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Tagesflüssigkeit

• 1800ml/m2KÖF/d

• 4-2-1 rule



Survey in Austria, n=53

Weinberger K. MoKi 2016

Maintenance Fluid

Survey in Austria, n=53

1800mL/m2  4 -2 – 1 rule



Based on 2 theoretical assumptions

→  Water requirements determined by caloric expenditure

→  Maintenance = [insensible loss + renal loss – H2Ooxidation

Holliday MA, Segar WE, Pediatr 1957

100kacl =100mL



Holliday MA, Segar WE, Pediatr 1957

Maintenance Fluid

Caloric expenditure and body weight



Holliday MA, Segar WE, Pediatr 1957

100 cal/kg

1000 +50 cal/kg

1500 +20 cal/kg

Maintenance Fluid

Caloric expenditure and body weight



Holliday MA, Segar WE, Pediatr 1957

Daily caloric expenditure per kg body weight

<10 kg: 100 cal/kg

10-20 kg: 1000 cal + 50 cal/kg

>20 kg: 1500 cal + 20 cal/kg

Based on 2 theoretical assumptions

→  Water requirements determined by caloric expenditure

→  Maintenance = [insensible loss + renal loss – H2Ooxidation



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

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/m2 body surface area

Maintenance Fluid



Elektrolyte - Natrium

A: 20 – 40mmol/L

B: >40mmol/L

C:  <20mmol/l

D:  weder A - C



Elektrolyte - Natrium

A: 20 – 40mmol/L  51%  

B: >40mmol/L  38%

C:  <20mmol/l  0%

D:  weder A – C  11%

Survey in Austria, n=53

Weinberger K. MoKi 2016



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

Electrolytes

NaCl 30 mval/L 

KCl 20 mval/L



Tagesflüssgkeit erhöht bei beatmeten Patienten

A: unverändert  

B: erhöht um >10%

C:  vermindert z.b. um 20-30%

D:  je nach Diagnose



Survey in Austria, n=53

Weinberger K. MoKi 2016

same, 13%

reduced, 6%

increased, 10%

Do you change volume in a ventilated child?

Survey in Austria, n=53

according to diagnosis, 71% 



Maintenance Fluid

based on 3(!) children and assumptions from adults (1800mL/m2)

 + NaCl 30mval/L (!!) ~Tonicity: 0.18% 

 + KCl 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 



hypertonic             isotonic             hypotonic

Tonicity

Tonicity

Compares sodium content of solution vs. plasma

isotonic:    154 mmol Na+/L

hypotonic: < 154 mmol/L

hypertonic: > 154 mmol/L



time

Semipermeable membrane

high concentration

mean concentration

solvent 

Osmolality (Osmo)

= 2xNa + (Glucose, mg/dL:18) + (BUN mg/dL:2.8) + others*

Measured > calculated Osmo

Hyperlipidemia

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



= 19mmHg of dissovekd protein + 9mmHg Donnan effect

Oncotic pressure: 80% albumin, 20% globulin, fibrinogen

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

Colloid Oncotic (Osmotic) Pressure



• 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
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Mitteilung des Bundesamts für Sicherheit im Gesundheitswesen über Maßnahmen zur 
Gewährleistung der Arzneimittelsicherheit:

Wichtige I nformation des Bundesamtes für Sicherheit im Gesundheitswesen 

über das Ruhen der Zulassung von  Hydroxyet hylstärke haltigen 

I nfusionslösungen zum 1.Jänner 2023 wegen fortgesetzter Verwendung in 

kontraindizierten Patientengruppen mit  erhöhtem Risiko eines ernsten 

Schadens

Volulyte 6%  I nfusionslösung    Zulassungsnummer: 1-27594

Voluven (HES 130/ 0,4)  6%  - I nfusionslösung Zulassungsnummer: 1-23687

Zulassungsinhaber: Fresenius Kabi

Wirksamer Bestandteil: Hydroxyethylstärke (HES)

HES ist zugelassen zur Behandlung einer Hypovolämie bei akutem Blutverlust, wenn 
Kristalloide alleine als nicht ausreichend erachtet werden

Zusammenfassung: 

• Im Jahr 2013 wurde die Anwendung von HES-haltigen Infusionslösungen aufgrund 
eines erhöhten Risikos für Nierenschäden und Sterblichkeit bei bestimmten 
Patientengruppen eingeschränkt.

