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Tagesfllissigkeit

® 1800mI/m2KOF/d

® 4-2-1 rule
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Maintenance Fluid

Survey in Austria, n=53
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Weinberger K. MoKi 2016
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s THE MAINTENANCE NEED FOR WATER IN PARENTERAL e”d"e’;’?‘\’""'qﬁ x

FLUID THERAPY

By Malcolm A. Holliday, M.D., and William E. Segar, M.D.
Department of Pediatrics, Indiana Unicersity Medical Center

Based on 2 theoretical assumptions

— Water requirements determined by caloric expenditure
— Maintenance = [insensible loss + renal loss — H,Oigation

100kacl =100mL

Holliday MA, Segar WE, Pediatr 1957
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Maintenance Fluid

Caloric expenditure and body weight

COMPARISON OF ENERGY EXPENDITURE IN BASAL AND IDEAL STATE l““z or Em“u PRO\'IDBD VER l':ﬂl“AnD
100 Cavonies oN Variors ReciMess

S ahes we ——— ——
-

mEq/100 cal /day
" Regimen - e
s Na ('l K
§ ] Human milk* 1.0 1.¢2 2.0
Cow’s mitk 3.5 4.5 6.0
: Recommendedt 3.0 2.0 2.0

Recommended (Darrow) 3.0 2.0 3.0
Recommended adult** 8.0 8.0 1.0

WEIGAT kg.

Holliday MA, Segar WE, Pediatr 1957
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Maintenance Fluid

Caloric expenditure and body weight

connurou or t:tnov :Tnnun:uu i :uu. :u'm xnu:: STATE INTAKE or ErecrroLyres Provivep vrer ESTINATED
100 Cavonies oN Variors Recimexs
m"fm:" ' mEq/100 cal /day
o] . Regimen —_ ———
: o oA ! Na (1 K
: / BT, || st msaniiisisos o iSRS -
§ w b — — L o Human milk* 1.0 1.2 2.0
1500 +20 cal/kg Cow's mitk 3.5 4.3 6.0
e ....,....,m..,g Recommendedt 3.0 2.0 2.0
Recommended (Darrow) 3.0 2.0 3.0
w | 1000 +50 cal/kg ] Recommended adult** $.0 8.0 1.0
0 100 cal/kg ; 1

Holliday MA, Segar WE, Pediatr 1957



)
M LANDESKRANKENHAUS FELDKIRCH b
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FLUID THERAPY

By Malcolm A. Holliday, M.D., and William E. Segar, M.D.
Department of Pediatrics, Indiana Unicersity Medical Center

Based on 2 theoretical assumptions

— Water requirements determined by caloric expenditure
— Maintenance = [insensible loss + renal loss — H,Oigation

Daily caloric expenditure per kg body weight

<10 Kkg: 100 cal/kg
10-20 kg: 1000 cal + 50 cal/kg
>20 kg: 1500 cal + 20 cal/kg

Holliday MA, Segar WE, Pediatr 1957
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Maintenance Fluid

1-10 kg: 100 mL/kg/d 4 mL/kg/h
11-20 kg: 1000 mL + 50 mL/kg/d 40 mL/h + 2 mL/kg/h
>20 kg: 1500 mL + 20 mL/kg/d 60 mL/h + 1 mL/kg/h

»4-2-1 rule

or 1500 (-1800) mL/m? body surface area

Holliday MA. Pediatr 1957; Robroch AH. ADC 2011; AAP. Textbook of Pediatric Care 2009
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Elektrolyte - Natrium

A: 20 — 40mmol/L
B: >40mmol/L
C: <20mmol/l

D: wederA-C
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Elektrolyte - Natrium

Survey in Austria, n=53

A: 20 — 40mmol/L 51%
B: >40mmol/L 38%
C. <20mmol/l 0%

D: wederA-C 11%

Weinberger K. MoKi 2016
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Electrolytes
INTakE or EvecrrovLyres Provivep rer ESTINATED
100 Cavonies oN Variors ReciMess
mEq/ 100 cal /da
NaCl 30 mval/L Bisisisi N e g
KCl 20 mval/L Na 1 K
Human milk* 1.0 1.2 2.0
Cow's mitk 3.5 4.5 6.0
Recommended?t $.0 2.0 2.0

Recommended (Darrow) 3.0 2.0 3.0
Recommended adult** $.0 3.0 1.0

Holliday MA. Pediatr 1957; Robroch AH. ADC 2011; AAP. Textbook of Pediatric Care 2009
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Tagesflissgkeit ernoht bel beatmeten Patienten

A: unverandert
B: erhoht um >10%
C: vermindert z.b. um 20-30%

D: je nach Diagnose
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Do you change volume in a ventilated child?

