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Abstract
Acute kidney injury (AKI) is common in critically ill children and affects nearly 30–40% of patients admitted to the pediatric
intensive care unit (ICU). Even with technological advances in critical care and dialysis, there is a high mortality rate of 66.8% to
90% in ICU patients. Renal replacement therapy (RRT) is often performed to treat patients with AKI. However, for optimal RRT
treatment, it is crucial to consider the indications, modes of access, and prescription of each RRT method. Therefore, this review
aims to discuss the various modalities of RRT in pediatric patients, which include peritoneal dialysis (PD), hemodialysis (HD),
continuous RRT (CRRT), and sustained low-efficiency dialysis (SLED).
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Introduction

Acute kidney injury (AKI) in neonatal and pediatric patients is
a significant cause of morbidity and mortality and technolog-
ical advancements have led to long-term dialysis as a viable
treatment option for AKI [1]. AKI is currently defined accord-
ing to The Kidney Disease: Improving Global Outcomes
(KDIGO) and Pediatric Risk, Injury, Failure, Loss, End-
Stage Renal Disease (pRIFLE) score based on a change in
estimated creatinine clearance and urine output over a speci-
fied time [2, 3]. Common risk factors of AKI include shock,
septicemia, liver disease, coagulation disorders, respiratory
failure, ventilation, and vascular catheterization [4–8]. The
worldwide incidence of pediatric AKI currently ranges from
19.3%–29.9% and has been shown to vary based on the def-
inition used [9–14]. Mortality rates are relatively high in pe-
diatric AKI and range from 66.8% to 90% in the ICU [6].

The current treatment for AKI patients often involves renal
replacement therapy (RRT). Early initiation of RRT may pre-
vent life-threatening complications associated with pediatric
AKI and reduce mortality rates [1]. However, for optimal care
of AKI patients, the indications, modes of access, and pre-
scription of each RRT method should be considered.
Therefore, this paper aims to review the various modalities
of RRTutilized in neonatal and pediatric AKI patients, includ-
ing peritoneal dialysis, hemodialysis, continuous RRT, and
sustained low-efficiency dialysis.

Modalities of Renal Replacement Therapy

Renal replacement therapy (RRT) modalities for AKI have ex-
panded from peritoneal dialysis (PD) and hemodialysis (HD) to
continuous RRT (CRRT) and sustained low-efficiency dialysis
(SLED). Advancements in use of RRT in pediatrics has led to a
higher standard of care for young and critically ill patients. Since
no difference in survival is seen with any dialysis method, the
optimal RRT modality for children with AKI is based on the
patient’s overall clinical status, on the performance of the dialytic
modality, and on the availability of resources and expertise [1, 6].

HD and SLED may be performed every four to six hours,
whereas PD and CRRT are ongoing daily treatments [1]. All
RRT techniques involve the movement of water, solutes, and
toxins across a semipermeable membrane via diffusion, con-
vection, or a combination. In diffusion, dissolved particles
flow across a semipermeable membrane down a concentration
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Fig. 1 Schematic diagram of
diffusion and convection.
Diffusion is the movement of
molecules across a
semipermeable membrane due to
difference in concentration
gradient. Convection is the
movement of molecules through a
semipermeable membrane due to
a transmembrane pressure
gradient
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gradient, while in convection, solutes flow across a membrane
with solvent drag due to a transmembrane pressure gradient
(Fig. 1). A comparison of RRTmodalities is shown in Table 1.
Although RRT is efficacious in most patients with AKI, non-
dialytic treatment strategies have also been proposed for neo-
nates [10]. Electrolyte, protein, and glucose balance may be
maintained with dietary and fluid restrictions and insulin.
Fluid overload can be counter-acted with diuretics, and hypo-
tension may be managed with dopamine. Clinicians could,
therefore, contemplate these therapies in addition to consider-
ing RRT, depending on the AKI severity [8].

Peritoneal Dialysis in AKI

PD employs ultrafiltration, diffusion, and convection for blood
purification [1]. It is the only modality of RRT that does not
require vascular access, which is often difficult to establish in
children due to their smaller blood vessel size. In addition, rela-
tively low costs make PD the preferred treatment for pediatric
AKI, especially in developing countries [1, 9]. In a worldwide
survey by Raina et al., 68.5% of respondents in developing
countries preferred PD for treating infant AKI while only
29.1% of physicians in developing countries and 22.2% in de-
veloped countries favored PD to treat AKI in children [9].

