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§ When to start dialysis
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§ How to prescribe dialysis in AKI
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fiscal year (2014–2015). The identical approach was used to
identify children with dialysis-receiving AKI during pre-
vious study years.
Baseline characteristics of children with dialysis-

receiving AKI stratified by the designated time periods
is described in Table 1. The median age at dialysis
initiation among children consistently decreased over
time and was 3 years (IQR, 0–13) during 2010–2015
compared with 13 years (IQR, 6–16) during 1996–2001.
The relative proportion of children with cardiac surgery
associated AKI and the receipt of mechanical ventilation
and ECMO increased over time, whereas the proportion
of children with concomitant sepsis has remained some-
what stable over the past decade. Supplemental Table 4
shows the reasons for the most responsible diagnosis
leading to index hospitalization.

Incidence of Dialysis-Receiving AKI Among Children
The incidence of AKI-D among 2,363,053 hospitalized

children between 1996 and 2015 was 0.59 per 1000 person-
years. There was a significant change in the incidence of
dialysis-receiving AKI among children from 1996 (0.58 per
1000 person-years) to 2015 (0.65 per 1000 person-years)
(Cochran–Armitage test for trend, P=0.01). The incidence of
dialysis-receiving AKI peaked in the year 2000 (0.83 per
1000 person-years) and then stabilized (Figure 1). When
examined as a proportion of the total Ontario pediatric
population, there was a slight reduction in the incidence of
dialysis-receiving AKI from 0.03 per 1000 person-years in
1996 to 0.02 per 1000 person-years in 2015 (Cochran–Armitage
test for trend, P=0.02) (Supplemental Figure 2).

Trends in the Use of Various Dialysis Modalities for AKI
Among children, there was a relative decline in the use of

PD over years. HD and CKRT were more frequently
deployed as initial dialysis modalities for AKI in more
recent years (Figure 2).

Trends in the 30-Day Mortality after Dialysis-Receiving AKI
Among children with dialysis-receiving AKI, 30-day

mortality increased in the early 2000s compared with
1996–2001, but has stabilized around 20% in the past 10
years (Cochran–Armitage test, P=0.03) (Table 2). The
mortality rates differed on the basis of the dialysis modal-
ity. The relative proportion of deaths among children was
higher among those on CKRT (146 out of 393, 37%)
compared with those on HD or PD (Supplemental Table 5).

Exploratory Analysis on the Incidence of Dialysis-Receiving
AKI among Neonates
During the study period, 2,481,043 neonates were born,

and among them, 293,583 were hospitalized. Of the
hospitalized neonates, 225 experienced dialysis-receiving
AKI as defined using only acute dialysis codes (incidence
rate 9.38 per 1000 person-years). The incidence of dialysis-
receiving AKI was relatively stable from 1996 to 2005.
Thereafter, there was an increase in the number of cases
that peaked in 2010 and declined thereafter (Figure 3)
(Cochran–Armitage test for trend, P,0.001).
On defining dialysis-receiving AKI as those neonates

who had either an access code or an acute dialysis code
(n=531), the incidence rate of dialysis-receiving AKI was
22.13 per 1000 person-years. From the fiscal years 1996 and

Abbreviations: AKI, acute kidney injury; CI, confidence interval; IRR, incidence rate ratio. 
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Figure 1. | Incidence of dialysis-receiving AKI among hospitalized children (n=1394) between April 1, 1996 andMarch 31, 2015 in Ontario.
95% CI, 95% confidence interval; IRR, incidence rate ratio.
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number of cases, the total number of
inpatient deaths associated with dialysis-
requiring AKI more than doubled from
18,000 in 2000 to almost 39,000 in
2009.

In univariate logistic regression, the
odds of developing dialysis-requiring
AKI among all hospitalized patients
increased annually by 10.1% (odds ra-
tio [OR]=1.10, 95% CI=1.09–1.11,
P,0.001). Adjustment for demographics,
sepsis, acute heart failure, cardiac cathe-
terization, and mechanical ventilation
reduced the OR per year to 1.07 (95%
CI=1.06–1.07, P,0.001) (Table 1).
Therefore, changing demographics, in-
creased incidence of sepsis and acute
heart failure, or increased use of cardiac
catheterization and mechanical ventila-
tion accounted for about one third of
the increased risk of dialysis-requiring
AKI among hospitalized patients over

time. Similar results were observed in
all subgroups examined (Table 1).

In summary, we found that popula-
tion incidence of dialysis-requiring AKI
has increased rapidly at 10% annually
using a nationally representative sample
of hospitalizations. Our findings are con-
sistent with and extend on older studies
showing an increase indisease incidence in
the United States over time.7,8 There have
also been scattered reports of rising pop-
ulation incidence of AKI treatedwith renal
replacement in assorted regions around
the world.9 These prior studies did not
include more recent years, analyze impor-
tant subgroup differences, or explore po-
tential reasons for the temporal trend.

