Composition of body fluids and
its most common disorders.




Kalium (Potassium)

eIntracellular cation

1 * 98% inside the cells to 2% outside the cells




— A. Requlation of extracellular K* concentration

. K*)
Dietary uptake K*
(Glscose, ~~ —> Dietaryintake , P
amino acids etc.) ca. 100 mmol/day "‘Ylsszmmk- ——> Hyperkalemia
Insulin $ Epinephrine ———>  Aldosterone
/lntlacellular fluid
[K']= 150 mmol/L  pakATpase Extracellular fluid

[K'] = 3.5 - 4.8 mmol/L

K* wN

Excretion
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Decide, how will change the kalium level in
plasma in acidosis.

*(A) hyperkalemia
*(B) hypokalemia

*(C) normal level



Membrane

— A. Regulation of extracellular K* concentration
: K
Dietary uptake

(Ghucose, —  Dietaryintake

il

o~
K Intracellular fluid J
[K']= 150 mmol/L  naikatPase Extracellular fluid
S [K*]=3.5-4.8 mmol/L
K* “ Na*
"

K

amino acids etc.) ca. 100 mmol/day ~ Physialwork, ——— Hyperkalemia

A 4

Insulin Epinephine$ ————>  Aldosterone

Stefan Silbernagl, Florian Lang : Color Altlas of Patophysiology

* Protons/Kalium Exchange
* (Acidosis —hyperkalemia)

* Hormons (Insulin, Epinephrine,
Aldosterone)

* Osmolarity
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Decide, how will change kalium level in
acidosis.

*(A) hyperkalemia
*(B) hypokalemia

*(C) normal level



Synchronicity

e H+t causes K+1
e H+} causes K+
e K+t causes H+ 1
e K+ causes H+*

* Synchronous changes- enterance of H* into the cell is compensated by exit of
kalium



Decide- Hyperkalemia (A), Hypokalemia (B) or

no change (C)?

— A. Regulation of extracellular K* concentration

Dietary uptake K’ = K*
(Glucose, —  Dietaryintake . 4 :
amino acids etc.) ca. 100 mmol/day Physical work, ———> Hyperkalemia

trauma

| s |

Insulin $ Epinephn'nef ——>  Aldosterone £

Intracellular fluid
[K']= 150 mmol/L  paikATPase Extracellular fluid
[K']=3.5-4.8 mmol/L
% ‘%'m

je—— Acidosis

K' channels =~

https://www.healthdirect.gov.au/neuromuscula r-s'fstem|

e Acute metabolis
alkalosis

e Anorexia nervosa
(alkalosis)

 Metabolic acidosis



Decide- Hyperkalemia (A), Hypokalemia (B) or

no change (C)?

~— A. Regulation of extracellular K* concentration
K

Insulin $

Intracellular fluid ‘
[K']= 150 mmol/L  pak ATPase tracellular fluid
' [K'] = 3.5-4.8 mmol/L
K"' b’ Na-

K' channels =~

Dietary uptake -4 K*
(Glucose, Dietary intake , 4 .
amino acids etc.) ca. 100 mmol/day Phyls»‘c’al’\:;ork. —> Hyperkalemia
l | ‘u'l/’/ l

Epinephrinef —————  Aldosterone ¢

L

Excretion

https://www.healthdirect.gov.au/neuromuscula r-s'fstem|

e Acute metabolic
alkalosis |

e Anorexia ¢
nervosa(alkalosis)

 Metabolic acidosist



Decide- Hyperkalemia (A), Hypokalemia (B) or
no change (C)?

Secretion (with aldosterone) * POIVU ric renal

/ -20 mV -70 mV fa | I ure

I @l * Acute anuric

e renal failure
\A\ e K -

< K/ = x

f * Urinary
'd +) )
® excretion of K*

3 : :
Principal cell of connecting mcrea.s‘es with
tubule and collecting duct the urinary flow

& : \ e FE-3-200%

https://www.healthdirect.gov.au/neuromuscular-system|



Decide- Hyperkalemia (A), Hypokalemia (B) or
no change (C)?