PD is especially useful in neonates with AKI after car-
diopulmonary bypass or cardiac surgery [15, 16]. It is also
indicated for AKI in neonates weighing ≤1000 g, and
those at risk for hypoglycemia following fluid restriction
because dialysis fluid contains dextrose [17]. In patients
requiring emergent fluid removal, rapid clearance of
toxins, or reversal of hyperkalemia, however, PD is not
a first-line treatment, due to its lower efficiency when
compared to CRRT [18].

Catheters for PD

Peritoneal access is usually obtained with noncuffed acute
catheters or silicone Tenckhoff catheters. A noncuffed catheter
can be placed quickly at the bedside using local anesthesia [1].
It may be inserted through the linea alba (central approach) or
the rectus lateralis muscle (paramedial approach) [18]. Using
the Seldinger technique, the catheter is advanced into the peri-
toneal sheath, where it sits percutaneously. To decrease the
risk of infections, the catheter exit site should face caudally
[18]. Tenckhoff catheters with Dacron cuffs are surgically
placed using a subcutaneous or tunneled approach. Although
insertion is more invasive, these catheters have a lower risk of
leakage and infection than noncuffed catheters. They are also
less likely to become blocked by the omentum and are recom-
mended for PD [18, 19]. Regardless of the type of catheter
used, clinicians must decide between acute manual PD and
automated PD. Manual PD allows for more precise fluid vol-
ume measurements but requires constant monitoring and ad-
justment, while automated PD requires less work but is not
equipped to provide the small fluid volumes that neonates
need [18].

PD Prescription

A prescription for PD includes dialysate type and composi-
tion; the number of exchanges; fill volume; inflow, dwell, and
outflow times; and ultrafiltration volume [18]. Common com-
mercial PD dialysate solutions can be dextrose-based with
lactate as a buffer (DianealⓇ and Stay safeⓇ) or more bio-
compatible with a neutral pH and bicarbonate as a buffer
(PhysionealⓇ and BalanceⓇ) [18]. In children with lactic
acidosis, biocompatible dialysate may provide better out-
comes. When filling the peritoneal cavity, dialysate volumes
must be carefully titrated, so the solution does not leak from



the catheter. The number of exchanges, or PD cycles, per day,
depends on the patient’s fluid and electrolyte levels, but 16 to
20 exchanges in one day are the norm. For each exchange, the
minimum fill volume is 200 ml/m2 for neonates and 300 ml/
m2 for children, while the maximum is 800 ml/m2 and
1100 ml/m2, respectively [18]. Dialysate inflow time should
be restricted to 10–15 min to preserve PD efficiency. Dwell
time (15–30 min in neonates, 30–90 min in children) is longer
than inflow time to maximize the amount of ultrafiltration.
Effluent outflow time ranges from 20 to 30 min [1, 18].
Also, clinicians must ensure that the effluent is completely
drained after each exchange to decrease the risk of abdominal
and respiratory complications. Heparin (250–1000 units per
liter of dialysate) and prophylactic antibiotics should be given
during PD to prevent catheter-related clotting and infection. In
children undergoing continuous PD, potassium (3–4 mmol/L)
may need to be added to the dialysate to preserve electrolyte
balance [18].

PD Efficacy and Techniques

There is no clinical consensus on the correct dose of PD in
AKI. Hemodynamic stability, regression of edema, and im-
provement in electrolyte levels are thought to provide evi-
dence of PD’s efficacy, however, more research must be done
to support this hypothesis. There is some data on urea kinetic
modeling (UKM) as a marker of dialysis efficacy in end-stage
renal disease patients. UKM is expressed as a ratio of Kt/Vurea