Using a nationally representative sam-
ple, we quantified the increased propen-
sity for dialysis-requiring AKI with age.

We found increased risk of dialysis-
requiring AKI among men. Prior studies

have reported men to have higher,4,5

same,10 or lower11 risk of AKI than
women. Across the spectrum of renal
disease, sex disparities are also not uni-
form. Men are more likely than women
to develop incident ESRD, but men do
not have higher prevalence of CKD than
women.12,13 Some animal models
showed that differences in sex hormone
production increase male susceptibility
to ischemic renal injury.14

We found that non-Hispanic blacks
haveahigher incidenceofdialysis-requiring
AKI compared with non-Hispanic
whites. Although racial–ethnic dispari-
ties in ESRD have been well estab-
lished,13 racial differences in AKI are
less well defined. Some4,5 but not all6

prior studies have shown that blacks are
at higher risk for AKI. Blacks do not seem
to have higher CKD prevalence than
whites.12 Recently discovered genetic

Figure 1. Population incidence of dialysis-requiring AKI in the United States from 2000 to 2009 (absolute count and incidence rate per
million person-years). I bars represent 95% CIs for incidence rates. The number of cases of dialysis-requiring AKI increased from 63,000 in
2000 to almost 164,000 in 2009; the population incidence increased at 10% per year from 222 to 533 cases/million person-years.

38 Journal of the American Society of Nephrology J Am Soc Nephrol 24: 37–42, 2013
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Trend in incidence in dialysis receiving AKI

§ From 2000 to 2009, the incidence of dialysis-
requiring AKI increased of 10% per year

§ The increase in incidence was evident in all age 
groups examined and in children the increase 
was 7% per year

§ There was a significant change in the incidence of 
dialysis-receiving AKI among children from 1996 
(0.58 per 1000 person-years) to 2015 (0.65 per 
1000 person-years) (Cochran–Armitage test for 
trend, P=0.01)

Hsu RK et al. J Am Soc Nephrol 24: 37–42, 2013 Chanchlani R. CJASN 14: 1288–1296, 2019 



Author Year of 
publication

Type of 
study

N of 
patients

Country Age Male sex Primary disease Dialysis 
modality

Setting Outcome
Survival

Bunchman TE10 2001 Single center
Retrospective

226 USA Newborn-216 mo
Mean 74±11.7 
mo

51% Congenital heart 
disease 21%
ATN 20%
Sepsis 17%
BMT 11%
Liver Tx 10%
TLS 7%
HUS 7%
Cardiac Tx 6%

CKRT 47%
HD 27%
PD 26%

PICU Overall 54%
CKRT 40%
PD 49%
HD 81%

Symons JM24

ppCRRT Registry
2007 Multicenter 

Prospective 
Observational

344 USA Newborn-25 yrs 58% Sepsis 23%
BMT 16%
Cardiac disease 
12%
Renal disease 9%

CKRT PICU 58%

Fleming GM32

ppCRRT Registry
2012 Multicenter

Prospective
Observational

50 USA Median 5.5 yrs
(IQR 0.25-14 yrs)

Not indicated IEM 42%
Drug toxicity 36%
TLS 22%

CKRT 
HD prior to CKRT 
9

PICU 78%

Kaddourah A4

AWARE
2017 Multicenter

Prospective
Observational

4984
AKI 1261 
AKI stage 2-3 
543 
KRT 73 (2%)

Asia
Australia
Europe
USA

Median 66 mo
(IQR 18.8-151.1)

55% Respiratory 38%
Surgical or trauma 
30%
Shock 24%

Not indicated PICU Overall 97%
AKI 93%
AKI stage 2-3 89% 
KRT 67%

Jetton JG43

AWAKEN
2017 Multicenter 

Retrospective
Observational

2022
AKI 605 
AKI stage 2-3 
324 
KRT 25 

Australia
Canada
India
USA

Gestational age: 
22 0/7->36 weeks

Overall 56%
AKI 57%

Reasons for NICU 
admission:
Prematurity 52%
Sepsis 50%
Respiratory failure 
46%

PD 9 pts
CKRT 4 pts
CKRT + ECMO 11 
pts
PD + CKRT 1 pt

NICU Overall 96%
No AKI 99%
AKI 90%
AKI stage 2-3 90%
KRT 76%

Chanchlani R9 2019 Retrospective
Population-
based cohort

1394 dialysis-
receiving AKI

Canada 29 days-18 yrs
Median
1996-2001 13 yrs
2002-2005 3 yrs
2006-2009 5 yrs
2010-2015 3 yrs

1996-2001 50%
2002-2005 51%
2006-2009 53%
2010-2015 57%

Not indicated HD 25%
PD 47%
CKRT 28%

Hospital Overall 81%
1996-2001 86%
2002-2005 76%
2006-2009 75%
2010-2015 81%



Indications to KRT
§ Hyperkaliemia 

§ serum potassium >6 mEq/l 
§ serum potassium >5.5 mEq/l persisting despite medical treatment

