1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

HHS Public Access

Author manuscript
Pediatr Nephrol. Author manuscript; available in PMC 2021 February 01.

Published in final edited form as:
Pediatr Nephrol. 2020 February ; 35(2): 229-240. doi:10.1007/s00467-018-4151-8.
End-stage kidney disease in infancy: An educational review

Keia R. Sandersonl, Bradley A. Warady?
1University of North Carolina Department of Medicine-Nephrology, Chapel Hill, NC;

2Children’s Mercy Kansas City, Kansas City, MO

Abstract

An increasing number of infants with end-stage kidney disease (ESKD) are surviving and
receiving renal replacement therapy (RRT). Unique clinical issues specific to this age group of
patients influence their short- and long-term outcomes.

This review summarizes current epidemiology, clinical characteristics, ethical dilemmas,
management concerns, and outcomes of infants requiring chronic dialysis therapy.

Optimal care during infancy requires a multidisciplinary team working closely with the patient’s
family. Nutritional management, infection prevention and attention to cardiovascular status are
important treatment targets. Although mortality rates remain higher among infants on dialysis
compared to older pediatric dialysis patients, outcomes have improved over time. Most
importantly, infants who subsequently receive a kidney transplant are now experiencing graft
survival rates that are comparable to older pediatric patients.
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Introduction

Dialysis was first used as a modality for renal replacement therapy (RRT) in children more
than 60 years ago, initially for the management of acute renal failure. Whereas the use of
dialysis for the chronic management of children with end-stage kidney disease (ESKD)
proved challenging early on as a result of many technical obstacles, the development of
permanent peritoneal catheters for adults, which were subsequently used for children as
well, allowed for chronic peritoneal dialysis (CPD) to be established as a treatment modality
for pediatric ESKD [1]. Similarly, in the early 1960s the availability of the Scribner
arteriovenous shunt supported the development of chronic hemodialysis programs for
children as young as 2 years of age [2]. Initially, there were many complications associated
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with both chronic therapies, including repeated infections, difficulty with maintaining
dialysis access, and challenges with ultrafiltration monitoring. For these reasons and others,
many pediatric nephrology centers were unable to support the smallest infants and children
with ESKD with chronic dialysis. However, with advancements in dialysis technology and
clinical expertise over the past several decades, and data confirming improved survival
statistics and transplantation outcomes in the infant ESKD population, chronic RRT has
become a well-accepted option for infants previously not considered to be candidates for
chronic dialysis therapy [3]. Despite these achievements, the initiation and maintenance of
chronic dialysis in infants with ESKD is still impacted by a variety of medical management
challenges and ethical debates that are, in part, the result of an increasing number of infants
with complex co-morbidities being considered as candidates for renal replacement therapy
[3, 4]. This educational review will, in turn, summarize current literature on the
epidemiology, diagnoses, ethical dilemmas, management, and outcomes of infants requiring
chronic dialysis therapy.

Epidemiology

While the total number of children who are receiving chronic dialysis in some countries has
decreased recently as a result of a growing number of children receiving preemptive kidney
transplants, the proportion of patients who are infants who initiated chronic dialysis in the
first year of life has increased. Data from the United States Renal Data System (USRDS)
indicate that the number of children and adolescents initiating dialysis has steadily decreased
from a rate as high as 14.8 per million population in 2004 to 11.3 per million population in
2015 [5]. However, there were a total of 1,723 infants <1 year of age who initiated chronic
peritoneal dialysis (CPD) and who were recorded in the USRDS database from 1990-2014;
685 (39.8%) from 1990-2001 and 1,038 (60.2%) over the more recent 12-year period of
2002-2014 [5].

When assessing the age distribution of the entire pediatric dialysis population, the North
American Pediatric Renal Trials and Collaborative Studies (NAPRTCS) reported in 2011
that 13% of all children who initiated dialysis from 1992 to 2010 were <1 year of age [6].
Similar data are available from the European Society of Pediatric Nephrology and European
Renal Association-European Dialysis and Transplant Association (ESPN/ERA-EDTA)
registry which have reported that 11% of all children who initiated chronic dialysis from
1991 to 2013 were infants [7, 8].

In addition to an increase in the proportion of children initiating dialysis being infants, the
USRDS has also demonstrated an increase in the percentage of ESKD patients less than 4
years of age and on dialysis with greater than 1 co-morbidity (3.9% with =1 comorbidity
from 1990-1994 vs. 31.1% with =1 co-morbidity from 2005-2010), indicating that the
youngest patients on dialysis have become more medically complex [9].

