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Agenda

 When to start RRT in neonates with AKI?
* How to choose the suitable technique?

e What about the outcome?
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Neonatal Acute Kidney Injury: A Survey of
Neonatologists’ and Nephrologists’ Perceptions

and Practice Management Am ] Perinatol. ,2017
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Three hundred and seventy-five physicians

(244 neonatologists and 131 pediatric nephrologists).



Table 5 Factors considered important by clinicians in neonatal renal dialysis

Very important Somewhat important Not very important Irrelevant p-Value
Peak SCr
Neonatologist (%) 49 44 5 2 I 0.00005 |
Nephrologist (%) 25 45 25 5 |
Duration/[Elevation of SCr
Neonatologist (%) 62 34 2 2 0.03
Nephrologist (%) 48 41 1 ] ||
Presence/Duration oliguria
Neonatologist (%) 76 23 0.5 05 0.55
Nephrologist (%) 84 15 ] ||
Elevated BUN
Neonatologist (%) 25 51 21 4 057
Nephrologist (%) 30 53 14
Elevated potassium
Neonatologist (%) 84 15 1 0 0.77
Nephrologist (%) 84 13 3 0
Metabolic acidosis
Neonatologist (%) 47 45 2 ’l 0.15
Nephrologist (%) 63 33 4 0
Size of infant
Neonatologist (%) 48 37 14 1 0.81
Nephrologist (%) 43 42 13 2
Fluid overload
Neonatologist (%) 58 37 5 0 m
Nephrologist (%) 93 6 1 0




An important finding of this survey was that _

_Furthermore, the degree of fluid

overload has been shown to adversely impact outcomes. At this time,

little is known about the impact of fluid overload on outcomes in
neonates, and further study is warranted to wunderstand its

contribution to outcomes and as a therapeutic target.



Agenda

* When to start RRT in neonates with AKI?



Indications for RRT in AKI

Fluid overload = 10-15 percent

Non-obstructive oliguria not responsive to diuretics

Uremic organ involvement (pericarditis, encephalopathy)

Escalating ventilatory requirements, especially if related to volume status
Overdose with a dialyzable drug

Need for adequate nutrition, especially when compromised by fluid
restriction or electrolyte abnormalities

Need for provision of large volumes of medications or blood products in a
patient already >10 percent fluid overloaded

BUN 80-100 mg/dL (lower than children due to muscle mass)

Life-threatening metabolic derangements refractory to medical
management (hyperkalemia, acidosis, dysnatremia or hyperammonemia).

Refractory edema not responding to high-dose diuretics.
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NEPHROLOGY AND
FLUID/ELECTROLYTE
PHYSIOLOGY

Neonatology Questions and Controversies

The indications to initiate RRT are not absolute and take into consideration:
* The cause of kidney injury

* The rapidity of the onset of kidney injury

* The severity of fluid and electrolyte abnormalities

e The nutritional needs of the neonate



Table 1. STARZ sconng model

R E P Q R T S - Kidney International Reports (2022) 7, 2108-2111 + RESEARCH LETTER

KIRopcris ong

STARZ Neonatal AKI Risk Stratification
Cut-off Scores for Severe AKI and Need
for Dialysis in Neonates

Wy Craeos for poiaies,

Sidharth Kumar Sethi™’, Rupesh Raina™, Sanjay Wazir', Gopal Agravwal”,
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Voriables
Age of eniry in NICU (hs)

PPV in the delivery room
Gestofional oge (wks)
Sepsis (during the NICU shoy)
Significant cordioc disagse
Urine outpuf” (mikg/m)
Seum creatining” (mg/di)
Use of nephroboxdc drugs

Use of furosemide

Usa of inotropes

<55
=755

=132
=132
=098
<098
Yes

ERERE

nmcqcucmé

—
=

O =i O

20

STARZ model
(0-100)

A value of =31.5
indicates greater
probability of
AKI incidence
within 7 days
post NICU
admission




To summarize, we found the following cut-offs for neonatal AKI prediction:

 STARZ score > 31.5 predicts high probability of.

* STARZ score > 59 predicts high probability of_

* STARZ score > 66 predicts high probability of_




Agenda

* How to choose the suitable technique?