§ Acidosis 
§ pH<7.15 in a context of pure metabolic acidosis
§ pH<7.15 in a context of mixed acidosis with a PaCO2>50 mmHg without 

possibility of increasing alveolar ventilation
§ Oligo-anuria
§ Acute pulmonary edema due to fluid overload despite diuretic therapy leading to 

severe hypoxemia
§ Severe symptomatic uremia
§ Drug toxicities
§ Hyperammonemia/inborn errors of metabolism

KDIGO Guidelines

§ Initiate KRT emergently when life-
threatening changes in fluid, 
electrolyte, and acid-base balance exist

§ Consider the broader clinical context, 
the presence of conditions that can be 
modified with KRT, and trends of 
laboratory tests



For those patients with AKI but without 
indications for urgent dialysis should KRT 
be initiated early or should it be delayed?



Study Design 
(year)

Sample 
size

Early 
KRT

Delayed 
KRT

Type of patients Type of 
KRT

Dose of RRT Outcome

ELAIN Single center 
RCT (2016)

231 Within 8 
hours of 
KDIGO 2

Within 12 
hours of 
KDIGO 3 or
Specific 
indication

Medical ICU 6 %
Surgical ICU 94%

CKRT 30 mL/Kg/h 90 Day Mortality:
Early 39.3%
Delayed 54.7% 
(p=0.03)

AKIKI Multicenter
RCT (2016)

620 Within 6 
hours of 
KDIGO 3

Specific 
indicaion

Medical ICU 80%
Surgical ICU 20%

IHD/CKRT Not 
standardized

60 Day Mortality:
Early 48.5%
Delayed 49.7%
(p=0.79)

IDEAL-ICU Multicenter 
RCT (2018)

488 Within 12 
hours of 
RIFLE-F

After 48 
hours

Septic shock IHD/CKRT IHD 300-500 
ml/min
CRRT 25 
mL/kg/h

90 Day Mortality
Early 58%
Delayed 54% 
(p=0.38)

STARRT-AKI Multicenter 
RCT (2020)

2927 Within 12 
hours of 
KDIGO 2-3

After 72 
hours of 
KDIGO 2-3 or
Specific 
indication

Medical ICU 67%
Surgical ICU 33%

IHD/CKRT
/SLED

CRRT 23-33 
mL/kg/h

90 DAY Mortality:
Accelerated 43.9%
Standard 43.7%
(p=0-92)

AKIKI 2 Multicenter
RCT (2021)

278 Delayed 
RRT

More-
delayed RRT

Mixed 
medical/surgical 
ICU
Septic shock 46%

IHD/CKRT Not 
standardized

RRT-free days
Delayed 12 days
More-delayed 10 
days
60 Day Mortality
Delayed 44%
More-delayed 55%
(p=0.071)

Oliguria 
for more 
than 72 h 
or BUN> 
112 mg/dl

Mandatory 
indication or 
BUN >140 m
g/dl



AKI and KRT modality choice

Ronco C. Intensive Care Med (2015) 41:985–993

Consider:
§ Age/patient size
§ Primary disease
§ Comorbidities
§ Hemodynamic stability
§ Local expertise
§ Availability of dedicated 

devices



Dialysis modality

1997, the incidence of dialysis-receiving AKI among neo-
nates increased from 5.33 per 1000 person-years to 47.92
per 1000 person-years in 2005 and then declined and
stabilized at 20.35 per 1000 person-years in the year 2015
(Cochran–Armitage test for trend, P,0.001) (Supplemental
Figure 3).

Sensitivity Analyses
Among hospitalized children in whom dialysis-receiving

AKI was defined only on the basis of the presence of acute
dialysis codes (n=1249), the trend in dialysis-receiving
AKI was not statistically significant (Cochran–Armitage
test for trend, P=0.3) (Supplemental Figure 4). Similarly,
on analyzing a subset of hospitalized children who did
not have a cardiac surgery, there was a reduction in the
incidence of dialysis-receiving AKI (n=1030; Cochran–
Armitage test for trend, P,0.001) (Supplemental Figure 5).
Finally, when including AKI diagnosis codes in addition to

the acute dialysis codes to define dialysis-receiving AKI
among hospitalized children, there was a slight change in the
trend compared with the main analysis (n=455; Cochran–
Armitage test for trend, P,0.001) (Supplemental Figure 6).

