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Abstract
Acute kidney injury (AKI) is a common complication in pediatric and neonatal intensive care units (ICU). Renal replacement therapy (RRT) is frequently needed in children in whom
supportive therapy is not enough to satisfy their metabolic
demands or to be able to provide adequate nutrition. The
decision to begin dialysis should not be delayed since experience in infants shows that the shorter the time from the
insult to the beginning of dialysis, the higher the survival
rate. As the use of continuous RRT in pediatric patients in the
ICU has almost tripled, the use of peritoneal dialysis (PD) and
intermittent hemodialysis has markedly decreased. The patient’s age seems to be the most important factor influencing the decision on the choice of dialysis modality. PD is still
the most common modality used in patients younger than 6
years of age. The relatively low cost, technical simplicity, no
need for anticoagulation or placement of central venous
catheters, and excellent tolerance in hemodynamically unstable patients are among the most significant advantages
of PD. Much controversy exists regarding the adequacy of PD
in hypercatabolic patients in the ICU. Nonetheless, when
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Kt/V has been applied to acutely ill children, it has been
shown that PD can provide adequate clearances for most infants. The outcomes of critically ill patients with AKI treated
with PD are comparable to other dialysis modalities. Therefore, the decision about dialysis modality should be based
on local expertise, resources available, and patient’s clinical
status.
Copyright © 2013 S. Karger AG, Basel

Acute Kidney Injury in the Pediatric Intensive Care
Units

Acute kidney injury (AKI) is observed in 3–5% of patients admitted to the intensive care unit (ICU). It is associated with an overall mortality rate between 20 and
30%, but it is much higher in children with multiorgan
failure requiring mechanical ventilation. Despite significant advances in the use of renal replacement therapy
(RRT) in children with AKI, the mortality has not
changed over the last two decades, probably as a result of
changes in its epidemiology [1]. Although infectious diseases such as diarrhea, malaria and hemolytic uremic
syndrome are still the major cause of pediatric AKI in
developing countries, ischemia is the leading cause in the
developed countries [2, 3]. As the survival of children
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Indications and Choice of Modality

RRT is frequently needed in children in whom supportive therapy is not enough to satisfy their metabolic
demands or to be able to provide adequate nutrition. The
decision to start dialysis should not be delayed as the survival rate is better if dialysis is started earlier [7]. In neonates and infants with AKI following cardiac surgery, beginning peritoneal dialysis (PD) within the first 24 h after
surgery was associated with a 47 and 44% decrease in 30and 90-day mortality, respectively [8]. One of the most
important parameters that should be monitor closely is
the degree of fluid overload. Children who had more than
20% of fluid overload at the beginning of continuous RRT
(CRRT) had more than twice the mortality than those
commencing CRRT with less than 10% fluid overload [9].
The pediatric nephrologist is frequently faced with the
question of which form of RRT best fits the needs of his
critically ill patients. Over the last decade there has been
a decreasing trend in the use of PD and intermittent hemodialysis, as the use of CRRT in pediatric patients in the
ICU has almost tripled. The patient’s age seems to be the
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most critical factor influencing the decision of the nephrologists on the choice of dialysis modality [10]. Although overall, pediatric nephrologists report CRRT as
their preferred dialysis modality for acutely ill children,
PD is still the most common modality used in patients
younger than 6 years of age. Particularly, it has a prominent role in the treatment of small infants admitted to the
intensive cardiovascular unit after surgery for congenital
heart defects [10].
Among the several advantages that PD offers, the relatively low cost is probably the most significant. A cost
analysis demonstrated that PD is the most inexpensive of
all renal replacement therapies. The cost benefit is more
remarkable when manual exchanges are used since it
eliminates the significant cost associated with the purchase of an automated machine [11]. This represents an
attractive alternative for centers in developing countries
with limited resources. Nonetheless, if the infant’s weight
and resources permit, use of an automated cycler is preferable as manual PD is potentially associated with higher
risk of infections. Other advantages include the technical
simplicity (particularly with manual exchanges), no need
for anticoagulation or placement of central venous catheters, and excellent tolerance in hemodynamically unstable patients. Some have said that the peritoneum is the
most ‘biocompatible’ of all the dialysis membranes available. Conversely, the major limitations of PD in the ICU
setting are the slow and inefficient nature of the treatment, which precludes its use in children with severe lifethreatening pulmonary edema and hyperkalemia, and
the need for surgery to place a PD catheter.

