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CHAPTER 201 

Technical Aspects of Pediatric Continuous 
Renal Replacement Therapy
Carl H. Cramer II and Patrick D. Brophy

OBJECTIVES
This chapter will:
1.	 Outline the basic principles of continuous renal replacement 

therapy as they apply in pediatric patients.
2.	 Delineate the particular aspects of pediatric continuous 

renal replacement therapy that differ from adult continuous 
renal replacement therapy in terms of prescription, thermic 
control, access, and anticoagulation.

3.	 Review the concept of the blood priming–bradykinin-release 
phenomenon and its importance in infant continuous renal 
replacement therapy using polyacrylonitrile membranes.

4.	 Describe the methods and techniques available to avoid 
the bradykinin-release phenomenon.

Critically ill children with acute oliguric renal failure are a 
challenging group of patients to manage. These patients often 
are suited poorly to hemodialysis and peritoneal dialysis 
because of the tenuous nature of their hemodynamic and 
pulmonary status. Hemodialysis may remove fluid too 
quickly for the child to tolerate, and peritoneal dialysis may 
interfere with ventilation or venous return and is relatively 
inefficient for fluid and solute removal. Continuous renal 
replacement therapy (CRRT), by virtue of its continuous 
nature and the fine control of fluid balance it permits, often 

is suited ideally to management of the critically ill child 
who requires fluid or solute removal.

The basic principles of CRRT are similar for adults and 
for children. Applying these modalities in children, however, 
requires recognition of the unique technical aspects of 
pediatric CRRT, including weight-based fluid calculations 
for solutions, anticoagulation, blood flow, extracorporeal 
blood volume, blood priming, temperature control, access 
options, filter size, and properties.

Historically, arteriovenous modalities of CRRT were the 
standard methods used in practice.1 Although this technique 
offers the advantage of simplicity, it poses considerable chal-
lenges for use in the pediatric population. The lower mean 
arterial blood pressure and higher hematocrit in children, 
as well as the higher resistance and flow limitations of 
smaller-diameter catheters, have limited the practical appli-
cation of this technique in children. Another disadvantage 
of arteriovenous techniques is the requirement for venous 
and arterial access and the potential risk of limb ischemia 
from the arterial line.2 The development of precision-
volumetric fluid pumps with air leak detectors and pressure 
monitors, as well as pediatric-specific dialysis catheters, has 
made venovenous techniques preferable to arteriovenous 
methods. As a result, CRRT has become not only feasible 
but practicable in infants and children. In the past decade, 
more pediatric-appropriate–sized devices are emerging into 
the clinical setting. This includes specific pediatric renal 
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circuit must be taken into consideration. Patients weighing 
less than 10 kg have blood volumes of approximately 80 mL/
kg, whereas larger children have blood volumes closer to 
70 mL/kg. If the circuit volume is in excess of 10% of the 
patient’s total blood volume, blood priming often becomes 
necessary.

Blood priming has its own set of potential problems. 
Banked blood has an inherently low pH and low ionized 
calcium concentration related to the presence of anticoagu-
lant. In addition, high potassium content develops during 
prolonged storage. Another concern is that this low pH 
potentiates the bradykinin release when an AN-69 membrane 
is used. This unphysiologic blood prime potentially may 
cause further hemodynamic instability in the child during 
initiation of CRRT. A couple of different approaches can be 
used to prevent a serious decrease in the patient’s hematocrit 
while avoiding hemodynamic instability.

One approach involves direct transfusion of blood into 
the patient at the time of dialysis initiation. The packed 
red cells obtained from most blood banks possess a high 
hematocrit of approximately 50% to 60% and should be 
reconstituted to a hematocrit of 30% to 35% with 0.9% 
saline or 5% albumin, to minimize risk of clotting the 
circuit. The blood can be infused directly through the venous 
port of the dialysis catheter. This infusion should occur 
simultaneously with initiation of CRRT, the circuitry for 
which has been primed with 0.9% normal saline. As the 
patient’s blood infuses into the circuit from the arterial 
port, the primed saline is drained into a collection bag that 
has been connected temporarily to the venous end of the 
filter system. Once blood has reached the venous collection 
bag, then the CRRT machine is paused temporarily. The 
collection bag then is removed, and the venous end of the 
filter system is connected to the venous port of the dialysis 
catheter. Sodium bicarbonate boluses can be used to help 
minimize cardiac instability secondary to a “membrane 
reaction” during the initiation of CRRT.12

Another approach involves the zero balance ultrafiltra-
tion (“Z-BUF”) technique.13 The CRRT machine is primed 
according to the manufacturer’s recommendations. Banked 
blood, diluted to an approximate hematocrit of 30% to 
35% with 5% albumin, then is used to prime the circuit. 
Before the circuit is connected to the patient, the arterial 
and venous ends of the circuit are connected to each other, 
and the circuit is hemofiltered or dialyzed on itself using 
a physiologic solution of electrolytes such as Normocarb. 
Calcium chloride is added to the solution to improve the 
ionized calcium of the prime. The blood flow rate is set to 
100 mL/min, and the circuit is then ultrafiltered at a rate of 
2 L/hr for 15 to 20 minutes while a neutral circuit volume 
(zero balance) is maintained. Hemofiltration or hemodialysis 
of the circuit seems to be equally effective at normalizing 
pH and electrolyte content of the prime. This technique 
also may help blunt the initial bradykinin-type reaction 
seen with initiation of CRRT. Careful monitoring of the 
pressures in the circuit is essential. Once the blood has 
circulated for the allotted time, the machine is placed in 
pause, and the arterial and venous lines are connected to 
the patient. The circuit flow then is resumed.

A third option, which lessens the membrane hyper-
sensitivity reaction, uses a different membrane, such as a 
polyarylethersulfone membrane. The larger HF 1000 can 
be used in small infants but requires careful attention to 
relative volume of circuit/filter compared with patient 
blood volume. The bradykinin-release phenomenon can 
be avoided with this filter, but potential complications of 
acidotic, hypocalcemic, and hyperkalemic blood products 
of the blood prime still must be addressed at the time of 

replacement platforms, such as the Newcastle Infant Dialysis 
Ultrafiltration System (NIDUS) and the Cardiac and Renal 
Pediatric Dialysis Emergency (CARPEDIEM), as well as 
filters, such as HF20 and UF500.3–6

PRESCRIPTION

The CRRT prescription in the pediatric patient follows 
the same principles as those in an adult patient, but with 
dosing based on weight or body surface area. The flow 
rate of dialysate (Qd) or filter replacement fluid (Qf) can be 
referred to as the dialysis dose. The optimal dialysis dose is 
not known, but Goldstein et al. provided preliminary and 
limited data consistent with the dialysis dose discussed 
by Ronco et al. of 2000 mL/hr/1.73 m2 (35 mL/kg/hr).7 
Higher-dose CRRT (8000 mL/hr/1.73 m2) may play a role 
in treatment of the child with hyperammonemia (values 
>400 umol/L). The maximum dialysis dose may be limited 
by the total ultrafiltration rate allowed by the filter. A higher 
dialysis dose also affects removal of medications, nutrition, 
and electrolytes, such as phosphorus.8 In most children, 
a comparable dialysis dose rate of 2 to 4 L/hr/1.73 m2 is 
readily achievable.

