritonitis. (Source: Used with permission from Warady [57]
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Table 11.5 Antibiotic dosing recommendations for the treatment of peritonitis [57]. (Source: Used with permission from Warady [57])

Therapy type

Continuous®
Antibiotic type Loading dose Maintenance dose Intermittent therapy®
Aminoglycosides (IP)°
Gentamicin 8 mg/L 4 mg/L
Netilmycin 8 mg/L 4 mg/L Anuric: 0.6 mg/kg
Tobramycin 8 mg/L 4 mg/L Non-anuric: 0.75 mg/kg
Amikacin 25 mg/L 12 mg/L
Cephalosporins (IP)
Cefazolin 500 mg/L 125 mg/L 20 mg/kg
Cefepime 500 mg/L 125 mg/L 15 mg/kg
Cefotaxime 500 mg/L 250 mg/L 30 mg/kg
Ceftazidime 500 mg/L 125 mg/L 20 mg/kg
Glycopeptides (IP)°
Vancomycin 1000 mg/L 25 mg/L 30 mg/kg: repeat dosing: 15 mg/

kg every 3—5 days

Teicoplanind 400 mg/L 20 mg/L 15 mg/kg every 5-7 days
Penicillins (IP)®
Ampicillin - 125 mg/L —
Quinolones (IP)
Ciprofloxacin 50 mg/L 25 mg/L —
Others
Aztreonam (IP) 1000 mg/L 250 mg/L -
Clindamycin (IP) 300 mg/L 150 mg/L -
Imipenem-cilastin (IP) 250 mg/L 50 mg/L —
Linezolid (PO) <5 Years: 30 mg/kg daily, divided into 3 doses

5-11 Years: 20 mg/kg daily, divided into 2 doses

>12 Years: 600 mg/dose, twice daily
Metronidazole (PO) 30 mg/kg daily, divided into 3 doses (maximum: 1.2 g daily)
Rifampin (PO) 10-20 mg/kg daily, divided into 2 doses (maximum: 600 mg daily)
Antifungals

Fluconazole (IP, IV, or PO)
Caspofungin (IV only)
70 mg daily)
1P intraperitoneal, PO oral, IV intravenously

6-12 mg/kg every 24-48 h (maximum: 400 mg/daily)
70 mg/m? on day 1 (maximum:

50 mg/m? daily (maximum:
50 mg daily)

2For continuous therapy, the exchange with the loading dose should dwell for 3—6 h; all subsequent exchanges during the treatment course should
contain the maintenance dose. For intermittent therapy, the dose should be applied once daily in the long-dwell, unless otherwise specified
®Aminoglycosides and penicillins should not be mixed in dialysis fluid because of the potential for inactivation

‘In patients with residual renal function, glycopeptide elimination may be accelerated. If intermittent therapy is used in such a setting, the second
dose should be time-based on a blood level obtained 2—4 days after the initial dose. Re-dosing should occur when the blood level is < 15 mg/L for
vancomycin, or < 8 mg/L for teicoplanin. Intermittent therapy is not recommended for patients with residual renal function unless serum levels of

the drug can be monitored in a timely manner
9dTeicoplanin is not currently available in the United States

ity of infections, followed by Enterococci, Pseudomonas, E.
coli, and Klebsiella. Antibiotic therapy is typically given by
the oral route, should be based on the susceptibilities of the
cultured organism and should be 2—4 weeks in duration and
at least 7 days following resolution of the infection [57].

11.6 Noninfectious Complications of
Peritoneal Dialysis
11.6.1 Sclerosing Encapsulating Peritonitis

Sclerosing encapsulating peritonitis (SEP) is a rare and ex-
tremely serious complication of PD characterized by the

presence of continuous, intermittent, or recurrent bowel ob-
struction associated with gross thickening of the peritoneum
[104,105]. The cause of the disorder is likely multifactorial,
but virtually all affected patients have received a prolonged
course of PD, and most have evidence of high peritoneal per-
meability. The incidence in children has been documented to
be 6.6 % and 22 % in those patients receiving PD for > 5 years
and > 10 years, respectively[106]. The diagnosis is typically
suspected based on clinical findings and confirmed by com-
puted tomography (CT) or ultrasound. Treatment consists of
cessation of PD and aggressive nutritional management in
all, along with immunosuppressive therapy and surgery as
deemed necessary [104, 107].
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11.6.2 Hernia

The incidence of hernias in children receiving PD (8—57 %)
is inversely proportional to the patient’s age, with the high-
est percentage noted in children <1 year of age [108]. The
most common presentation is a painless swelling and 75 %
requires surgical correction followed by no/low volume di-
alysis for several days.

