CeBepHbin [ocynapcTBeHHbIN MeaUUUMHCKUA YHUBEPCUTET
Kadbenopa aHecTe3nonorum n peaHnmaTonormm

ToHKMM GanaHc Ha rpaHu...
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Xupypr

[eBouyka Mawa I'l. 6 mec noctynuna B Xup. KINHUKY
4yepes 6 YacoB nocne nosiBNeHne nepBbIiX NPUCTYMNOB
becnokonucTBa, OHOKpPaTHOM PBOThLI BE3 NaToNorM4ecKkmnx
npumecen.

[leXXypHbIN XUpypr 3anogo3pun MHBarnHaumio
KMLLEYHUKA.

PekTanbHbIM OCMOTP — Cl3b NO TUMNY ManMHOBOIO Xene.
Ob30pHast peHTreHorpadpusa 6p. Nonoctun
Y3W bprouHom nonocTu.

Ho!ll Xupypr nonpocun nocMoTpeTb pebeHka
peaHnmaTtonora. lNoyemy?



PeaHnmMmaTonor

 PebeHOK becnokoeH, HeaaekBaTeH.

» KoXkHble NOKpOBbLI brneaHble, AncTanbHbIe
oTaenbl KOHedYHocTen xonoaHble, Cbl1 6
cek

* ToHbl cepaua npurnyweHsl, YHCC 180/mMnH
 TaxunHos 30/MuH

Al 90/60
 Mouunnca goma oo nogasneHua boneun



B R A OB LR T I PRSI 47 oeto) r65.00.
KomMneHcnpoBaHHbIN TMNOBOIEMUYECKNN LLIOK.
Kyoa ero cnenyet rocnutanu3npoBaTtb?
PeaHMMaunoHHOEe oTaeneHne

CocyaucTtbin gocTyn?

[Mepundepuna’”? BHYTPUKOCTHBLIN?

Voigt J. et al. Intraosseous vascular access for in-hospital emergency use: a systematic clinical
review of the literature and analysis. Pediatr Emerg Care. Feb 2012;28(2):185-99.



With permission by Kachko L.

O6waa soaga: 500 — 600 mn/kr

BHekneTo4Hasa xxugkocTtk (ECF):
200 — 220 mn/kr

BHyTpHU-
cocyaucTas:
30 — 50 mn/kr

BHyTpukneTo4Hasa xuakoctb (ICF):
300 — 400 mn/kr

« PBOTA
 PopMmMpoBaHNE TPETLEID NPOCTPAHCTBA

With permission by Kachko L.



CTtapToBbi MHQY3MOHHbLIW PacTBOP

 [oko3a?
* NaCl 0,9%, 3%
* [TONMNOHHBLIN KpUCTanNIouaHbIN PAcTBOD?

Heobxoanmbin 06 beM?

20 mn/kr/5-10 muH
no 60 mn/kr/30 MmuH

Carcillo JA Role of early fluid resuscitation in pediatric septic shock. JAMA. Sep 4
1991;266(9):1242-5



A 4yTO B OMoxXxmmumm®?

K1

Na |

Cl |

Ca |

MoueBuHa

[ ntoko3a 1

Naktat 1
OcMmonsipHOCTL 777

Kynoa gencda HaTpun? nodemy BbICOKUIN Kannin?



DO, <VO,

HapyweHune pabotbl Na-K Hacoca

Na+
H20
Ca+2
H+

=

N

UHbI

OuncdyHKumna mrmokapaa
bakTepuanbHasa TpaHcrnokauus
Penepdy3noHHble NnoBpexXaeHus




OCMONSAPHOCTL

. KONMMYECTBO OCMOTUYECKU aKTUBHbIX
=% jJactuy B egmHMUE obbeMa pacTBopa

* EQnHnua namepeHnsa — MocM/n

* (1,86 x Na+) + rnokosa + moyesmHa + 9

Hopma 280-300 mocm\n

Clin_Chem.Clin Chem. 1975 Feb;21(2):190-4. Comparison of methods for
calculating serum osmolality form chemical concentrations, and the prognostic
value of such calculations. Dorwart WVClin Chem. 1975 Feb;21(2):190-4.




K 4,8 [Tpnmep
Na 128

OcMOnApHOCTb=
Cl 95 (1,86 x Na+) + rntokosa +
Ca 1,9 MOYEeBMHA + 9
Mo4yeBuHa 5,6
[ ntoko3a 7,8
NakTaTt 3,5

(1,86 x 128) + 7,8 + 5,6 + 9£260.,5 MO@




Knaccugunkauma KpuctannongHblX
pactBopoB (Xapmue, 1982)

[ Kpucramiouiaeie }

PacTBOPEHI
|
I |
3aMellecHIe [lenenampaBieHHAS |
*BocrnonHenue KOPPEKIIUA
aedumTa rpyObIX HAPYIIIEHUI /
N
[ BazucHble } { Kopperupyrommue
o y
P-p Punrepa-nakrara, NaCl,
P-p Punrepa-Jlokka , P-pe1 KCL, NaHCO3 u
CrepodyHIMH U30TOHUYECKHUI Ap.