Regarding the modality of treatment, continuous veno-
venous hemofiltration (CVVH) and continuous venovenous 
hemodialysis (CVVHD) have been described with comparable 
solute clearances. Although CVVHD is primarily a diffusion-
based therapy, some degree of convection will be present 
because of the prescribed net fluid balance and ongoing 
removal of intravenous fluids from the patient. Goldstein 
et al. described a mean contribution by convective clear-
ance of 17% to the total dose of dialysis in patients on 
CVVHD.9 Net patient fluid removal usually is between 0.5 
and 2.0 mL/kg/hr, depending on patient volume status and 
hemodynamics. This rate is a direct extrapolation from work 
on hemodialysis by Donckerwolcke and Bunchman, who 
demonstrated this to be a safe and effective ultrafiltration 
rate in pediatric hemodialysis.10 In the severely edematous 
and hemodynamically marginal patient, increasing pressor 
support to optimize mean arterial blood pressure may allow 
for more aggressive ultrafiltration in the initial 24 to 48 
hours of CRRT, resulting in improved cardiac and pulmonary 
function as volume overload is reduced. The advancement 
in technology has allowed for improvement in the accuracy 
of fluid removal. A prospective study assessing the accuracy 
of a volumetric-based fluid measurement in CRRT using 
pediatric patients treated for an accumulated duration of 
318 hours. They demonstrated that measured ultrafiltration 
(UF), using an independent scale, was different than the 
reported UF by the software/CRRT platform per patient 
over 48 to 112 hours per patient was −8 +/−1.7 mL/hr to 
10 +/−1.8 mL/hr.11 A key consideration is to consider the 
rapidity of fluid removal. Too rapid a fluid removal in the 
face of fluid overload (which may have taken days to achieve) 
may be a risk factor for extending real injury. It should be 
titrated to minimize the possibility of further extending 
renal injury by reducing effective circulating volume. Many 
leading centers are developing strategies and protocols to 
effect this very important component of the prescription.

BLOOD PRIMING

As in infant hemodialysis, the relationship of the patient’s 
blood volume to the extracorporeal volume of the CRRT 
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greater than 7-French had a 51% to 60% filter survival at 
60 hours.16 However, infants have small vessels, limiting 
catheter options. Westrope et al. published their use of 
either 5-Fr or 6.5-Fr double-lumen cannula catheters for 
access for 139 circuits with a median duration of 43 hours 
per circuit.17 El Masri et al. published a small case series 
using 4-Fr single-lumen catheters. The mean circuit life 
was 55.2+/−30 hours.18 In general, maintenance of a venous 
access pressure less than 200 mm Hg is desirable. Although 
recirculation is a common consideration with hemodialysis, 
it is less of an issue with continuous modalities. Dual-lumen 
catheters are sufficient for CRRT, but with the increased use 
of citrate anticoagulation, an additional separate central line 
port for calcium infusion may be necessary. A triple-lumen 
pediatric dialysis catheter to accommodate the extra port 
is available, but such catheters are limited to larger French 
sizes so as not to compromise blood flow by decreasing 
lumen size. The alternative is to establish a second central 
access, or calcium can be “Y-ed” into the return line of a 
double-lumen dialysis catheter. The latter is a less desirable 
solution because of the increased risk of clotting in the 
return port.

Access can be placed in the internal jugular, subclavian, 
or femoral vessels, with the choice based on patient size, 
local anatomy, hemostasis considerations, and operator 
comfort. Many nephrologists avoid the use of subclavian 
catheters with the corresponding risk of subclavian artery 
stenosis, because subsequent development of end-stage renal 
disease, as occurs in some patients, may necessitate creation 
of a fistula later. Any subtle kinking of the catheter between 
the first rib and the clavicle may affect access pressure and 
blood flow. The advantage of the internal jugular catheter is 
that it is independent of the patient’s motion and appears 
to give adequate blood flow with minimal resistance. The 
internal jugular vein location is associated with longer filter 
life.16,17 The disadvantages of the internal jugular catheter 
are the potential for pneumothorax or hemothorax and 
the risk of inadvertent carotid artery puncture at the time 
of placement. These risks may be minimized by the use 
of ultrasound imaging during venipuncture. The femoral 
line may carry a lower risk of complications at the time 
of placement and afford easier hemostasis compared with 
a “high line.” However, the disadvantages are greater risk 
of infection; the potential for catheter kinking with flow 
problems in an awake, uncooperative patient; and the 
risk of thrombosis of the vein, complicating future renal 
transplantation.

Table 201.1 lists appropriate catheters for pediatric 
patients based on size.

SOLUTIONS

The type of modality to be used, diffusive or convective, must 
be considered in choosing the type of dialysis solution for 
CRRT. At present, the use of countercurrent dialysis solution 
versus filter replacement fluid or both is based on the local 
standard of care. The replacement and dialysis solutions 
used by adults also can be used by the pediatric popula-
tion. Alternatively, pharmacy-prepared bicarbonate-based 
customized solutions may be used. The use of bicarbonate 
concentrations of 25 mEq/L in customized solutions will 
help maintain acid-base balance in most clinical situations. 
If acidosis must be treated aggressively, then a separate 
sodium bicarbonate drip (150 mEq/L) can be infused into the 
patient at 40 to 80 mL/m2/hr. These custom solutions may 
be phosphorus based or calcium based. If calcium-depleted 

startup. The use of an HF20 filter, which requires less, if 
any, blood prime at the time of startup of CRRT, minimizes 
these blood volume priming issues.5

TEMPERATURE CONTROL

Infants and small children have large body surface area-
to-weight ratios. This feature, coupled with the significant 
amount of blood volume that resides in the extracorporeal 
circuit at any given time, places these small patients at 
substantial risk for the development of hypothermia. Simple 
techniques such as use of radiant warmers may help but 
often are not enough to maintain body temperature. With the 
new dialysis machines, line warmers may be available for 
purchase, such as the Prismaflow II (Gambro Renal Products, 
Lakewood, CO) or AstoFlo Plus (Stihler Electronic, Stuttgart, 
Germany). Other warming techniques have been adapted, 
such as heating pads, forced air warmers, or nondialysis 
blood line warmers. The drawback with these techniques is 
that they can excessively trigger the machine’s alarm, result-
ing in inefficient dialysis. More importantly, these techniques 
can affect the CRRT machine’s internal volumetric sensors 
and result in either too little or too much fluid removal from 
the patient as the dialysis machine attempts to maintain 
the programmed total fluid removal goal.