Techniques

Placement of a tunneled Tenckhoff catheter is preferred to prevent technical complications such as leaks
and catheter obstruction [12]. Nevertheless, percutaneous catheters are a viable option in unstable children who
cannot tolerate surgery or if a surgeon is not available. A
new technique using a multipurpose percutaneous catheter has shown promising results with complication rates
comparable to Tenckhoff catheters [13].
Although the use of automated cyclers provides a precise measurement of ultrafiltration, manual exchanges
are inexpensive, technically simple and can provide an
efficient form of dialysis if an automated machine is not
available, and in small infants in whom the starting exchange volume is below the minimal permitted by the
cycler. The technique for manual exchanges is so simple
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with previously considered fatal disorders has improved,
the disease severity of pediatric patients with AKI has
also increased due to the presence of comorbidities. AKI
is more prevalent in hospitalized children with multiorgan involvement. The leading causes are ischemia secondary to cardiovascular surgery for correction of complicated cardiac anomalies, sepsis, or the use of nephrotoxic drugs. Severe congenital anomalies of the urinary
tract including obstructive uropathies, hypoplasia/dysplasia and autosomal recessive polycystic kidneys can
present as AKI in the newborn period, even when they
often lead to chronic kidney disease. Primary renal disorders such as acute glomerulonephritis, connective tissue disorders and vasculitis are more prevalent in older
children.
Even small increases in serum creatinine levels predict
the development of AKI and are associated with increased
mortality and hospital stay in children and adults in ICU
[4, 5]. It has become evident that, in addition to the immediate life threat that AKI represents to an ICU patient,
the long-term consequences can also be very serious and
not as favorable as previously thought. In a population of
patients who developed AKI in a tertiary pediatric ICU,
up to 10% developed chronic kidney disease 1–3 years after AKI, suggesting that long-term follow-up of these patients is mandatory [6].

that the specialized PD nurse can teach the ICU nurses to
perform manual exchanges quickly, which avoids the
continuous need of a specialized dialysis nurse at the bedside.
The dialysis prescription should be adjusted according
to patient’s needs. Basic principles include the use of frequent, continuous exchanges, with low volumes of dialysate. Therapy should be initiated with low volumes in the
range of 10–20 ml/kg of body weight (300–600 ml/m2).
This may prevent dialysate leakage and respiratory complications from compression of lungs, while providing
adequate ultrafiltration rates in critically ill children [14].
Heparin at a dose of 250–500 U/l of PD fluid is frequently used initially to prevent clots from bloody PD fluid or
strands of fibrin. Dwell times are usually kept between 40
and 60 min per exchange to ensure adequate ultrafiltration rates. Infants younger than 12 months may need
dwell times as short as 20 min to maintain effective ultrafiltration. However, this carries a risk of sodium sieving
[15]. As fluid overload is one of the most common indications for acute PD, it is usually recommended to start PD
therapy using previously warmed peritoneal fluid with a
glucose concentration of 2.5 g/100 ml (2.5%). After a few
exchanges, the solution can be switched to 4.25% if more
efficient ultrafiltration is required, or to 1.5% if the patient is euvolemic or hemodynamically unstable. Use of
PD fluid with high glucose concentration can lead to significant hyperglycemia. If PD is used continuously for
several days, hypokalemia may develop, requiring addition of KCl to the PD fluid at a concentration of 3–4
mEq/l to maintain normokalemia [16].

frequent shifts in volume status, and are hypercatabolic.
Nonetheless, when Kt/V has been applied to acutely ill
children, it has been shown that PD can provide Kt/V
values 12.1 for most infants [17]. The use of tidal PD can
provide better clearances, but is associated with higher
protein losses, which represents a major limitation in
critically ill patients [18].
Most studies demonstrate that although daily solute
clearances achieved with PD are lower than with daily
intermittent hemodialysis, PD can provide adequate ultrafiltration rates and control of biochemical derangements in most pediatric patients. The fact that the peritoneal surface area (per unit weight) of infants is about
twice that of an adult provides a major advantage for the
pediatric population.

Outcomes

No prospective studies in children have evaluated the
impact of the modality of dialysis in the outcome of patients with AKI in the ICU setting. A randomized study
in critically ill adults with AKI comparing continuous venovenous hemodiafiltration with continuous PD showed
that although hemodiafiltration provided higher urea and
creatinine clearances, with faster correction of fluid overload, there were no differences in mortality or hemodynamic stability between the two modalities [19]. As a result, the decision about dialysis modality should be based
on local expertise, resources available, and the patient’s
clinical status. The low technology environments encountered in developing countries makes PD the modality of
choice for treatment of critically ill patients with AKI [20].
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Much controversy exists regarding the adequacy of PD
in hypercatabolic patients in the ICU. The definition of
adequate dialysis in patients with AKI is far from clear.
In principle, adequate dialysis should be defined as the
RRT that makes the patient’s clinical condition improve.
Therefore, if the hemodynamic status is improving (evaluated by the need of inotropic agents), the edema is resolving, the ultrafiltration rates obtained are sufficient to
provide adequate nutrition, and the metabolic parameters are improving (serum electrolytes, serum creatinine
and blood urea nitrogen levels), the patient is receiving
adequate dialysis. One has to be cautious when applying
parameters such as the urea kinetic model to define adequacy of dialysis in patients in the ICU setting who frequently have multiorgan failure, lack a steady state, have
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