. .
Secretion (with aldosterone) PC?lyUFIC renal

/ -20 mV -70 mV fallure ‘
I l * Acute anuric

renal failure t

® @
S K \_/
* Urinary
| | excretion of K*
3 : increases with
Principal cell 0 connecting .
tubule and collecting duct urinary flow

\ e FE-3-200%

https://www.healthdirect.gov.au/neuromu 5cu|ar-5y5tem|



Decide: Hyperkalemia (A), Hypokalemia (B) or

no change (C)?

— A. Requlation of extracellular K* concentration
K

Insulin f
Intracellular fluid

[K']= 150 mmol/L  pak ATPase tracellular fluid
[K']=3.5-4.8 mmol/L
K* %’m

K
7 S— Acidosis
p—b

K' channels ,L/ ¢

Dietary uptake > K*
(Glucose, Dietary intake : 4 :
amino acids etc.) ca. 100 mmol/day ”‘Vl"g"' ‘:"‘O'k' —> Hyperkalemia
l | ‘u’”// l

Epinephrine} ———>  Aldosterone

L

Excretion

K

https://www.healthdirect.gov.au/neuromuscula r-sy5tem|

* Anemia after causal
B12 treatment

* Insulin

* Burns

* Rhabdomyolysis

e Cytostatic therapy



Decide- Hyperkalemia (A), Hypokalemia (B) or

no change (C)?

~— A. Regulation of extracellular K* concentration
K

Insulin $

Intracellular fluid ‘
[K']= 150 mmol/L  pak ATPase tracellular fluid
' [K'] = 3.5-4.8 mmol/L
K"' b’ Na-

K' channels =~

Dietary uptake -4 K*
(Glucose, Dietary intake , 4 .
amino acids etc.) ca. 100 mmol/day Phyls»‘c’al’\:;ork. —> Hyperkalemia
l | ‘u'l/’/ l

Epinephrinef —————  Aldosterone ¢

L

Excretion

https://www.healthdirect.gov.au/neuromu 5cu|ar-5y5tem|

e Anemia causal B12
treatment |

* Insulin ¢

* Burnst ¢

« Rhabdomyolysis #

* Cytostatic therapy ¢

e Anabolism-Catabolism



Case report

* A young man was trapped underneath a carin a
road traffic accident, and suffered multiple fractures.
Despide adequate fluid intake over the next 36
hours, he was noted to be oliguric. The following
results were obtained. Why is the potassium high?

http://clipart-library.com/broken-leg-cartoons.htm



Case report

 Ayoung man was trapped underneath a car in a road traffic
accident, and suffered multiple fractures. Despide adequate fluid
intake over the next 36 hours, he was noted to be oliguric. The
following results were obtained. Why is the potassium high?

* Rhybdomylysis

* Acute renal failure-myoglobine precipitation in the distal nefrons

http://clipart-library.com/broken-leg-cartoons.htm



Kalium — What to remember?

* Intracellular : Anabolism/catabolism
e Membranes : A- AldOSterone : ges inside the cel

. E- Epinephrine

. - Insulin

. O - osmolarity

. U = H+, synchonous

e Excretion : kidney: K+( aldosterone, urinary flow)



Water balance

— B. Total body water (TBW) content

o
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Water Balance

— A. Water balance

Deficit

Intake:

. 2.5 /day
Supplied by: Excreted
rof oxidati
food and perspiration ™
beverages as urine
Halter balance

Output:
ca. 2.51/day

e Cave:
Starvation-
higher water
intake is
necessary

(+1000ml)