Diagnoses

The most common primary diagnoses in the infant dialysis population are congenital
anomalies of the kidney and urinary tract (CAKUT) including renal hypoplasia/dysplasia
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and obstructive uropathy, comprising 40-60% of the cohort [6, 10, 11]. Infants with ESKD
are also more likely to be diagnosed with disorders such as congenital nephrotic syndrome,
autosomal recessive polycystic kidney disease and cortical necrosis related to perinatal
asphyxia, when compared to patients greater than 5 years of age at the time of ESKD
treatment initiation [9]. Recent literature has demonstrated that a substantial proportion of
children with advanced chronic kidney disease (CKD) have an excess burden of rare
genomic imbalances, especially in children diagnosed clinically with renal hypodysplasia,
which may overlap with neurologic, skeletal, and cardiac disorders [12, 13]. In the future,
the regular use of genomic sequencing may not only better define the underlying etiologies
of CKD/ESKD in children, but it may also better define the risks for extrarenal
comorbidities and in turn facilitate enhanced disease screening and management.

Management of the infant with ESKD

Ethical considerations

The management options for infants with ESKD consist of palliative care or initiation of
renal replacement therapy (RRT). Advanced ultrasounds can facilitate the prenatal diagnosis
of kidney disease in most neonates with ESKD, especially in the setting of oligohydramnios.
Ideally, when a prenatal diagnosis of a severe kidney disorder is made, a multidisciplinary
consultation with the child’s family should take place, with participants to include a
pediatric nephrologist, neonatologist, and a maternal fetal medicine physician. The
consultation provides an opportunity for the healthcare team to present the family with
information about the center-specific intrauterine and postnatal morbidity and survival
outcomes that accompany the specific kidney disorder so that well informed decisions can
be made. Decisions regarding continuation of pregnancy for families in which there is
evidence of severe prenatal kidney disease may in part be dependent upon local pediatric
policy and experience. In a study of parental decision making in the setting of fetal renal
oligohydramnios, 37% of parents decided to terminate the pregnancy, while 60% opted to
continue the pregnancy after multidisciplinary counseling [14].

Following birth, pulmonary stabilization is often the primary clinical focus for the infant
born with ESKD, and delay in decision making regarding the institution of chronic dialysis
while the child is stabilized is feasible in many instances. Of course, the decision regarding
whether or not to initiate RRT in the infant born with ESKD can be a most difficult decision
for the infant’s parents, nephrologists, neonatologists, and other members of the multi-
disciplinary healthcare team. The ethics surrounding the provision or withdrawal of dialysis
have been well discussed within the nephrology literature, both pediatric and adult [4, 15—
17]. While improvements in dialysis technology and clinical expertise have contributed to
improved long-term outcomes for infants with ESKD, comorbidities such as neurocognitive
delay, infectious complications, cardiorespiratory disorders, the need for supplemental tube
feedings, the frequent need for hospitalizations and the “burden of care” for the family, all
contribute to the dilemma that can arise in the shared decision making process between the
family and the medical team regarding the decision to institute a lifetime of ESKD care.

The aforementioned comorbidities that are frequently present in infants with ESKD play a
significant role in the decision process regarding long-term RRT. Registry data reveals that
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up to 30-70% of infants with ESKD have one or more non-renal co-morbidities which may
further increase the mortality risk [8, 9, 18]. Interestingly, attitudes among pediatric
nephrologists have, in turn, become more cautious over time regarding the recommendation
for dialysis initiation during infancy. In a 1998 survey, 41% of nephrologists reported they
would offer dialysis to all infants <1 month of age with ESKD and 53% of nephrologists
would offer dialysis to all infants aged 1-12 months of age with ESKD [3]. In contrast, a
very similar survey conducted in 2011 reported that only 30% of nephrologists would offer
dialysis to all infants <1 month of age with ESKD and 50% of nephrologist would offer
dialysis to all infants 1-12 months. An even smaller percentage of nurses believed that
dialysis should be offered to all infants [16]. Not surprisingly, the most influential factor
associated with the decision not to offer dialysis was the presence of a non-renal
comorbidity. In the same surveys from 1998 and 2011, approximately 70-80% of pediatric
nephrologists considered parental rights to refuse RRT acceptable, a decision supported by
ethical principles [3, 16].

