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Total Body Water (TBW)



~ age, gender, amount of body fat

• ICT
• ↑  with the number and size of cells during growth 

• ECT 
• Intravascular (80-100ml/kg newborn, 60-70ml/kg adult)

• Interstitial (intercellular space)

• Transcellular (so-called third space = free water in body compartments)

• Physiological – urine, water in the intestinal lumen, cerebrospinal fluid.

• Pathological – ascites, fluidothorax...

=> Total body water



• ↑ metabolic turnover

• ↑ fluid intake requirements

• ↑ insensible loss
• 2/3 through the skin (immaturity, body surface area)

• 1/3 respiration (↑ df)

• ↓ renal concentration ability 

Specifics of childhood
HOLLIDAY SEGAR RULE = NORMAL PARENTERAL BASAL FLUID REQUIREMENTS IN CHILDREN

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

10 – 20 kg 1000 ml + 50 ml/kg/day for each 1 kg >10 kg = 40 ml/h + 2 ml/kg/h

> 20 kg 1500 ml + 20 ml/kg/day for each 1 kg >20 kg = 60 ml/h + 1 ml/kg/h

…30kg

Max

= 1000+500+200 = 1700ml/day

= max. 2400ml

= 70 ml/h

= 100 ml/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 BASAL NEEDS OF NEWBORNS AND INFANTS

Mature newborn 50-60ml/kg/1st day … ↑ 10-20ml/kg/day Target: 140-160 ml/kg/day on days 5-6 

Immature newborn 80-100 ml/kg/day 1 … ↑ 20 ml/kg/day Target: 140-160 ml/kg/day Day 5 of life 

Infant 1-6 months 120-150 ml/kg/day

Infant 7-12 months 100-120 ml/kg/day



BASIC FLUID REQUIREMENTS – CHANGES – PATHOLOGY

CLINICAL SITUATION INCREASED REQUIREMENTS (%)

Fever – every 1°C 1

Environment (heated bed, phototherapy) 10

Excessive sweating 10

Diarrhea 5-10 ml/kg/each stool (or weight)

Vomiting 2 ml/kg/each vomiting episode

Catabolism 25

Hyperventilation 20-50

Other... surgical drain, stoma losses, low humidity

CLINICAL SITUATION RESTRICTION (%)

Anuria (<0.5 ml/kg/h), acute renal failure 50

Heart failure by 30-40 

CNS injury, SIADH 30

Analgesic sedation, MV, A/RDS, hypersecretion/ADH medication (desmopressin)



3 basic mechanisms of osmoregulation

• Osmolality = osmoreceptors hypothalamus (norm 285-295 mOsm/kg)

• ADH = increases water reabsorption via aquaporins in the renal tubules

• ↑ in hypovolemia, hyperosmolality, pain, stress, postoperative state, medications 
(cyclophosphamide, valproate, carbamazepine), lungs (pneumonia, MV), CNS pathology 
(meningitis), malignancies.  

>> Na + water retention, ↑ blood pressure 

• Kidneys = target organ for ADH, regulation of blood volume (vas afferens), activation 
of RAAS, acidification of urine in acidosis, impaired acidification function in 
hypovolemia

ECT (volume status) is dependent on natremia

• Hypovolemia – activation of RAAS (renin-angiotensin-aldosterone system)

• Na+ retention, K+ excretion

• therefore, in hypovolemia ↓ U-Na

• ANP (atrial natriuretic peptide): inhibition of reabsorption => Na+ excretion

Control of salt and water balance



• Serum osmolality 275–295 mosm/kg 
• Serum osmolality = 2x Na+ + urea + glucose 

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

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

• ↑  in cases of intoxication (ethylene glycol, methanol)
• ethanol – C2H5OH = 2x12 + 5x1+16+1 = 46g/mol = molar mass according to the periodic table of 

elements

• 2.7 g/l – ethanol level divided by /46 g/mol – molar mass  x 1000 = 59.7 mmol/l 

• Urine osmolality: 300-900 (max. 50–1200 mmol/kg) during normal diuresis 

Diabetes insipidus     => hyperosmolar serum >300, hypoosmolar urine <300    polyuria

Diabetes mellitus => hyperosmolar serum + hyperosmolar urine polyuria

CSWS             => hypoosmolar serum <250, hyperosmolar urine             polyuria

SIADH            => hyponatremia,, hypernatriuresis normal/low diuresis

Rapid changes in osmolality = risk



Absolute or relative loss of body fluids, which is also associated with electrolyte 
imbalance.