(where K = volume of dialysate drained x dialysate/plasma
urea concentration, t = duration of the dialysis, and Vurea =
volume of distribution of urea) [18]. In a randomized con-
trolled trial by the Acute Renal Failure Trial Network, UKM
was used to compare the efficacy of low-dose (Kt/Vurea = 2.1)
vs. high-dose (Kt/Vurea = 3.88) hemodialysis in AKI patients;
there was no significant difference between the two treatment
doses [19]. Given this information, researchers have sug-
gested a target of Kt/Vurea = 2.1 in AKI patients undergoing
dialysis [20]. The International Society for Peritoneal Dialysis

has adjusted this target for PD, stating that the recommended
minimum target for small-solute clearance is a standardized
weekly Kt/Vurea of 2.1 or 0.3 daily if performed 7 d per week
[18, 21]. However, critically ill children have a higher metab-
olism, which means the target may need to be higher than 2.1
in order to facilitate adequate blood purification. To this end,
certain modifications to PD have been made to improve ultra-
filtration, namely continuous equilibration PD (CEPD), high
volume PD (HVPD), tidal PD, and continuous flow PD
(CFPD) [18]. Studies have shown that tidal PD and CFPD,
particularly, improve ultrafiltration efficiency. Specifications
of each method are shown in Table 2.

PD Complications

Dialysate in the abdomen increases intraperitoneal pres-
sure, leading to hernias, back pain, and edema. Weight
gain without generalized edema and genital swelling are
signs of edema due to peritoneal fluid leakage [1, 18]. The
obstruction of the PD catheter can also occur. Inflow ob-
struction is often associated with kinks in tubing or the
catheter itself, whereas outflow obstruction has many
more etiologies, including constipation, urinary retention
causing bladder compression, omental compression of the
catheter, and adhesions [18]. “Two-way” obstruction re-
fers to intraluminal and extraluminal catheter obstruction
that can occur due to blood clots and omental compres-
s ion or adhesions, respect ively. I f an object is
compressing the catheter, dialysate, or saline, then the
“push-and-pull” method can be used [18]. Constipation
and clots can be treated with bowel regimens and throm-
bolytics, respectively. If none of these interventions are
successful, the catheter may need to be surgically modi-
fied or replaced with a new one. Catheter exit-site infec-
tions and peritonitis can also occur. To prevent PD-related
infections, prophylactic antibiotics and training for care
providers are essential [1].

Table 1 Comparison of renal replacement therapy modalities

Modality Membrane permeability Anticoagulation Blood flow rate (ml/kg/
min)

Dialysate flow rate
(ml/min)

Replacement fluid
(ml/kg/h)

Mechanism

PD Variable Short Variable,
Depends on membrane

Variable 0 Diffusion

HD Variable Short 3–5 500 0 Diffusion

CVVH High Continuous 5 0 22–40 Convection

CVVHD High Continuous 5 Variable 25–35 Diffusion

CVVHDF High Continuous 5 Variable 25–40 Convection &
Diffusion

SLED Variable Long 5 100 0 Diffusion

CVVHContinuous veno-venous hemofiltration;CVVHDContinuous veno-venous hemodialysis;CVVHDFContinuous veno-venous hemodiafiltration;
HD Hemodialysis; PD Peritoneal dialysis; SLED Sustained low-efficiency dialysis
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Hemodialysis in AKI

HD utilizes a special filter called an artificial kidney or dialyzer
to remove waste products in the blood. The blood is filtered
through a semipermeable membrane via diffusion, removing
smaller waste products, such as urea, creatine, potassium, and
extra fluid. This method is crucial for maintenance dialysis and
diseases that cause acute homeostatic imbalance (drug inges-
tion, hyperammonemia, and tumor lysis syndrome) [1].

Vascular Access

Vascular access is achieved through the use of a double-lumen
dialysis catheter in the internal jugular, femoral or subclavian
veins in acute settings. Femoral catheters are the easiest to insert
but should only be used for intensive care due to the high risk of
infection and thrombosis [22]. Subclavian catheters have less
risk of infection but a higher risk of postoperative stenosis and
procedural complications [23]. In a study, examining at dialysis
by subclavian vs. internal jugular catheter, it was shown that the
internal jugular catheters have a lower risk of stenosis than sub-
clavian catheters [24]. Furthermore, right-sided internal jugular
catheterization is the preferred standard as opposed to the left-
side as it provides the best blood flow rates for solute clearance
with the least amount of complications. The larger the access,
the more blood flow occurs. However, the size of the catheter
needs to be proportionate to the size of the child. In very small
children, single lumen access is preferred as it is larger and
provides better blood flow than a double lumen [1]. However,

a single lumen catheter requires an expansion chamber to allow
for pressure change, which can increase the volume of the blood
circuit. Various types of catheters based on weight/size of the
child are shown in Table 3. Lastly, it is recommended to change
subclavian and internal jugular catheters after 3 wk and femoral
catheters after 5 d in non-ICU settings to prevent infections [25].
Achieving access in neonates and children continues to be a
challenge due to the small size and lack of easily visible veins.