Overall, most experts believe that the decision to provide or withhold dialysis for the infant
with ESKD is best made following in-depth discussions held between the parents and the
multidisciplinary health care team, on occasion with additional information provided by
parents of other infants/young children who have received chronic dialysis. In the
professional responsibility model, neonatal outcomes including neonatal mortality, survival
to dialysis, survival to transplantation, and long-term survival should be presented to
families [19]. In most cases, this process will result in the development of a consensus
opinion based on what action is deemed to be in the best interest of the child, taking into
account both the short and long-term outcomes. On occasion, a hospital ethics committee
may need to be consulted when the development of a consensus opinion proves difficult.

When should RRT be initiated?

The timing and indications for dialysis initiation in infants with ESKD is dependent upon
multiple clinical criteria, which may include the presence of oligoanuria, severe electrolyte
disturbances (i.e. hyperkalemia), critical fluid overload, and uremic symptomatology, some
or all of which are non-responsive to medical management. Noteworthy is the lack of a
general consensus regarding the serum creatinine or blood urea nitrogen levels at which
dialysis initiation is absolutely indicated, especially in infants for whom an accurate means
of estimating GFR is not available. Although European and American guidelines
recommend starting dialysis in pediatric ESKD patients when the eGFR is between 10 and
15 ml/min/1.73m?, the eGFR of healthy infants doesn’t achieve the normal values of older
children and adults until age 2 years [20-22]. More important factors to consider regarding
the timing of dialysis initiation during infancy include the infant’s nutritional status, which
may be compromised by severe oliguria/anuria and/or feeding intolerance, and the growth
velocity. Malnutrition can result in poor growth, neurocognitive dysfunction and an
increased risk of mortality [23, 24]. Given that infants on dialysis have been shown to
demonstrate increases in weight and height as a result of enhanced nutritional management
based on data collected by the International Pediatric Peritoneal Dialysis Network (IPPN)
and the NAPRTCS, a suboptimal nutritional status (associated with fluid overload) and poor
growth of an infant with ESKD are often the primary stimuli to initiate dialysis therapy.
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Which modality should be initiated?

Renal transplantation is the preferred RRT for all patients with ESKD; however,
transplantation in the youngest infants is technically limited by patient and vasculature size.
In turn, transplantation is most often delayed until an infant reaches 8-10 kg, thus prompting
the need for dialysis in virtually all infants with ESKD with plans for future transplantation
[25]. Whereas either PD or hemodialysis (HD) may serve as the initial RRT for the infant
with ESKD, the great majority of infants who receive chronic dialysis are initiated on
chronic peritoneal dialysis (CPD) because of the relative technical simplicity of the
procedure in contrast to HD. NAPRTCS recently reported that 857 (92%) of a cohort of 928
patients less than 1 year of age initiating dialysis were prescribed CPD as their index dialysis
modality [6]. Similarly, the ERA-EDTA and European Society of Pediatric Nephrology
(ESPN) registry have revealed that approximately 85-90% of ESKD patients <1 year of age
received PD as their first chronic RRT modality [7, 8]. At the same time, it should be
emphasized that it is not unusual for infants to require a change in dialysis modality prior to
transplantation. Van Stralen et a/., reported data from several international dialysis registries
which characterized patient outcome during the first 2 years of life on dialysis. Nearly 30%
of infants on dialysis in the combined registry analysis switched dialysis treatment
modalities before transplant [10]. Vidal et a/., reported a 5-year cumulative 25% incidence of
dialysis modality change among infants <12 months of age at dialysis initiation [8]. In
contrast, NAPRTCS found that only 15.8% of all infants <1 year of age and on chronic
dialysis underwent a change in dialysis modality prior to transplantation [6]. Primary
reasons reported for modality changes were peritonitis (63%) in infants on PD and patient/
family choice (56%) in infants on HD [8].

Peritoneal dialysis

Chronic peritoneal dialysis (CPD) is the most common dialysis modality prescribed to
infants with ESKD worldwide, and, as noted above, is the initial dialysis modality in 85—
92 % of infants who initiate chronic dialysis [8, 10]. Advantages of CPD, which are
especially pertinent for infants, include avoidance of vascular access, few dietary and fluid
restrictions, infrequent hemodynamic instability, better preservation of residual kidney
function compared to HD, and the feasibility for families living substantial distances from a
pediatric dialysis center to conduct the procedure from home following training by the
dialysis team. Disadvantages of CPD include the increased responsibility on the part of the
families to conduct the care, which more specifically includes the requirement of a clean
home environment with adequate temperature-controlled storage space for supplies, in
addition to the physical and emotional demand to conduct nightly dialysis, administer
medications multiple times per day, and to frequently provide repeated bolus and
supplemental tube feeding, all of which can have a significant impact on the lifestyle of the
parents and siblings. Absolute contraindications to PD include conditions that compromise
the abdominal cavity and peritoneum such as gastroschisis, obliterated peritoneal cavity,
omphalocele, and bladder exstrophy. Relative contraindications may include the lack of a
suitable caregiver or home environment or a history of extensive abdominal procedures.