Survey in Austria, n=53

according to diagnosis, 71%

same, 13%

= reduced, 6%

\

increased, 10%

Weinberger K. MoKi 2016
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Maintenance Fluid

based on 3(!) children and assumptions from adults (1800mL/m?)
+ NaCl 30mval/L (!') ~Tonicity: 0.18%
+ KCI 20mval/L

Incidence of hyponatremia (<135mmol/L): 17-45%
Free water

Increased vasopressin (SIADH): meningitis, encephalitis, brain tumors,
pneumonia, bronchiolitis, chronic lung disease (CLD), severe head injury
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Tonicity

hypertonic isotonic hypotonic

Compares sodium content of solution vs. plasma

ISotonic: 154 mmol Na*/L

hypotonic: < 154 mmol/L

% 9 P

hypertonic: > 154 mmol/L



St
M LANDESKRANKENHAUS FELDKIRCH % :
-

Kinder- und Jugendheij:)nd X

¥ J

Osmolality (Osmo)

time

—

= 2xNa + (Glucose, mg/dL:18) + (BUN mg/dL:2.8) + othelsxdl¥
Semipermeable m;embrane
Measured > calculated Osmo high concentration
Hyper“pldemla ‘ mean concentration
Q solvent
True Na = measured Na (0.021xTG(g/dL) + 0.994
Hypoproteinemia
Hyperglycemia
*Osmotically active substances like
mannitol, contrast agents, alcohol intoxication

Small changes in the plasma lead to great changes in osmolality
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Colloid Oncotic (Osmotic) Pressure

= 19mmHg of dissovekd protein + 9mmHg Donnan effect

Oncotic pressure: 80% albumin, 20% globulin, fibrinogen AU i Interstitial fiuid

Donnan effect: osmotic pressure caused by molecular Na, K
and other cations held in the plasm by proteins

Great changes in the plasma lead to small changes in oncotic pressure
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EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES HEALTH
« Because of the risk of kidney injury and mortality, HES solutions must no longer be used
In patients with sepsis (bacterial infection in the blood) or burn injuries or critically ill
patients.

« HES solutions may continue to be used to treat hypovolaemia (low blood volume)
caused by acute (sudden) blood loss. However, the doctor should monitor the patient’s
kidney function after HES administration.

19th Dec 2013

« Suspension of the approval because of continued use in patients with increased risk

15th Nov 2022 M VORARLBERGER LANDESKRANKENHAUSER
Kompetenzverbund fiir Kinder- und Jugendmedizin Vorariberg
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Which Crystalloid?

Na
(mmol/L)
K+
(mmol/L)

Ci
(mmol/L)

Anion
(mmol/L)

Osmol
(mosm/L)

pH
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Which Crystalloid?

Balanced Balanced

Na
(mmol/L)
K-i»
(mmol/L)

Ci
(mmol/L)

Anion
(mmol/L)

Osmol
(mosm/L)

pH
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Which Crystalloid?

Na
(mmol/L)
K+
(mmol/L)

Cl
(mmol/L)

Anion
(mmol/L)

Osmol
(mosm/L)

pH




Available online at www.sciencedirect.com
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Resuscitation ) |Fesuscmron
4 COUNCIL
Akad 1isct enrkrankenhaus

journal homepage: www.elsevier.com/locate/resuscitation

European Resuscitation Council Guidelines 2021:
Paediatric Life Support

PAEDIATRIC*LIFE SUPPORT 2021 =
. RESUSCITATION
5 TOP MESSAGES

COUNCIL
*0-18y, except newborns ‘at birth’

1 Use ABCDE as common language
® .- Work as a team - Be competent.

3 In ‘shock’, give 1 or more fluid bolus(es) of
® 10ml/kg of (preferably balanced) crystalloids
(or blood products). Reassess after each bolus.

Start vasoactive drugs early.

For basic life support, use the specific PBLS
algorithm (ABC - 15:2) if you are trained to do
so. Both improving the quality of CPR and
limiting the hands-off time are considered crucial.
Consider provider safety.

For advanced life support, use the specific PALS
algorithm. Actively search for and treat reversible
causes. Use 2-person BMV as the first line ventilatory
support. Only if intubated, provide asynchronous
ventilation at an age-dependent rate (10-25/').

