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Uvod

> Prehled eliminacnich metod - EM

> Outcome u deti pri EM

> Zakladni podminky EM

> Specifické situace u deéeti pri EM

> Long term follow up po provedeni EM u
deti

> Zaver
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Hemodialyza
Plazmaferéza (imunoadsorpce) g  intermitentni
Hemoperfuse

CRRT
,,Umélé jétra“ MARS, Prometheus, SPAD
Peritonealni dialyza

Kontinualni




Moznosti eliminacnich metod
u deti
> Hemodialyza, Peritonealni Dialyza, CRRT
o Kazda ma vyhody& nevyhody
o Vybeér je dan
Klinickym stavem

« Nemoc/priznaky

« Hemodynamickou stabilitou
Cilem léCby

o Odstranéni tekutin -Fluid removal

« Uprava iontové dysbalance

« Odstranéni amoniaku, toxinu

Walters et. al. Peds Neph 2008
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Technické aspekty

> Dostupnost: vybaveni, zkusenost
o Zavedeni CVK, reseni komplikaci
> Co Je nejlepsi pro pacienta

o Komorbidity, koagulace, hemodynamicka
stabilita

> Co Je primarni cilem

o Kontrola vnitr. prostredi, tekutin, oboji,
eliminace toxinu
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Ktera modalita je nejlepsi ?

In-hospital mortality
Sty or sbaTH CRRT IRAT Risk Rafio RAisk Ratin
M i M-HRandom 555 O M-HPardom 355 Cl

| in-hospital mortality
Mugustine 2004 2750 Z8M0 —-— A 096 [ 072 1.30]

Casparovic 2003 3752 3152 T— 85 % 1% [0S0, 1587
Mchita 200 . . . [ 105, 1.81]
No Difference in Survival .
SHARF 2005 100/172 S0/144 212 % QeI[078, L11]
Lehlnger 2005 3370 p=Ti0 Q93 [0S, L33]
VWrsonneaws 2006 Hi=n7s =g JNIE aoaross L3
Subtotal (95% CI) 648 597 D 100.0 % 01092, LIZ]

Rabindranath et al., Cochrane Database of Systematic Reviews (2007)
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Demographic Characteristics of Pediatric Continuous Renal
Replacement Therapy: A Report of the Prospective Pediatric
Continuous Renal Replacement Therapy Registry

Jordan M. Symons,* Annabelle N. Chua,* Michael ].G. Somers,} Michelle A. Baum/}
Timothy E. Bunchman,® Mark R. Benfield,' Patrick D. Emphgs,‘ Douglas Blowey,**

James D. Fortenberry," Deepa Chand ¥ Francisco X. Flores® Richard Hackbarth,®
Steven R. Alexander,!l John Mahan, 1T Kevin D. McBryde,*** and Stuart L. Goldstein*

Tabie 1. Characteristics of patients enrolled in the ppCRRT Registry™

Center
Characteristic All Centers
4 7 B 9 12 2
Fatients (») 55 47 45 45 M 3B o3 2 15 11 7 B 1 44
Male (") 54 e0 &0 58 &5 52 52 Bl 60 & 43 S0 5
Weight ﬂ-:lz_.; )
<10 26 g 12 4 11 4 7 2 5 1 o 2 o 83 (24%)
10 b 200 & 1F 10 13 & 7 4 4 3 1 0 ] 70 (20)
20 to A0 5 Q@ 2 3 2 3 0 3 1 3 0 1 1 37 (11%)
W to i o B . ) B ' B B ) ' B ) 32 [18%)
M to I I - 5 8 O/ 15 (16%)
- Overall survival was 0 mam
ge (n
<1lm 36 (107
O (5%
1o across all centers
lto3yr 5 10 & 3 4 4 2 2 5 1 1 0 0 43(13%)
It S yr 1 l1 4 8 3 2 2 3 0 2 0 0D 1 27 (8%)
3to 10 yr 7 13 [ 7 +4 8 2 4 2 4 0 | 0 S8 (17%)
10t 13 yr w 8 e 7 8B 7 & 6 2 3 1 2 0 63 (197%)
15to 2] yr 5 & 11 13 & aq 5 & 3 1] 3 I ] 70 (20750
=21 yr 3 0o 2 i 0 1 © 0 O 0 2 0 0 11 (3%
On diuretic at CRRT 38 49 51 62 15 48 61 52 73 5 14 10 1y 48

initiaticn (%)

CJASN 2007 2:732-8 AKUTNE.CZ




Outcome:
Déti < 10 kg na CRRT
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PpCRRT Data déti < 10 kg:

.