For successful initiation of CPD, the majority of infants are able to undergo placement of a
double cuffed PD catheter with a downward or lateral positioned exit site that is placed at a
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distance from any ostomy site and the general diaper area to decrease the risk of peritonitis
[26]. Whereas infants >2—3 kg are candidates for a double cuffed PD catheter, smaller
infants <2-3 kg often use a single cuffed catheter because of their lack of substantial
subcutaneous tissue [22]. Ideally, PD catheters should be placed by dedicated surgeons with
expertise in the placement of CPD catheters, especially in infants [27]. Successful placement
of the PD catheter depends upon an exit site supported by subcutaneous tissue to prevent
leakage. The thin abdominal wall of low birth weight infants can lead to a high incidence of
leakage and the need for catheter replacement [28, 29]. In the smallest infants (<1000
grams), single cuff vascular catheters, intravenous cannulas, and/or umbilical venous
catheters placed in the abdomen have been used until infants are large enough for double
cuffed CPD catheters [30] [31, 32]. The presence of omentum can create additional
challenges for good catheter function and at least a partial omentectomy can be particularly
beneficial [33]. Finally, the importance of dedicated surgeons committed to placement of
unique, atypical catheters in the smallest of infants cannot be overemphasized.

A gastrostomy tube/button is often necessary to support nutrition and medication
administration in infants on dialysis, and ideally it should be placed before or at the time of
PD catheter placement as another means to reduce the risk of infection, specifically
peritonitis [27, 34-36]. Recent data from the Standardized Care to Improve Outcomes in
Pediatric End-Stage Renal Disease (SCOPE) collaborative demonstrated that gastrostomy
tube placement after PD catheter insertion was associated with a 3-fold increased risk of
peritonitis [34]. As a result of this risk, prophylactic antibiotic and antifungal therapy should
be considered whenever a gastrostomy is placed after CPD has been initiated [27]. In
addition, there is evidence that an open gastrostomy (Stamm procedure) in contrast to a
percutaneous procedure (PEG) is preferred in this setting as well, to decrease the risk of
peritonitis associated with gastrostomy placement [22, 36]. PD should be held for 2-3 days
following the gastrostomy procedure if possible [36].

The need for an access revision early after PD catheter placement is most common during
infancy and is often secondary to mechanical dysfunction [37]. Borzych-Duzalka et al.,
reported that nearly 40% of infants initiated on CPD at <1 year of age required PD catheter
revision, most frequently >60 days after the initiation of CPD [37].

The PD prescription for the infant takes into account the fill volume, the number of dialysis
exchanges that are required to meet the ultrafiltration and solute clearance needs of the
patient, and the dextrose concentration of the dialysate. Most experts initiate PD in infants
with a fill volume of 10-20 ml/kg and advance as tolerated. As many automated cycler
machines require a minimum fill volume of >100 mL per exchange to account for tubing
“dead space”, infants initiating chronic PD at a weight <10 kg often initially require PD via
a manual, gravity-based closed system. The system typically includes a buretrol device to
permit precise measurement of the dialysate fill volume and a urine meter drainage bag
connected to the outflow tubing to precisely measure the peritoneal effluent. In this setting,
dwell times are initially every 30—60 minutes and the dialysis is provided continuously, a
schedule which most often requires an intensive care unit one-to-one level of nursing
support. This approach is continued until the infant is able to tolerate fill volumes >100 mL.
Newer automated cyclers are becoming available which allow for the initiation of PD with
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smaller fill volumes (i.e. Fresenius Medical Care PD-Paed Plus). The target fill volume for
infants is generally 600-800 ml/m?2 body surface area until 2 years of age [21, 27]. Greater
volumes may increase the risk of hernias, leakage, and emesis/gastro-esophageal reflux.