Fig. 1 - Main of the 2021



LANDESKRANKENHAUS FELDKIRCH Impact of the Magnitude a;d 1:|ming of Fluid
M Overload on Outcomes in Critically lll Children:

A Report From the Multicenter International
Assessment of Worldwide Acute Kidney Injury,
Renal Angina, and Epidemiology (AWARE) Study

Critical Care Medicine 51(5):p 606-618, May 2023.

Akademisches Lehrkr

-

Fluid Overload in Children

Outcomes by Fluid Overload at the End of ICU Day 1, n = 4,596, and Fluid Overload at the End of ICU Day 2, n = 2,885

End of ICU Day 1*

FO < 5%, FO >5%, FO < 10%, FO > 10%,
Category, n (%) nm2843(61.9%) n=1753(38.1%) p (ES) nw= 4,059 (88.3%) n = 537 (11.7%)

28-d ICU-free days ) 5) <0001 (0.34) 25.0 (22.0-260) =25.0)
28-d montality 70 (2.5) B2 (4.7 <0001 (012 108.(27) 43 (8)
End of ICU Day 2"

28-d ICU-free days 0 (200-25.0) TTea-240 <0001 (022 23 (20-25) 22 (17-24) <0.001 (0.38)
28-d mortality* 30 (2.9) 74 (4.8) 0.008 (0.10) 66 (3.1) 47 (6.5) < 0.001 (0.16)
N A N

<0.001 (053
<0001 (0.24)

Mortality doubles each time when FO is >5% and >10%
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J.S. 18.07.2020

03.09.24
Case #3

since six days fever, abdominal pain, headache and diarrhoea

VS: T 39.6°C, HR 155/min, BP 77/30-42 mmHg, RR 40/min, SpO, 94%,
recap..., GCS 14

WBC 2.8 G/L, Hb 10g/dL, Thrombo 30G/L

CRP 4mg/dL, IL-6 800.000pg/mL, PCT 21ng/dl; lactate 2.5mmol/L
INR 1.5; Fibrinogen 320mg/dL
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J.S. 18.07.2020

03.09.24
Case #3

: Gastroenteritis
Infection with Phoenix Sepsis Score of 3
: ,walit and see”

. something is wrong/strange

m o O W 2

Infection Phoenix Sepsis Score 3 and

volume (balanced)
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- : International Consensus Criteria for From: International Consensus Criteria for Pediatric Sepsis and Septic Shock
Akademisches Lehrkrankenhaus s i X
Pediatric Sepsis and Septic Shock
= ” JAMA. Published online January 21, 2024. doi:10.1001/jama.2024.0179
Loregn | Scrlaptaxch, MO, FhD' =, & Scott Watsor, MO, AP, Laren 3. Socze. #0003

Mas ‘

Suspected infection with Phoenix Sepsis Score of 3

Table. The Phoenix Sepsss Score*
Varabkes 0 Polats I Posnt 7 Points 3 Posmns
A basind!
Moean artedal pressure, mm Hg*

<1 mo »30 17-30 «17

1to1lmo >38 25.38 <25

lto=2y i 43 <31

Coagulation (0-2 poims)"

L Potmt each (maxmum 2

Patelets 2100 « 10°/pl

ltu;mnml normarioed ratio lnSmabmd romalied ratio
). »§
D-chmer 22 o/ FEU D-dimer >2 ma/LFEU

Fiteincaen 2100 maML Firnooen <100 mail
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Balanced crystalloid: 2 x 20mL/kg

.{abarkhel, Saira
Uuwg 0601103178/7240049029

Vitalparam-Bericht Standard 3 Sep 24 15:22:38

T v ] 1

3 sep ] : :
u | §13:1813:4713:53 | 13:55 14:00 [14:15 | 14:30 | 14:4515:00 |15:15{15:22 [4§: %p
NBPs 88 82 81 87 85 | 81 88 85 82 80 13

meed | 33 | 30 | 30 | 34 | 3 [ '35 | a5 | 35 | 35 | 86 | |3}

S S B B L S R

NBPm 52 46 | 45 53 | 52 | 49 | 56 | 53 | 49 | 65 591
BPm 3. 52 | 49 | 56 | 53 .