• It is a complication of a number of diseases and clinical conditions.

• The extent and duration of water loss corresponds to the severity of the 
condition. 

• Hypovolemia = loss of effective circulating volume 

=> tissue and organ hypoperfusion 

• Dehydration = ↓ ECT;      ICT is ↓ or ↑

• The longer dehydration lasts, the greater the ↓ ICT

Dehydration 



• Excessive losses:
• GIT: vomiting (cave pyloric stenosis), diarrhea (cave rotavirus, cave 8 loose 

stools/day = one circulating volume!), stoma, fistulas, short bowel syndrome, 
losses into the tube

• KIDNEYS: polyuria (DM and mannitol (osmotic diuresis), DI (loss of free water), 
tubular dysfunction, AKI (polyuric phase))

• LUNGS: hyperventilation 

• SKIN: burns (hypovolemic shock: 5/10/20% BSA depending on age), fever, 
sweating, ichthyosis

• BLEEDING: trauma, acute abdomen

• OTHER: losses to the "third space" (sepsis, shock, pancreatitis, hypoalbuminemia in 
nephrotic syndrome or ileus), iatrogenic (diuretics, blood loss)

• Inadequate intake:
• Starvation, anorexia, dysphagia, impaired consciousness 

• Hypogalactia in mothers 

Etiology



Average composition of body fluids (mmol/l) 

Na K Cl HCO3

Plasma 140 4-5 100 25

Diarrhea stool 50-140 40 40 15

Small intestine juices 130 5-15 110 30

Gastric juices 50 10-15 150 0

Bile 130 5-15 100 35

Sweat 50 0-15 50



Figure 1A

Figure 1B

Figure 1C Figure 1D



• Medical history: weight before illness, information about pre-illness well-
being, amount of fluid loss and ability to take fluids

• Physical examination: current weight, HR, RR, BP, BT, diuresis (decreased / 
cave polyuria leading to dehydration – DI, DM, nephropathy), state of 
consciousness, large fontanelle, findings on mucous membranes, eyeballs 
including tears, blood supply, skin turgor, etc.

• Laboratory tests: Na, K, Cl, Ca, AB (HCO3<17), glycemia, BUN, creatinine, total 
protein, albumin, lactate, osmolality, CBC+diff, inflammatory parameters, 
others according to presumed etiology (U-Na<25mmol/l, EF-Na, U-osmolality)

Assessment of the severity of dehydration



Degree of 

dehydration

Weight loss

Mild clinical dehydration

<5% infant

<3% child and adult

Moderate dehydration

6-10% infant 

3-6% child and adult

Severe dehydration / Shock

>10% infant 

>6% child and adult

General condition, 

consciousness

Good, alert, responsive Fatigue, malaise / restlessness Impaired consciousness, lethargy, 

coma

Eyes Normal/reduced Dry, no tears, halogenated Very dry, sunken

Large fontanelle Flat Sunken Sunken

Thirst Yes Yes Yes

Mucous membranes Normal Dry Dry

Breathing Normal Normal / Hyperpnea (Kussmaul – MAC/LAC) / Tachypnea 

Heart rate Normal for age Tachycardia Tachycardia

Blood pressure Normal Normal SHOCK Hypotension(decompensation)

Peripheral pulsation Normal Normal Weak

Recapillary return Normal Normal Prolonged (>3s)

Skin color Normal Normal Pale, marbled

Skin turgor Normal Decreased Decreased, standing skin fold

Limbs Warm Warm Cold, cold extremities

Diuresis Normal/decreased Oliguria < 1 ml/kg/hour Oligo/anuria < 0.5 ml/kg/h





TREATMENT MILD MODERATE SEVERE

Continue breastfeeding

Encourage fluid intake to 

compensate for ongoing 

fluid loss 

Do not give juices or 

sweetened liquids 

Oral rehydration solution is 

appropriate

If tolerated, continue 

breastfeeding and administer 

rehydration solutions. 