BLOOD FLOW

Blood flow rates for CRRT in children are related to patient 
size, which will dictate the size of the catheter used, but also 
are influenced by the vascular access pressures. Poiseuille’s 
law,
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describes the determinants of flow for newtonian fluids and 
provides the basis for understanding the potential limitations 
to blood flow in the pediatric CRRT circuit. The hematocrit 
in infants and particularly newborns is higher than in older 
children, which increases the viscosity (h), which will in 
turn resist flow. The ideal access for optimal flow is a short, 
large-bore catheter.14 The catheter diameter size that can be 
used in young children is by far the greatest limitation to 
blood flow. A typical blood flow prescription for CVVHD 
is a rate of 3 to 5 mL/kg/min,15 with higher blood flow 
rates (6 to 10 mL/kg/min) preferred in patients for whom 
anticoagulation is contraindicated or to optimize access 
pressures in the machine. Blood flow rates range from 10 
to 50 mL/min in the infant weighing less than 5 kg, 30 to 
85 mL/min in the child weighing 5 to 15 kg, 50 to 125 mL/
min in the child weighing 16 to 25 kg, and often 100 to 
250 mL/minute in the larger child.

ACCESS

The primary goal of vascular access for CRRT is to have 
adequate flow to provide optimal therapy with minimal 
interruption. A free-flowing catheter allows for more efficient 
hemofiltration and less tendency for circuit loss resulting 
from clotting. In general, a larger lumen size catheter is 
associated with longer filter life. The use of a catheter 
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medical personnel. The disadvantage of heparin is systemic 
anticoagulation with increased risk for bleeding. An addi-
tional risk is that of heparin-induced thrombocytopenia 
(HIT), which can increase the potential for bleeding and 
thrombosis. In many patients with multiorgan system failure 
(MOSF) necessitating renal replacement therapy, systemic 
heparinization may be a detriment and should be avoided.

Citrate anticoagulation has been used by adult programs 
since the 1990s and subsequently has been adopted by 
pediatric programs. Infusing citrate prefilter starting at 1.5 
times the blood flow rate allows for regional anticoagulation 
of the CRRT system. Coagulation is a calcium-dependent 
process; therefore binding calcium minimizes clot formation 
in the circuit. Hypocalcemia is avoided by infusing calcium 
back into the patient through a central venous access separate 
from the CRRT system access. Citrate anticoagulation can 
be conceptualized as two processes. The first process is 
management of the citrate anticoagulant infusion in the 
circuit to target a postfilter ionized calcium between 0.25 
and 0.40 mmol/L. The second process is the infusion of 
calcium chloride back into the patient, titrated to achieve a 
serum ionized calcium level between 1.10 and 1.30 mmol/L. 
Although many protocols exist, either a 4% trisodium citrate 
(TSC) solution or an ACD-A (Baxter Healthcare, Deerfield, IL) 
solution is available. An equimolar amount of Anticoagulant 
Citrate Dextrose Solution, Solution A (ACD-A) has a lower 
amount of citrate (67% TSC and 33% citric acid) compared 
with 4% TSC, resulting in a lower risk of metabolic acidosis 
and a lesser sodium load.

Side effects are more frequent in pediatric patients, 
necessitating close monitoring for development of increased 
anion gap metabolic acidosis, metabolic alkalosis, citrate 
toxicity, hypocalcemia, hyperglycemia, and hypernatremia. 
The metabolic acidosis and alkalosis often are related to 
citrate metabolism by the liver. Under normal circum-
stances, 1 mmol of citrate is metabolized into 3 mmol of 
bicarbonate, potentially resulting in a metabolic alkalosis. 
This complication used to be more common with use of 
higher-concentration bicarbonate-based replacement and 
dialysis solutions. Recently, the concentration of bicarbonate 
in these solutions has been decreased. Metabolic alkalosis 
can be corrected readily by decreasing the citrate infusion 
rate, increasing the dialysate rate to increase the clearance of 
citrate, or infusing saline as a filter replacement fluid (e.g., 
0.9% NS, pH 5.4 to 5.8, infusing at 25% citrate rate in mL/
hr) back to the patient. If the patient is on total parenteral 
nutrition, the chloride-to-acetate ratio also can be adjusted 
to help avoid alkalosis. Anion gap metabolic acidosis from 
citrate is rare and generally occurs only in the setting of 
extreme liver failure, in which citrate cannot be metabolized. 
The clearance rate of citrate (sieving coefficient of 0.88 to 
1.00) is related to the clearance properties of the hemofilter 
(either convective or diffusive) and hepatic metabolism.26 

solutions are used, calcium must be infused into the patient. 
When phosphorus-depleted solutions are used, phosphorus 
must be given as a continuous infusion, starting at 0.5 to 
2 mmol/kg per 24 hours. As an alternative, phosphate-based 
solutions can be used to minimize the loss of phosphorus. 
Most programs now use commercially available solutions 
that are approved by regulatory bodies. The use of custom 
solutions carries the risk of mixing errors and should be 
discouraged as standard practice.19

ANTICOAGULATION

Activation of the clotting cascade occurs in CRRT circuits 
as a result of contact of the circulating blood with artificial 
surfaces. A low blood flow rate, turbulent blood flow, and 
high hematocrit exacerbate this effect. Various methods of 
anticoagulation have been suggested for CRRT. Historically, 
either anticoagulation for CRRT was heparin based, or no 
anticoagulation was given, with use of intermittent NS 
flushes to maintain patency of the filter; however, multiple 
approaches now have been proposed and well established. 
Beyond using no anticoagulation with intermittent normal 
saline flushes, the two most common methods include 
heparin and citrate. Adult studies support a longer filter 
life span with use of citrate rather than heparin. Pediatric 
studies have demonstrated improved survival or indifference 
in filter life span between citrate and heparin.20–22 Citrate 
anticoagulation has gained acceptance owing to its ease 
of administration and favorable patient side effect profile 
compared with heparin.20,23 The individual circumstances of 
the patient dictate the anticoagulation regimen to be used.