Dialyzer

Table 2 Various techniques of peritoneal dialysis

PD modification Metrics Unique properties Benefits Limitations

Continuous
equilibration PD
(CEPD)

Fill volume: 40–45 ml/kg OR
1200 ml/m2

Dwell time: 4–6 h by a cycler
or manually

None Higher middle molecule
clearance than standard PD

Possibility of leakage due to
higher fill volumes.

High volume
PD (HVPD)

Fill volume: 40–45 OR
1200 ml/m2

Number of exchanges: 18–24
in a 24-h period

None Faster recovery of renal
function due fewer episodes of
hypotension and renal
ischemia

Low middle molecule
clearance.
Possibility of leakage due to
higher fill volumes.

Tidal PD Small fill volumes. Always
uses a cycler.

After each exchange, only
10–70% of effluent is drained
from the peritoneal cavity.
Longer contact time between
dialysate and peritoneal cavity
increases solute removal.

Higher small and middle
molecule clearance than
standard PD.
Better removal of potassium
and phosphate.

N/A

Continuous flow PD
(CFPD)

Fixed intraperitoneal volume.
Dialysate flow rate:
100–300 ml/min

2 peritoneal catheters (1 for
inflow and 1 for outflow)
required. Effluent is
transported to a twin coil
dialyzer, regenerated, and sent
back to the second catheter.

Higher small and middle
molecule clearance than
standard PD.
Higher ultrafiltration rates.

Increased protein losses.
Hypernatremia.
Increased abdominal fluid
pressure if intraperitoneal
volume is not monitored
properly.

PD Peritoneal dialysis
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The surface area of the dialyzer must be less than or equal to
the surface area of the child [1]. A large volume could be too
stressful for the child and slow blood flow can lead to slower
mass transfer and clotting [26]. The choice of dialyzer con-
siders membrane biocompatibility, blood priming value, clear-
ance and ultrafiltration characteristics [1]. The membrane can
either bemade frommodified cellulose or a synthetic material.
Synthetic membranes are the most compatible as cellulose
membranes can cause activation of leukocytes and severe al-
lergic reactions [26]. Synthetic membranes are ideal for albu-
min dialysis due to their high absorptive properties but may
rarely cause hypotension, edema, inflammatory hyperemia,
and pain. For dialyzer sterilization, steam and irradiation
should be used over ethylene oxide, as it can be toxic and
cause allergic reactions [26, 27]. The standard dialysate in-
cludes 138–140 mmol/L sodium, 2 mmol/L potassium,
1.25–1.75 mmol/L calcium, 0.5–1 mmol/L magnesium and
1 g/L glucose. Bicarbonate is used as a buffer and all the



components are added to purified water (ultrapure preferred)
by the HD machine [26]. The electrical conductivity of the
solution is measured and verified by the machine before use;
the temperature of the dialysate is warmed to 33.5 to 37.5 °C
to compensate for heat loss.

HD Prescription

The extracorporeal blood volume is defined as 8–10% of the
total blood volume and consists of the blood tubing and

dialyzer priming volume. Loss of extracorporeal blood vol-
ume can cause hypotension in an anemic child requiring blood
priming. Blood tubing for HD is available in 3 sizes: neonatal
(25 ml), pediatric (75 ml), and adult (127 ml) [1]. Blood prim-
ing is essential for infants and young children to prevent
hemoconcentration and packed red blood cells (pRBC) or
5% albumin can be used to prime the blood tubing and dia-
lyzer. The total blood volume for neonates and children is
100 ml/kg and 80 ml/kg of body weight, respectively. A stan-
dard dialysate flow is 500 ml/min with a range of 300–800ml/
min [1, 26]. The maximum ultrafiltration rate is 0.2 ml/kg/min
and depends on the target dry weight (post-dialysis weight).
Underestimating dry weight may lead to hypovolemia while
overestimation can lead to volume overload, causing hyper-
tension, congestive heart failure, pulmonary edema, and left
ventricular hypertrophy [1].