If oral intake is unsuccessful, 

insert an NGS tube (more 

common in Anglo-Saxon 

countries) 

We very often initiate and 

recommend parenteral 

rehydration with an initial 

bolus of 10 ml/kg/60 min 

and continued infusion. 

Initial fluid bolus 

20 ml/kg crystalloid – 

isotonic solution

 = within 60 minutes 

Repeat as needed 

max. 60 ml/kg 

Monitor clinical response

Amount of fluids: 

Depends on: 

- Age

- Weight

- Existing losses

- Ongoing losses 

As soon as possible – 

breastfeeding or enteral 

nutrition



• We define the percentage of weight loss and the type of dehydration (S-
Osm, S-Na+).

• Oral, parenteral, combined 

Before starting treatment, we should answer the following questions: 

• Does the patient need emergency treatment?

• How should fluids be administered (p.o./i.v.)?

• What type of solution should be used?

• What is the initial and ongoing infusion rate?

• How quickly should fluids be administered in each step?

Therapy – general procedure



• ORS: Oral rehydration solutions containing electrolytes and glucose = SOLUTION OF 
CHOICE

• Glucose = symport with Na in the intestinal mucosa, Na:G ratio 1:2

• WHO 75-90 mmol/l Na – cholera – stool with high Na losses

• ESPGHAN 60 mmol/l Na

• Caution with hyperosmolar solutions low in Na, K, and glucose (chicken broth, fruit 
juices, juice, cola).

• < 5%: 40-50ml/kg/4hrs + ongoing losses = WHO recommendation / reality? 

• 5-10%: 50-100ml/kg/4hr

• 10 ml/kg/each episode of diarrhea or vomiting

• Do not interrupt breastfeeding, rehydrate early

Principles of rehydration - oral

mmol/l Na K Ca Mg Citrate Glucose Osmolality (mosm/l)

Kulíšek 60 20 0 0 10
110 mmol/l = 20 

mg/ml 231-240



1) Replacement of fluid deficit = % weight loss

• Phase I: EMERGENCY TREATMENT = in case of severe dehydration, 20 ml/kg 
intravenously from the hand; in case of moderate dehydration, 10 ml/kg over 30-60 
minutes

• Compensate for the remaining deficit

• Phase II: 1/2 within 8 hours

• Phase III: 1/2 within 16 hours 

• In case of severe hypernatremia (>170 mmol/l), compensate for the deficit within 
48-72 hours 

2) Maintenance fluid volume = Holliday Segar formula  

• F1/1 or BALANCED ISOTONIC SOLUTION

• GLUCOSE INFUSION WITH ELECTROLYTES as a continuous infusion, or in case of 
hypoglycemia  

3) Replacement of ongoing losses = vomiting, diarrhea, fever, tachypnea

• Take into account the patient's clinical condition, response to rehydration therapy, diuresis

Principles of rehydration – parenteral 

Inadequate rehydration: 

• Hypoperfusion

• Prerenal renal failure  

Excessive fluid intake:   

• Pulmonary edema 

• Heart failure, edema 

Administration of 

hypotonic fluids: 

• Hyponatremia, 

hypoosmolality

• CNS edema 



Solution 

mmol/l
Na K Cl Ca Mg Buffer Dextrose

Osmolality 

(mosm/l)

NS 154 0 154 0 0 0 - 308

Plasma-Lyte 140 5 98 0 1.5
23 gluconate

27 acetate
- 295

Plasma-Lyte 

with 5% 

dextrose

140 5 98 0 1.5
23 gluconate

27 acetate
55 g/l 572

Isolyte 137 4 110 - 1.5 34 acetate - 287

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

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

Unbalanced solutions = 0,9% normal saline = solutions without buffers with a high concentration of strong ions 