Solute removal

Fluid removal

Toxin removal

Removal of potassium
Removal of ammonia
Need for hemodynamic stability
MNeed for anticoagulation
Ease of access
Continuous

Respiratory compromise
Risk for peritonitis

Risk for hypotension
Disequilibrium

Reverse osmosis water

PD
Good
Good
Fair
Fair
Fair
No
No
Easy
Yes
Occasional
Yes

Low

HD

Excellent
Excellent
Excellent
Excellent

Excellent

Yes

Yes
Variable
No

No

No
High
Yes

Yes

CVVH or CVVHD
Fair (excellent)
Excellent (excellent)
Fair (good)

Fair (good)

Fair (good)

No (no)

Variable (variable)
Variable (variable)
Yes (yes)

No (no)

No (no)

High (high)

No (no)

No (no)



Dialysis modality in AKI

Variable PD IHD CRET
Continuous therapy Yes No Yes
Hemodynamic stability Yes No Yes
Fluid balance achieved Yes/MNo, Cycle dependent Yes/MNo, Intermittent Yes, pump controlled
Ease of use Yes Mo No
Adequate nutrition delivery variable variable Yes
Solute control Yes Yes Yes
Ultrafiltration control ‘m Yes Yes
Anticoagulation @ Yes Yes
Acute ingestion removal Mo Yes Variable
Continuous toxin removal Variable No Yes
1CU nursing needs @ Hig High
Patient mobility MNo @ No

| Cost (Low) High High
Vascular access need @ Yes Yes
Infection potential Yes Yes Yes
Use in inborn-errors of metabolism No Yes Yes




PD
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1.1 Perifoneal dialysis 1is a suitable renal replacement therapy modality for treatment of acute kidney injury in children.
(10)

. Access and fluid delivery for acute PD in children.

2.1 We recommend a Tenckhoff catheter inserted by a surgeon in the operating theatre as the optimal choice for PD
access. (1B) (optimal)

2.2 Insertion of a PD catheter with an insertion kit and using Seldinger technique is an acceptable alternative. (1C)
(optimal)

2.3 Interventional radiological placement of PD catheters combining ultrasound and fluoroscopy is an acceptable
alternative. (1D) (optimal)

2.4 Rigid catheters placed using a stylet should only be used when soft Seldinger catheters are not available, with the
duration of use limited fo <3 days to minimize the risk of complications. (1C) (minimum standard)

2.5 Improvised PD catheters should only be used when no standard PD access is available. (practice point) (minimum
standard)

2.6 We recommend the use of prophylactic antibiotics prior to PD catheter insertion. (1B) (optimal)

2.7 A closed delivery system with a Y connection should be used. (1A) (optimal) A system utilizing buretrols to
measure fill and drainage volumes should be used when performing manual PD in small children. (practice point)
(optimal)

2.8 Inresource limited settings, an open system with spiking of bags may be used; however, this should be designed to
limit the number of potential sites for contamination and ensure precise measurement of fill and drainage volumes.
(practice point) (minimum standard)

2.9 Automated perifoneal dialysis is suitable for the management of paediatric AKI, except in neonates for whom fill
volumes are too small for currently available machines. (1D)






4. Prescription of acute PD 1in paediatric patients

4.1 The imtial fill volume should be limited to 10-20 ml’kg to minimize the risk of dialysate leakage; a gradual
increase in the volume to approximately 30—40 ml/’kg (800-1100 ml/m?) may occur as tolerated by the patient.
(practice point)

4.2 The initial exchange duration, including inflow, dwell and drain times, should generally be every 60-90 min;
gradual prolongation of the dwell time can occur as fluid and solute removal fargets are achieved. In neonates and
small infants, the cycle duration may need to be reduced to achieve adequate ultrafiltration. (practice point)

4.3 Close monitoring of total fluid intake and output is mandatory with a goal to achieve and maintain normotension
and euvolemia. (1B)

4.4 Acute PD should be continuous throughout the full 24-h period for the initial -3 days of therapy. (1C)

4.5 Close moniforing of drug dosages and levels, where available, should be conducted when providing acute PD.
(practice point)
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PRINCIPLES oF
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Prescription:

* Fill volume 5-10 mL/kg body weight then gradually increased as
needed.

e Use commercially available 1.5% or 4.25% glucose solutions
warmed to body temperature.