HD can be performed with or without an anticoagulant. In
children, low blood flow rates, smaller vascular access, turbu-
lent flow, and high hematocrit levels can increase the risk of
clotting [27]. Systemic anticoagulation with unfractionated
heparin can reduce clotting risk and increase circuit lifespan.
Heparin is the standard anticoagulant with a pre-HD infusion
of 10–20 U/kg/dose and continuous infusion of 20–30 U/kg/h
[1, 26]. However, if the risk of bleeding is high in a pediatric

Table 3 Hemodialysis and continuous renal replacement therapy
catheters based on weight/size

Patient size Catheter size

Neonate Double lumen 7 French

3–6 kg Double lumen 7 French

6–12 kg Double lumen 8 French

12–20 kg Double lumen 9 French

20–30 kg Double lumen 10 French

> 30 kg Double lumen 10–12.5 French

All the catheters are readily available in India. There is no controversy in
availability in size ≥7 French

Table 4 Hemodialysis
prescription Parameter Description

Dialyzer type Determined by patient size, clearance and ultrafiltration needs

Tubing Neonatal patients <10 kg; set blood pump at 2.6 mm

Pediatric patients 10–20 kg; set blood pump at 6.4 mm

Adult patients >20 kg; set blood pump at 8 mm

Priming Circuits with extracorporeal volume > 10% of patient blood volume:

Prime with diluted pRBC or 5% albumin

Blood flow rate Access dependent. Steadily increase over first 3–5 treatments:

• 1st treatment: 2–3 ml/kg/min

• 2nd treatment: 3–4 ml/kg/min

• 3rd treatment: 4–5 ml/kg/min

Dialysate flow rate Range: 3–5 ml/kg of body weight per minute

Standard rate of 500 ml/min

During initial HD in infants and small children, use flow rate < 500

ml/min to prevent disequilibrium syndrome.

Ultrafiltration No more than 5% of body weight removed per 3–4 h session.

Maximum UF rate: 0.2 ml/kg/min

Anticoagulation Pre-HD infusion of 10–20 U/kg/dose with continuous infusion of

20–30 U/kg/h.

Non-heparin anticoagulants (citrate or saline) should be used in

patients with risk of bleeding.

Thermal control Temperature may be elevated to 37.5 to prevent hypothermia

in infants.

Temperature may be lowered to 35 in children with hypotension.

pRBC Packed red blood cells; UF Ultrafiltration
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patient, citrate anticoagulation should be used. If more citrate
is being delivered than cleared, citrate accumulation (citrate
lock) can occur, leading to a decrease in serum ionized calci-
um levels, and an increase in total calcium levels. A study by
Brophy et al. showed that saline flushes can prevent the risk of
citrate lock [28]. It is also best to use a bicarbonate-based
solution (22 to 25 mEq/L range) and a zero-calcium bath
[26]. Neither heparin nor citrate are ideal anticoagulants due
to their complications. An alternate agent is prostacyclin (an
inhibitor of platelet aggregation and a vasodilator), which can
bemetabolized rapidly and may optimize oxygen delivery and
uptake. This is crucial in critically ill children with multi-
organ failure. The main side effect of prostacyclin is hypoten-
sion due to vasodilation [29]. A standard pediatric HD pre-
scription is shown in Table 4.

There are several complications of HD in infants and chil-
dren. HD requires a large vessel for vascular access; a large
HD catheter placement can lead to thrombosis and stenosis,

causing the loss of vascular access. Hypotension is common
during HD in children due to their smaller blood volume,
though its risk can be reduced by slower ultrafiltration rates
[26]. HD can also lead to muscle cramping and can be treated
with hypertonic saline solution, glucose, or an increase in
dialysate sodium concentration [1].

Continuous Renal Replacement Therapies
in AKI

CRRT is the preferred modality for the management of
AKI and fluid overload in critically ill children [30].
CRRT is separated into subcategories based on the method
of solute clearance. It includes Continuous Veno-Venous
Hemofiltration (CVVH), Continuous Veno-Venous
Hemodialysis (CVVHD), and Continuous Veno-Venous
Hemodiafiltration (CVVHDF). CVVH utilizes convective

Fig. 2 Schematic diagrams of commonly used continuous renal
replacement therapy modalities. CVVH Continuous veno-venous
hemofiltration; CVVHD Continuous veno-venous hemodialysis;
CVVHDF Continuous veno-venous hemodiafiltration; RF Replacement

fluid; CVVH utilizes diffusion and requires replacement fluid. CVVHD
utilizes diffusion and requires dialysis fluid. CVVHD utilizes both diffu-
sion and convection and requires dialysate and replacement solution
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Table 5 Continuous renal
replacement therapy prescription Parameter Description

Dialyzer type CVVH, CVVHD, CVVHDF

Priming In children ≤15 lbs, prime with pRBC rather than saline for

hemodynamic stability.

