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in children







Total Body Water (TBW)



• TBW = ICT (ICW)  +  ECT (ECW)

• ~ age, sex, content of body fat

• INTRACELLULAR
• ↑ with growth (number and size of cells) 

• EXTRACELLULAR 
• Intravascular (80-100ml/kg novorozenec, 60-70ml/kg dospělý)

• Interstitial / intercellular

• Transcelular (third space = free water in body compartments)

• physiological – urine, bowel, cerebral fluid 

• patological – ascites, fluidothorax..



• ↑ metabolic rate

• ↑ fluid demands

• ↑ insensible water loss
• 2/3 by skin (immature, body/surface area)

• 1/3 by breathing (↑ rate)

• ↓ ability of kidney to concentrate urine

Specifics of children age



• Intake and output has to be in equilibrium

• Intake: basal fluid requirements (fluids, nutrition), blood products, drugs

• Output: urine + stool + vomiting + insensible loss + other (drain, ng tube)

Water balance 



HOLLIDAY SEGAR RULE = NORMAL PARENTERAL MAINTENANCE REQUIREMENTS IN CHILREN

0 - 10 kg 100ml/kg/day = 4ml/kg/hour

10 – 20 kg + 50ml/kg/day = 40ml/h + 2ml/kg/h

> 20 kg + 20ml/kg/day = 60ml/h + 1ml/kg/h

…30kg

Max.

= 1000+500+200 = 1700ml/day

= max.2400ml

= 70ml/h

= 100ml/h

The maintenance need for water in parenteral fluid therapy, by Malcolm A.Holliday, MD, and William E. Segar,  MD, Pediatrics, 1957, 823-832

NORMAL PARENTERAL MAINTENANCE REQUIREMENTS IN NEONATES AND INFANTS

Term newborn 50-60ml/kg/1st day … ↑ 10-20ml/kg/day To achieve 140-160ml/kg/day 5th-6th day

Preterm newborn 80-100ml/kg/1st day …↑ 20ml/kg/day To achieve 140-160ml/kg/day 5th day of life

Infant 1.-6.month 120-150ml/kg/day

Infant 7.-12.month 100-120ml/kg/day



CHANGES IN FLUID REQUIREMENTS

CLINICAL SITUATION INCREASE IN DEMANDS (%)

Fever – every 1°C 10

Environment (warming bed,incubator, phototherapy) 10-20

Excessive sweating 10-30

Diarrhoea 5-10ml/kg/each stool (resp.weigh)

Vomiting 2ml/kg/each vomiting

Catabolism 25-50

Hyperventilation 20-50

Other…enteral stoma output, external ventricular drain, low humidity

CLINICAL SITUATION RESTRICTION OF FLUIDS (%)

Anuria (<0,5ml/kg/h), acute renal failure 50-70

Cardiac failure 30-40

Brain injury, SIADH 30-50

Analgosedation, UPV, A/RDS, hypersecretion/medication ADH (minirin)



3 basic mechanism of osmoregulation

• Thirst = hypothalamus osmoreceptor

• ADH = vasopresin 
• ↑ in hypovolemia, hyperosmolarity, pain, stress, pooperative state, drugs, lungs

(pneumonia), brain (meningitis), malignancies. 

>> retention of Na + water, ↑ of blood pressure

• Kidney = target organ for ADH 

Extracellular volume depens on natremia

• RAS (renin-angiotenzin): retention of Na+

• ANP (atrial natriuretic peptid): excretion of Na+ 

• Aldosteron: retention of Na+, excretion of K+

Regulation of water and ions balance



• Serum osmolality 275 – 295 mosm/kg 

• Osmolality = 2x Na+ + urea + glucose

• Effective osmolality (tonicity) = 2x Na+ + glucose

• Osmolal gap (5-10mmol/kg) = S-osm measured – S-osm calculated

• ↑  in intoxications (ethylenglykol, methanol)

• Urine osmolality 50 – 1200 mmol/kg in normal diuresis 1-3ml/kg/h

Rapid change in osmolarity = is the risk



Absolute or relative fluid loss, usually accompanied by osmolar and electrolyte
changes. 