Table 59.2 Composition of a Typical Commercially Available PD Fluid

OSMOTIC AGENTS

Dextrose 1.5-4.25 g/dL
Icodextrin 7.5 g/dL

Amino acids 1.1 g/dL
ELECTROLYTES

Sodium 135 mmol/L
Calcium 1.25 mmol/L
Magnesium 0.25-0.75 mmol/L
Chloride 96—-109 mmol/L
BUFFER

Lactate 35—-40 mmol/L
Bicarbonate 25 mmol/L
Lactate/bicarbonate 30—40 mmol/L

*The dialysis fluid is generally composed of an osmotic agent, a buffer, and electrolytes. These
components can be modified to affect blood purification and fluid removal via ultrafiltration.

PD, Peritoneal dialysis.







Relative contraindications:

* recent abdominal surgery
* massive organomegaly

* intraabdominal masses

e Ostomies

PRINCPLES s G
NEUNATULUGY




Complications of Peritoneal Dialysis

Technical complications
Catheter-related problems
Mechanical complications

Inflow pain
Outflow failure
Clinical complications
Complications related to increased intra-abdominal
pressure:;
Hernia
Genital and abdominal edema
leakages
Hydrothorax
Alterations of respiratory function
Metabolic complications
Hyperglycemia
Hypo/Hypernatremia
Hypo/Hyperkalemia
Acidosis/Alkalosis
Protein and amino acid losses
Infectious complications
Peritonitis
Exit site infection
Tunnel infection



Peritoneal thalys: Interngfianal, Vol. 37, pp. 389-396 0896-8608 17 $3.00 + .00

warw, PDIConnect . com Copyright © 2017 International Society for Peritoneal DHalysis

PERITONEAL DIALYSIS IN VERY LOW BIRTH WEIGHT NEONATES

Vesna D. Stojanovic,! Svetlana S. Bukarica,” Jelena B. Antic,? and Aleksandra D. Doronjski®

Ten VLBW neonates were treated by PD, 3 male and 7 female.
The patient clinical and treatment characteristics are presented
in Table 1. Mean age at the moment of starting PD was 14.9 +
9.3 days (range 2 - 28 days), mean BW was 825 + 215g (range
470 - 1,210 g), and the average gestational age was 26.3 +
1.1 weeks (range 25 - 28 weeks). The average duration of dialy-
siswas 20.5+14.7 h (range 3-36 h). Theexchanges were done
every 10 — 60 minutes. The average UFwas 7.7 £ 4.2 mL/kg/h.
All the patients were intubated and on mechanical ventilation.

Survival 20%.



Figure 1 — Intravenous cannula was placed in the peritoneal cavity
on the left side ofthe abdomen, using the blind technigue. Afterthe

inLravenouds cannula inserlion, Lhe Lissue adhes ve Epglu was applied
to the entry point.

Figure 2 — The improvised PD system. 1) Dosifix 2) 3-way cannula
3) IV cannula &) Ureofix. PD = peritoneal dialysis; IV =intravenous.



The Turkish Journal of Pediatrics 2020; 62: 1069-1076 C R t
https://doi.org/10.24953/turkjped.2020.06.020 ASEEPOE

Peritoneal dialysis as a life-saving procedure in an

extremely low birth weight infant: case report and review of
the literature

Merih Cetinkaya'®, Tugba Erener Ercan®’, Sevgi Yavuz®", Seyithan Ozaydm4



A female infant was born at 24 weeks with a birth weight of 460 grams.
A neonatal, straight 10Fr single-cuff Tenckhoff catheter (Cook Medical
Bloomington, USA) with a length of 8 cm was inserted with a left
paramedian entry site above the umbilicus at the bedside by a pediatric
surgeon.

In conclusion PD is a relatively safe, effective and a feasible therapy in
the neonatal population even in the smallest infants. This also suggests

that PD may be a live-saving procedure in ELBW infants with severe AKI.



IHD



NEPHROLOGY AND
FLUID/ELECTROLYTE
PHYSIOLOGY

Neonatology Questions and Controversies

Vascular access in newborns can be provided by umbilical vessels.
To avoid hypotension, the total volume of the dialysis circuit
should not exceed 10% of the infant blood volume.

Blood flow rates 1.5-3.0 mL/kg/min.

frequent hemodialysis (as often as daily) may be needed in

neonates.