11.6.3 Hydrothorax

Hydrothorax, or the accumulation of dialysis fluid within the
pleural space, occurs in 1.6—10% of patients. Contributing
factors include increased IPP, a pleura-peritoneal pressure
gradient, and congenital diaphragmatic defects. Whereas a
presenting feature may consist of shortness of breath fol-
lowing the initiation of PD, the diagnosis may also be made
when the displaced dialysate is evident on routine chest
X-ray (usually right sided). Diagnostic techniques include
scintigraphy or thoracentesis, with the detection of pleu-
ral fluid with a high dextrose concentration (>300 mg/dL)
characteristic of dialysate consistent with the diagnosis. CT
or magnetic resonance imaging (MRI) may be used to in-
vestigate a site of communication. Common approaches to
management include permanent or temporary cessation of
PD, decreased exchange volume, obliteration of the pleural
space, or surgical repair of a diaphragmatic defect [109, 110].

11.7 Nutritional Management of Children on
Peritoneal Dialysis

Malnutrition is a common complication in children who re-
ceive dialysis as a result of anorexia and poor intestinal ab-
sorption of nutrients [111]. Moreover, the protein needs of
children with ESRD are increased when taking into account
the protein losses that occur via the peritoneum. The KDOQI
pediatric nutrition guidelines suggest following parameters
of nutritional status and growth including dietary intake,
length or height, height velocity, estimated dry weight, BMI,
and head circumference based upon the child’s age for PD
patients [112]. Children on PD should receive at least 100 %
of the estimated energy requirements for normal age-depen-
dent needs, with additional intake as need to address growth
requirements [112]. The KDOQI guidelines also suggest
that children on PD should receive a dietary protein intake
of 100% of the daily recommended intake for ideal body
weight, as well as additional protein intake to address pro-
tein losses via dialysis. Current recommendations for daily
dietary protein intake are shown in Table 11.6.

Special attention must also be directed to the dietary
management of sodium, potassium, and phosphorus. Infants,
especially those with obstructive uropathy and poor renal tu-
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Table 11.6 Recommended daily protein intake (DPI) [112]. (Source:
Used with permission from [112])

Age (months) DPI (g/kg/day)
0-6 1.8
7-12 1.5
1-3 1.3
4-13 1.1
14-18 1.0

DPI daily protein intake

bular function, can have significant sodium losses via the
dialysate and the native kidneys. Therefore, some infants
require sodium supplementation to maintain total body so-
dium levels. A lack of supplementation can result in hypona-
tremia, severe central nervous system (CNS) manifestations,
and poor growth [113]. Aggressive use of potassium-binding
agents in infant formula can result in hypokalemia, a po-
tential risk factor for peritonitis [114]. Finally, some infants
on PD experience hypophosphatemia due to the use of low
phosphorous infant formulas [115]. In those pediatric PD pa-
tients who experience hyperphosphatemia, management of
dietary phosphorous intake is of critical importance because
of the impact phosphorous has on bone turnover and linear
growth, in addition to cardiovascular health.

11.8 Technique and Patient Survival

The need to terminate PD for reasons other than transplanta-
tion is most commonly the result of infectious complications.
A NAPRTCS study found that 20 % of patients transitioned
from PD to HD over a 6-year period, the result of infection
in 43 % of the cases, followed by UF failure, patient/family
choice and access failure as the most frequent reasons [116].
More recent data from the IPPN registry demonstrated simi-
lar findings with the following reasons for discontinuation
of PD: kidney transplantation (60 %), technique failure and
switch to HD (20%), death (7%), and partial recovery of
renal function (2 %) [7].

Compared with adults, patient survival is excellent in
children on PD, and there has been a steady improvement
in mortality rates over the last 20 years, particularly in the
youngest patients. Recent data from the USRDS based on
children undergoing either chronic PD or HD have revealed
mortality rates of 112.2 and 83.4 per 1000 person-years in
those initiating dialysis in 1990-1994 and 2005-2010, re-
spectively [117]. The highest mortality rates are seen in
those patients who receive PD during the first year of life
[118, 119]. Data from the Australia and New Zealand Di-
alysis and Transplant (ANZDATA) registry and the Italian
dialysis registry are similar, but with more pronounced dif-
ferences between various age groups [120, 121]. In addi-
tion to young age itself, an important predictor of mortal-
ity is the presence of nonrenal disease [122]. Data from the
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Fig. 11.7 Cumulative survival of pediatric peritoneal dialysis (PD) patients by absence or presence of at least one comorbidity. (Source: Used

with permission from Neu [123]

IPPN have demonstrated that pediatric patients on chronic
PD with a comorbidity (i.e., neurocognitive impairment or
congenital heart disease) had a significantly lower survival
rate compared with patients not having a comorbidity [123]
(Fig. 11.7).
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