Askenazi et.al. Journal of Pediatrics 2012
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PODMINKY MIMOTELNI
ELIMINACE U DET]

Kvalitni cevni pristup

Predplneni

Dostatecna antikoagulace
Pediatrické pristroje, presnost UF
Kontrola teploty zasadni !
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Cévni vstupy

Veno-venozni (VV)

> Double-lumen CZK ( 5Fr - 14Fr)
5 Fr 20 30ml/min), 14Fr CZK — umoziiuje vy3si pritok (200-
350ml/min),
v. subclavia(VS),v. femoralis(VF)
V. umbilicalis, ECMO
Primarni volbou je VJI l.dx. — pfimy vstup
riziko recirkulace
> Konec CZK VJI, VS —v.cava sup., junkce mezi atriem
>
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Cévni pristup -ULTRAZVUK !}

> Vysoce variabilni ulozeni VJI
> Ultrazvuk by meél byt standartem pri CVK u déti

Position range in %
.m

v | 002
“roon | 0-s |
g mECm

not visihia!
thrombosed

Maecken T et al: CCM 35: S178-85, 2007
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Ceévni vstupy

> Vybrat centralni vstupy (Ultrazvuk)
> Misto — VJI dx pokud mozno
> V. brachiocefalica l.sin. ?
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Ceévni vstupy

Blizkost CVK

» Odstrafovani 1éku
v Riziko koagulace pfi aplikaci trombocytU
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Antikoagulace

Heparin nefrakcionovany

Heparin nizkomolekularni
Regionalni heparinizace - opustena
Regionalni citratova antikoagulace

Prostacyklin
Eliminace bez antikoagulace

Argatroban

Inhibitory serove proteazy (nafomostat mesylat)
Orgaran

Rekombinantni hirudin




CITRAT - regionalni(selektivni) AK
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Ci-Ca Module
Citrate_Calcium Anticoagulation with the
Multifiltrate

Citrét
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Multi-centre evaluation of anticoagulation in patients receiving

continaous renal replacement therapy (CRRT) Circuit Lifetime With Citrate Versus Heparin in

Pediatric Continuous Venovenous Hemodialysis

Patrick D. Brophy', Michadl 1. G. Somers”, Michelle A, Baur”, Jodun M, Svmons’, Nancy McAfee”, Zaoral T, I__IIadIk M, Zapletalova J, Travnicek B, Gelnarova E.
James D. Fortenberry’, Kristine Rogers®, Joni Barnatt”, Dowglas Blowey’, Cheryl Baker, Pediatr Crit Care Med. 2016 Sep;17(9):e399-405.

Timothy - Bunchman” and Stuart I Gokdstemn
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Fig. 2. Comparison of CRRT croutt life for all circuits with:
no anticoagulaton (flled squores), hepann anticoagulation {(flled
circlkes) or ciimte anticongulation (fAlled trinogles), Mean cirouit
survival was no different for crcuits receiving hepACG (421 =
27.0h) and citACG (44.7+ 35.9h), but was significantly lower for
cireuits  with poACG (2124 21.5h, P<0005. K 1
analyses reveald no circut survival difference between hepACG
and citACG circwits, bui significanily lower survival for neACG
CITCUITE =1 \ T ] Ly AL
analysis il chinged becanse of scheduled change as per the
manuficturer’s recommendations, acwess malfunction, maching
minlfunction or unrelated patient [ssues, Log-rank analysis showed
thot 69% of kepACG and citACG arcuits, bat only 28% of
noACG circuits, were fundionnl nt 6 h. Note, dotting ratc: wene
similar for hepACG arcuts (58 out of 230, 28%) and ci!ACG
circuits (43 out of 158, 37%). but were signifimntly higher for
oAU circwts (27 out of 34, 0%, P <0.001)