Blood flow rate Access dependent. Range 3–10 ml/kg/min.

Dialysate flow rate 35–40 ml/kg/min or 2.5–3 L/1.73 m2

Ultrafiltration Begin at zero and steadily increase to 0.5–2 ml/kg/min until

fluid balance is achieved.

Anticoagulation Unfractionated heparin can be used but has possible risk of

heparin-induced thrombocytopenia and severe bleeding.

Use citrate-based anticoagulation in patients with risk of bleeding.

Dosage Effluent volume of 20–25 ml/kg/h

Thermal Control Temperature maintained by machine and external warming devices

CVVH Continuous veno-venous hemofiltration; CVVHD Continuous veno-venous hemodialysis; CVVHDF
Continuous veno-venous hemodiafiltration; pRBC Packed red blood cells

Table 6 Sustained low efficiency
dialysis prescription Parameter Description

Dialyzer type Conventional dialysis machines based on patient size, clearance

and ultrafiltration.

Priming Circuits with extracorporeal volume > 10% of patient blood volume:

Prime with saline/5% albumin or pRBC

Blood flow rate Access dependent. Range: 5–10 ml/kg/min

Dialysate flow rate Minimal flow rate of 100 ml/min or 6 L/h.

Flow rate < 2 × blood rate

Ultrafiltration Begin at zero and steadily increase to 0.5–2 ml/kg/min until

fluid balance occurs.

Anticoagulation Low dose of unfractionated heparin with risk of bleeding.

No anticoagulation: Increase blood flow rate by 20–25%.

Thermal control Temperature controlled by machine and external warming devices

pRBC Packed red blood cells; UF Ultrafiltration
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clearance and replacement fluid to partially/fully replace
the ultrafiltrate. CVVHD utilizes a diffusive clearance by
using the dialysate, while CVVHDF utilizes a combination
of convective and diffusive clearance by using the dialy-
sate and replacement fluids. Each mode is equally effective
for the removal of small-molecular-weight solutes, such as
urea and citrate. However, modes that utilize convective
clearance (CVVH and CVVHDF) are more effective for
the clearance of large-molecular-weight solutes, such as
vancomycin [1]. The different modes of CRRT are shown
in Fig. 2.

Vascular Access

Identifying vascular access in CRRT is similar to that in HD;
quality access is proportional to the patient’s size. A short and
wide catheter will provide maximum blood flow. However, a
study by the Prospective Pediatric Continuous Renal

Replacement Therapy (ppCRRT) Registry found large cathe-
ters to have significantly longer CRRT circuit survival [31].
The use of a standard single lumen 5-French catheter in infants
leads to low circuit survival [1]. Weight/size suggested cathe-
ters are shown in Table 3. The optimal site for catheter place-
ment depends on the risks of the procedure, thrombosis, ste-
nosis, and infection [32]. The right internal jugular vein is the
preferred site due to its large caliber, direct access to superior
vena cava, and lower recirculation rate. Another site is the
femoral vein due to accessibility, although not ideal because
of associations with higher recirculation rates and potential
flow interference [31, 32].

Dialyzer

There are multiple types of hemofilters and membranes with
various thicknesses, pore sizes, charges, and absorptivities that
determine the extent of solute removal. The hemofilter must
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be proportionate to the patient’s body surface area. The pre-
ferred membrane is the AN-69 polyacrylonitrile membrane
but associated with bradykinin release syndrome when used
with a blood prime [33]. This event causes an abrupt drop in
blood pressure shortly after CRRT initiation (5–10 min) but
can be prevented by buffering the blood to physiological pH
before circuit priming [1]. An alternative to AN-69 membrane
is polysulfone derivativemembranes, which are not associated
with bradykinin release syndrome [34].