Table 20 | Catheter and patient sizes

Patient size Catheter size Site of insertion

Neonate Double-lumen 7F Femoral artery or
vein

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

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

>15kg Double-lumen 9F Jugular, subclavian,
or femoral

=>30kg Double-lumen 10F or Jugular, subclavian,

triple-lumen 12F or femoral

Reprinted from Bunchman TE, Brophy PD, Goldstein SL. Technical considerations for

renal replacement therapy in children. Semin Nephrol 2008; 28: 48849

2687

, copyright

2008, with permission from Elsevier; accessed http//www.seminarsinnephrology.org/

article/S0270-9295(08)00117-4/fulltext
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Catheter kit
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Double lumen 7F, 10 cm i

Fip0-0T1E-1004






Pediatric line PV 117 mL




Neonatal line PV 56 mL




SA 0.2m?, PV 18 mL

i ||u||||r|||1|mnn'r.:mm i g

Erma B RAARpapy f i in

Total extracorporeal circuit volume = 18456 = 74 mL
A full-term neonate 3 Kg has a total blood volume =3 x 85 =255 mL




Major Complications of
Intermittent Hemodialysis

Clinical complications
Hypotension
Hypovolemia
Cardiovascular response to hypovolemia
Dialyzer reactions
Hypoxemia
Dialysis disequilibrium syndrome
Febrile reactions
Bleeding
Arrhythmias
Technical complications
Air embolism
Hemolysis
Inappropiate electrolyte composition of dialysate
Low or high sodium content
Low or potassium-free content
Low calcium content
Hard water syndrome




CRRT



H 1 . PRINCIPLES
Prescription: NEONATOLOGY

* The blood flow rate: start at 6 mL/kg/min and may reach 8 to 12. g

* The combined dialysis and replacement rate is 2000-3000 ‘
mL/hour/1.73 mZ2.

* Anti-coagulation: regional citrate or heparin (bolus of 10 U/kg then
infusion 5-20 U/kg/hour)

Advantages:

e continuous procedure

* Hemodynamic stability is not a requirement

* Allow good control of fluid, electrolyte, and acid-base balance
 Can be performed in neonates on ECMO

Disadvantages:

* Need for vascular access

* Need for anticoagulation

e potential for severe fluid and electrolyte abnormalities
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Gambro Prismaflex (Baxter Healthcare, Deerfield, lllinois, USA)

Nikkiso Aquarius (Nikkiso Co., Tuk',ro Japan)

Asahi Kasei Medical Co F!asautu-lﬂil (Asahi Kasei Medical Co., Tokyo, 45
Japan)

Gambro AK?8 with Polyflux 2H filter (Baxter Healthcare, Deerfield, lllinois,
USA)

Mikkiso DBB-07 (Nikkiso Co., Tokyo, Japan) with Polyflux 2H filter (Baxter 73
Healthcare, Deerfield, lllinois, USA)

NIDUS ?to 17




The total extra-
corporeal blood
volume is 72 mL

AV paed set (54 mL)
+ Ultraflux® AV Paed
(18 mL, SA 0.2 m?).






Newcastle, Allmed Ronco, Medtronic



Table 38.1 Characteristics of the minifilters

Overall length (cm)

Effective length (cm)
Diameter (cm)

Membrane type

Membrane area (cm’)

Fiber int. diameter (pm)
Priming volume (mL)

Pr drop (50 mL/min) (mmHg)
Number of fibers

Range of ultraf. (ml/min)

First pm.t;:l-{}rpe
13

-

1.3
Assymm. PSF
50
1100
2.8
2.5
25
0.2-0.5

Minifilter

13
12.7
1.7
Assymm. PSF
210
1100
1.6
3.5
60
1-25

Minifilter plus

17
12.7
2.5
Assymm. PSF
800
570
15
5
450
-8



Table 7.1 Comparison of techniques [12]

IHD CVVH CVVHD CVVHDF SLEDD SCUF
Membrane Variable High High High Variable High
permeability
Blood flow rate 250400 200-300 100300 200-300 100-200 100-200
(ml/min)
Dialysate flow S00-800 )] 1635 16-35 100-300 0
rate (mbL/min)
Filtrate (I/day) 0—4 2496 0—4 2448 024 0-24
Replacement 0 21-90 0 2344 0 0
fluid (Vday)
Effluent 1540 100 35100 35100 60-70 1O
saturation
(urea, %)
Solute clearance Diffusion Convection Diffusion Diffusion +  Diffusion Convection

convection (minimal)

Urea clearance 180240 1 7-67 22 30-60 1590 1.7
(mb/min)
Duration (h) 36 =24 > 24 > 24 Variable Variable




Potential Complications of Infant CRRT

* Volume related problems

* Biochemical and nutritional problems
 Hemorrhage, infection

* Thermic loss

e Technical problems

* Logistical problems

Fahad Gadi, MD. www.slideshare.net



Agenda

e What about the outcome?