Complication of several illnesses and clinical situations. 

Weight loss and clinical signs depend on severity and duration.

Hypovolemia = loss of circulating volume = can lead to tissue and organ 
hypoperfusion

Dehydration = ↓ ECT;      ICT is ↓ or ↑

The longer the dehydration lasts, the greater the loss of ICT. 

DEHYDRATION 



• Excessive losses:
• GIT: vomiting (cave pylorostenosis), diarhoea (cave rotavirus, cave 8 liquid stools

per day = one circulatory volume), enteral stoma, fistula, short bowel disease, 
malabsorpsion, gastric tube losses

• UGT: polyuria (osmotic - DM, manitol), diabetes insipidus (loss of free water), 
tubulopathies, acute kidney injury (polyuric phase)

• LUNGS: hyperventilation

• SKIN: burn injury (hypovolemic shock if 5/10/20% BSA depending on age), fever, 
sweating, ichtyosis

• BLEEDING: trauma, abdominal emergencies

• OTHER: third space fluid loss (sepsis, shock, pancreatitis, hypoalbuminemia in 
nefrotic syndrom, ileus), iatrogenic (diuretic therapy, blood losses)

• Insufficient intake:
• Starvation, anorexia, dysphagia, altered consciousness

• Hypogalactia

Etiology 



Average composition of body fluids (mmol/l) 

Na+ K+ Cl- HCO3-

Plasma 140 4-5 100 25

Liquid stool 50-140 40 40-110 15-30

Small intestine 130 5-15 110 30

Stomach 50 10-15 150 0

Bile 130 5-15 100 35

Sweat 50 0-15 50



• Past history: last weight and informations about thriving before actual illness, 
amount of losses, ability to intake fluids

• Physical examination: actual weight, HR, RR, BP, TT, diuresis (decreased / cave 
polyuria leading to dehydration - DI, DM, nefropatia), level of consciousness, 
large fontanel, mucous membrane, tears, perfusion, skin turgor..  

• Laboratory examination: Na, K, Cl, Ca, ABR (HCO3<17), glycemia, urea, 
kreatinin, protein, albumin, lactate, osmolalita, blood count, inflammatory
markers, other depending on expected etiology (U-Na<25mmol/l, FeNa, U-
osmolalita)

Clinical evaluation



Dehydration degree

Weight loss

Mild

<5% infant

<3% child and adult

Middle

6-10% infant

3-6% child and adult

Severe / Shock

>10% infant

>6% child and adult

General appearance

Consciousness

Well, alert Fatigue, malaise / agitation Altered consciousness, 

lethargy

Eyes, tears Normal/decreased Dry and sunken without tears

Anterior fontanelle V niveau/flat Sunken Sunken

Thirst Yes Yes Yes

Mucous membranes Normal Dry Dry

Breathing Normal Normal / Hyperpnoe (Kussmaul – MAC/LAC) / Tachypnoe 

Heart rate Normal for the age Tachycardia Tachycardia

Blood pressure Normal Normal Hypotension (decompensation)

Peripheral pulsation Normal Normal Weak

Capillary refill Normal Normal Prolonged (>3s)

Colour of skin Normal Normal Pale, mottled

Skin pinch Normal Decreased Goes back very slowly

Extremities Warm Warm Cold

Diuresis Normal/mild decrease Oliguria < 1ml/kg/hod Oligo/anuria < 0,5ml/kg/h



TREATMENT Mild dehydration Middle Severe

Continue in breastfeeding

Support fluid intake to have

normal fluid balance 

Cover the losses of fluids

Not to give juice or sweat

fluids

Oral rehydration solution

Continu in breastfeeding if it

is tolerated

Oral rehydration solution

If oral intake inadequate: 

nasogastric tube (preferred

in Anglo-Saxon countries) 

Often parenteral rehydration

is initiated, often with initial

bolus of fluid in amount of

10ml per kg with continuing

infusion. 

Initial bolus of fluids

20ml/kg crystaloid isotonic

solution ïf SHOCK signs

present, repeat if needed

max. 60ml/kg 

Always monitor clinical

respons to administrated

fluids. 