Nephrol Dial Transplant (2005) 20: 1416-1421
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délka cykiu prumérla |l

Figure 1. Kaplan-Meier survval curve of the median filter life time to
spontaneous failure of the hemofilters, according to the anticoagulation
used (p<< 0.0001).
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Hemofiltry

» Syntetické materialy: T biokompatibilita
polyakrylonitril, polymetakrylat, polysulfon , AN - 69

» Nizkoodporové, T UF koeficient

> Permeabillita : 30 —-50kD

> Super-high-flux: 100kD
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Hemofiltry
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Komplikace CRRT:

>

> Blood leak : unik krve do odpadniho vaku

( do dialyzatu) — PLAZMAFEREZA !
Il Pozor — riziko krevni ztraty, anemizace —
hemoragicky Sok

> Vzduchova embolie

AKUTNE.CZ




Termoregulace

Eutermicky pacient bez TT na CRRT

je febrilni, septicky !!!

Déti pod 15kg musime vzdy intenzivneé extra
zahrivat, nestaci ,warmer* pristroje

Cave !l Novorozenci - riziko asystolie

AKUTNE.CZ




Predplnovani okruhu
CRRT u deti




Predplnovani okruhu CRRT u
deti

» U novorozencu, malych déti je nutné predplnéni
pro prevenci hypotenze/hemodiluce

> Mimotelni okruh £ 10% celk.krevniho objemu
ditéte
> Priklad:
o 5 Kkg dité : Krevni objem = 400ml (80ml/kg)
o Mimotélni objem 150 -200mI dospéely
. 100ml détsky
o Takze 100ml = 25% mimotélniho objemu
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Predplnovani okruhu CRRT u deti

> Krev
o Novorozenci, velky mimotelni objem

> Albumin
o Hemodynamicka instabilita

> Krystaloidy
o Bézny postup u vetsich deti
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Blood Prime-buffered system |I.

Brophy et al. AJKD 2001
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Blood Prime-buffered system lII.
10 ml / min 10 ml / min

NaHCO3 a Kalcium stejnou rychlosti jakou
Nastavena krevni pumpa
NaHCO3

B

Calcium
Gluconate

Brophy et al. AJKD 2001 Blood Flow = 20 ml / min
AKUTNE.CZ




Blood Prime-buffered system llI.

Brophy et al. AJKD 2001
AKUTNE.CZ




Richoard M. [Iockbvritls - Davvwn Edings © Chacla CGlanoli
Smith - Aada Koch - Idominde . Sanfilippao -
Tisnnt iy Fo Buanclhoman

Zero balance ultrafiltration (Z-BUF) in blood-primed CRRT circuits
achieves electrolyte and acid-base homeostasis prior to patient
connection

Blood Prime- RECIRCULATION SYSTEM

Normalizace pH

THI]IH .I Electrolyts sompos:: Electrolyic Sodium Potassium Chlonde Bicarbonate Magnesium Caleum
ton of the Alter replacement
fluid (FRF) and dialysate used  meg/L 140 4.0 110 30 1.5 x5
for Z-BUFE. The solution also

contained 100 mg/dL of glucose

Table 2 Mean values for elec- % i Plasma He
trolytes, plasma hemoglobin, : =
lactate and % hematocnt pre- . 5 ? v . ¢ 21/ *
and post-Z-BUF 5 3: ; : : ; ; 240) *

Qd ~ 2 L/hour
(CVVHD)
Time 30 -35 min

Pediatr Nephrol (2003) 20:1328-13
: ' AKUTNE.CZ




CRRT - vymeéna okruhu za
okruh u deti

Current circuit New circuit

saline ZaE BN

Current ‘ \v g
access Wl MR
line '
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CRRT a Plazmafereza
soucasnhe
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CRRT a Plazmafereza
soucasne
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Vyvoj detskych kontinualnich
eliminacnich metod (PCRRT)

Soucasnost
> vysoce sofistikované pristrojigg — — §
pediatricky systém '* B |
> CVVH,CVVHD(F), HVHF &%
PF, SCUF, moznost
zahrivani
> nutny dalsi vyvoj =
. novorozenci, nedonosenci ==
o adekvatni davka HF, HDF

= T 35 @ r 1
‘j £t g -r R - o q‘g\
A, .?-.ii I G
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Novorozenecky CRRT pristroj?