>> leading to metabolic acidosis

Balanced solutions = composition similar to plasma = SID is approximately 24 mmol/l

Other = dextrose solutions (with the addition of physiological electrolyte requirements) 



Solutions – molarity, composition 
Solutions

0,9% normal saline 1 ml = 0.15 mmol Na, Cl

NaCl 3% 1 ml = 0.5 mmol Na, Cl

NaCl 5.85% 1 ml = 1 mmol Na, Cl

NaCl 10% 1 ml = 1.71 mmol Na, Cl

Na acetate 13.6% 1 ml = 1 mmol Na

Na glycerol phosphate 1 ml = 1 mmol P and 2 mmol Na

KCl 7.45% 1 ml = 1 mmol K, Cl

K malate 1 ml = 1 mmol K

Cardilan 1 ml = 0.27 mmol K

1 ml = 0.14 mmol Mg

Ca gluconicum 10% 1 ml = 0.23 mmol Ca

4 ml = 1 mmol Ca

CaCl2 e 6.7% 1 ml = 0.46 mmol Ca

1 ml = 0.91 mmol Cl

CaCl2 10% 1 ml = 0.7 mmol Ca

MgSO4 10% 1 ml = 0.41 mmol Mg

KH2 PO4 13.6% 1 ml = 1 mmol K, P

KH2 PO4 6.8% 1 ml = 0.5 mmol K, P

NHC 4.2% NaHCO3 1 ml = 0.5 mmol

NHC 8.4% 1 ml = 1 mmol

Element 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

Solution 

mmol/l
Na K Cl Ca Mg Buffer Dextrose

Osmolality 

(mosm/l)

NS 154 0 154 0 0 0 - 308

Plasma-Lyte 140 5 98 0 1.5
23 gluconate

27 acetate
- 295

Plasma-Lyte 

with 5% 

dextrose

140 5 98 0 1.5
23 gluconate

27 acetate
55 g/l 572

Isolyte 137 4 110 - 1.5 34 acetate - 287

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

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

Normal serum osmolality

Normal urine osmolality

Total osmolality

Effective osmolality

280-295 mmol/kg H2O

300-900 mmol/kg H2O

2x Na + urea + glucose

2x Na + glucose



Physiological electrolyte requirement 
(mmol/kg/24h) 

Physiological electrolyte requirements per 24 hours

Electrolytes Newborn Children Physiological serum 

concentration

Na 3-5 3 135-145 mmol/l

K 1-2 1-3 3.6-5.5 mmol/l

Cl 3 3 96-116 

Ca 0.5-1 0.1-1 2.25-2.75

Ca2+ 1- 1.2

Mg 0 0.1-0.5 0.7 - 1

P 0.5-1.2 0.2-1 0.65-1.62

HCO3 24 mmol/l ± 2

Osmolality 275-300



• 10 kg toddler, 10% weight loss = 1000 ml, Na 140 mmol/l, plus 5 loose stools/day

1) LOSSES INCURRED = 1000 ml / 24 hours / isotonic solution

• Introduction 20 ml/kg = 200 ml isotonic solution (Plasmalyte 1/1) over 20–60 minutes 

• Remaining 800 ml 

• 1/2 to be replaced within 8 hours = 50ml/hour = crystalloid (e.g. Plasmalyte 1/1) 

• 1/2 administered within 16 hours = 25ml/hour = crystalloid or dextrose solution with ions 

2) BASAL NEED  
• 1000 ml = 40 ml/hour Plasmalyte with 5% dextrose or Dextrose 10% with ions, event. amino 

acids

3) CONTINUING LOSSES
• 5x 10ml/kg = 500ml = 20ml/hour 

TOTAL = 110 ml/hour for the first 8 hours 

 = 85 ml/hour 16 hours

Principles of rehydration – ISOOSMOLAR 



Hyponatremic

Loss of Na+ > water

Water transfer into 
cells

Cell enlargement 

Brain swelling

Convulsions

HyperNa

Loss of pure water

More difficult to 
recognize

Cell shrinkage, 
irritability, hemorrhage 

in the CNS

Altered conciousness

Isonatremic

Losses 

Na+ = water

H2 0 H2 0

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

     (130 – 150 mmol/l)