Amount of fluids: 

Depends on: 

- Age

- Weight

- Existing losses

- Continued losses

ASAP breastfeeding or

enteral feeding



• Define % weight loss a type of dehydration (S-Osm, S-Na+)

• Oral / Parenteral / Combined

Treatment



• ORS: Oral rehydration solution with glucose = FIRST CHOICE 

• Glucose = symport Na, Na:G 1:2

• WHO 90mmol/l Na – cholera – ↑ losses of Na

• ESPGHAN 60mmol/l Na

• Cave: hyperosmolar solutions with low concentration of Na, K, glucose (tea, bouillon, 
juices, coca-cola).

• < 5%: 30-50ml/kg

• 5-10%: 50-100ml/kg

• 10ml/kg/stool or vomiting

• Don‘t stop breastfeeding, early realimentation

Oral rehydration

mmol/l Na K Ca Mg Citrát Glukoza Osmolalita (mosm/l)

Kulíšek 60 20 0 0 10 110mmol/l = 20mg/ml 231-240



1) Covering losses = % weight loss
• Phase I: Emergency treatment = in severe dehydration 20ml/kg i.v., in middle 10ml/kg in 30-

60minutes

• Residual losses cover in: 

• Phase II: one half in 8 hours

• Phase III: second half in 16 hours

• In case of sever hyperNa (Na >170mmol/l) cover the lost fluid in 48-72hod 

2) Maintenance fluid = Holiday Segar rule   
• Normal saline or balanced isotonic crystaloid solution in beginning, resp.in the first 24hours

• Glucose with electrolytes as continuation, resp.in case of hypoglycaemia or infant earlier

3) Ongoing losses = vomiting, stool, fever, tachypnoe  

Always check patient‘s reaction to fluid therapy, vital signs, diuresis.. 

Parenteral rehydration

Inadequate rehydration: 

• Hypoperfusion

• Prerenal kidney injury 

Excessive fluid intake:  

• Pulmonary oedema

• Cardiac failure, swelling

Administration of hypotonic fluid:

• Hyponatremia, hypoosmolarity

• Brain oedema



Solution

mmol/l
Na K Cl Ca Mg Buffer Glucose

Osmolality 

(mosm/l)

F 1/1 154 0 154 0 0 0 - 308

Plasmalyte 140 5 98 0 1,5
23 glukonát

27 acetát
- 295

Plasmalyte s 

5%glc
140 5 98 0 1,5

23 glukonát

27 acetát
55 g/l 572

Isolyte 137 4 110 - 1,5 34 acetát - 287

Benelyte 1% 140 4 118 1 1 30 acetát 10 g/l 351

G 10% - - - - - - 10g/100ml 556

Not Balanced solution = normal saline = solution without buffers with high concentration of strong ions >> 

leads to metabolic acidosis 

Balanced solution = composition is closed to plasma =  SID approx. 24mmol/l

Other = solutions of glucose in aqua (with or without electrolytes)



Solution used to parenteral nutrition
Roztoky

F 1/1 0,9% 1ml = 0,15mmol Na, Cl

NaCl 3% 1ml = 0,5mmol Na, Cl

NaCl 5,85% 1ml = 1mmol Na, Cl

NaCl 10% 1ml = 1,71mmol Na, Cl

Na acetas 13,6% 1ml = 1mmol Na

Na glycerol fosfát 1ml = 1mmol P a 2mmol Na

KCl 7,45% 1ml = 1mmol K, Cl

K malati 1ml = 1mmol

Ca gluconicum 10% 1ml = 0,23mmol Ca

4ml = 1 mmol Ca

Ca Cl 2 6,7% 1ml = 0,46mmol Ca

1ml = 0,91mmol Cl

Mg SO4 10% 1ml = 0,41mmol Mg

KH2PO4 13,6% 1ml = 1mmol K, P

KH2PO4 6,8% 1ml = 0,5mmol K, P

NHC 4,2% NaHCO3 1ml = 0,5mmol

NHC 8,4% 1ml = 1mmol

prvek mmol mg

Ca2+ 1 mmol 40 mg

P 1 mmol 31 mg

Na+ 1 mmol 23 mg

K+ 1 mmol 39 mg

Mg 1 mmol 12 mg

Cl- 1 mmol 35 mg

HCO3 1 mmol 61 mg

NaHCO3 1 mmol 84 mg

Serum osmolality

Urine osmolality

Total osmolality

Efective osmolality

280-295 mmol/kg H2O

300-900 mmol/kg H2O

2x Na + urea + glukoza

2x Na + glukoza



Physiological need of ions (mmol/kg/24h) 