CPD modalities that are available for infants on chronic home PD are automated PD (APD),
which is typically conducted at night over a 10-12-hour period with or without a single
daytime exchange, and continuous ambulatory peritoneal dialysis (CAPD), in which 4-5
manual exchanges are delivered intermittently over 24 hours. Automated PD is the preferred
option (except when APD is not available because of technical and/or fiscal limitations) for
infants, in part because of the ease in which the fill volume can be gradually increased to
accompany the growth of the child. Data from the ESPN/ERAEDTA registry and the
USRDS have revealed that APD is performed by 71% and 96% of infants initiating CPD,
respectively [5, 8, 38]. The flexibility of exchange frequency with the cycler is also
particularly advantageous when caring for the infant patient. Anuric infants usually require
high ultrafiltration rates to allow for the provision of adequate nutrition [39] and these
patients do best with more frequent exchanges and shorter dwell times. Alternatively, in
infants with polyuric renal failure, the PD prescription may be characterized by longer dwell
times with an emphasis on solute removal [40] [41].

The composition of PD solutions is important and the use of dialysate with the highest
dextrose concentrations should be restricted because of the associated risk of complications,
such as encapsulating peritoneal sclerosis and the potential long-term need of a functional
peritoneum for the youngest patients [42]. Guidelines from the European Pediatric Dialysis
Working (EPDW) Group recommend use of biocompatible multi-chambered PD fluids
which are low in glucose degradation products (GDP) and reduce lactate exposure [43].
Interestingly, while both first generation single chamber PD solutions and biocompatible
fluids with low GDP have been shown to impair peritoneal mesothelial morphology and
function after only 12—-24 months of PD exposure, Rees et al. have also shown that children
<24 months of age treated with biocompatible PD solutions experienced more significant
catch-up growth ((+0.52 +/-1.82 SDS/year) compared to children receiving PD with
conventional single-chamber solutions (-0.06 +/-1.96 SDS/year) [24, 44-46]. Special
consideration of the risks and benefits associated with the use of either single chamber PD
solutions or biocompatible PD fluids may be of particular importance to infants, who on
average spend >2 years on dialysis while experiencing the growth necessary for transplant.
To date, while the biocompatible, low GDP solutions are available in Europe, they are not
available in the U.S.

Finally, while current cyclers permit the review of dialysis performance with data collected
over the monthly clinic interval, newer cyclers with the capacity for daily remote patient
monitoring may enhance the safety, efficacy, and adherence of the treatment modality for
infants receiving dialysis therapy at home [47].

Hemodialysis

Hemodialysis (HD) is feasible in infants, but is rarely the initial renal replacement modality
of choice. The NAPRTCS registry has shown that 2.7% of children with ESKD and <1 years
of age were initiated on chronic HD, while data from Europe (ESPN/ERAEDTA registry)
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Growth

revealed that up to 13.5% of infants received chronic HD as their initial form of RRT [6, 8].
An advantage of chronic HD compared to PD includes the decreased burden of care for
families, as virtually all infants on chronic HD receive incenter treatments. Although HD
offers a decreased treatment time compared to CPD for older children, infants are formula/
volume dependent and regularly require 16—24 hours per week of chronic in-center HD to
maintain ultrafiltration rates at less than 5-10% of body weight per treatment and still
maintain good control of their fluid and hemodynamic status [48-50]. Hemodialysis
prescriptions also usually involve blood flows of 20-100 ml/min or a median of 8 ml/kg/min
to achieve urea clearances of 3-5 ml/min [48, 50]. Paglialonga et a/. reported from the
Italian Pediatric Dialysis registry that nearly 60-70% of infants on chronic dialysis received
>4 sessions of HD per week [50]. Disadvantages of HD for infants are the need for central
venous access and the associated risks for vascular injury and infection. Single center data
have revealed that greater than 90% of infants receiving chronic HD are accessed via a right
or left internal jugular central venous catheter (CVVC) 5-8 French in diameter with a median
2.2 catheter changes/patient year and catheter survival times ranging from 1 to 13 months
[48, 51-53]. Catheters are generally locked with heparin, citrate based solutions, and/or
alteplase solutions, based on data from various single center studies with no specific
reference to the experience in infants [50, 54].