Bbibop pacTBopa

* VI30TOHWUYECKUWN KpUCTanonaHbiv pacTBop.
[loTeHumanbHbIN N30bITOK OcHOBaHUK!!!

Na | K| CI Ca Mg | Auetat | Mana | rmokoHat | HCO3 | OcmonsapHOCTb,

T MOCM/n

NaCl 154 154 308

0,9%

PuHrep | 147 | 4 | 156 | 2,25 1 309

Naktar [ 130 4 | 109 3 28 273

PuHrepa

Ctepodb | 140 | 4 | 127 | 2,5 1 24 5 304

YHOWH

NoHocte | 137 | 4 | 110 | 1,65 | 1,25 36,8 291

pun

Mnasma [ 140 | 5 | 98 3 27 23 296

nmT




MeTtabonnam HocuTenem pe3epBHON
LLIENOYHOCTU

p 0200 AHnoH |MeTtabon |Bbix |3artpart | Koad
MAMB... |o4 bl O, 3arpar
HCO3 (n) 0,
- IHCO3'
(Mmonb)
Naktat | lNevyeHu 1 3 3,0
Auetat | Mbliwuax |1 2 2,0
O Manar Mbiwuax |2 3 1,5
““““““““““““““““““““““ [ Trnioko- | 227 1 55 |55
HaT
MiokoHat | Nakrat ' AueTtar 'CTepO(pyHAMH i)

N30TOHUYECKUN

Pasnunuunna B notpedbneHuun 02 ana meradbonunama: manar/auerar/nakrat/rnioKkoHar



CtepodyHOMH

Ocmon pH BE TImwkosa Na* CI' K*' Mg?® Ca? Manar laktaT Auerar
300 7.5 +1 10 145 127 5 3 2 10 0 30
Kopuaop
6e3onacHocTu
280 4,5+ 0 140 100 3 2 0 1 0 20

[MoTeHUManbHbIN N30bITOK OCHOBaHMK BEpot mmonb/n
BEpot mmone/n=SB (HCO3) 24 mmornb/n-cymma aHMoHOB (34 MMOSb/1)

10 MMOMnb KOMMNEHCUPYET MOBbILLEHHOE SKBUMONSPHOE KOnmyecTBo aHNMoHoB Cl-

NToro, BEpot mmonb/n =0

Na | K| CI Ca Mg | Auetar | Manart | rntokoHat | HCO3 | OcmondapHOCTb,
MOCM/
Ctepodp | 140 | 4 | 127 | 2,5 1 24 5 304

YHOVH




KnnHnyeckmne
npenmMyllecTBa

o4 D ApekBaTHo Ans
S OnTUMarnbHbIN NoA60P aHNOHOB: NauMeHTOB B
Auetat, Manart MeTabonM3am BO BCEX OpraHax u cocTosiHUM Llioka
1,4n0, MbILLEYHOW TKaHW, MUHUManbHOE NoTpebneHne 02':> C AabixaTtenbHOM
B npouecce metTabonmama HeAOCTaTOYHOCThLIO
ans
286 30TOHMYHBIA PACTBOP, MaKCAMAMEHO MPUBIIKEH ,  HOBOPOXKAGHHBIX,
MM:"(';/ Kr MO COCTaBY K 4YefioBe4ecKow nnasme: Helpoxupypruuec
2 onTuMarneH onsa peaHMMaLnoHHbIX NaLMeHTOB KX NaLneHToB,
MauneHTOB C
BEpot= HyneBoi noTeHUManbHbI N30bITOK OCHOBAHWN: —,  kpoBonoTepei
0 mmone/n HOpMarnmn3yeT KUCNOTHO-OCHOBHOM BGanaHc
naumeHTa

Onsa nauneHToB C

Na* 140 mmonb/n KOHLI,eHTpaLI,VIﬂ AJNIEKTPOSNMINTOB MaKCUMallbHO =) NonMTpaBMoi

K* 4 mmvonb/n COOTBETCTBYET 4enoBeYyeckow nnasme:
NCKJTIO4HaeTCA BO3MOXHOCTb HEKOPPEKTHOIO Ons Bcex
caBuUlra aNeKTporsimToB naunMeHToB

15



YT0 Ke BblOpaTh?

 NaCl 0,9%

* P-p pUHrepa
 NaCl 3%

« CbanaHcupoBaHHbIE MONIMNOHHbIE
PacTBOpPbLI

e [1o3a CaCl2 10% 10-20mr/kr 100 Mr/munn*

*Broner CW et al. A prospective, randomized, double-blind comparison of calcium
chloride and calcium gluconate therapies for hypocalcemia in critically ill children. J
Pediatr. Dec 1990;117(6):986-9.



A KaK e runepxnopemms?