Often, infants and young patients receiving CRRT can de-
velop hypothermia. However, hypothermia can be prevented
by placing infants in radiant warmers or using heated blankets.
Various CRRT machines can provide blood warmers, which
prevent heat loss, or an electric heating sleeve, which can
adjust the temperature of the blood (between 33 and 43 °C)
[1]. Lactate-based solutions have been used previously; how-
ever, they have led to lactic acidosis, cardiac dysfunction, and
hypertension. Currently, pharmacy-made bicarbonate solu-
tions are the standard solutions used in CRRT; many of these
solutions contain small amounts of lactate (3 mEq/L) for sta-
bility and physiological pH [35].

CRRT Prescription

Blood flow can be adjusted to the size of the patient if the
appropriate-size catheter is placed. In pediatrics, the recom-
mended blood flow rates are between 3 and 10 ml/kg/min and
higher blood flow of 10–12 ml/kg/min in neonates and small
infants when using adult-sized catheters [1, 32]. The ppCRRT
Registry recommends a mean blood flow rate of 96.9 ml/min
(range 10–350 ml/min) and scaled to body weight mean blood
flow rate of 5 ml/kg/min (range 0.6–53.6 ml/kg/min) [36]. In
critically ill children who weigh ≤15 lbs., the CRRT circuit is
primed with packed red blood cells (pRBC) rather than saline
to prevent excessive hemodilution and hemodynamic instabil-
ity [37].

Anticoagulation is usually attained with unfractionated
heparin due to its low cost and simple monitoring. But in 1–
5% of pediatric patients, heparin-induced thrombocytopenia
can occur with regular heparin exposure [38]. Severe bleeding
has also been reported in 10–50% of cases. However, citrate-
based anticoagulation can be used in patients with risk of
bleeding. If more citrate is being delivered than cleared, citrate
accumulation (citrate lock) can occur and saline flushes can
prevent the risk of citrate lock [28]. A standard pediatric
CRRT prescription is shown in Table 5.

The prescribed dose for CRRT is the effluent rate (ml/kg/h)
for the clearance of small solutes. Multiple studies assessing
CRRT dose and survival have illustrated no significant differ-
ence in survival when the dosage is greater than 20–25 ml/kg/h
[39, 40]. However, the prescribed dose differs from the delivered
dose due to circuit clotting, vascular access problems, therapy
interruptions due to scheduled filter change and patient’s issues.

The prescribed dosage recommended by the KDIGO criteria is
an effluent volume of 20–25 ml/kg/h [41].

Sustained Low-Efficiency Dialysis in AKI

SLED is an alternative to CRRT in hemodynamically unstable
AKI patients. It utilizes conventional dialysis machines with
low blood pump and dialysate flow rates for ≥6 h daily [1].
SLED requires vascular access similar to CRRT and catheters
with a fistula in situ are preferred. The blood flow rate should
be ≤3–5 ml/kg/min for patients weighing 20–40 kg and
150 ml/min for patients >40 kg [42]. The dialysate flow rate
should be ≤ twice the blood flow rate and can be slowed to
100 ml/min (6 L/h) in diffusive mode. If the extracorporeal
blood volume is >10% of total blood volume, the circuit can
be primed with saline/5% albumin or pRBC (if hemoglobin
<7 g/dL) [42]. Lower dosage of unfractionated heparin could
be used for anticoagulation but can cause bleeding. SLED can
also be performed without anticoagulation; it is suggested to
increase the blood flow rate by 20–25% [43]. SLED should be
provided a minimum weekly Kt/Vurea of 2 and 6 compared to
HD and CRRT, respectively. The standard prescription for
SLED is shown in Table 6. There are some disadvantages to
SLED, which include a lack of continuous dialyzing, possible
loss of 15%–35% of amino acids during the process, and
limited studies involving SLED in children [1].

Conclusions

AKI continues to be a prevalent illness needed to be diagnosed
and treated as early as possible to maximize recovery.
Children with AKI pose a challenge, especially due to their
smaller size. RRT is a practical and effective treatment for
pediatric AKI. In order to provide optimal care, the clinician
should consider the risks and benefits of each modality and
tailor therapy according to the patient’s needs. More research
is needed to gather sufficient evidence to develop RRT treat-
ment guidelines that apply to all pediatric AKI patients.
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