Discussion
This comprehensive, population-wide study evaluated

the epidemiology of pediatric dialysis-receiving AKI over a
period spanning two decades. The incidence of dialysis-
receiving AKI has increased significantly among hospital-
ized neonates and children from 1996 to 2015. Our study

also shows the relative increase in the use of intermittent HD
and CKRT as the initial modality of dialysis for AKI among
children.Moreover, one fifth of children die within 30 days of
initiating dialysis for AKI and the short-term mortality after
dialysis-receiving AKI has increased significantly over time.
This is the only population-wide study examining the

trends in dialysis-receiving AKI among children and
represents the largest reported cohort of nonadults with
dialysis-receiving AKI. Using the Nationwide Inpatient
Sample database in the United States, Hsu et al. (16)
showed that the incidence of dialysis-receiving AKI among
children and adults increased by 10% per year (incidence
rate ratio, 1.10; 95% confidence interval, 1.10 to 1.11 per year)
from 2000 to 2009. Among children (0–19 years), the increase
was 7% per year. The authors identified dialysis-receiving
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Figure 2. | Relative utilization of various dialysis modalities for the management of dialysis-receiving AKI among hospitalized children in
Ontario between April 1, 1996 and March 31, 2015. CKRT, continuous kidney replacement therapy; HD, hemodialysis; PD, peritoneal
dialysis.

Table 2. 30-Day mortality after dialysis-receiving AKI among
children in Ontario between April 1, 1996 and March 31, 2015

Years N
Deaths

n % (95% Confidence Interval)

1996–2001 502 69 14 (11 to 17)
2002–2005 269 64 24 (19 to 29)
2006–2009 248 61 25 (20 to 30)
2010–2015 375 71 19 (15 to 23)

Total 1394 265 19 (17 to 21)

N, number of children; n, number of deaths.

1292 CJASN

Chanchlani R. CJASN 14: 1288–1296, 2019 Tain YL. Scientific reports 2021;11: 11887



AKI – Dialysis modality

EurAKId Registry Guzzo I. NDT 2021; doi: 10.1093/ndt/gfab280



EurAKId Registry

AKI – Dialysis setting

Guzzo I. NDT 2021; doi: 10.1093/ndt/gfab280



AKI - dialysis modality according to age

EurAKId Registry

Awaken
25 KRT
PD 9 pts
CKRT 4 pts
CKRT + ECMO 11 pts
PD + CKRT 1 pt

62%

Guzzo I. NDT 2021; doi: 10.1093/ndt/gfab280



AKI - dialysis modality according to 
primary disease

EurAKId Registry Guzzo I. NDT 2021; doi: 10.1093/ndt/gfab280



Availability of KRT in AKI

Raina R. PLoS ONE 2017; 12(5): e0178233
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Peritoneal dialysis in AKI
Advantages
§ Less pro-inflammatory and more physiological than EC treatments
§ Safe in case of hemodynamic instability
§ No need for vascular access
§ No need for anticoagulation
§ No need for PICU environment
§ Glucose containing PD solutions are a source of glucose/calories 
§ Easy, no particular technical skill required
§ Inexpensive

de Galasso L. Ped Nephrol 2020;35(5):753-765



Peritoneal dialysis in AKI

Disadvantages

§ Unpredictable UF 

§ Less effective in solutes removal than HD or CKRT 
§ Possible development of hyperglycemia
§ Intact peritoneal cavity required 
§ Consider the possible worsening of respiratory failure 
§ High nursing workload 

de Galasso L. Ped Nephrol 2020;35(5):753-765



PD favourite modality
§ In low birth-weight babies to avoid difficulties with the vascular access  

§ Post cardiac surgery in small babies

§ Presence of bleeding diatheses which contraindicate the placement of 
large central venous catheters

§ Cardiovascular instability in small babies where specialized paediatric CKRT 
equipment is not readily available to allow for low extracorporeal blood 
volumes

Nourse P. et al. PDI 2021; 41 (2): 139-157



PD catheters
§ Surgically placed catheters

§ Laparoscopic or open technique

§ Catheters placed by Seldinger technique
§ With a guidewire and a peel-away sheath, under local anesthesia at the bedside

§ Interventional radiological placement
§ Combining ultrasound and fluoroscopy

§ Rigid stylet insertion PD catheters
§ Not advised to be used beyond 2-3 days

Nourse P. et al. PDI 2021; 41 (2): 139-157



in the operating theatre can serve as a catheter for dialysis.
These have been very effective, although no formal com-
parative data are available. It should be noted that none of
these options are recommended as first line; however, they
have been shown to be life-saving and so it is suggested that
they be used if no other option exists.43,44 In a study from
Esezobor et al. in Nigeria, intercostal chest drains were
used in 14 of 17 children requiring PD for treatment of
AKI, with complications of blockage of catheters and peri-
tonitis occurring in 4 (23.5%) and 2 (11.8%) patients,

respectively. Resolution of AKI and discharge from the
hospital occurred in 8 (47.1%) of the cases.43

Available acute PD catheters. Please see Table 1 for the range
of PD catheter available for children of different sizes for
acute PD. There are a range of Tenckhoff PD catheters,
with differences in the configuration of the intraperitoneal
portion (straight or coiled). The number and type of cuffs
also varies, and catheters may have a single, dual or disc
ball cuffs. Until further data are available, relating

Table 1. Peritoneal dialysis catheters and delivery systems.