 AUNO03
* [loveyHas Ba3okoHcTpukuna, | CKO

« CokpalleHue nepdysnmn crim3ncToun
Xenyaka

* [ToBbILLEHME NOTPEOHOCTM B NpenapaTax
KpOBWU

Skellett SSkellett S et al. Chasing the base deficit: hyperchloraemic acidosis following
0.9% saline fluid resuscitation. Arch Dis Child. 2000 Dec;83(6):514-6.

Michael Eisenhut Arch Dis Child. 2007 June; 92(6): 560.

Eisenhut M. Hyperchloraemic acidosis in patients given rapid isotonic saline infusions
Adverse effects of rapid isotonic saline infusion. Arch Dis Child 2006.

Waters JH et al. Normal saline versus lactated Ringer's solution for intraoperative fluid
management in patients undergoing abdominal aortic aneurysm repair: an outcome
study. Anesth Analg 2001. 93:817-822




vpean neTeMW‘peem v derngparauven He
BbIABMEHO pasnmann B OAnMHaMunke nameHeHuna pH. Ho

RRQAGIIKUTEARHAGCTE FRGRNTANMIALIKK. AETEN,
ﬁaﬁyfﬁ'ﬁ‘m%P’ﬁﬁ?@'ﬁ@'ﬂgﬁfé"r'ﬁﬁfﬁé’MeHbLue (38 vs 51

VIDUSHI AJAN, *SHIV SAJAN SAINL AMIT SHARAMA AND *JASBINDER KALR
mem: of Pediatrics and Biochemiztry,” Governmens Medical Coliege and Hospital, Chandigarh; and
%Z nr gf Pediatrics, Post Graduate Institute of Medical Education and Research (PGIMER), CF handigarh, India.
Correspondence to: Dr Viduszhi Mahgjan, Assistant Pro‘b sor, Department qf Pediarrics, Government Medical Coliege and

Hospital, Sector 32, Chandigarh, India. vidushimahajon2003 @yahoo.co.in
Ro:ewd July 29, 2011; Initial review: Seprember 01, 2011; Accepred: February 27, 201 2.

Objective: WHO racommends Ringer's lactate (RL) and Normal
Saine (NS) for rapkl Intravenous rehydration In chidhood
@arhea and severs dehydraton. We compared thess two fluds
for improvement In pH over baselns during rapld ntravenous
rehydration In chilkdren with acute diamhea.

Design: Doubée-dlind randomized controlied trial

Setting: Pedlatic emergency faciities 3t a tertlary-care referral
hosphtal.

Intervention: Chiigren with acuie diarmea and severs

a 100 mn/kr 3a 3 4yaca

ransstad sfar cinme Af counen damudestine dle snrnasead

electrolytes, bicarbonate levels, and base-geficit from baselng;
mortality, duration of nospita s13y, and fulds requirement.

Results: Twenty two chiigren, 11 each wene randomized fo the
two study groups. At primary end point (disappearance of signs of
severe dehydration), the improvement in pH from baselne was
not significant in RL-group [from 7.17 (0.11) to 7.23 (0.09)] as
compared 10 NS-group [7.09 (0.11) 10 7.21 003|1 P=0.17 (after
adjusting for baselne serum Na/ C1). Among tis limied sample
size, chilgren In RL group requirad less flulds [median 310 vs 530
mUkg, P=0.01] and had shorier medlan hospital stay [33 vs 51
hours, P=0.03].

Conclusions: There was no difference In iImprovement In pH over
baseline between RL and NS among children wih acute diarhea
and severa gehydration.

Cpenu goeTen ¢ ocTpou anappeen u gerngpataumnen He
BbIABMEHO pasnnyinn B AMHaMunke nameHeHuna pH. Ho
NPOOOIKUTENBHOCTb rocnuTanusaymn geten, nonyvymBLLInNX
PuHrepa JlaktaT 6bina meHblie (38 vs 51 cyT)



HaTtpuu

OnacHoOCTb rMnepHaTpueMmmn npu NHAY3un
NaCl 0,9% He onpaBaaHa

Freedman, S. B. and Geary, D. F. Bolus fluid therapy and sodium homeostasis in
paediatric gastroenteritis. Journal of Paediatrics and Child Health, 49: 215—-222.
(2013)

Au A et al. Incidence of postoperative hyponatremia and complications in critically ill
children treated with hypotonic and normotonic solutions. J Pediatr 2008;152:33—8
Alvarez Montanana P. The use of isotonic fluid as maintenance therapy prevents
iatrogenic hyponatremia in pediatrics: a randomized, controlled open study. Pediatr Crit
Care Med 2008;9:589-97

Yung M, Randomized controlled trial of intravenous maintenance fluids. J Paediatr Child
Health 2009;49:9-14



British Consensus Guidelines on
intravenous Fluid Therapy for Adult

Surgical Patient
GIFTASUP

* YyuTbIiBasi pPUCK PasBUTUS MTMNEPXITIOPEMNYECKOTO
auuao3a B 00bIYHOM MpakTuKe, B criyyae, Korga
NnokasaHo MUcnonb3oBaHMe ansg oo beMHOro nnu
XMOKOCTHOIo 3aMeLleHunst Kpuctannonaamu,
BmecTo 0,9% pacteopa NaCl cnegyert
Mcrnosib3oBaTb cbanaHCUPOBAHHbLIE
KPUCTaNIoOuaHbIE PAcTBOPbI