HE | 131 | 120 | 120 | 122 | 123 | 120 | 122 | 121 | 128 | 132 | 124 | Al

Spo2 95 =96 95 | 95 | 94 | 93 | 094 96 96 96 | 95 | qy

P ) s ——

= R e R T
Hmp. - 38,8 38,5 HuC

L s
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J.S. 18.07.2020

03.09.24
Case #3

something is wrong
 Visit in Afghanistan 07.06. — 24.08.2024

* Leucopenia 2.8; Anemia Hb <10; Thrombocytopenia 30
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Case #3

s Malaria
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J.S.18.07.2020

03.09.24

https://wwwnc.cdc.gov/travel/yellowbook/2024/infections-diseases/malaria
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Sepsis — Fluids
Crystalloid vs. Colloids?

Severe infectious diseases: malaria or dengue hemorrhagic shock

Study or Events/total Adequate Peto fixed odds Peto fixed odds
subgroup Colloids Crystalloids sequence ratio (95% C1) ratio (95% C1)
generation
Sepsis
Upadhyaya 2005%° 9/29 9/31 Yes —_— 1.1 (0.4 10 3.3)
Malaria
Maitland 2005°*  2/56 11/61 Yes - 0.23 (0.07 to 0.74)
Maitland 2005%°  4/23 3/20 Yes e - 1.2(0.24 10 5.9)
Maitland 2003”7  0/20 4/32 No ——— 0.18 (0.02 to 1.4)
Dengue
wills 2005*° 1/384 0/128 Yes > 3.8 (0.04 to 350)
Cifra 2003** 1/11 3/16 No —-—-\— 0.48 (0.06 to 4.0)
0.01 0.1 1 10 100
Favours Favours
colloids crystalloids

Fig 2| Comparison of mortality in children resuscitated with colloids or crystalloids
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JOURNAL o MEDICINE

ABLISHED IN 1812 JUNE 30, 2011 VOL. 364 NO. 26

Akademisches Lehrkrankenhaus

Mortality after Fluid Bolus in African Children with Severe Infection

Kathryn Maitland, M.B., B.S., Ph.D., Sarah Kiguli, M.B., Ch.B., M.Med., Robert O. Opoka, M.B., Ch.B., M.Med.,
Charles Engoru, M.B., Ch.B., M.Med., Peter Olupot-Olupot, M.B., Ch.B., Samuel O. Akech, M.B., Ch.B.,
Richard Nyeko, M.B., Ch.B., M.Med., George Mtove, M.D., Hugh Reyburn, M.B., B.S., Trudie Lang, Ph.D.,

-
Bernadette Brent, M.B., B.S., Jennifer A. Evans, M.B., B.S., James K. Tibenderana, M.B., Ch.B., Ph.D.,
‘ V ‘ r ‘ I l ‘ C I O I l Jane Crawley, M.B., B.S., M.D., Elizabeth C. Russell, M.Sc., Michael Levin, F.Med.Sci., Ph.D., Abdel G. Babiker, Ph.D.,

and Diana M. Gibb, M.B., Ch.B., M.D., for the FEAST Trial Group*

Crystalloid or Colloids vs. no bolus?

Fluid Expansion as Supportive Therapy (FEAST) Trial
n>3141, <12 yrs

Severe febrile iliness with
o Impaired consciousness
o Respiratory distress
o Impaired perfusion
recap. >3sec; temperature gradient; weak radial puls

severe tachycardia
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ESTABLISHED IN 1812 JUNE 30, 2011 VOL. 364 NO. 26

Mortality after Fluid Bolus in African Children with Severe Infection

Severe Infection
Crystalloid vs. Colloids vs. no bolus?

014+ 0.14+
a1 Mortality at 48 hours 012 et WOEKS e
0.10 0.104 //—
0.08- 0.08+ Y i
| 0.06+ /
0.06 e AlDUmin bolus
0,04+ ; e Albumin bolus 0.044 e =« Saline bolus
/ - == =« Saline bolus = = = No bolus
0.02- -~ = = No bolus 002
0.00 0.00 T I T Iy T
A, IR SR I I 55 T T S A 208 0 2 4 6 8 1012141618202 0228

0 6 2 B8 U W ¥ 444 4«



LANDESKEANEENHAUS FELRICRC H Treating the wrong children with fluids will 8
cause harm: response to 'mortality after 4
. 4 fluid bolus in African children with severe
infection'
D P Southall and M P Samuels

Arch Dis Child 2011 96: 905-906 originally published online June 28,

Severe Infection
Crystalloid vs. Colloids vs. No bolus?