The use of no anticoagulation has been shown repeatedly 
to be associated with a shorter circuit life.20,24 This approach 
typically is used in a patient with fulminant disseminated 
intravascular coagulation (DIC). However, DIC may deplete 
anticoagulant factors as well, leading to a hypercoagulable 
state, which would benefit from regional anticoagulation to 
prevent the CRRT system from clotting. In addition, the use 
of  fresh frozen plasma (FFP) in patients with underlying 
coagulopathies associated with liver failure is associated 
with a shorter filter life.25

Heparin is one option for anticoagulation. Heparin is 
infused in the CRRT system at a prefilter point and is used 
to anticoagulate the system. Anticoagulation is optimized by 
measuring a postfilter partial thromboplastin time (PTT) or 
an activated clotting time (ACT). Heparin monitoring targets 
an ACT between 180 and 220 seconds or the PTT between 
1.5 and 2 times normal. This usually is accomplished by 
initially giving a 20- to 30-unit/kg bolus followed by a 
continuous intravenous infusion of 10 to 20 units/kg/hr 
of heparin. The advantage of heparin is its familiarity to 

TABLE 201.1

Suggested Vascular Access Devices for Use in Continuous Renal Replacement Therapy in Pediatric Patients

PATIENT SIZE CATHETER SIZE SITE OF INSERTION

Neonate Single-lumen 5 Fr Femoral artery or vein
Dual-lumen 7.0 Fr Internal/external jugular, subclavian, or femoral vein

3–6 kg Dual-lumen 7.0 Fr Internal/external jugular, subclavian, or femoral vein
Triple-lumen 7.0 Fr Internal/external jugular, subclavian, or femoral vein

6–30 kg Dual-lumen 8.0 Fr Internal/external jugular, subclavian, or femoral vein
>15 kg Dual-lumen 9.0 Fr Internal/external jugular, subclavian, or femoral vein
>30 kg Dual-lumen 10.0 Fr Internal/external jugular, subclavian, or femoral vein
>30 kg Triple-lumen 12 Fr Internal/external jugular, subclavian, or femoral vein
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cooperation of manufacturers and nephrologists, intensivists, 
and other members of the healthcare team is mandatory to 
maximize the usefulness of CRRT in the pediatric patient.

key points

1.	 Continuous renal replacement therapy, by virtue 
of its continuous nature and ability to finely control 
fluid balance, ideally is suited to and the preferred 
modality for the critically ill child requiring fluid 
or solute removal.

2.	 Recognition of the unique technical aspects of 
pediatric continuous renal replacement therapy, 
including weight-based fluid calculations for solu-
tions, anticoagulation, blood flow, extracorporeal 
blood volume, blood priming, temperature control, 
access options, filter size, and properties, is 
essential.

3.	 Patients weighing less than 10 kg have blood 
volumes of approximately 80 mL/kg, whereas 
larger children have blood volumes closer to 70 mL/
kg. If the circuit volume is in excess of 10% of 
the patient’s total blood volume, blood priming 
often becomes necessary. The bradykinin-release 
phenomenon with an AN9 membrane may occur in 
the face of blood priming and must be anticipated.

4.	 Infants and small children have large body surface 
area-to-weight ratios. This, coupled with the signifi-
cant blood volume residing in the extracorporeal 
circuit at any given time, places infants and children 
at substantial risk for developing hypothermia.

5.	 Vascular access for pediatric continuous renal 
replacement therapy is the key to successful 
therapy. Adequate flow rates provide optimal 
therapy with minimal interruption or coagulation 
issues and maximal staff satisfaction.
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This phenomenon, termed citrate lock, becomes apparent 
when the patient’s total calcium (albumin-calcium complex 
+ citrate-calcium complex + ionized calcium = total calcium) 
rises while the patient’s ionized calcium is stable or drop-
ping. Citrate levels can be measured, but results of these 
tests are not immediately available. A ratio of total calcium 
to ionized calcium greater than 2.5 supports a diagnosis of 
citrate lock. If this phenomenon occurs, the citrate infusion 
is discontinued for 30 minutes and reinitiated at 70% of the 
previous rate. Citrate can be used in hepatic insufficiency, 
but the initial rate of citrate infusion should be 50% to 
70% of the usual starting rate and monitored in the same 
fashion as in patients with normal hepatic function. Blood 
flow also can be decreased, allowing for a proportional 
decrease in overall citrate infusion.

Hypocalcemia can be a life-threatening event, and 
judicious monitoring of the patient’s ionized calcium 
concentration is imperative. Hyperglycemia is more frequent 
in smaller infants because of the glucose in the ACD-A solu-
tion (2.45 g/dL), and these patients may require adjustment 
in the dextrose concentration in the TPN and possibly a 
concomitant insulin infusion. Hypernatremia can occur but 
is less common with the use of ACD-A (220 mEq/L) solution 
compared with the 4% TSC solution (440 mEq/L). Vigilant 
monitoring of electrolytes can minimize the occurrence of 
metabolic derangements and allow for timely correction of 
any developing anomalies.

MEMBRANES

The hemofilters used in pediatric CRRT have chemical 
properties identical with those used in adults, and size 
and material options often are limited to those compat-
ible with the CRRT machine being used. The patient’s 
body surface area must be considered in selecting a filter. 
The biocompatibility of hemofilters and hemodialysis 
membranes has improved in recent decades. The AN-69 
membrane (polyacrylonitrile membrane) is associated with 
the bradykinin-release phenomenon, wherein hypotension 
develops on initiation of CRRT, primarily in the smaller 
child.12,27 The use of a polyarylethersulfone membrane, 
such as the HF20 (Baxter), or the polysulfone-based UF 
500 filter set (Baxter) decreases the body weight threshold 
for those patients needing a blood prime and eliminates 
the bradykinin reaction.5,6

CONCLUSION

CRRT affords the critically ill pediatric patient an efficient, 
reliable, and safe form of renal replacement therapy in the 
setting of appropriate monitoring. CRRT use is expanding 
within the pediatric critical care community as the technol-
ogy has become better adapted to the pediatric patient. The 
proper timing of initiation of therapy, the most appropriate 
dialysate dose and modality for particular disease processes, 
and effect on outcome continue to be studied. Once the 
determinants of survival for critically ill infants and children 
with acute renal failure and metabolic disorders are better 
established, it is likely that CRRT will assume a greater 
role in the overall approach to treatment. The continued 



Chapter 201 / Technical Aspects of Pediatric Continuous Renal Replacement Therapy    1214.e1

15.	 Werner HA, Herbertson MJ, Seear MD. Functional character-
istics of pediatric veno-venous hemofiltration. Crit Care Med. 
1994;22:320-325.