> Nizky mimotelni objem

> Hardware a software

nresny na 0.01%pro nizké

orutoky a UF

> UrCen jen pro
novorozence a deti do 2-
10kg

—— ol

&
4
4

Claudlo Ronco with the Cardio Renal Pediatric
Dialysis Emergency Machine (CARPEDIEM)
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Low priming volumes

v' Three pre-assembled circuits

v" Polysulphone membranes,

v' Surface area of 0.075, 0.147, and
0.245 m?

v" Priming volumes of 27.2, 33.5, and
41.5 ml
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CARPEDIEM:
CArdio Renal PEDIatric Emergency Machine

Pediatric patients in the range of
2-10 kgs
(approximate BSA of 0.15-0.5 m?)




New Technical issues: small pumps for small
tubings

Peristaltic pumps with cradle
movements instead of the rotors

to reduce risk of hemolisys




Nidus : Newcastle infant dialysis & ultrafiltration system
Development
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Infants

NIDUS

Nidus characteristics and capability

800g to 8kg

Treatment Options

CVVHD, SCUF

Extracorporeal circuit volume

10mls

Filters

High-flux polysulfone 0.045m2 hollow fibre
haemofilter

Flow Rates

10-50mlis/min

Access

Single Lumen catheters (20g up to 16g; or 6.5-Fr )

UF accuracy

<1lml/hr

UF capability

0-60mls/hr

Blood prime

Not required

AKUTNE.CZ




Akutni peritonealni dialyza

- Zakladni eliminacni metoda u déeti <5 kg t.h.
- UGinnost 5x niz3i nez pfi hemodialyze
radime ji mezi eliminace ,,kontinualni*

Nepredikabilni UF, plné bricho - - intraabd. TK,

- branice , peritonitida

Vymeny - interval 1 - 2 hodiny
- ultrafiltrace se ridi koncentraci glukézy v dialyzacnim
roztoku (1,5 - 3,5%)

AKUTNE.CZ




PERITONEUM

Semipermeable Membrane

Urea, kreatinin

&®
Urea, kreatinin s g ‘-@ @ @

Q ‘-@ _.@ DIALYZAT
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Peritonealni dialyza
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Continuous Flow Peritoneal Dialysis
Clin J Am Soc Nephrol. 2011 Feb;6(2):311-8

> PD hypotenze, koaguloapatiich, nelze CVK
> Nevyhoda — nizka Ucinnost
> CFPD — 2 bed-side katetry + modifikovany CRRT

pristroj
> CFPD vs Klasickd PD 8-16 h

AKUTNE.CZ




Continuous Flow Peritoneal Dialysis
Clin J Am Soc Nephrol. 2011 Feb;6(2):311-8

» Komplikace
o Souvisi s katetrem — frekvence <2%
Pederson KR KI Supp 108:5S81-86, 2008
« Infekce — uzavreny system

> Clearance a UF vyznamne vyssi u CFPD vs PD
Prumér UF: PD 0.20ml/min/1.73m2 vs
CFPD 1.8ml/min/1.73m2
> Clearance Kreatininu
e PD 7.6ml/1.73m2 vs 28.8ml/1.73m2
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Continuous Flow Peritoneal Dialysis
Clin J Am Soc Nephrol. 2011 Feb;6(2):311-8

> CFPD lze uzit u AKI ronco ¢ Perit Dial Int 27:251-3, 2007

> Zejména u deti
o Mensi déti, hemodynamicky nestabilni

AKUTNE.CZ




Clin ] Am Soc Nephrol 6: 000-00@, 2011

Figure 1. Catheter placement for CFPD. 1. Lateral catheter half-
way superior iliac crest and umbilicus, pointing laterally (ded-
icated to inflow). 2. Umbilicus. 3. Midline catheter 1 cm below
umbilicus, pointing downward and contralaterally away from
1 (dedicated to outflow).