FEAST Trial
n>3000, <12 yrs: severe febrile iliness, depressed mental

status a/o respiratory distress and impaired perfusion

57% malaria, 32% Hb <5 g/l, 37% convulsions



LANDES LS ANRENALUS SELDRIBCH Treating the wrong children with fluids will
cause harm: response to 'mortality after 4
_ fluid bolus in African children with severe
infection'

D P Southall and M P Samuels

xademisches Lehrkrankenh

Arch Dis Child 2011 96: 905-906 originally published online June 28,
2011

Severe Infection

Crystalloid vs. Colloids vs. No bolus?

FEAST Trial
n>3000, <12 yrs: severe febrile ilin
status a/o respiratory distr d perfusion

57% mal g/l, 37% convulsions
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Sodium - Differential

SIADH CSWS Dl

Serum Sodium (mmol/ | <130 <130 >150

L)

Serum Osmo (mMOsm/ | <275 <275 >305

kg)

Urin Sodium (mmol/L) | >60 >120 <40

Urin Osmo (mOsm/kg) | >300 >500 <250
Urine Output (mL/kg/ |[<1 >1 >3

h)

Volume status Euvolemic Hypovolemic Hypovolemic

SIADH...Syndrome of Inappropiate Antidiuretic Hormone
CSWS...Cerebral Salt Wasting Syndrome
Dl...Diabetes Insipidus
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Clinical paper

Icalcium use during paediatric in-hospital cardiac
arrest is associated with worse outcomes

° Katherine Cashen®, Robert M. Sutton”, Ron W. Reeder“, Tageldin Ahmed®,
CaICIum AESUSCITATION 185 (2022) 108673

Should it be given empirically?
Estimated Effect of Calcium Use on Outcomes

Adjusted rifect
Chadcomee Adjuegied ndds ratio (95% CI)} (#3% Cl F-value

{

OET (el | 24} (k45

Survival 1o heapil Sscharge 088 52, oY}

7
Survival 1o hespital Sscharge with Iﬁﬂﬂt“ﬂ-ﬂ@_ﬂw:' 0.73 (D57, D94}

| | 0,77 (.59, 101 D60
I:I-I:mi'l.lu'I I k
Ch f baseline 0 hospital discharge m Fenctional =tal bof
mr-":;:?“ o : s X (-0.57.04810 (0842

Mew maorbidity {survivess -::H.:p]"- .55 A3, 143 1 0 b




M LANDESKRANKENHAUS FELDKIRCH Review > Resuscitation. 2021 May:162:188-197, dol: 10.1016/].resuscitation.2021.02,035
Epub 2021 Mar 1

Akademisches Lehrkrankenhaus Sodium bicarbonate administration during in-
hospital pediatric cardiac arrest: A systematic review
and meta-analysis |

Chih-Yao Chang ', Po-Han Wu 1, Cheng-Ting Msiao ?, Chia-Peng Chang !, Yi-Chuan Chen ¥,

Sodium Bicarbonate

Should it be given empirically?

Rate of Survival to Discharge

Odds Ratio
M-H, Random, 95% ClI

This meta-analysis ... supported current PLS

guideline...

routine administration of SB is not

recommended in pediatric cardiac arrest

4

0.005 3 10 200
Favors No SBJ Favors SB

Chang C. Resuscitation. 2021



LANDESKRANKENHAUS FELDKIRCH Sodium Bicarbonate—The Swmgs and
l’l Roundabouts Will Not Stop Without Randomized
Evidence*
Kinder- Burkhard Simma, MD Haresh Kirpalanl MD, MSc

Scplcmucri'old ‘-'ou'n 41 N.nmbo 8 /7

Paradoxe intrazellulare Azidose

N atrium Bikarbonat

HCO, + H*=H,O + CO, » CO,+H,0= HCO3-@

Blut Hirn
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Phosphate — Oxygen Bindung Curve

100

2,3 biphospho-gylcerat (DPG) %

80

DPG increase: 70

O, binding curve shifts to the right

O, Is bound less tightly to hemoglobin
facilitates the delivery of oxygen
In target tissues

60

50

40

30

20

Oxyhaemoglobin (% Saturation)

10

. . 10 20 30 40 50 60 70 80 90100
consider KCL plus KPhos to reduce hyperchloremia PO, (mMmHg)
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Fluid: a ,new drug” in the PICU?

Association # causal relation

Can cause harm by
wrong composition
wrong volume

No clear amount and content for maintenance fluid
Holliday Segar formula overestimates fluid requirement in infants

consider at 12-2/3 of the standard maintenance rate
More fluid — higher morbidity/mortality or patients with more severe diseases?

No ideal way of monitoring

Arikan AA. PPCM 2015

So, every I.v. fluid we use is abnormal?
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