Additional risks for the infant on HD include those related to significant blood loss and
hemodynamic instability during the procedure, as well as repeated exposure to blood
products for blood priming the HD circuit and the resultant impact on allosensitization and
future transplantation. In a retrospective review by Al-Hermi et a/. of ten infants with ESKD
who received in-center HD, the authors described frequent challenges with HD line clotting,
catheter-related infections, and poor dialysis adequacy [55]. As a result, there are few
circumstances in which infants will preferentially initiate dialysis with chronic HD, such as
in the patient with primary hyperoxaluria, or when PD is anatomically contraindicated or
unable to be performed. Reports of successful use of intermittent hemodialysis with smaller
volume circuits (i.e. Newcastle Infant Dialysis System, NIDUS), which reduce the need for
blood priming and provide more precise ultrafiltration with adequate clearance, are
promising [56]. There are also reports of successfully dialyzing infants via conventional HD
devices with smaller dialyzers (0.2-0.6 m2) and priming volumes of only 18-35 ml with a
much lower need for blood priming [48, 53].

Nearly 30% of postnatal growth occurs during the first 2 years of life in all children. This
makes early growth particularly important for infants with ESKD, whose long-term clinical
course may be complicated by a variety of factors which have a negative influence on

growth and which may, in turn, impact final adult height [24]. Moreover, poor linear growth
in pediatric ESKD patients has been associated with a decreased quality of life during
childhood and as adults, in addition to excessive patient mortality [57, 58]. Unfortunately,
linear growth is often severely impaired in infants with ESKD due to inadequate protein and
calorie intake, water and electrolyte losses, metabolic acidosis, and poorly controlled

mineral bone disease [59]. It remains unclear to what extent abnormalities of the GH-IGF1
axis contribute to poor linear growth during early infancy in patients with ESKD. In a review
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Nutrition

of 9 retrospective studies on growth in infants with stages 4 and 5 CKD, conservative
measures consisting of adequate nutritional intake, correction of metabolic acidosis and
electrolyte abnormalities, and management of fluid status, renal osteodystrophy and anemia
resulted in greater median longitudinal growth patterns for the majority of infants [60].
However, the studies demonstrated inconsistencies in the ability of infants with CKD to
actually experience catch up growth with the management noted above, emphasizing the
importance of attention being directed early at the treatment of modifiable growth-related
factors. Finally, reports on the use of recombinant human growth hormone (rhGH) in
growth-retarded infants with CKD have consistently demonstrated significantly enhanced
height velocity following the initiation of therapy [60, 61]. The provision of rhGH for
growth-retarded infants on dialysis can be challenging because of fiscal/insurance-related
obstacles, and the therapy is typically not instituted until the child is >1 year old and
accompanied by evidence that the height and growth velocity are poor despite the correction
of all modifiable risk factors [62, 63]. The most encouraging data regarding the growth of
infants with ESKD and on dialysis was demonstrated in the 2011 NAPRTCS annual report
which showed improvement in both height and weight SDS scores for patients less than 1
year of age, in contrast to the lack of catch up growth in the older patient cohorts [6, 26].
Similar data has been demonstrated by the IPPN [24].

Adequate nutrition is one of the most important contributors to growth during infancy [64].
Also noteworthy is the fact that the nutritional needs of infants with ESKD and on CPD can
be greater compared to healthy infants as a result of the protein losses that occur via the
peritoneal effluent, gastroesophageal reflux and frequent emesis, and periods of inadequate
intake or increased requirements because of hospitalizations, infections, or surgeries. The
KDOQI nutrition guidelines thus suggest that infants on CPD should receive 100% of the
estimated energy requirements for normal age-dependent needs, with supplements to be
provided to those with poor growth [39, 65]. The KDOQI guidelines also recommend that
infants on dialysis should maintain a dietary protein intake of 100% of the daily
recommended intake for ideal body weight, plus additional protein intake to address dialytic
protein losses. Thus, most infants below the age of one year should receive at least 1.5-1.8
g/kg/day of dietary protein [66, 67]. Frequent monitoring of the nutritional status is
imperative, and is best conducted in consultation with a pediatric dietitian. The importance
of monitoring for evidence of malnutrition as well as obesity was recently emphasized in a
European report in which 15.8% of dialysis patients <1 year of age were underweight, but
9% were obese/overweight [68]. The additional calories (10-20 kcal/kg/day) provided
through the absorption of the osmotic agent glucose across the peritoneum in infants
receiving CPD certainly contributes to the risk for excessive weight gain as well, and should
be taken into consideration [22].

In order to meet these nutritional requirements, supplemental tube feedings (nasogastric or
gastrostomy) are frequently required [23, 29, 33]. When the majority of nutritional needs are
provided through a feeding tube, it is highly recommended to provide regular oral
stimulation to the infant as well [69, 70].
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Many infants on CPD are also at risk for excessive sodium and water losses as a result of
their primary kidney disorder (e.g. CAKUT and cystic kidney disease), PD-related losses,
and poor intake that often occurs in association with inter-current illnesses [71, 72]. Chronic
sodium depletion can have an adverse effect on growth velocity, in addition to contributing
to low blood pressure and the possible development of ischemic optic neuropathy [73].
Therefore, sodium supplementation is recommended in many infants on CPD, with close
monitoring of blood pressure and serum sodium levels [74].