Electrolytes Neonate Children Noraml serum concentration

Na 3-5 3-5 135-145 mmol/l

K 1-2 1-3 3,6-5,5 mmol/l

CL 3-5 3-5 96-116

Ca 0,5-1 0,1-1 2,25-2,75

Ca +II 1- 1,2

Mg 0,3 0,1-0,5 0,7 - 1

P 0,5-1,2 0,2-1 0,65-1,62

HCO3 24 mmol/l +- 2

Osmolalita 275-300



• 10kg toddler, 10% weight loss (1000ml), Na 140mmol/l, ongoing 5 stools/day

1) Loss= 1000ml / 24 hodin / isotonic solution 

• Initially 20ml/kg = 200ml P1/1 i.v. slowly or in 20 minutes 

• Remaining 800ml 

• 400ml in 8 hodin = 50ml/hod = crystaloid (Plasmalyte 1/1) 

• 400ml in16 hodin = 25ml/hod = crystaloid or glucose solution with electrolytes  

2) Maintenance
• 1000ml = 40ml/hod        P s 5%G /  G10% + iont, ev. aa 

3) Ongoing
• 5x 10ml/kg = 500ml = 20ml/hod 

SUMA = 110ml/hod first 8 hours 

 = 85ml/hod 16hours

Basics of rehydration – ISOOSMOLAR 



Hyponatremic

Loss of Na+ > water 

Shift of water into the 
cells

Expansion of cells

Brain edema

Seizures

HyperNa

Loss of free water  

Different clinical signs 

Shrinkage of cells, 
agitation, altered 
consciousness, 

bleeding

Isonatremic

Loss of 

Na+ = water

H20 H20

Na < 135 mmol/l           Na 135-145 mmol/l   Na > 145 mmol/l                             

            (130 – 150 mmol/l)

Osmolality < 275mosm/l          Osmolality 275 – 295mosm/l  Osmolality > 295mosm/l



HYPOOSMOLAR 

• Gastroenteritis

• Mineralocorticoids deficit

• CKD

• Diuretic therapy

• CSWS

• CF 

• Iatrogenic –  hypotonic 

solutions !

• Not to give large bolus 

of free glucose 

solution!!!

• Use isotonic solution! 

CLINICAL SIGNS: 

• Headache, nauzea, vomiting, 

confusion, letagy, seizures

• Cold  stick skin, realy dry 

mucose

ISOOSMOLAR

• Gastroenteritis

• Burn injury 

• Sepsis, shock 

• Bleeding

• AKI

CLINICAL SIGNS: 

• Common signs 

HYPEROSMOLAR

Water deficit 

• DI – centrální, nefrogenní

• Gastroenteritis

• Hypogalactia, hyperpyrexia

• Skin – ichtyosis  

Natrium and water deficit 

• GE, sweating, burns, Osmotic 

polyuria, AKI

Natrium excess 

• Iatrogenic – inadequate fluid 

intake, oversupply of Na 

(NaCl, NaHCO3, food)

• Hyperaldosteronism

CLINICAL SIGNS: 

• Loss of ICT: letargy, altered 

consiousness, IC bleeding 

• Pasty hot skin, fever



• Speed of rehydration depends on the rate of formation: Acute < 48h   Chronic > 48h 

= cave urgent treatment: S-Na < 120-125 mmol/l and symptomatic hyponatremia 

• 10% NaCl 0,3ml/kg/h  ↑ S-Na by 1mmol/l 

• 2mmol/kg/10min ↑  Na by 4-6mmol/l/1-2h 

• The aim is to increase Na by 1-2mmol/l/1h till the symptoms disappear (Na 120-125mmol/l) 

= If S-Na > 120mmol/l = careful increase by 0,5mmol/l/h, max.10-15mmol/l/24h 

= Deficit of natrium = weight (kg) x 0,6 x (targeted Na+ – actual Na+)

= Solutions shouldn‘t have concentration of Na+ more than 60mmol/l higher than actual S-Na+

= RISKS of fast correction: ACUTE PONTINE DEMYELINATION (confusion, spastic quadruparesis, 
coma)

Basics of rehydration – HYPOOSMOLAR 



10 kg boy with altered consciousness, seizures, 
febrile, diarhea. Weight loss 1kg. Intake of free 
water without solutes.  