* YpoBeHb AoKkasaTtenbHocTb 1B




Kputepun adpdpeKkTMBHOCTU TEpanuUn

\

wd

——

Tennble KOHEYHOCT!,

CbI1 <3 cek

YMeHbLLUEHNE TaxmnKapanu '
Onypes 1 mn/kr/vyac -
HAcHoe co3HaHuS

.4



Uepes 1 yac

« YCC 120/muH, YL 25\muH, CBI1 2 cek.
Onypes 10 mn

* Y3 OptoLLIHOW NOMOCTH

* UYto panblue?

» Hago kak-To paspeLunTb MHBarmHaLumio
+ Onepauys? =




PelLueHune npobremsl

* Knnama noa KoHTponem Y3/
 Jlanapockonug
 Jlanapotomus




Y3 knunama

* NaCl 0,9-1%

* Bopga!!l OnacHocTb pa3BuTus
rMNoOHATPUEMUN

» ObsasarenbHbIN YY4ET BOAHI,
9BaKyMpPOBaHHOM U3 KNLLIEYHMKA

° KOHTpOJ'Ib KITMHWNKN N NOHOTpaMMbl
Jia3Mbl



Ilanapockonus

* Hopmanusauua OLK (cHmxeHune
npegHarpysku!)

* MoHuTopuHr etCO2 (ycyrybneHnme aunaosa)

» Kpuctannonab! (MONMUNUOHHBIE,
cbanaHcupoBaHHbie pacteopbl, NaCl 0,9%)?7?



Nanapotomus

[MopaepxaHune XXnaKocTHoro banaHca
 [oko3a? (rnoko3a/NaCl) ckonbko?

 NaCl 0,9%7

» CbanaHcuMpoBaHHbIe KpI/ICTaJ'IJ'IOI/I,EI,HbIe
pacTBOpbI? &

« Konnowngbl

* Temn nHy3nn? Oobvem?




MIHTpaonepauynoHHbLIU nepuon
[ NtoKO3a

* I3beraTb rmno n runepriankemMmmm
* PyTMHHO He ncnonb3yeTco

* AKTyarnbHO: HOBOPOXAEHHbIE,
nonyyaswmne TPN, sHOoKpMHONaTUn

* PactBop He bornee 1%
* Temn ycBOeHuUs rnokosbl 4-5 Mr/kr/MunH

Sieber FE, Special issues: glucose and the brain. Crit Care Med 1992;20:104 -14

Murat |, Perioperative fluid therapy in pediatrics. Paediatr Anaesth 2008;18:363—70

Leelanukrom R, Intraoperative fluid and glucose management in children Paediatr Anaesth 2000;10:353-9;
Paut O, Recent developments in the perioperative fluid management for the paediatric patient. Curr Opin
Anaesthesiol 2006;19:268-77;

Lonnqvist P. Inappropriate perioperative fluid management in children: time for a solution? Paediatr Anaesth
2006;17:203-5;

Berry F. There is a solution for perioperative fluid management in children. Paediatr Anaesth 2008;18:332



,D,eT iati f jatric. Anaesthetists of Gi
NHTpaonepaLnoHHO TOSbKO

M30TOHMYECKUE KpucTannonas AP A
YpOBEHb MUKeEMUN cTabureH

[ NMtoko3a gobaBngaeTca OeTaM ¢ Maccoun
MeHee 3 LEeHTUNs, npu

CONSENSUS GUIDELINE

BMeLllaTenbCcTBe bornee 3 4acos, rnpu ON
BbINOSTHEHNN PETMOHAPHON aHECTE3NMN. o e
MOHUTOPUHI TMUKEMUN. CHILDREN

o 2007
CTpormnn KoOHTposb rmapodanaHca,
Beca, 3NeKTPOSIMTHOro CocTaBa Association of

Paediatric

nnasmbl.

5 5 5 Anaesthetists of Great

rmnoHaTpneMmnen JOormkeH HaxoguTbCs
B OAPUT



- Prexalfrelranefinrcsthrlistsdibaistemthe Standard: a compendium of
mncbbresipes | 3rd Edition 2012

* VckniovyeHne HOBOPOXKAEHHbIE AETU C HU3KOW
Maccoun Tena (MeHee 3 nepueHTUns),
NPOOOIMKNTENBHOCTL onepaunn bonee 3
4acoB, OETN, KOTOPbIM BbINOSTHAETCH
permoHapHasa aHecTe3ns Ji ey e ean i

* BocnonHenne gepuunta OLK: NaCl 0,9%,

PacTtBop xapTmaHa. -4
.~
* MOHUTOPUHT rMUKEMUM NpK onepaunsax dornee =2 w
3 YyacoB nNpu MHAY3UN HETMNKO3UPOBAHHbIX R ‘,)é
PacTBOPOB. t 5

« KoHTponb HaTpus, TwaTtenbHbIN y4eT
rmgpobanaHca. Xiedun

Royal College of Anaesthetists | Raising the Standard: a compendium of audit recipes
| 3rd Edition 2012



[lepnonepaunoHHbIN Nepuoa

HecooTBeTcTBME Mexay EBponenckumu
pekoMeHgaunamm n npegnaraemMbim
PbIHKE OOSbLLOro KONM4ecTBa
MHAQOY3MOHHbLIX PACTBOPOB.