16.	 Hackbarth R, Bunchman TE, Chua AN, et al. The effect of 
vascular access location and size on circuit survival in pedi-
atric continuous renal replacement therapy: a report from the 
PPCRRT registry. Int J Artif Organs. 2007;30(12):1116-1121.

17.	 Westrope C, Morris KP, Kee CY, et al. Experience of Circuit 
Survival in Extracorporeal Continuous Renal Replacement 
Therapy Using Small-Calibre Venous Cannulae. Pediatr Crit 
Care Med. 2016;17(5):e260-e265.

18.	 El Masri K, Jackson K, Borasino S, et al. Successful continuous 
renal replacement therapy using two single-lumen catheters 
in neonates and infants with cardiac disease. Pediatr Nephrol. 
2013;28(12):2383-2387.

19.	 Barletta JF, Barletta GM, Brophy PD, et al. Medication errors 
and patient complications with continuous renal replacement 
therapy. Pediatr Nephrol. 2006;21(6):842-845.

20.	 Brophy PD, Somers MJ, Baum MA, et al. Multi-centre evaluation 
of anticoagulation in patients receiving continous renal replace-
ment therapy. Nephrol Dial Transplant. 2005;20:1416-1421.

21.	 Fernández SN, Santiago MJ, López-Herce J, et al. Citrate anti-
coagulation for CRRT in children: comparison with heparin. 
Biomed Res Int. 2014;2014:786301.

22.	 Soltysiak J, Warzywoda A, Kociński B, et al. Citrate anticoagula-
tion for continuous renal replacement therapy in small children. 
Pediatr Nephrol. 2014;29(3):469-475.

23.	 Bunchman TE, Maxvold NJ, Barnett J, et al. Pediatric hemofiltra-
tion: Normocarb dialysate solution with citrate anticoagulation. 
Pediatr Nephrol. 2002;17:150-154.

24.	 del Castillo J, López-Herce J, Cidoncha E, et al. Circuit life 
span in critically ill children on continuous renal replacement 
treatment: a prospective observational evaluation study. Crit 
Care. 2008;12(4):R93.

25.	 Goonasekera CD, Wang J, Bunchman TE, et al. Factors affecting 
circuit life during continuous renal replacement therapy in 
children with liver failure. Ther Apher Dial. 2015;19(1):16-22.

26.	 Chadha V, Garg U, Warady BA, et al. Citrate clearance in 
children receiving continuous venovenous renal replacement 
therapy. Pediatr Nephrol. 2002;17:819-824.

27.	 Coppo R, Amore A, Cirina P, et al. Bradykinin and nitric oxide 
generation by dialysis membranes can be blunted by alkaline 
rinsing solutions. Kidney Int. 2000;58:881-888.

References
1.	 Leone MR, Jenkins RD, Golper TA, et al. Early experience 

with continuous arteriovenous hemofiltration in critically ill 
pediatric patients. Crit Care Med. 1986;14:1058-1063.

2.	 Parekh RS, Bunchman TE. Dialysis support in the pediatric 
intensive care unit. Adv Renal Replace Ther. 1996;3:326-336.

3.	 Coulthard MG, Crosier J, Griffiths C, et al. Haemodialysing 
babies weighing <8 kg with the Newcastle infant dialysis and 
ultrafiltration system (Nidus): comparison with peritoneal and 
conventional haemodialysis. Pediatr Nephrol. 2014;29(10): 
1873-1881.

4.	 Ronco C, Garzotto F, Brendolan A, et al. Continuous renal 
replacement therapy in neonates and small infants: devel-
opment and first-in-human use of a miniaturised machine 
(CARPEDIEM). Lancet. 2014;383(9931):1807-1813.

5.	 Rödl S, Marschitz I, Mache CJ, et al. Continuous renal replace-
ment therapy with Prismaflex HF20 disposable set in children 
from 4 to 15 kg. ASAIO J. 2011;57(5):451-455.

6.	 Askenazi D, Ingram D, White S, et al. Smaller circuits for smaller 
patients: improving renal support therapy with Aquadex. Pediatr 
Nephrol. 2016;31(5):853-860.

7.	 Ronco C, Belomo R, Homel P, et al. Effects of different doses in 
continuous veno-venous hemofiltration on outcomes of acute 
renal failure: A prospective randomized trial. Lancet. 2000; 
356:26-30.

8.	 Santiago MJ, López-Herce J, Urbano J, et al. Hypophosphatemia 
and phosphate supplementation during continuous renal 
replacement therapy in children. Kidney Int. 2009;75(3):312-316.

9.	 Goldstein SL, Somers MJ, Baum MA, et al. Pediatric patients 
with multi-organ dysfunction syndrome receiving continuous 
renal replacement therapy. Kidney Int. 2005;67:653-658.

10.	 Donckerwolcke RA, Bunchman TE. Hemodialysis in infants 
and small children. Pediatr Nephrol. 1994;8:103-106.

11.	 Hanudel MR, Salusky IB, Zaritsky JJ. The accuracy of a continu-
ous volumetric balancing system in pediatric continuous renal 
replacement therapy. Int J Artif Organs. 2014;37(3):215-221.

12.	 Brophy PD, Mottes TA, Kudelka TL, et al. AN-69 membrane 
reactions are pH-dependent and preventable. Am J Kidney 
Dis. 2001;38:173-178.

13.	 Hackbarth RM, Eding D, Gianoli Smith C, et al. Zero balance 
ultrafiltration (Z-BUF) in blood primed CRRT circuits achieves 
electrolyte and acid-base homeostasis prior to patient connec-
tion. Pediatr Nephrol. 2005;20:1328-1333.

14.	 Jenkins RD, Kuhn RJ, Funk JE. Clinical implications of catheter 
variability on neonatal continuous arteriovenous hemofiltration. 
ASAIO Trans. 1998;34:108-111.