Na 120mmol/l. 

The need of Na+: 

1. Deficit Na = (135 – 120) x 0,6 x 10 = 90mmol 

2. The loss in fluids = 120mmol

3. Physiological need (3mmol/kg/day) = 30mmol

= total 240mmol

Losses: 1000ml

Maintenance: 1000ml

Ongoing: 0

Fáze I: 

Bolus = 200ml = Plasmalyte1/1  28mmol Na

+ NaCl 10% 0,3ml/kg ?? 

+ BZD ??

Fáze II: 8h 

400ml existing losses 

350ml maintenance  

Plasmalyte s 5%G = 94ml/hod = 105mmol Na /8h

Fáze III: 16h

400ml existing losses 

650ml maintenance 

Plasmalyte s 5%G = 147mmol Na

G5% or G10% + NaCl 107mmol + ions

 = 65ml/hod 

Resp. in the Phase II:  G with ions if the increase of 

natremia is too fast (max.10-15mmol/l/24h)

How to treat hyponatremic dehydration?



• LOSSES = Na > 170mmol/l SLOW CORRECTION 48-72h! 

• MAINTENANCE for 48-72h

• ONGOING

= Deficit of free water = 0,6 x weight (kg) x [(actual S-Na / targeted S-Na) – 1]

= CAVE decrease of S-Na max. by 0,5 mmol/l, resp.max.12mmol/l / 24h 

= Solutions shouldn‘t have concentration of Na+ less than 60mmol/l than actual S-Na+

= RISKS of fast correction: BRAIN EDEMA (agitation, somnolence, coma)

Basics of rehydration – HYPEROSMOLAR



10 kg boy, febrile, agitated, pasty warm skin. 

Dg.: rotavirus gastroenteritis 

Weight loss 1kg, ongoing losses 5stools/day.  

Na 170mmol/l. 

Losses: 1000ml

Maintenance: 1000ml

Ongoing: 5x 50-100ml

Fáze I: 

Bolus = 200ml = Plasmalyte1/1

Rate depends on clinical condition

Repeat till 60ml/kg 

Fáze II + III (48 hod)

800ml remaining losses 

2000ml maintenance

1000ml ongoing

Plasmalyte s 5%G: 80ml/hod 

Ev. G5% nebo G10% s ionty and aa 

How to treat?



Bilance



Don‘t use hypotonic 
solutions

(unless indicated)

Basic need

 adjustment if ongoing 
losses or fluid 

retention

Be aware of fast 
changes in 

osmolality and 
natremia

Vital signs

Diuresis 

Weight

I.v. treatment 
in severe 

dehydration 

Fluid balance

Electrolytes

Medical history

Physical 
examination

Labs

In conclusion to dehydration

Incorrectly conducted fluid treatment negatively affects the patient‘s 
clinical condition, which may be the result of a poorly chosen amount 
or inappropriate composition of the solution for the given situation.



• Equilibrium of acid base status is regulated by kidney, lungs, intracellular and 
extracellular buffer systems. 

• Normal pH 7,35-7,45

• Acid = is able to donate H+
• Strong acid is predominantly disociated (HA => A- + H+)

• Weak acid is not

• Alkali = is able to bind H+

• Buffer is system able to correct pH after addition of acid or alkali to organism  

• The aim of organism is to keep normal pH 
• In normal pH = metabolic processes work well 

ABR



Approach acid base balance

1) pH

2) pCO2

3) Basic disorder:  RAC, RAL, MAC, MAL ………. Combination ? ….. Compensation ?