[1lpepnoxeHne ynopsaaovnTb npoLlecc
Ha3Ha4YeHUsa pacTBOPOB B

BelgianﬂQQMQHQQ%QMQhUﬂQMVD%ﬂ%@ fluid management of

surgical pediatric population. Najafi NBelgian recommendations on perioperative
maintenance fluid management of surgical pediatric population. Najafi N, et al.
Belgian Association for Paediatric AnaesthesiaBelgian recommendations on
perioperative maintenance fluid management of surgical pediatric population.
Najafi N, et al. Belgian Association for Paediatric Anaesthesia. Acta Anaesthesiol

Belg. 2012;63(3):101-9




yKngkoctHaa tepanma.
BocnaneHue, anektponutbl, KLWC

* 40 B3poOCnbIX NAUNEHTOB
* Bo3pacTt 68115 net

* IHTpaonepaynoHHaa MHQY3NA
cbanaHcmpoBaHHbIM (CTepodyHANH) K
HecbanaHcupoBaHHbIM (NaCl 0,9%)

* VIayyanu ypoBeHb |L-6,8,10, akTUBHOCTb
MaTpPU4YHOW METanNMonpoTenHasbl, ee
TKaHeBoro nHrnountopa, KL C,
9NEKTPONNUTbI, NUMNOKanuH

Volta et al. Journal of Inflammation 2013, 10:29



Pe3ynbsraThl

* [loBbilweHue IL-6,8 B 06eunx rpynnax

* [loBbiweHue IL-10 B rpynne
cTepodyHOnHa

« MMP-9/TIMP-1 Hnxe B rpynne ctepodyHa

« 1Cl po 115; |Ca po 1,5; |[Mg oo 1,3
MMOIb/I

 bonee HM3kMN nNokazartenb JlInnokanuHa B
rpynne ctepoyHanHa

» 3akntodeHue: CtepodyHanH bonee
besonaceH



CTtepodyHanH NccnegoBaHue

«Sterofundin vs Normale Saline for
intraoperative fluid therapy in children
aged under 36 months, undergoing

surgery»
Age less than 36 months ASA I-Il|

Need for intraoperative treatment with
Normal Saline or Sterofundin Surgery
longer than 60 minutes

https://www.clinicaltrialsregister.eu/ctr-search/trial/2010-019913-12/IT



CtepodyHanH vs NaCl 0,9%

e [letn 1-36 mec
CtepodpyHanH+rntokosza/NaCl 0,9%+rnioko3a
 BknroyeHo 229 naumeHToB

* [unepxnopemus npm oobeme donee 46,7
MIT/KI

 bonee HN3KkMe nokasartenu Cl-

« 3akntoveHune: pacteop CtepodyHOMHa
bonee 6esonacHbIn, Yem NaCl 0,9%

Disma N. Pediatric Anaesth. 2014 Sep; 24 (9): 980-986



[locneonepaunoHHbIN Nepuoa,

* bornb -
* [ledULINT XKXNOKOCTU
» Cekpeuus AAI




[locneonepaunoHHbIN Nepuoa,

THE MAINTENANCE NEED FOR WATER IN PARENTERAL
FLUID THERAPY

By Malcolm A. Holliday, M.D., and William E. Segar, M.D,

Department of Pediatrics, Indiana University Medical Center | Pediatrics 1957 |

4.21nd
4 (mn/kr/vyac) — 2 (mn/kr/yac) - 1(mn/kr/vac) - n3 4 (4%
[ekcTtposa) n 5 (0.2% dus. pacteop)

Holliday MA, Segar WE: The maintenance need for water in parenteral fluid therapy.
Pediatrics 1957; 19:823-832

With permission by Kachko L.



Hyponatraemia and death or permanent brain

damage in healthy children.
BMJ. 1992 May 9;304(6836):1218-22.

Arieff AT, Ayus JC, Fraser CL.

University of California School of Medicine, San Francisco.

e [lepBasa nybnukaums
— 16 340poOBLIX OeTeun
— Bce onepupoBanucb nnaHoBO

— Tsaxenaa N'mnoHaTtpuemusa n OTek Mmo3sra

e cMepThb/ NepMaHeHTHbIe HeBponoruyeckue
HapyLUeHus

— Bce nonyuynnu N'noToHU4YeCcKuu

'MnoHaTpnemMn4yeckum pacTtBop
With permission by Kachko L.