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

IC hemorrhage

Venous sinus thrombosis 

and infarcts

Symptomatic convulsions
Encephalopathy



HYPOOSMOLAL
• Gastroenteritis
• Mineralocorticoid deficiency
• CHRI
• Diuretics
• CSWS
• CF 
• Iatrogenic – administration 

of hypotonic solutions!
• Do not administer 

boluses of pure glucose 
above 2 ml/kg!

• Always use crystalloids 
for volume expansion!

CLINICAL PICTURE
• Headache, nausea, 

vomiting, confusion, 
lethargy, convulsions, 
impaired consciousness

• Cold, clammy skin, 
significantly dry mucous 
membranes

ISOOSMOLAR

• Gastroenteritis

• Burn injury

• Sepsis, shock

• Bleeding

• Acute renal failure

CLINICAL PICTURE

• Loss of ECT: general 

symptoms of dehydration

HYPEROSMOLAR
Water deficit
• DI – central, nephrogenic
• Gastroenteritis
• Hypogalactia, hyperpyrexia
• Loss of "pure water" through 

the skin 
Water and sodium deficiency
• GE, sweating, burns
• Osmotic diuresis 
• AKI – polyuric phase
Excess sodium
• Iatrogenic – low water intake, 

high Na intake (NaCl, 
NaHCO3, diet)

• Hyperaldosteronism

CLINICAL PICTURE
• Loss of ICT: lethargy, impaired 

consciousness, convulsions, 
intracranial hemorrhage

• Doughy skin turgor, hot 
skin, hyperpyrexia, livid 
mucous membranes 



Risks of treating dehydration

HYPOOSMOLAL

• We immediately treat 

extremely low S-Na

• CAVE too rapid rise in S-Na

• Pontine and extrapontine 

myelinolysis

• May not be symptomatic 

initially

• Long-term severe 

neurological impairment

ISOOSMOLAR

General: 

• Inadequate fluid intake: 

• Persistent dehydration 

• Prerenal renal failure 

Excessive fluid intake: 

• Pulmonary edema 

• Heart failure, edema

Administration of hypotonic 

fluids:

• Hyponatremia

HYPERNATREMIC

• Too rapid correction of S-Na

• Brain edema 

• Impaired consciousness 

• Convulsions



We do not use hypotonic 
solutions

(except in indicated 
cases)

Maintenance fluid 
volume

Correction according to 
ongoing fluid loss or 

retention 

We avoid rapid 
changes in 

osmolality and 
natremia

Vital functions 

Diuresis

Weight

Parenteral 
rehydration in 

severe 
dehydration

Fluid balance 

Ion checks

Medical history

Physical 
examination

Laboratory tests

Incorrectly administered fluid therapy has a negative impact on the patient's clinical 
condition, which may be the result of an incorrectly selected amount or an 
inappropriate composition of the solution for the given situation. 

Conclusion



Is this an AB disorder?

Primary disorder?

Metabolic/respiratory?

Are compensatory mechanisms involved?

Is compensation complete?
In acute conditions, it is never complete.

Acid-Base Disorders



• Danish model = Henderson-Haselbach equation 
• AB as the state of the bicarbonate buffer = The resulting pH of body fluids is determined 

by the ratio of bicarbonates and carbonic acid

• When pCO2 rises, HCO3 also rises, therefore standard HCO3 = conversion to pCO2 5.3 kPa

• Does not reveal a disorder in the same MAC+MAL system

• Boston school = what is the primary disorder and what is the adequate 
compensation
• Practically applicable Boston rule = MAC = pCO2 is low = but how low should it be?