	Chapter 000 - Cover.pdf
	a.pdf
	b.pdf
	c.pdf
	d.pdf
	e.pdf

	Chapter 001 - The Critically Ill Patient.pdf
	Chapter 002 - The Pathophysiologic Foundations of Critical Care.pdf
	Chapter 003 - Mechanical Ventilation.pdf
	Chapter 004 - Hemodynamic Support in the Critically Ill Patient.pdf
	Chapter 005 - Monitoring Organ Dysfunction in Critical Care.pdf
	Chapter 006 - Kidney-Specific Severity Scores.pdf
	Chapter 007 - The Physiology of the Glomerulus.pdf
	Chapter 008 - The Physiology of the Loop of Henle.pdf
	Chapter 009 - Glomerular Filtration Rate, Renal Functional Reserve, and Kidney Stress Testing.pdf
	Chapter 010 - Renal Energy Consumption and Metabolism.pdf
	Chapter 011 - Acute Kidney Injury_ From Clinical to Molecular Diagnosis.pdf
	Chapter 012 - Community- and Hospital-Acquired Acute Kidney Injury.pdf
	Chapter 013 - Epidemiology of Acute Kidney Injury in Critically Ill Patients.pdf
	Chapter 014 - Acute Kidney Injury in Patients With Chronic Kidney Disease.pdf
	Chapter 015 - Genetic Predisposition for Acute Kidney Injury (AKI).pdf
	Chapter 016 - Risk Factors and Risk Assessment in Acute Kidney Injury.pdf
	Chapter 017 - Experimental Models of Acute Kidney Injury.pdf
	Chapter 018 - Renal Blood Flow and Perfusion Pressure.pdf
	Chapter 019 - Humoral Mediators in Sepsis.pdf
	Chapter 020 - Cell Death Pathways_ Apoptosis and Regulated Necrosis.pdf
	Chapter 021 - Pathogen-Associated Molecular Patterns, Damage-Associated Molecular Patterns, and Their Receptors in Acute Kidney Injury.pdf
	Chapter 022 - Acute Kidney Disease.pdf
	Chapter 023 - Acute Kidney Disease, Renal Recovery, and Post–Acute Kidney Injury Care.pdf
	Chapter 024 - The Role of Biomarkers in the Diagnosis and Management of Acute Kidney Injury.pdf
	Chapter 025 - Functional Biomarkers.pdf
	Chapter 026 - Damage Biomarkers.pdf
	Chapter 027 - Kidney Stress Biomarkers.pdf
	Chapter 028 - Renal Repair and Recovery.pdf
	Chapter 029 - Maladaptive Repair and Progression to CKD.pdf
	Chapter 030 - Biomarkers of Recovery and_or Repair Following Acute Kidney Injury.pdf
	Chapter 031 - Practical Considerations of Renal Biopsies in Critical Care Patients.pdf
	Chapter 032 - Localization of Injury and Repair Pathways.pdf
	Chapter 033 - Ultrasonography and Doppler Techniques.pdf
	Chapter 034 - Contrast-Enhanced Renal Ultrasound.pdf
	Chapter 035 - Traditional Radiology, Computed Tomography, and Magnetic Resonance Imaging in Critical Care Nephrology.pdf
	Chapter 036 - Radionuclides Diagnostic Techniques.pdf
	Chapter 037 - Multiple Organ Dysfunction.pdf
	Chapter 038 - Acute Kidney Injury in Burns and Trauma.pdf
	Chapter 039 - Drug-Induced Acute Kidney Injury.pdf
	Chapter 040 - Acute Kidney Injury in Pregnancy.pdf
	Chapter 041 - Acute Kidney Injury in Oncology and Tumor Lysis Syndrome.pdf
	Chapter 042 - Acute Kidney Injury in Cardiac Surgery.pdf
	Chapter 043 - Acute Kidney Injury in Major Surgery.pdf
	Chapter 044 - Acute Kidney Injury in Heart Failure.pdf
	Chapter 045 - Acute Kidney Injury in Cirrhosis.pdf
	Chapter 046 - Acute Renal Failure in Kidney Transplant Recipients.pdf
	Chapter 047 - Acute Glomerulonephritis.pdf
	Chapter 048 - Contrast-Induced Acute Kidney Injury.pdf
	Chapter 049 - Abdominal Compartment Syndrome.pdf
	Chapter 050 - Hemolytic Uremic Syndrome.pdf
	Chapter 051 - Nonpharmacologic Management of Acute Renal Injury.pdf
	Chapter 052 - Novel Drugs for Acute Kidney Injury.pdf
	Chapter 053 - Remote Ischemic Preconditioning.pdf
	Chapter 054 - Blood Biochemistry_ Measuring Major Plasma Electrolytes.pdf
	Chapter 055 - Assessment of Urine Biochemistry.pdf
	Chapter 056 - Disorders of Sodium and Water Balance.pdf
	Chapter 057 - Disorders of Potassium and Magnesium.pdf
	Chapter 058 - Calcium and Phosphate Physiology.pdf
	Chapter 059 - Principles of Fluid Therapy.pdf
	Chapter 060 - Blood Transfusion Therapy.pdf
	Chapter 061 - Loop and Thiazide Diuretics.pdf
	Chapter 062 - Vaptans and the Treatment of Hyponatremia.pdf
	Chapter 063 - Aldosterone Antagonists, Amiloride, and Triamterene.pdf
	Chapter 064 - Laboratory Tests_ Blood Gases, Anion Gap, and Strong Ion Gap.pdf
	Chapter 065 - Acid-Base Physiology and Diagnosis of Disorders.pdf
	Chapter 066 - Metabolic Acidosis.pdf
	Chapter 067 - Hyperlactatemia and Lactic Acidosis.pdf
	Chapter 068 - Renal Tubular Acidosis.pdf
	Chapter 069 - Metabolic Alkalosis.pdf
	Chapter 070 - Respiratory Acid-Base Disorders.pdf
	Chapter 071 - Iatrogenic and Poison-Derived Acid Base Disorders.pdf
	Chapter 072 - Energy Requirement and Consumption in the Critically Ill Patient.pdf
	Chapter 073 - Impact of Renal Replacement Therapy on Metabolism and Nutrient Requirements in the Critically Ill Patient.pdf
	Chapter 074 - Amino Acid Turnover, Protein Metabolism, and Nitrogen Balance in Acute Kidney Injury.pdf
	Chapter 075 - Carbohydrates and Lipids.pdf
	Chapter 076 - Endocrinology of the Stress Response During Critical Illness.pdf
	Chapter 077 - Anemia of Critical Illness.pdf
	Chapter 078 - Management of Nutrition in Acute Kidney Injury and Renal Replacement Therapy.pdf
	Chapter 079 - Blood Glucose Control in Critical Care.pdf
	Chapter 080 - Enteral Nutrition.pdf
	Chapter 081 - Microbiologic Considerations in the Intensive Care Patient.pdf
	Chapter 082 - Innate Immunity and the Kidney.pdf
	Chapter 083 - Adaptive Immunity and Critical Illness.pdf
	Chapter 084 - Spontaneous Bacterial Peritonitis and Hepatorenal Syndrome.pdf
	Chapter 085 - Tropical Infections Causing Acute Kidney Injury.pdf
	Chapter 086 - Sepsis and Septic Shock.pdf