• Trotz Einführung weiterer umfassender Maßnahmen im Jahr 2018 zum Schutz 
gefährdeter Patientengruppen haben die Endergebnisse der jüngsten 

Colloids



Which Crystalloid?



Balanced Balanced

Which Crystalloid?



G% K5

Vollektrolyt

140

5

117

35

Glucose

5g

560

Which Crystalloid?





Fluid Overload in Children

Mortality doubles each time when FO is >5% and >10%



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, SpO2 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



J.S. 18.07.2020
03.09.24

Case #3

  A: Gastroenteritis

      B: Infection with Phoenix Sepsis Score of 3

      C: „wait and see“

      D: something is wrong/strange

      E: Infection Phoenix Sepsis Score 3 and 

   volume (balanced)



Date of download:  1/25/2024
Copyright 2024 American Medical Association. 

All Rights Reserved.

From: International Consensus Criteria for Pediatric Sepsis and Septic Shock

JAMA. Published online  January 21, 2024. doi:10.1001/jama.2024.0179

The Phoenix Sepsis ScoreaAbbreviations: FEU, fibrinogen equivalent units; IMV, invasive mechanical ventilation; INR, international 
normalized ratio of prothrombin time; MAP, mean arterial pressure; Pao2:Fio2, arterial partial pressure of oxygen to fraction of 

inspired oxygen ratio; Spo2, oxygen saturation measured by pulse oximetry (only Spo2 of ≤97%).

SI conversion factor: To convert lactate from mmol/L to mg/dL, divide by 0.111.

a The score may be calculated in the absence of some variables (eg, even if lactate level is not measured and vasoactive 
medications are not used, a cardiovascular score can still be ascertained using blood pressure). It is expected that laboratory tests 
and other measurements will be obtained at the discretion of the medical team based on clinical judgment. Unmeasured variables 

Table Title: 

Date of download:  1/25/2024
Copyright 2024 American Medical Association. 

All Rights Reserved.

From: International Consensus Criteria for Pediatric Sepsis and Septic Shock

JAMA. Published online  January 21, 2024. doi:10.1001/jama.2024.0179

The Phoenix Sepsis ScoreaAbbreviations: FEU, fibrinogen equivalent units; IMV, invasive mechanical ventilation; INR, international 
normalized ratio of prothrombin time; MAP, mean arterial pressure; Pao2:Fio2, arterial partial pressure of oxygen to fraction of 

inspired oxygen ratio; Spo2, oxygen saturation measured by pulse oximetry (only Spo2 of ≤97%).

SI conversion factor: To convert lactate from mmol/L to mg/dL, divide by 0.111.

a The score may be calculated in the absence of some variables (eg, even if lactate level is not measured and vasoactive 
medications are not used, a cardiovascular score can still be ascertained using blood pressure). It is expected that laboratory tests 
and other measurements will be obtained at the discretion of the medical team based on clinical judgment. Unmeasured variables 

Table Title: 

Date of download:  1/25/2024
Copyright 2024 American Medical Association. 

All Rights Reserved.

From: International Consensus Criteria for Pediatric Sepsis and Septic Shock

JAMA. Published online  January 21, 2024. doi:10.1001/jama.2024.0179

The Phoenix Sepsis ScoreaAbbreviations: FEU, fibrinogen equivalent units; IMV, invasive mechanical ventilation; INR, international 
normalized ratio of prothrombin time; MAP, mean arterial pressure; Pao2:Fio2, arterial partial pressure of oxygen to fraction of 

inspired oxygen ratio; Spo2, oxygen saturation measured by pulse oximetry (only Spo2 of ≤97%).

SI conversion factor: To convert lactate from mmol/L to mg/dL, divide by 0.111.

a The score may be calculated in the absence of some variables (eg, even if lactate level is not measured and vasoactive 
medications are not used, a cardiovascular score can still be ascertained using blood pressure). It is expected that laboratory tests 
and other measurements will be obtained at the discretion of the medical team based on clinical judgment. Unmeasured variables 

Table Title: 

Date of download:  1/25/2024
Copyright 2024 American Medical Association. 