Seldinger insertion technique – soft catheters

1. Cook catheters
! Cook multipurpose drainage pigtail catheters

Fuhrman drainage catheters – Pigtail catheter with 6 side ports and 15 cm length.
Set comes with an 18 gauge needle 5 cm length with a dilator and guidewire for Seldinger technique.

Catheter size Age Pigtail catheters less likely to obstruct

5 Fr Premature infant Obstructs easily as small drainage holes
6 Fr Neonate Obstructs easily as small drainage holes
8.5 Fr 1 month to 1 year Most frequently used, even in neonates
10.2 Fr 6 months to 2 years
12 Fr 1 year to 5 years

! Peritoneal dialysis straight catheter
Straight, soft catheter; 8 Fr; 5 cm length
! Peritoneal lavage straight catheter

Straight, firm catheter; 9 Fr with 90 side ports; 20 cm length
2. Arrow multipurpose cavity drainage catheter
Curled catheter, multiple large drainage holes

Seldinger insertion technique – with peel away sheath Tenckhoff technology
! Kits (Kimal/Covidien/Medcomp/Cook/KWay) primarily 16 Fr sheath. Different lengths are available depending on the size of the

child.
! Tenckhoff catheters used can be straight or curled, double or single cuff and can be used tunnelled or non-tunnelled.

Tenckhoff catheter size 15 Fr approx. guide Age

31–32 cm <6 months
37–38 cm 6 months to 5 years
40–42 cm Older than 5 years

Rigid stylet PD catheter (Stick catheter) – inserted via a sharp removable trochar device
Peritocath/Romsons which protrudes at right angle to abdomen if patient in a supine position; easy dislodgement.
Manual PD delivery systems
Buretrols are very important in these delivery systems to measure fill and drain volumes accurately.
Commercially available systems:
! Fresenius PD paeds system
! Baxter systems
! Dialy-Nate system/Gesco Dialy-Nate (Utah Medical Products, Midvale, Utah, USA); older children

These are generally used for infants under 3 kg (ideally < 5 kg). Where commercially available systems are not available then improvised
systems should be used.

Automated peritoneal dialysis machines
Commercially available systems:
! Homechoice Pro. This machine can be programmed to a fill volume of 60 ml.
! Fresenius sleep safe harmony device. This machine can be programmed down to a fill volume of 25 ml.

It is generally not recommended that a fill volume of less than 100 ml be used because of the dead-space involved which could
compromise dialysis efficiency.

144 Peritoneal Dialysis International 41(2)
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Cook Multipurpose Drainage catheter

PD catheters

Nourse P. et al. PDI 2021; 41 (2): 139-157





PD Prescription
§ Low fill volume 10-20 ml/kg (300-600 ml/m2), gradually increased to 

30-40 ml/kg (800-1100 ml/m2)
§ Dwell times 30-60 min (shorter in neonates and infants)
§ Total cycle 60-90 min. Fill 5-10 min, dwell 30-60 min, drain 10-20 min
§ Start with PD solution with dextrose concentration of 2.5%, increase 

it if more efficient ultrafiltration is required
§ Add heparin to PD solution 500IU/l
§ Check daily for electrolytes and add sodium and potassium to PD 

fluid if required
§ Perform leukocyte count daily for peritonitis surveillance



Itermittent hemodialysis
Advantages

§ Rapid rate of solute removal

§ Rapid rate of ultrafiltration

§ In selected cases may be performed without anticoagulation

§ No need for PICU environment

§ Allows down-times for diagnostic and therapeutic procedures

de Galasso L. Ped Nephrol 2020;35(5):753-765



Itermittent hemodialysis
Disadvantages

§ Hemodynamic stability required

§ Need for a well-functioning vascular access

§ Need for anticoagulation

§ Fluid restriction required, limiting the amount of daily nutrition

§ Need for experienced and trained nurses

de Galasso L. Ped Nephrol 2020;35(5):753-765



Vascular access

compromised if acute access is placed in a subclavian vein.
Clinicians must therefore consider the potential long-term
vascular needs of patients who may be expected to develop
CKD, especially children who have demonstrated excellent
long-term survival with CKD and ESRD.688

Analysis of a pediatric database (1989–1999) showed
that surgically placed Tenckhoff catheters for PD induce
less complications than more stiff percutaneously placed

catheters.689 A more recent retrospective analysis with
historical controls reports that, compared to the surgically
placed Tenckhoff catheter, using a more flexible catheter for
percutaneous insertion may achieve a comparable catheter
survival and complication rate.690

RESEARCH RECOMMENDATIONS
K Determine whether the initial use of a tunneled vs.

nontunneled catheter for RRT in AKI patients results in a
beneficial effect on catheter function and catheter-related
complications, including infections and number of
additional access procedures.

K Develop better means of predicting the need for long-
term access and better methods to select access site in
individual patients by balancing various risks and
benefits.