• Stewart, Fencl = Principle of electroneutrality = in all body fluids, the sum of 
cations and anions must be the same (as humans have no charge)
• Na+ (K+, Mg2+, Ca2+)

• Cl-, HCO3
- (unmeasurable anions), weak acids A- (albumin, PO4

-, SO4
-)

• Strong cations are always stronger than anions. Difference between K+ and A- => SID 40 = 
fixed difference between strong ions to maintain electroneutrality

pH



Na +

Cl-

HCO3
-

Alb-

Other

PO4
- 

SO4
-

Lactate 

Ketone bodies

Unmeasurable 

anions

- IMD

- Intoxication

K+ , Mg2+, Ca2+



Access to AB assessment
1) pH

2) pCO2

3) Basic AB disorders: RAC, RAL, MAC, MAL ………. Combined disorders ….. Compensation 

4) SID disorder = Na – Cl = 34 ± 2 
• Each mmol above 34 = increases BE towards alkalosis 

• below 34 = acidosis with BE reduced by this decrease (SID 24 => BE should be -10)

• if the SID calculation is positive (e.g., +7) – alkaline, but in reality it is negative BE (-7) – cave!!! There is 
unmeasurable acid -14 in the blood!!! … lactate…other acid ….urea..sulfate..ethanol..ketone bodies..toxins

5) Effect of albumin 
• Decrease in albumin by 10 g/l = positive BE +3 (or 2.5) 

6) Identify the unmeasurable anion if the BE is lower than predicted in steps 1 and 2 
• Anion gap = (Na + K) – (Cl + HCO3) = 8 – 16

7) Evaluate pCO2 
• Boston rule for detecting superimposed respiratory disorders 

• Winter's formula = in MAC, pCO2 should be HCO3/5 +1 in kPA

8) Clinical analysis



Blood pH – log c(H+ )   7.4 (7.36–7.44)    (∆ 0.01–0.04)

pCO2 (1 kPA = 7.5 mmHg)         4.8–5.9           (∆ 0.7–2.5)

pO2       9–13.3 15                 6.6

HCO3  act. / st.                24 ±2               (∆ 0.5-1.5mmol/l) 

BE      0 ±2       (∆ 0.08 mmol/l) 

Lactate                             0.5 - 2                           (∆ 0.08 mmol/l)

Ions + Gly + Bili + anion gap

Art. Vv.

Citation in note



Strong ion disorder?     SID = Na – Cl = 34 ± 2 → corresponds to BE? 

Anion gap?                              AG = (Na+K) – (Cl+HCO3) = 8-12-16 

Osmolal gap?         Osm gap = osmolality measured – calculated

Albumin?         ∆ Alb by 10g/l = ∆ BE by 2.5 - 3 

Boston rule                  pCO2 = (HCO3
- /5) + 1 (±0.3 kPa)

Does the medical history correspond to the findings? Combined disorder?

Serum osmolality = 2x Na+ + urea + glucose = 275–295 mOsm/kg 

A practical rule of thumb provides information on the adequacy of compensation.



OTHER USEFUL RULES

∆ pH by 0.1 =>∆ K+ by 0.7 mmol/l ↓ pH → ↑ K+ ↑ pH → ↓ K+ 

∆ pH by 0.1 =>∆ Ca2+  by 0.36 mmol/l => ∆ Mg2+ by 0.12 mmol/l  

Hypoalbuminemia leads to ↑ iCa Hyperventilation leads to ↓ iCa 

↑ Gly 5.5 mmol/l => ↓ Na 1.6 mmol/l  = pseudohyponatremia = change in osmolality 

MUDPILES

Methanol, uremia, diabetic ketoacidosis, propylene glycol, INH, lactic acidosis, ethylene glycol, salicylates

Urine – min. pH 4.4 (40 umol/l)

Correct collection = warm, well-perfused limb, sample without bubbles (bubbles => ↑pO2 ↓pCO2 ↑pH)



• 2nd-3rd week of life

• Projectile vomiting

• 30 minutes after eating 

• Baby hungry, drinks eagerly

• Bulge in the left epigastrium, 
peristaltic wave

• Resistance in the right 
epigastrium in the shape of an 
olive, according to ultrasound 
pyloric muscle thickness 3 
mm/length 14 mm

• Persistent vomiting leads to 
failure to thrive, dehydration, 
hypochloremic alkalosis

• Potassium? 