Bbibop cbanaHcmMpoBaHHOIO

pacTBopa

*CLUA: 15 000
ok OcmonsanbHocTb (Mocmornb/kr H,O) neanaTpuyeckmx cmepren B
rog, CBA3adHHbLIX C

T nocronepaumoHHOU
rmnoHaTpumemMmen,

ol o6ycnoBneHHon uHdy3nen

i rMNOTOHUYECKUX PacTBOPOB

Arieff Al. Postoperative

hyponatraemic encephalopathy

20 T following elective surgery in

| , | _children.

e ey Tneswanr A Srepodyin. oPaediatric Anaesthesia 1998; 8:
1-4

270 T

250

38



HeBposiornueckue HapyImeHus BCIEACTBUE TOCIUTATIBHON
TUIIOHATPUEMUHU MOCIIE TUIIOTOHNYECKUX pacTBOpoB (Moritz ML 2004)

Author Age Setting Intravenous Sodium Complication
(years) fluid value
(mEg/1)

Duke [99] 0.15  Meningitis 0.18% NaCl 137 to 131
Jenkins [19] ND ND Hypotonic <130
Jackson [100] 1.5 Influenza Ds water 120 Peath, cerebral edema
3 Menmngitis Ds water 128 Death, cerebral edema
Keating [12] 3 Dehydration Ds water 133 to [144 Death, cerebral edema
2 Hip surgery Hypotonic 112 Death, cerebral edema
Gregorio [101] 4 CaRtroeneritis Ds 0.45% NaCl§  136to I Respiratory arrest, seizure, cerebra
demyelination

Hoorn [15] ND ND
Arieff [3] 3.5 Tonsillitis

[42-12§ Death, cerebral edema, cardiac arre

Quadriplegia

Hypotonic
Hypotonic

Tonsiiectomy 3 Death
Tonsillectomy . Death
Tonsillectomy [41to IQ]  Death
Tonsillectomy 138 t0 | Death

Fracture setting [37t0 12§  Mental retardation
Fracture setting 139t 118

Tonsiectomy 13710 113

VP shunt 13710 114

Fracture setting 137 to 120

Fracture setting 138 to 102

T(')nsilleft(?!ny 13810 107 Death With permission by Kachko L.

1% 4. 1V | & YRy



ORIGINAL ARTICLE

Hyfotonic versus isotonic saline in hospitalised

children: a systematic review

45T
K Choong, M E Kho, K Menon, D Bohn UNLL
Oct. 4~2006 Arch Dis Child 2006;91:828-835. doi; 10.1136/adc.2005.088690

*Puck pas3Butusa runoHaTpuemMmm rnocne BBeaeHuns
TMNOTOHMYECKMX PACTBOPOB Bo3pacTaeT B 17.2 pasa

*HasHavyeHne rmnoToHNYECKUX PpacTBOPOB HE
HaOeXHO/BpPeaHO

With permission by Kachko L.



Patient safety alert

Alert

28 March 2007

Immediate acton

Action
Update

Information reguest

i

O

Ref: NPSA/2007/22

NHs | HAaunoHanbHble PekomeHpauum
National Patient Safety Agency 2 0 07

(UK GOVERNMENT SAFETY
AGENCY)

Reducing the risk of hyponatraemia
when administering intravenous

infusions to children D49%, HanMVI Xnop 0.18% He

The National Fatient Safely Agency (NPSA) is issuing advice o healtheare

organisations on how to minimisc the risks associated with administering D'OJ'I >Ke H M C I'I OJ‘I b 30 B aT b C ﬂ B

infusions ta children.

The development of fluid induced hyponatracmia in the previously well child A

undergaing elective surgery or with mild illness may not be well recognised by pyTM H H O M rl pa KTM Ke .
clinicians. To date, the NPSA’'s National Reporting and Learning Svstem (NRLS)

has received anly one incident repart (that resulted in na harm), but it is likely B

that incidents have gone unreported in the UK. rl e p M O rl e pa L'| M O H H O M

Since 2000, there have heen four child deaths (and one near miss) following

neurological injury from haspital-acauired hyponatraemia (see gefinition on rl e p VI O.D'e VI C rl On b3o BaT b

page 70 reporled in the UK13 Inlemelional lileralure dles more then 50 ceses

ol serious injury or child dealh lrom Lhe seme cause, énd associaled wilh he

adminisbiation of hypolonic infusions.# TOJ-I b KO M 3OTO H M L‘I eCKM e
Action for the NHS and the independent sector

Ihe NPSA recommends that NIIS and incependent sector organisations in pa CT BO p bl
England and Weles Lake he following aclions by 30 Seplember 2007 o

mirimisc the risk of hyponatracmia in children:

Remave socium chloride 0.18% with glucose 4% intravenous infusions from

slock and general use in areas thal Lreal children. Suilable allermatives must be

available. Restrict availability of these intravenous infusions to critical care and

specialist wards such as renal, liver and cardiac units.