SUPPLEMENTARY MATERIAL
Supplementary Table 33: Summary table of RCTs examining the effect
of access placement with tunneled versus non-tunneled catheters on
AKI.
Supplementary Table 34: Summary table of RCTs examining the effect
of jugular vs. femoral access placement on AKI.
Supplementary material is linked to the online version of the paper at
http://www.kdigo.org/clinical_practice_guidelines/AKI.php

Table 20 | Catheter and patient sizes

Patient size Catheter size Site of insertion

Neonate Double-lumen 7F Femoral artery or
vein

3–6 kg Double- or triple-lumen 7F Jugular, subclavian,
or femoral

6–30 kg Double-lumen 8F Jugular, subclavian,
or femoral

415 kg Double-lumen 9F Jugular, subclavian,
or femoral

430 kg Double-lumen 10F or
triple-lumen 12F

Jugular, subclavian,
or femoral

Reprinted from Bunchman TE, Brophy PD, Goldstein SL. Technical considerations for
renal replacement therapy in children. Semin Nephrol 2008; 28: 488–492 687, copyright
2008, with permission from Elsevier; accessed http://www.seminarsinnephrology.org/
article/S0270-9295(08)00117-4/fulltext

104 Kidney International Supplements (2012) 2, 89–115

c h a p t e r 5 . 4

KDIGO Clinical Practice Guidelines for Acute Kidney Injury



IHD prescription
§ The dialyzer surface area should be between 75 and 100% of the 

patient’s total body surface area
§ Consider bloodline priming when the EC circuit volume exceeds 10% of 

the child’s blood volume
§ Blood flow 5-8 ml/Kg/min
§ Dialysate flow 300-500 ml/min
§ Length of the session tailored in order to obtain urea reduction rate of 

30% for the first session (up to 70% in the following days)
§ Weight loss should not exceed 5% of the patient’s body weight
§ Heparin initial bolus 20-30 UI/kg followed by continuous infusion of 10-

20 UI/kg/h

de Galasso L. Ped Nephrol 2020;35(5):753-765



CKRT in AKI

Advantages

§ Safe in case of hemodynamic instability

§ Allows the correction of electrolytes imbalance and acidosis

§ Efficient in solute removal

§ Allows for gradual fluid removal

§ Treatment can be individualized to the specific clinical condition

de Galasso L. Ped Nephrol 2020;35(5):753-765



CKRT in AKI
Disadvantages

§ PICU environment required

§ Need for well-functioning vascular access

§ Need for anticoagulation

§ Experienced and trained nurses are required

§ Technically challenging in neonates and small infants

§ Costs

de Galasso L. Ped Nephrol 2020;35(5):753-765



CKRT Prescription

§ Consider bloodline priming when the EC circuit volume exceeds 10% of 
the child’s blood volume

§ Blood flow 3-10 ml/Kg/min in neonates, 5 ml/kg/min in infants and 
100-150 ml/min in older children and adolescents

§ Dialysate and/or replacement flow to deliver the recommended dose 
of 2 l/h/1.73 m2

§ Add ultrafiltration when the patient is stable, 1-2 ml/kg/h
§ Prefer citrate anticoagulation

de Galasso L. Ped Nephrol 2020;35(5):753-765



Prescription dynamic and individualized

 Bagshaw/Chakravarthi/Ricci/Tolwani/
Neri/De Rosa/Kellum/Ronco 

Blood Purif 2016;42:238–247
DOI: 10.1159/000448507
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 Context 
 The clearance of low molecular weight solutes during 

CRRT closely approximates total effluent flow. An efflu-
ent volume of 20–25 ml/kg/h is recognized as an accepted 
dose of CRRT in critically ill patients with AKI and rep-
resents urea clearance  [4, 6, 7] . The prescription and de-
livery of CRRT dose affects other aspects of medical man-
agement, including correction of electrolyte and acid–
base imbalance, volume control and clearance of other 
solutes and medications. Clearance of solutes such as cre-
atinine, potassium, phosphate, sodium, uric acid and am-
monia may be initially indicated based on the desired tar-
get level for the solute. However, a higher dose than 20–25 
ml/kg/h may be indicated if the target level of a specific 
solute cannot be achieved. Similarly, a higher dose of 
CRRT may be required to maintain the acid–base homeo-
stasis or to correct evolving acid–base disturbances. 
While the default initial CRRT dose recommendation of 
20–25 ml/kg/h applies to the majority of critically ill pa-
tients, the CRRT prescription may need individualization 

and iterative reassessment with appropriate adjustments 
to achieve adequate fluid, electrolyte and metabolic bal-
ance (fig. 2).