Pyloric stenosis – hypochloremic alkalosis

• pH 7.61 

• pCO2            6.14 kPa

• Act.HCO3     46.6 mmol/l 

• BE        25.2

• pO2              9.5 kPa

• SatO2           95.0 % 

•Na               131 mmol/l 

• K                 3.3 mmol/l 

• Cl                78 mmol/l 

• Capillary sampling 



• pH 7.28

• pCO2 3.47

• Actual HCO3 11.9 mmol/l

• BE -13.1

• pO2 9.7 kPa

• Lactate 1.2 mmol/l

• Na            149 mmol/l

• K               3.3 mmol/l

• Cl              125 mmol/l

• Gly            3.2 mmol/l 

• Urine pH 4.0

Gastroenteritis

• Loss of HCO3 and K in stool

Up to 25 mmol/l in diarrhea  

• MAC 

• Kussmaul breathing 

• Hypernatremia

Loses more water than solutes

• Hypoglycemia

Low reserves, energy depletion

• Hyperchloremia

Electroneutrality Steward-Fencl

• Rotaviruses 

• When would hyperkalemia 
occur?



• pH 7.44

• pCO2 6.6 kPa

• Actual HCO3 34 mmol/l

• BE             + 9.3

• Lactate 4 mmol/l

• Na            140 mmol/l

• K 2.9 mmol/l

• Cl 91 mmol/l

• Gly 5.9 mmol/l 

Paralytic ileus

• HCl loss 

Gastrostomy to gravity drainage 

Derivation of yellow-green juices

200 ml/12 hours  

• K+

• Gastric juice = 10 mmol/L potassium

• ICT transfer during MAL 

• Renal losses – aldosterone (Na absorption, K 
secretion) + lower H+K secretion at MAL 

• 10-month-old boy with glycogenosis Ia

• Sepsis, ileus during sepsis

• Continuous monitoring of blood 
glucose due to primary diagnosis



• pH         7.029

• pCO2     1.54

• Actual HCO3   3.0 mmol/l

• BE         -25.6

• pO2         11.7 kPa

• SatO2 96% 

• Lactate     2.3 mmol/l

• Hb         100g/l

• Na         145 mmol/l

• K         4.7 mmol/l

• Cl         115 mmol/l

• Gly  33 mmol/l 

• Urine  pH 4.0 

Diabetic ketoacidosis

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

• Ketones

• Treatment? 

• Its complications? 

• Decrease in gly? 

• K+? ↓ pH 0.1 => ↑ K+ 0.7 mmol/l 

• Na+? ↑ Gly 5.5 mmol/l => ↓ Na 1.6mmol/l  

• Insulin?   => ↓   K+  and  PO4

• PO4? 



• pH         7.21

• pCO2     5.0 kPa

• Actual HCO3 15.0 mmol/l

• BE -8

• pO2         12.5 kPa

• SatO2     98%

• Lactate     1.0

• Na         139 mmol/l

• K         2.9 mmol/l

• Cl         125 mmol/l

• Ca         1.8 mmol/l

• Gly 5.5 mmol/L

• Urine pH 6.5 

RTA

• 6 months old, failure to thrive 

• Constipation, fatigue

• No vomiting, no diarrhea, sick 
appearance

• Alkaline urine + MAC! 

• Etiology is renal loss of HCO3 in 
urine 

• Urine acidification disorder

• Congenital/acquired 
tubulopathies



Burn injury

Parkland formula

= initial rehydration in severe burn 

injuries (II-III grade) 

= 5/10/20% BSA depending on 

age 

= 4ml x weight (kg) x % burned 

BSA

= fluid volume / day

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

+ Maintenance fluid 

requirement  

14kg toddler 25% IIB-III

= 1200 ml maintenance 

+ 1400 ml burn loss

= 2600 ml / 24 hours 



Thank you for your attention

veronika.dvorakova@vfn.cz
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