	Chapter 087 - Complement and Its Consequences in Sepsis.pdf
	Chapter 088 - Coagulation Abnormalities in Sepsis.pdf
	Chapter 089 - Endothelial Dysfunction of the Kidney in Sepsis.pdf
	Chapter 090 - Sepsis-Induced Acute Kidney Injury.pdf
	Chapter 091 - Recommendations for Sepsis Management.pdf
	Chapter 092 - Principles of Antimicrobial Prescription in Intensive Care Unit Patients With Acute Kidney Injury.pdf
	Chapter 093 - Renal Replacement Therapy for Septic Acute Kidney Injury.pdf
	Chapter 094 - Blood Purification for Sepsis.pdf
	Chapter 095 - Management of Infection in Patients With Kidney Transplant.pdf
	Chapter 096 - Critical Care Viral Infections.pdf
	Chapter 097 - Principles of Antibiotic Prescription in Intensive Care Unit Patients and Patients With Acute Renal Failure.pdf
	Chapter 098 - Drugs and Antidotes in Acute Intoxication.pdf
	Chapter 099 - Extracorporeal Therapies in Acute Intoxication and Poisoning.pdf
	Chapter 100 - Plasmapheresis in Acute Intoxication and Poisoning.pdf
	Chapter 101 - Poisoning_ Kinetics to Therapeutics.pdf
	Chapter 102 - Bleeding and Hemostasis in Acute Renal Failure.pdf
	Chapter 103 - Gastrointestinal Problems in Acute Kidney Injury.pdf
	Chapter 104 - Cardiovascular Problems in Acute Kidney Injury.pdf
	Chapter 105 - Water and Electrolyte Disturbances in Acute Renal Failure.pdf
	Chapter 106 - Neurologic Problems in Acute Renal Failure.pdf
	Chapter 107 - Immunologic and Infectious Complications of Acute Kidney Injury.pdf
	Chapter 108 - Cellular Response to Acute Kidney Injury.pdf
	Chapter 109 - Heart-Kidney Cross-Talk.pdf
	Chapter 110 - Classification of Cardiorenal Syndrome.pdf
	Chapter 111 - Cardiorenal Syndrome Type 1.pdf
	Chapter 112 - Cardiorenal Syndrome Type 2.pdf
	Chapter 113 - Cardiorenal Syndrome Type 3.pdf
	Chapter 114 - Cardiorenal Syndrome Type 4.pdf
	Chapter 115 - Cardiorenal Syndrome Type 5.pdf
	Chapter 116 - Renal Function During Cardiac Mechanical Support and Artificial Heart.pdf
	Chapter 117 - The Kidney in Diastolic Dysfunction.pdf
	Chapter 118 - Principles of Diuretic Management in Heart Failure.pdf
	Chapter 119 - Management of Overhydration in Heart Failure Patients.pdf
	Chapter 120 - Recent Advances for Stroke Prevention in Patients With Atrial Fibrillation and Advanced Kidney Disease.pdf
	Chapter 121 - Lung-Kidney Cross-Talk.pdf
	Chapter 122 - The Kidney During Mechanical Ventilation.pdf
	Chapter 123 - Extracorporeal Membrane Oxygenation and Renal Function.pdf
	Chapter 124 - Extracorporeal Carbon Dioxide Removal.pdf
	Chapter 125 - Extracorporeal Membrane Oxygenation and Continuous Renal Replacement Therapy in Adults and Children.pdf
	Chapter 126 - Pulmonary-Renal Syndrome.pdf
	Chapter 127 - Liver-Kidney Interaction.pdf
	Chapter 128 - Pathophysiology and Management of the Hepatorenal Syndrome.pdf
	Chapter 129 - Kidney Dysfunction After Liver Transplantation.pdf
	Chapter 130 - Extracorporeal Liver Support Devices.pdf
	Chapter 131 - Treatment of Combined Acute Renal Failure and Cerebral Edema.pdf
	Chapter 132 - Renal Protection in the Organ Donor.pdf
	Chapter 133 - Effect of Extracorporeal Therapies on the Brain.pdf
	Chapter 134 - Components of Fluid Balance and Monitoring.pdf
	Chapter 135 - Noninvasive Methods of Fluid Status Assessment in Critically Ill Patients.pdf
	Chapter 136 - Management of Fluid Overload in Cardiorenal Patients_ The Five B Approach.pdf
	Chapter 137 - Mechanical Fluid Removal.pdf
	Chapter 138 - Indications for Renal Replacement Therapy in the Critically Ill.pdf
	Chapter 139 - Principles of Extracorporeal Circulation and Transport Phenomena.pdf
	Chapter 140 - Membranes and Filters for Use in Acute Renal Failure.pdf
	Chapter 141 - Continuous Renal Replacement Therapy Machine Technology.pdf
	Chapter 142 - Principles of Anticoagulation in Extracorporeal Circuits.pdf
	Chapter 143 - Dialysis Solutions and Replacement Fluids.pdf
	Chapter 144 - Starting and Stopping Renal Replacement Therapy in the Critically Ill.pdf
	Chapter 145 - The Concept of Renal Replacement Therapy Dose and Efficiency.pdf
	Chapter 146 - Quantification of Acute Renal Replacement Therapy.pdf
	Chapter 147 - Principles of Pharmacodynamics and Pharmacokinetics of Drugs Used in Extracorporeal Therapies.pdf
	Chapter 148 - Ethical Considerations in Acute Renal Replacement Therapy.pdf
	Chapter 149 - Intermittent Techniques for Acute Dialysis.pdf
	Chapter 150 - Solute and Water Transport in Hemodialysis_ Dialyzers, Flow Distribution, and Cross-Filtration.pdf
	Chapter 151 - Biocompatibility of the Dialysis System.pdf
	Chapter 152 - Composition of Hemodialysis Fluid.pdf
	Chapter 153 - Indications for and Contraindications to Intermittent Hemodialysis in Critically Ill Patients.pdf
	Chapter 154 - Technical and Clinical Complications of Intermittent Hemodialysis in the Intensive Care Unit.pdf
	Chapter 155 - Correction of Water, Electrolyte, and Acid-Base Derangements by Hemodialysis and Derived Techniques.pdf
	Chapter 156 - Urea Kinetics, Efficiency, and Adequacy of Hemodialysis and Other Intermittent Treatments.pdf
	Chapter 157 - Assessment of Fluid Status and Body Composition and Control of Fluid Balance With Intermittent Hemodialysis in the Critically Ill Patient.pdf
	Chapter 158 - Outcomes of Intermittent Hemodialysis in Critically Ill Patients With Acute Kidney Injury.pdf
	Chapter 159 - Hybrid Dialysis Techniques in the Intensive Care Unit.pdf
	Chapter 160 - The Role of Plasmapheresis in Critical Illness.pdf
	Chapter 161 - Cascade Filtration for ABO Incompatible Transplant.pdf