  CRRT delivered dose can also result in the clearance of 
unintended solutes, potentially contributing adverse 
events. CRRT can cause significant electrolyte derange-
ments due to removal of solute from the blood without 
adequate replacement  [17, 18] . Both hypophosphatemia 
and hypokalemia frequently complicate prolonged treat-
ment. While initial phosphate removal may be indicated 
to achieve a biochemical target, continued removal can 
result in hypophosphatemia  [6, 7, 19, 20] . Hypophospha-
temia has been associated with respiratory muscle weak-
ness, delayed ventilator weaning, myocardial dysfunction 
and rhabdomyolysis, as well as with other complications. 
Analogously, initial potassium removal may be indicated 
but continued removal can predispose to hypokalemia 
and cardiac dysrhythmias.

  CRRT dose may also impact nutritional parameters 
and vital medication dosing. Since the CRRT readily 
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  Fig. 2.  Precision CRRT delivery. CRRT dose should be dynamic 
and adapted to changes in acuity, physiology and metabolic profile 
of critically ill patients. For example, patient A has pneumonia and 
oliguric AKI. The CRRT dose is increased from the default of 
20 –35 ml/kg/h after 24 h due to the development of a hypercata-
bolic state characterized by sepsis and increasing serum urea con-
centration. The next day, the patient’s condition improves and urea 
control is achieved. The CRRT dose can now be reverted to 20 ml/
kg/h. By day 3, the patient receives nutritional support which con-
tributes to increasing serum urea concentrations at a CRRT dose of 
20 ml/kg/h. This would again require dose modification. Alterna-

tively, patient C has diuretic-resistant congestive heart failure and 
fluid overload. Following initial CRRT prescription primarily for 
fluid removal, solute clearance exceeds demand due to residual kid-
ney function. Accordingly, the patient’s CRRT dose is reduced to 
15 ml/kg/h. By day 2, the patient’s urine output decreases and se-
rum urea concentration increases. In this circumstance, the pre-
scribed CRRT dose can be increased to achieve the new solute con-
trol target. Finally, patient B is critically ill and is admitted to ICU 
following surgery. This patient achieves steady state solute control 
without the need for modification with the default CRRT dose of 
20–25 ml/kg/h. Reprinted with permission from www.ADQI.org. 

Bagshaw SM. Blood Purif 2016;42:238–247 
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CKRT in neonates and infants
CARPEDIEM
CArdio Renal PEDIatric Emergency Machine

NIDUS
Newcastle Infant Dialysis
and Ultrafiltration System

AQUADEX



Hemofilters 
Hemofilter Priming 

volume (ml)
Surface 

area (m2)
Membrane Manufacturer System 

Prismaflex
HF20

60 0.2 Polyarylethersulfone Baxter Prismaflex

Prismaflex
ST60 set

93 0.6 AN69 ST Baxter Prismaflex

Prismaflex
ST100 set

152 1 AN69 ST Baxter Prismaflex

Ultraflux
AVpaed

18 + luer-lock 

dialysate and 
filtrate ports + lines

0.2 Polysulfone Fresenius Multifiltrate

Ultraflux
AV400S

52 + lines 0.75 Polysulfone Fresenius Multifiltrate

HCD 0075 27 0.075 Polysulfone Medtronic CARPEDIEM

HCD 015 33 0.15 Polyethersulfone Medtronic CARPEDIEM

HCD 025 41 0.25 Polyethersulfone Medtronic CARPEDIEM



Treatment option in AKI patients can only 
result in a benefit if the right patient is 
chosen for an appropriate indication and 
appropriate treatment 
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Figure 2. Classic approach in large studies on AKI and RRT in critically ill patients: selecting a single variable as target. 

4. AKI and Dialysis in the Context of Multiple Organ Failure: The Nephrologist’s At-
tempt at Explanation 

In order to find an explanation to why mortality in patients with AKI requiring RRT 
may be still quite high, sepsis with multiple organ failure shall be illustrated within a 
metaphor. Imagine a tree: the trunk is the sepsis, the individual organ failure (kidney, 
liver, circulation, respiration, etc.) constitutes the larger branches. Many above-mentioned 
studies were investigating whether trimming a tree with scissors from the left or the right 
side would have an influence on the survival of the whole tree in the case of a severely ill 
trunk. It is clear to everyone: whether the branch of a tree with ill trunk is “treated” with 
scissors from the left or the right side will have little or even no influence on the survival 
of the entire tree, as long as the action carried out neither leads to healing the trunk nor 
vice versa, damaging the tree further. 

Applied to renal replacement therapy and its influence on the mortality of critically 
ill patients, this means: a bleeding complication, e.g., under heparin, can negatively affect 
mortality. In contrast, the influence of renal replacement therapy on the outcome seems 
to be rather small, apart from life threatening complications of AKI.  

Therefore, has kidney replacement therapy really exerted any influence on the un-
derlying disease or its course and, thus, the outcome? Looking again at the picture of the 
tree: if a branch of a tree suffers from a disease, it is ideally treated as specifically as pos-
sible. Lice are treated in a different manner than a fungal attack—both diseases ultimately 
have different effects on the entire tree. 