VROZ.METABOLICKE VADY=
HYPERAMONEMIE

> Hyperamonémie je toxicka, toxicka pro mozek
(per se nebo nadmerny intracellularni ucinek
glutaminu) je pric¢inou otoku astrocytu, otoku
mozku, komatu, PMR nebo smrti

takze:
> Jen nutne zahajeni emergentni [éCby

protoze:

> Prognoza zavisi predevsim na délce trvani
komatu

AKUTNE.CZ




HD u hyperamonémie,
Intoxikaci
(Gregory et al, Vol. 5,abst. 50P,1994:)

NH4 rebound mezi IHD

|

0

01 2 3 4 5 6 10 11 12 13 17 18 19 20
Cas (h)
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Kombinace HD a CRRT
(prevence rebound fenoménu)

Prechod z IHD na CVVHD

NH,

—
~~
(72]
e
o
S
o
| S
=)
S

5 10 11 17

Cas (h)
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ZAVER: Hyperamonémie

> Trvani komatu koreluje s horSim
neurologickym vyvojem

> Je nutné urgentni zahajeni hemodialyzy

AKUTNE.CZ




CRRT U novorozence
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CRRT U novorozence
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Ztraty AMK

Rozmezi ztrat AMK a bilkovin pfi CRRT
—7-50 g/den
Faktory ovlivhujici AMK/protein ztraty
— Velikost hemofiltru (surface area) a material
— roztok (molekularni hm.)
— ultrafiltrace
— koncentrace AMK/proteint v plazmé

U pacienttl s CRRT je tato potieba kalkulovana na 3-4g/kg/den

AKUTNE.CZ




ANTIMICROBIAL DOSING RECOMMENDATIONS FOR PEDIATRIC PATIENTS'

CrC P> 50 il fmin

CrC 503 ml/min

CrC1 2910 md/min

Cri < [0 ndimin &

Hemedialysis'

CRET!
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Long-term outcome po CRRT, AKI
nutny follow up !!!

21 déti na CRRT s meningokokovou sepsi: 12 prezilo

2 I GFR, proteinurie and hypertenze
1 isolovana proteinurie
1 parenchymal.defekt na ledvinach DMSA

Slack R et al. Pediatr. Crit Care 2005; 6:477-9
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Renal outcome in long-term survivors from severe acute
Kidney injury in childhood

Marfanme Viaud - Brizicte Lianas «Jorime Harambat

> 52 deti vyzadovalo RRT pro AKI
> 13 deti bylo sledovano do 12-18 let
> 9/13 melo jeden priznak/symptom CKD

Hypertenze, YGFR, proteinurie

Peduatr Nephrol (2012) 27:151-152
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Rekapitulace. . .

» Co ocekadvam od eliminace
stahovani tekutin, iontova dysbalance

> Jaky CVK — u déti vzdy sono

> Lepe volit vetsi CVK, VJI dx

> Tpritok krve umozni T clearance a VFF

> PocCitejte FF (< 20%) Il = UFR/BFR x (1-HTK)

> Prediluce zlepsi rheologii — méneé se bude
srazet

» Nutno predpliovat mimotélni obéh nad 10%
krev. objemu (70-80ml/kg)
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Zavery

> V soucasnosti lze provest PCRRT 1 u
novorozencu

> Mortalita je nejvyssi u deti s hmotnosti pod 5kg

> Rozhodujici ukazatelem pro ovlivneni mortality
se Jevi hyperhydratace = FO ( fluid overload)
do a nad 10%

> Neni rozdil v mortalité mezi CVVH a CVVHD
> Citrat se stava metodou prvni volby

AKUTNE.CZ




Diky za pozornost
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