Mineral bone disorder

Management of CKD-Mineral Bone Disorder (CKD-MBD) is exceedingly important
because of its impact on the growth of the infant receiving chronic dialysis. Calcium
requirements are increased due to rapid growth, bone turnover, and poor enteral calcium
absorption. The KDOQI nutrition guideline recommends that total oral and/or enteral
calcium intake from nutritional sources and phosphate binders be 100-200% of the age-
specific DRI for calcium [65]. At the same time, data from the IPPN demonstrates that
higher serum calcium levels are independently associated with younger patient age and thus
the potential for adynamic bone disease during infancy should be recognized [75]. The
prevalence of hyperphosphatemia has been reported as only 6% in infants on CPD compared
to nearly 80% in adolescents on CPD, likely the result of a diet dependent upon formula or
breastmilk that tends to contain lower phosphorous concentrations than processed foods
[70]. On the other hand, hypophosphatemia can occur as a result of the low phosphorus-
containing diet during infancy and may require phosphate supplementation [76]. Activated
vitamin D is important to support the insufficient 1a-hydroxylase activity associated with
CKD, and supplementation with 25(0OH)D is also often required in infants on dialysis, in
particular those infants receiving breastmilk [77]. Replacement is indicated to achieve
25(0OH)D >30 ng/mL, although no data specific to the needs of infants is available [78].

Finally, intact PTH levels are often elevated in children on dialysis, but to a lesser extent in
infants than adolescents, likely owing to the better phosphorus management experienced by
infants. Parathyroid hormone levels can be titrated with activated vitamin D supplementation
to maintain PTH levels to less than twice the upper limit of normal [79]. Marked elevation of
PTH has been associated with worsening of CKD-MBD and anemia in children on PD [75].

Cardiovascular disease

The USRDS has shown that cardiovascular disease is one of the most common causes of
death among infants initiated on CPD [80]. Single center data indicates that 70-80% of
infants on dialysis demonstrate systolic and/or diastolic blood pressure values >2 standard
deviations above the mean despite the frequent use of chronic antihypertensive therapy [48].
ESPN/ERA-EDTA data demonstrates that younger age on dialysis is a risk factor for poorly
controlled hypertension in children [81]. This trend is likely influenced by the formula fed
infant who is hypervolemic with little or no urine output. Treatment strategies include
dialytic volume removal, appropriate salt management and treatment with various
combinations of antihypertensive drugs. There is no general consensus regarding target
blood pressures in children with CKD [82]. The European Society of Hypertension and the
American Academy of Pediatrics guidelines recommend BP targets ranging from <90t%ile
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Anemia

to <50M%ile for age, sex, and height [83, 84]. Nevertheless, given the significant morbidity
and mortality associated with cardiovascular disease in this population, careful monitoring
and management of hypertension in infants on dialysis is essential.

Anemia is a common manifestation of ESKD during infancy, being present in nearly 60% of
infants from several international databases who initiated dialysis within the first month of
life [10]. Iron and erythropoiesis-stimulating agents (ESA) are the mainstays of therapy for
infants. Pharmacokinetic data on iron therapy in infants on dialysis is sparse, although both
intravenous and oral iron have proven to be safe and effective means to maintain sufficient
iron levels in non-dialysis requiring infants receiving ESA agents [85, 86]. ESA therapy is
required in many infants with ESKD, and often at significantly higher weight-related
dosages compared to older pediatric dialysis patients. Of interest, whereas studies have
demonstrated that weekly ESA doses are inversely correlated with age when scaled to body
weight, the same is not true when the ESA is prescribed per body surface area [6, 87].
Borzych-Duzalka et a/. reported an average erythropoietin equivalent dose of 4300 1U/m?2/
week independent of age in pediatric PD patients [87].