Praduce and disseminate clinical guidelines for the fluid management ot

paediatric patients. These shauld give clear recommendations for fluid N atl on al Patl e nt Safety Ag en Cy

selection, and clinical and laboratory monitoring.
Provide adequate training and supervision for all statt involved in the Red UcCil ng the r|Sk Of harm When
prescribing, administering and monitaring of intravenous infusions for children. .. . . .
Reintorce sater practice by reviewing and improving the design ot existing ad min ISte rin g Intrave NOuUS ﬂ u |d S
infravenous thiic prescriptions and tluid balance charts tor children. .

to children. Safety Alert 22,

Promote the reparting ot haspital-acauired hynonatraemia incidents via loca
J It

risk management reporfing systems. Implement an audit programme o ensure
NPSA recommendations and local procedures are being adhered to. M d rCh 2007 -



Bce cTano xopoLio?

* Vicnonb3oBaHWe r’MNOTOHUYECKNX
PACcTBOPOB B NocreonepaymoHHOM
nepuoae y geteun, aBnsgertca pyTUHHOU
NpakTUKOW

* PYTUHHLIN MOHUTOPWHI 3NEKTPONTUTHOIO
COCTaBa KpoBW He NMPOBOAOMUTCA.

* PeanbHo, YyacTtoTa rurnoHaTpuemMmm MoxeT
ObITb BbILLE

Davies P. Intravenous postoperative fluid prescriptions for children: a survey of practice.
BMC Surg 2008;8:10-14;

Snaith R. An audit of intravenous fluid prescribing and plasma electrolyte monitoring; a
comparison with guidelines from the National Patient Safety Agency. Paediatr Anaesth
2008;18:940-6



New aspects in the pathogenesis, prevention, and treatment of hyponatremic
encephalopathy in children Michael L. Moritz & Juan Carlos Ayus Pediatr Nephrol (2010)
25:1225-1238

Table 6 Hospital-acquired hyponatremic encephalopathy in children receiving hypotonic fluids (2005-2009)

Authors Ape  Setting Intravenous fliud  Sodium Symploms Treatment  Ouicome
(vears) value
(mEqg/L)
Duke et al. 2005 [61] 19 ALL, dDAVP 0.18% NaCl 138 1o 124 Seizures 3% NaCl  Survived
2 Medulloblastoma 0.18% NaCl 143 to 119 Seizures & hypoxia 3% NaCl  Survived
y ALL 0.45% MNaCl 136 to 125 Sewrures & respumitory 3% NaCl  Survived
depression
Ashraf and Albert 0.1 Bronchiolitis 0.22% NaCl 142-107  Lethargy 3% NaCl  Sorvived
2006 [64]
Osier et al. 2006 [62] b Burkitt’s 0.45% MNaCl 138 to 96  Seirunes Fluid Survived
lvmphoma restnction
.-‘\Eul Fuster et al. 3.5 .-\denuideumm;.- D Water 116 Seizures, comatose 3% MNaCl  Survived
2006 [60]
Donaldson et al. 3.5 Adrenal 0.45% MNaCl 125t 123 Serzures, coma, reSpiratory None Death
2007 [63] SUPPIESS 0N arrest,
cardwgenc shock
Auroy et al. 2008 [65] 4 Dental extraction D Water & 0.35% 120 Coma, respiratory distress, heart None Death
NaCl failure
Cansick et al. 2009 [126] 11 Renal transplant 0,45 Na(l 140121  Serrures, cerebral hemiation Lomzepam Death

ALL acute lymphoblastic leukemia, dDAVP 1-desamino-Bd-arginine vasopressin, MaCll sodiom chloride, D. water 5% dextrose in water

New aspects in the pathogenesis, prevention, and treatment of hyponatremic encephalopathy in
children Michael L. Moritz & Juan Carlos Ayus Pediatr Nephrol (2010) 25:1225-1238



[locneonepauUnOHHbIN Nepuoa

<138 N30TOHMYECKME pacTBOpPLI

138-144 N30TOHNYECKNE pacTBOpbLI.
[lonycTumMmo nucnosnb3oBaHme
rMoKo3bl 5%

[lepmonepalOHHbLIN N30TOHMYECKME pacTBOpPLI
nepuoa

Risk of acute hyponatremia in hospitalized children and youth receiving
maintenance intravenous fluids. Jeremy N Friedman; Canadian Paediatric Society
Acute Care Committee. Paediatr Child Health 2013;18(2):102-104



[locneonepaunoHHbIN Nepuoa,

* Y pgeten ¢ HopMmanbHbIM YpoBHEM Nna3meHHoro Na, Ho
NMEILLMX BbICOKUW PUCK MOBbILLEHHOU cekpeunn ALl
(mepuonepayuoHHbIU Nepuod, pecrnmpaTtopHble n
HEBPOJIOrMYeCcKne HapyLLueHUs1) peKOMeHOYEeTCH
npuMeHeHne n3otoHn4veckoro pactaeopa (D5W.0.9% NaCl).

* [1na ocTtanbHbIX AeTeW, C HOpManbHbIM YPOBHEM HaTpPUS
pekomeHayetca D5W.0.9% NaCl nnn DSW.0.45% NacCl.