Looking at AKI, this means that dialysis should be directed towards the leading com-
plication of kidney failure with focus on its treatment, as shown in Figure 3.  
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4. AKI and Dialysis in the Context of Multiple Organ Failure: The Nephrologist’s
Attempt at Explanation

In order to find an explanation to why mortality in patients with AKI requiring RRT
may be still quite high, sepsis with multiple organ failure shall be illustrated within a
metaphor. Imagine a tree: the trunk is the sepsis, the individual organ failure (kidney,
liver, circulation, respiration, etc.) constitutes the larger branches. Many above-mentioned
studies were investigating whether trimming a tree with scissors from the left or the right
side would have an influence on the survival of the whole tree in the case of a severely ill
trunk. It is clear to everyone: whether the branch of a tree with ill trunk is “treated” with
scissors from the left or the right side will have little or even no influence on the survival of
the entire tree, as long as the action carried out neither leads to healing the trunk nor vice
versa, damaging the tree further.

Applied to renal replacement therapy and its influence on the mortality of critically ill
patients, this means: a bleeding complication, e.g., under heparin, can negatively affect
mortality. In contrast, the influence of renal replacement therapy on the outcome seems to
be rather small, apart from life threatening complications of AKI.

Therefore, has kidney replacement therapy really exerted any influence on the under-
lying disease or its course and, thus, the outcome? Looking again at the picture of the tree:
if a branch of a tree suffers from a disease, it is ideally treated as specifically as possible.
Lice are treated in a different manner than a fungal attack—both diseases ultimately have
different effects on the entire tree.

Looking at AKI, this means that dialysis should be directed towards the leading
complication of kidney failure with focus on its treatment, as shown in Figure 3.

Consequently, besides avoiding death from complications of kidney failure, such a
focused dialysis has the greatest benefit for the rest of the body as well. For example, in the
case of hypervolemia kidney replacement therapy should be targeted accordingly. Thus,
ultrafiltration is of central importance, since hypervolemia threatens the entire organism.
At the same time, ultrafiltration can negatively influence the patient’s circulation. Therefore,
CRRT would be advantageous. In contrast, parameters such as the dialysate flow or the
choice of the filter have no influence on hypervolemia and, therefore, will not have any
impact on the patient’s survival.

Klingele M. J. Clin Med 2021, 10, 3379
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replacement therapy can have an influence on survival or not is hyperkalemia: in this in-
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inated over time. In the case of a patient having stable circulation, an IHD can even be 
more advantageous compared to CRRT, due to the possible high dialysate volumes in 
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These two examples demonstrate that renal replacement therapy can only be effec-
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of dialysis. With such an individually customized approach a positive influence of renal 
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influence of renal replacement therapy on outcome in critically ill patients with AKI, es-
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ment therapy on outcome—from a nephrological point of view—is only possible by an 
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Another example to explain why in different situations different parameters of renal
replacement therapy can have an influence on survival or not is hyperkalemia: in this
indication ultrafiltration has no impact on elimination of potassium. Instead, dialysate
flow is of central interest, since the higher the dialysate flow, the more potassium can be
eliminated over time. In the case of a patient having stable circulation, an IHD can even be
more advantageous compared to CRRT, due to the possible high dialysate volumes in IHD.

These two examples demonstrate that renal replacement therapy can only be effective
if all parameters relevant for dialysis are adjusted to the target, the central indication of
dialysis. With such an individually customized approach a positive influence of renal
replacement therapy on the outcome could be conceivable. This has been demonstrated in
a well selected population, such as burn patients with severe septic shock and AKI: the
use of plasma sorbent technology has shown a positive impact on mortality compared to
standard CRRT treatment [30].

Unfortunately, the majority of studies were carried out on the basis of a heterogeneous
patient population, with different indications for dialysis and also heterogeneous dialysis
parameters. This may explain why these studies have not shown any significant influence
of renal replacement therapy on outcome in critically ill patients with AKI, especially when
comparing a single parameter, e.g., early versus late start of dialysis or high versus low
dialysate flow, comparable to what has been described by Vincent [29].

Therefore, the expected positive influence of an individually tailored renal replace-
ment therapy on outcome—from a nephrological point of view—is only possible by an
individually customized, case by case approach. The first step then focuses on why, or
with what target, dialysis should be started. The second step regards the demands on
the parameters of dialysis, e.g., dialysate flow or ultrafiltration, which are essential to
actually reach the initially defined target by dialysis. Thirdly, the defined parameters have
to be individually tailored to the patient, maybe even adjusted over time according to the
patient’s progress. This individualized approach reflects the role of a nephrologist in a
multidisciplinary team related to their competence in the management of AKI including
extracorporeal treatment options [31]. Moreover, a nephrologist provides experience for
critically ill patients with complex diagnoses and AKI and ideally supports the education
in this field to help to assess quality and improve care [32].

Klingele M. J. Clin Med 2021, 10, 3379
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