All Rights Reserved.

From: International Consensus Criteria for Pediatric Sepsis and Septic Shock

JAMA. Published online  January 21, 2024. doi:10.1001/jama.2024.0179

The Phoenix Sepsis ScoreaAbbreviations: FEU, fibrinogen equivalent units; IMV, invasive mechanical ventilation; INR, international 
normalized ratio of prothrombin time; MAP, mean arterial pressure; Pao2:Fio2, arterial partial pressure of oxygen to fraction of 

inspired oxygen ratio; Spo2, oxygen saturation measured by pulse oximetry (only Spo2 of ≤97%).

SI conversion factor: To convert lactate from mmol/L to mg/dL, divide by 0.111.

a The score may be calculated in the absence of some variables (eg, even if lactate level is not measured and vasoactive 
medications are not used, a cardiovascular score can still be ascertained using blood pressure). It is expected that laboratory tests 
and other measurements will be obtained at the discretion of the medical team based on clinical judgment. Unmeasured variables 

Table Title: 

Suspected infection with Phoenix Sepsis Score of 3



Balanced crystalloid: 2 x 20mL/kg 



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



J.S. 18.07.2020
03.09.24

Case #3

Blood Smear

Trophozoit
immature

mature

Gametozyt



J.S. 18.07.2020
03.09.24

Case #3

it´s Malaria



https://wwwnc.cdc.gov/travel/yellowbook/2024/infections-diseases/malaria

J.S. 18.07.2020
03.09.24



Sepsis – Fluids

Crystalloid vs. Colloids?

Severe infectious diseases: malaria or dengue hemorrhagic shock



Severe Infection

Crystalloid or Colloids vs. no bolus?

Fluid Expansion as Supportive Therapy (FEAST) Trial

 n>3141, <12 yrs

Severe febrile illness with

o Impaired consciousness

o Respiratory distress 

o Impaired perfusion

 recap. >3sec; temperature gradient; weak radial puls

 severe tachycardia



Severe Infection

Crystalloid vs. Colloids vs. no bolus?



FEAST Trial

n>3000, <12 yrs: severe febrile illness, depressed mental 

status a/o respiratory distress and impaired perfusion

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

Severe Infection

Crystalloid vs. Colloids vs. No bolus?



FEAST Trial

n>3000, <12 yrs: severe febrile illness, depressed mental 

status a/o respiratory distress and impaired perfusion

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

Severe Infection

Crystalloid vs. Colloids vs. No bolus?



 

Endocrinology and Intensive Care

SIADH CSWS DI

Serum Sodium (mmol/
L)

<130 <130 >150

Serum Osmo (mOsm/
kg)

<275 <275 >305

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

Urin Osmo (mOsm/kg) >300 >500 <250

Urine Output (mL/kg/
h)

<1 >1 >3

Volume status Euvolemic Hypovolemic Hypovolemic

SIADH...Syndrome of Inappropiate Antidiuretic Hormone  

CSWS...Cerebral Salt Wasting Syndrome 

DI...Diabetes Insipidus

Sodium - Differential



Calcium

Should it be given empirically?



Sodium Bicarbonate

Should it be given empirically?

Chang C. Resuscitation. 2021. 

This meta-analysis ... supported current PLS 

guideline...

routine administration of SB is not 

recommended in pediatric cardiac arrest



N at rium Bikarbonat

HCO3
- + H+ = H2O + CO2   CO2 + H2O = HCO3

- + H+ 

Blut       Hirn 

keine Evidenz, dass Bikarbonat Prognose in DKA bessert 

Aschner J,  Pediatr 2008; Green SM, Ann Emerg Med 1998

Paradoxe intrazelluläre Azidose



Phosphate – Oxygen Bindung Curve

2,3 biphospho-gylcerat (DPG)

DPG increase: 

 O2 binding curve shifts to the right

 O2 is bound less tightly to hemoglobin

  facilitates the delivery of oxygen 

  in target tissues

consider KCL plus KPhos to reduce hyperchloremia 



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 1⁄2-2/3 of the standard maintenance rate

More fluid – higher morbidity/mortality or patients with more severe diseases?

No ideal way of monitoring

   So, every i.v. fluid we use is abnormal? Arikan AA. PPCM 2015 
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