« D5W.0.9% NaCl npegnoytutenbHee npu HWKHUX rpaHuLax
HopMbl (135 mmol/L-137 mmol/L BkntounTensHo).

Risk of acute hyponatremia in hospitalized children and youth receiving
maintenance intravenous fluids. Jeremy N Friedman; Canadian Paediatric Society
Acute Care Committee. Paediatr Child Health 2013;18(2):102-104



[locneonepaLlnoHHbIA nepuoa

* ['mnotoHnyeckune pacteopbl <0.45% NaCl He cneayeTt
NCMNoNb30BaTh B PYTUHHOM NPaKTUKE N AOIMKHbI ObITb
HeOOCTYMHbI B NeanaTpuYecknx oTaeneHmnsax

* Ecnu ypoBeHb nNnasmMeHHOro HaTpus HEN3BECTEH, B
KayecTBe CTapTOBOro pacTtBopa PeEKOMeEHOYETCSH
ncrnone3osatb D5W.0.9% NaCl.

* [1pu ypoBHe HaTpua 145-154 mmol/L, ncnonb3soBatb
D5W.0.45% NaCl ¢ yacTblM KOHTPOMEM HaATpUS

* P-p PuH2epa-Jlakmam wupoKo ucrnosib3yemcsi 8
ornepauyuoHHbIX, 0OHaKO omcymcmaeue 2J1F0KO3bl U
Hasu4ue s17akmama desiaem pymuHHOE rnpuMeHeHue
3amo2ao pacmeopa HeuesrecoobpasHbIM, OCO6EHHO y
MaJieHbKux demedl.

Risk of acute hyponatremia in hospitalized children and youth receiving
maintenance intravenous fluids. Jeremy N Friedman; Canadian Paediatric Society
Acute Care Committee. Paediatr Child Health 2013;18(2):102-104



Intravenous fluid management for the acutely ill child

Michael L. Moritz® and Juan C. Ayus®

Authors Study design n Outcome
Kanda et al. [36"°] Prospective observational study. Change in serum sodium at 80 Fall in SNa in 0.6% NaCl
& h in children following a percutaneous renal biopsy receiving group of 1.9 mEqg/I
either 0.6% NaCl or 0.9% NaCl and with elevated AVP levels Increase in SNa in 0.9% NaCl
group of 0.9 mEg/I
Sumpelmann et al. [60] Prospective observation study. Change in intra-operative serum 107 Increase in SNa of 1 mEg/I
sodium in patient receiving a balanced electrolyte solution
(Na 140 mEq/l)
Kannan et al. [37*%] Prospective randomized trial. Incidence of hyponatremia 167 14.4% and 3.8% incidence of
(SNa <130 mEg/l) within 72h of initiated IVF in hospitalized hyponatremia in 0.18% NaCl
mhildean randamizad ta A A Q06 Kaf™ At Sl Ar A2 cmaintananan mraume raomantioenlo

.[MpegnouteHne otgaetca NaCl 0,9%

receiving either 0.45% or 0.9% NaCl at either full or
1/2 maintenance

Yung and Keeley [40*°] Prospective randomized trial. Change in serum sodium at
12=24h in children admitted to the ICU randomized to
either 0.18% NaCl or 0.9% NaCl at 2/3 or full maintenance
rate

Montanana et al. [38] Prospective randomized trial. Incidence of hyponatremia
(SNa <135 mEg/l) within 24 h in postoperative children
admitted to the ICU receiving either hypotonic fluids
(Na <100mEqg/l) or isotonic fluid (Na + K =155 mEqg/)

Current Opinion in Pediatrics 2011; 23: 186

50

122

MNaCl groups, respectively
3% and 16% incidence of
hyponatremia in the 0.9%
NaCl groups, respectively
Fall in SNa in 0.18% NaCl
group by 3 mEq/l and
4.9 mEq/L, respectively
Increase in SNa in the
0.9% NaCl group by 0.2
and 1.5 mEq/l, respectively.
20.6% incidence of
hyponatremia in the
hypotonic group
5.1% incidence of
hyponatremia in the
isotonic group



NaCl 0,9% vs CbanaHcupoBaHHbIe
PacTBOPbLI

Bicarbonate [mmol/I] Nudpy3na NaCl 0,9%
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[ MnepxnopeMnyeckmn aumnaos
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YTo Xe nenatb

* NaCl 0,9% - runepxnopemunyecknm aumaoos

* Ringer-Lactate — runoocmonapHbIv
pacTBop

* Ringer — runepocmonspHein (MHoro Cl)

« CbanaHcmpoBaHHblE pacTBOPbLI —
don3nonornyHebl

* UTto Oyoem npuMeHATb?



BbiBOAObI

» CoBpeMeHHble cbanaHCnpoBaHHbIE
pacTBopbl boree Pr3nonornyHbl

* be3onacHbl
* KoHpnuKT: NpoToKonbl/peanbHOCTb

« TpebyeTca NpMHATME NOKarnbHbIX
MPOTOKOJ10B

 HeoOxoaumbl uccriegoBaHus



He HaBpeau....