4) Disorder of SID = Na – Cl = 34 ± 2 

• Each mmol > 34 = ↑ BE in toward alcalosis  

• < 34 = acidosis with BE adequate to this depression  ….(if SID 24 >> BE should be -10)

• If SID calculation is positive (+7), but in reality is negative BE (-7) – cave!!! 

• In the blood is some unmeasurable acid, creating BE -14 !!!! 

• For example:  Lactate, urea, sulphate, ethanol, methanol, ketones, toxins

5) Efect of albumin
• ↓ albumin 10g/l =  ↑ BE +3 (resp.2,5)     …. Hypoalbuminaemia leads to alcalosis 

6) Identify unmeasurable anion if base excess is lower than predicted 

• Anion gap = (Na + K) – (Cl + HCO3) = 8 – 16

7) Clinical analysis



Zdroj: https://www.hksccm.org/images/stories/Quiz/Diagram.png



• 2.-3. week of life 

• Trajectile vomiting

• 30 minute after feeding 

• The child is hungry, drinks with 
good apetite

• In epigastrium is a resistence as 
olive, usg π  3mm/14mm

• Vomiting leads to failure to thrive, 
dehydration, hypochloremic 
alkalosis 

• Kalium? 

Pylorostenosis – hypochloremic alkalosis

• pH 7,61 

• pCO2 6,14kPa

• Akt.HCO3 46,6mmol/l 

• BE 25,2

• pO2 9,5kPa

• SatO2 95,0% 

• Na 131mmol/l 

• K 3,3mmol/l 

• Cl 78mmol/l 

• Capillary sample



• pH 7,28

• pCO2 3,47

• Akt.HCO3 11,9mmol/l

• BE -13,1

• pO2 9,7kPa

• Laktát 1,2mmol/l

• Na 149mmol/l

• K 3,3mmol/l

• Cl 125mmol/l

• Gly 3,2mmol/l 

• Moč pH 4,0

Gastroenteritis

• Loss of HCO3 a K by stool

25mmol/l per stool   

• MAC 

• Kussmaul‘s breathing

• Hypernatremia

Losses more fluids than solutes

• Hypoglycemia

Due to lower liver glycogen storage

• Hyperchloremia

SID

• Rotavirus 

• What if hyperkalemia?



• pH 7,029

• pCO2 1,54

• Akt.HCO3 3,0mmol/l

• BE -25,6

• pO2 11,7kPa

• SatO2 96% 

• Laktát 2,3mmol/l

• Hb 100g/l

• Na 145mmol/l

• K 4,7mmol/l

• Cl 115mmol/l

• Gly 33mmol/l 

• Moč pH 4,0 

Diabetická ketoacidoza

• AG = [Na – (Cl + HCO3)] = 32
• (norma 12)

• Ketones

• Treatment? 

• Complications of treatment? 

• Shift of K+? 

• Inzulin? 

• PO4? 



• pH 7,21

• pCO2 5,0kPa

• Akt.HCO3 15,0mmol/l

• BE -8

• pO2 12,5kPa

• SatO2 98%

• Laktát 1,0

• Na 139mmol/l

• K 2,9mmol/l

• Cl 125mmol/l

• Ca 1,8mmol/l

• Gly 5,5mmol/l

• Moč s pH 6,5 

Renal tubular acidosis 
• 6 month old infant fail to 

thrive 

• Obstipation, fatigue, 

• No vomiting, no diarhoea

• But ill appearance

• Alkalic urine + MAC ! 

= renal loss of bicarbonates into 
the urine 

= disorder of acidification of 
urine 

= due to congenital or acquired 
tubulopathies



Burn injury

Parkland formula

= for initial rehydration in severe 

burn injury (II-IIIgrade) 

= 5 / 10 / 20% BSA depending on 

age 

= 4 x weight x % of burn BSA

= amount of fluids / day

= 1/3 in 8hours, 2/3 in 16hours

+

Maintenance fluid requirements 

14kg toddler 25% IIB-III

= 1200ml maintenance 

+ 1400ml cover the loss by burns

= 2600ml / 24hod 



Děkuji za pozornost

sona.mecirova@vfn.cz
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