{}rigina[ Article Pediatrics and Meonatology (2018) 59, 474480

Renal replacement therapy in the neonatal
intensive care unit

Tze Yee Diane Mok °, Min-Hua Tseng °, Ming-Chou Chiang °,
Ju-Li Lin “, Shih Ming Chu °, Jen-Fu Hsu °, Reyin Lien **

CRRT (n = 12) PD (n = 5) P value
Demographic variables
Male patients 5 (42%) 4 (80%) 0.438
Gestational age (weeks) 37 (32-39) 38 (33-39) 0.525
Mortality (%) 7 (58%) 4 (80%) 0.171
RRT Clinical Data
Body weight at initiation (kg) 2.8 (1.9-3.6) 2.7 (1.5-2.8) 1.000
Age at initiation (days) 4 (2-30) 9 (4-26) 0.569
Duration of RRT (days) 7.5 (1—65) 25 (2—84) 0.77
Serum BUN at initiation 20.8 (6.8—55) 60.5 (8—79) 0.569
Serum Cr at initiation 1.7 (0.36—3.87) 3.73 (0.35-6.02) 0.569

Length of stay (days) 40 (3—330) 3l (13-98) 0.192




Table 3 Complications of renal replacement therapy.
CRRT n (%) PD n (%)

80%
70% Hypotension 2 (16) 0 (0)
60% Electrolyte disturbances
50% Hypocalcemia (<8.4) 9 (79) 4 (80)
40% Hypophosphatemia (<3.8) 8 (66) 1 (20)
30% Hypokalemia (<3.5) 9 (75) 5 (100)
20% Catheter related
10% Catheter related infection 2 (16) 2 (40)
0% Catheter malfunction 0 (0) 3 (60)
Martaiity Catheter leakage 0 (0) 2 (40)
PD CRRT(IEM) MCRRT[AKI) = Total
Conclusions

RRT in the form of CRRT and PD is feasible in neonates, even in those
weighing less than 2 kg. CRRT appears to have high efficacy in neonates with
non-AKI etiologies, and its associated complications are mostly reversible
with no severe clinical consequences. Both PD and CRRT are associated with
high mortality rates in neonates with AKI. The recommendation of the RRT

modality and timing of therapy in such cases must be verified by further
studies in larger patient populations.
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H‘I“urtality Risk Factors among Infants Receiving Dialysis in the Neonatal
Intensive Care Unit

Keia R. Sanderson, MD, MSCR', Bradley Warady, MD?, William Carey, MD”, Veeral Tolia, MD*", Marcella H. Boynton, PhD®",
Daniel K. Benjamin, PhD®, Wesley Jackson, MD®, Matthew Laughon, MD”, Reese H. Clark, MD*™",
and Rachel G. Greenberg, MD, MB, MHS' "'

The probability of death was greater in:

Infants born at <32 weeks of gestation
* Black infants

 NEC

e Dialysis within the first 7 days of life

* Vasopressor exposure.

* Absence of kidney anomalies.



Yale Medicine

Pediatric Kidney
Transplant

Most pediatric kidney transplant recipients are teenagers, but the surgery
can be done on children as young as a year old and as small as 22 pounds.
Babies who are below those benchmarks may be considered for
transplants case by case, or they may receive kidney dialysis until they

grow a bit more.






The best PD access recommended by the ISPD for pediatric patients is:
A. Rigid acute PD catheter introduced blindly with a stylet

B. Tenckhoff catheter introduced by radiologist under screen

C. Tenckhoff catheter surgically introduced

D. Asingle lumen vascular femoral catheter



Which of the following is NOT an indication for RRT in a neonate with AKI:

A. Hypernatremia refractory to medical management

B. Fluid overload = 5 percent
C. Non-obstructive oliguria not responsive to diuretics

D. Uremic organ involvement (pericarditis, encephalopathy)



Which of the following is a true statement concerning neonatal iHD?

A.

Vascular access in newborns can be provided by umbilical
vessels.

To avoid hypotension, the total volume of the dialysis circuit
should not exceed 3% of the infant blood volume.

Blood flow rates 15-30 mL/kg/min.

Frequent hemodialysis (as often as daily) is not recommended in

neonates.