	Chapter 162 - Nursing Issues and Procedures in Continuous Renal Replacement Therapy.pdf
	Chapter 163 - Indications for Continuous Renal Replacement Therapy_ Renal Replacement Versus Renal Support.pdf
	Chapter 164 - Beginning and Ending Continuous Renal Replacement Therapy in the Intensive Care Unit.pdf
	Chapter 165 - Solute and Water Kinetics in Continuous Therapies.pdf
	Chapter 166 - Continuous Renal Replacement Therapy_ Modalities and Their Selection.pdf
	Chapter 167 - Vascular Access for Acute Renal Replacement Therapy.pdf
	Chapter 168 - Anticoagulation Strategies for Continuous Renal Replacement Therapy.pdf
	Chapter 169 - Nursing Strategies to Prevent Coagulation of the Extracorporeal Circuit.pdf
	Chapter 170 - Adequacy of Continuous Renal Replacement Therapy_ Prescription and Delivery.pdf
	Chapter 171 - High-Volume Hemofiltration in the Intensive Care Unit.pdf
	Chapter 172 - Pulse High-Volume Hemofiltration in Management of Critically Ill Patients With Severe Sepsis or Septic Shock.pdf
	Chapter 173 - High Cutoff Membranes for Mediators Removal.pdf
	Chapter 174 - Clinical Effects of Continuous Renal Replacement Therapies.pdf
	Chapter 175 - Antibiotic Adjustment in Continuous Renal Replacement Therapy.pdf
	Chapter 176 - Nomenclature_ Basic Principles.pdf
	Chapter 177 - Nomenclature_ Techniques.pdf
	Chapter 178 - Peritoneal Dialysis System.pdf
	Chapter 179 - Indications, Contraindications, and Complications of Peritoneal Dialysis in Acute Renal Failure.pdf
	Chapter 180 - Solute and Water Transport Across the Peritoneal Barrier.pdf
	Chapter 181 - Choice of Peritoneal Dialysis Technique_ Intermittent or Continuous.pdf
	Chapter 182 - Correction of Fluid, Electrolyte, and Acid-Base Derangements by Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 183 - Feasibility, Efficiency, and Adequacy of Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 184 - Clinical Results and Complications of Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 185 - Treatment of Peritonitis and Other Clinical Complications of Peritoneal Dialysis in the Critically Ill Patient.pdf
	Chapter 186 - Comparison of Peritoneal Dialysis With Other Treatments for Acute Kidney Injury.pdf
	Chapter 187 - Continuous-Flow Peritoneal Dialysis as Acute Therapy.pdf
	Chapter 188 - Nursing and Procedure Issues in Peritoneal Dialysis.pdf
	Chapter 189 - Sorbents_ From Basic Structure to Clinical Application.pdf
	Chapter 190 - Therapeutic Apheresis in Critically Ill Patients_ Indications, Modalities and Techniques, Clinical Results.pdf
	Chapter 191 - Extracorporeal Blood Purification Techniques Beyond Dialysis_ Coupled Plasmafiltration-Adsorption.pdf
	Chapter 192 - Prometheus System.pdf
	Chapter 193 - Toraymyxin and Other Endotoxin Adsorption Systems.pdf
	Chapter 194 - Plasmafiltration-Adsorption-Dialysis System.pdf
	Chapter 195 - Extracorporeal Membrane Oxygenation for Cardiac Support.pdf
	Chapter 196 - Extracorporeal Membrane Oxygenation for Pulmonary Support.pdf
	Chapter 197 - Cell-Based Therapies.pdf
	Chapter 198 - Cellular and Molecular Mechanisms of Acute Kidney Injury.pdf
	Chapter 199 - Epidemiology of Pediatric Acute Kidney Injury.pdf
	Chapter 200 - Treatment of Acute Kidney Injury in Children_ Conservative Management to Renal Replacement Therapy.pdf
	Chapter 201 - Technical Aspects of Pediatric Continuous Renal Replacement Therapy.pdf
	Chapter 202 - Multiple Organ Dysfunction in the Pediatric Intensive Care Unit.pdf
	Chapter 203 - Drug Dosing in Pediatric Acute Kidney Insufficiency and Renal Replacement Therapy.pdf
	Chapter 204 - Nutrition of Critically Ill Children With Acute Renal Failure.pdf
	Chapter 205 - Outcome of Pediatric Acute Kidney Injury.pdf
	Chapter 206 - Renal Replacement Therapy for the Critically Ill Infant.pdf
	Chapter 207 - Neonatal Hyperammonemia and Continuous Renal Replacement Therapy.pdf
	Chapter 208 - Modified Ultrafiltration in Pediatric Heart Surgery.pdf
	Chapter 209 - Techniques and Machines for Pediatric Renal Replacement Therapy.pdf
	Chapter 210 - Antibiotics in Critically Ill Newborns and Children_ Nephrotoxicity and Management During Renal Replacement Therapy.pdf
	Chapter 211 - Patient Selection and Pretransplantation Care for Kidney Transplant Recipients.pdf
	Chapter 212 - Kidney Support and Perioperative Care in Kidney Transplantation.pdf
	Chapter 213 - Acute Renal Failure in Kidney Transplant Recipients.pdf
	Chapter 214 - Management of Chronic Kidney Disease and End-Stage Kidney Disease Patients in the Intensive Care Unit.pdf
	Chapter 215 - Management of Patients with Diabetes in the Intensive Care Unit.pdf
	Chapter 216 - Diagnosis and Management of Acute Kidney Injury in the Emergency Department.pdf
	Chapter 217 - Anticancer Drugs and the Kidney.pdf
	Chapter 218 - Antiinflammatory Drugs and the Kidney.pdf
	Chapter 219 - Calcineurin Inhibitors and Other Immunosuppressive Drugs and the Kidney.pdf
	Chapter 220 - Alternative Medicine and Chinese Herbs and the Kidney.pdf
	Chapter 221 - Environment, Smoking, Obesity, and the Kidney.pdf
	Chapter 222 - Lead and Heavy Metals and the Kidney.pdf
	Chapter 223 - Statins and the Kidney.pdf
	Chapter 224 - Erythropoietin Therapy in Critically Ill and Acute Kidney Injury Patients.pdf
	Chapter 225 - Vasoactive Drugs, Renal Function, and Acute Kidney Injury.pdf
	Chapter 226 - End Points for Clinical Trials in Acute Kidney Injury.pdf
	Chapter 227 - Hypothermia and the Kidney.pdf
	Chapter 228 - Renin-Angiotensin System Blockers and Acute Kidney Injury.pdf