Complications and outcomes

Pediatric patients with ESKD demonstrate significantly higher rates of hospitalization,
morbidity, and mortality when compared to the general pediatric population. The higher
hospitalization and mortality rates among infants on dialysis can partially be explained by
the higher frequency of infection and comorbid conditions seen in the youngest patients on
dialysis [10]. For instance, the 2011 NAPRTCS report revealed an annualized peritonitis rate
of 0.85 in infants on CPD compared to a rate of 0.6 in older children [6]. A recent
publication from the SCOPE collaborative also reported a dismal in-hospital annualized
peritonitis rate of 1.73 episodes per patient year and an associated increased mortality rate
for infants who experienced peritonitis during their initial hospitalization, reflective of the
complex nature of this patient population [34]. Likewise, single center studies of infants on
chronic HD report a catheter-related infection rate of 0.3-10 CVC infections per 1000
catheter days compared to a rate of 0.5-1.6 CVVC infections per 1000 catheter days in older
children [8].

Whereas cardiovascular disease and infection serve as the most frequent primary causes of
death for all children with ESKD and on dialysis irrespective of age, survival rates continue
to be lowest in infants. However, there is recent evidence of improved outcomes in infants
on dialysis, with the NAPRTCS, ESPN/ERA-EDTA, IPPN, ANZDATA, and Japanese RRT
registries recently reporting 1 and 5 year survival ranges from 70-80% and 60-70%,
respectively [8, 10, 11, 50, 88-90]. However, patient survival data remain poorer for infants
compared to older children on dialysis (Figure 1). Predictors of an increased mortality risk
for infants include younger age at dialysis initiation and having a primary diagnosis of
polycystic kidney disease [11, 50]. Vidal ef a/. also reported a 5% lower risk of death for
every month of later initiation on chronic dialysis for infants who were placed on dialysis
during the first year of life [8]. Infection (23.8—-35.6%) and cardiorespiratory failure (8.9-
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25.8%) are the predominant causes of mortality for infants on PD and HD alike [5, 8, 10,
80].

Finally, the primary goal for the vast majority of infants placed on chronic dialysis is kidney
transplantation. The median time to transplant has ranged from 2-3 years from the time of
dialysis initiation [5, 50, 80, 88]. Allograft rejection ratios are better in the youngest
transplant patients compared to older children and adolescents receiving kidney transplants.
NAPRTCS reported allograft rejection ratios of 0.21-0.35 in infants and young children
compared to allograft rejection ratios of 0.5-0.65 in pre-adolescent/adolescent aged children,
with the difference likely influenced by medication non-adherence in the latter patients [91].

Conclusion

The care of the infant on chronic dialysis remains a significant challenge for the patient’s
family and the medical team. The need for dialysis support, the frequent presence of patient
comorbidities, and a goal for excellent growth and development and subsequent
transplantation, mandates a substantial effort from the multidisciplinary healthcare team and
the patient’s caregivers if the best possible outcome is to be achieved. Continued efforts to
decrease the frequency of infection and cardiovascular disease-related complications, and
the ongoing sharing of clinical experiences and expertise from collaboratives, such as the
International Pediatric Dialysis Network (IPDN), NAPRTCS, ESPN/ERA/EDTA, EPDWG
and SCOPE, will hopefully result in continued improvements in the care provided to these
children [92].
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Key summary points

The number of infants on chronic dialysis and the complexity of infants
receiving chronic dialysis are increasing worldwide.

A multidisciplinary health care team should support an in-depth discussion
with families of infants with ESKD to develop a consensus opinion on the
decision to provide chronic dialysis.

Timing of chronic dialysis initiation during infancy is frequently influenced
by growth status and nutritional needs.

Peritoneal dialysis is the most common chronic dialysis modality prescribed
for infants with ESKD.

Patient survival data for infants receiving chronic dialysis are improving and
approaching the results experienced by older children on dialysis

Allograft rejection ratios are better in the youngest transplant patients
compared to older children and adolescents receiving kidney transplants
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Recent Cohort (2000 - 2012)
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Figure 1:
Survival of children <18 years during initial course of chronic dialysis by age from 0 to 60

months. Image courtesy of NAPRTCS, reproduced with permission.
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Summary comparison of complications and outcomes in infants receiving chronic hemodialysis and peritoneal

dialysis

Hemodialysis

Peritoneal Dialysis

Percent Requiring Catheter Revisions

40-70%

30-40%

Infectious Complications

0.3-10 CVC infections per 1000 catheter days

0.85-1.73 annualized peritonitis rate

Percent Requiring Dialysis Modality Switch

30-70%

20-30%

Cumulative Survival On Dialysis

2 year survival 80%

2 year survival of 8090%

Frequency Receiving Transplant

25-88%

19-85%

Time to Transplant

Median 3 years

Median 2.7-3 years
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