— C. Fluid compartments of the body —

Fraction of
body we

ight

A"
e

i
(o
L=




Renal excretion

* Oligouria: -400mL/day
e Anuria: -100mL/day
* Polyuria: +2.5 L /day

* Osmolarity of urine:
o 2( + K*+ NH,* )+ urea — estimation

e Excretion of Na*



1 Water deficit, 2 Water excess,
salt excess salt deficit
Hypertonic environment Hypotonic environment

| |
- W i sy

Ky ¥ H.0 |
. P »
SAEN ) 2 ‘
of w
L S S w )/

. L_i/

= solute partides

Cell shrinks Cell swells
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Osmolarity

* Serum:
« 275-295 mmol/kg H,O
* Limited space- CNS

e Urine : 300-900mmol/L
 Limits:50-1200mmol/L



 Time: after 48 hours

Adaptation

* Ex.: Hyponatremia-
secretion of osmotic
active particles

* Cave:
demyelinisation

Cell swell (pons) after a quickly

Stefan Silbernag), Forian Lang : Color Aflas of Patophysiology latrogenic therapy

(Shrinkage to

subnormal volume)




 Time: after 48 hours

Adaptation
* Ex.: Hyponatremia-
oW ,»', o Vs secretion of osmotic
lxt’ Ho /“J) ', | \ active particles
X > (O
: 3 :\ N o T b * Cave:
b0 ' - ,\.f__i;/ & demyelinisation
Cell shrinks | Cell swells | (pons) after quickly
st Stierma, oran Lang - Galor Ales g Pelopiysiology 0= s ' iatrogenic therapy

(Shrinkage to
subnormal volume)



Sodium (Natrium)

Extracellar cation
Hyponatremia: under 135mmol/L
Hypernatremia: over 150mmol/L

CAVE: Desorientation, Convulsions, Coma

R L
Foto: Shutterstock

U n d e r 1 20 m m O I/L O r Ove r 1 60 m m O |/L From: https://fwww.denik.cz/veda-a-technika/neurologove-myslenka-mozek.html



Water in EC

Depletion of water Expansion
e Orthostatic hypotensia * Edema
e Diff.15-20mmHg,freqvency ++15- i

20

(-400ml/day) + osmolarity over
600mm/L

Stefan Silbernagl, Florian Lang : Color Altlas of Patophysiology

* Central venous pressure . Weight gain

e CAVE : ather 2-4L surplus-edema

(Thirst,Hematocrit, Albumine only progress, Aloumine )

cz.depositphotos.com/91140860/stock-illustration-funny-cartoon-mouse-lies-with.html



Differential diagnosis Sodium- Water balance

Hypovolemic Euvolemic -clinically Hypervolemic

Hyponatremia Kidney GIT ADH1 CDK
Burst Albumine deficit
Heart (right) insuficiency
Endocrinal
Sodium normal Kidney GIT Bleeding CDK

Burst Albumine deficit
Heart (right) insuficiency

Hypernatremia Kidney, GIT ADH | Infusion of hypertonic
solutions - saline



Differential diagnosis Sodium- Water balance

- Hypovolemic Euvolemic -clinically Hypervolemic

Hyponatremia ADH1

Endocrinal

Sodium normal o 3leeding

> $ %
)
Hypernatremia &

1" O
Foto: Shutterstock https://www.raumedic.com/application-areas/infusion

Infusion of ="
solutions -




How can you decide between renal and non
renal dehydratation?

Renal
* Diuretic
* Osmotic (ketoacidosis, glucose)

GIT
* Vomiting,
* Diarrhoea



* In hypovolemic hypernatremia by extrarenal losses of water and
solutes (as vomiting, diarrhoea) is renal anti- regulation present
mediated by ADH (osmosis, volume) and RAA. There is renal anti-
regulation present with typical findings as: oligouria V (urine)|,
increase of osmolarityl and decrease of sodium in urine.



Renal

e Renal
* Diuretic
* Osmotic (ketoacidosis, glucose)

e GIT extra renal (oligouria, incerase of osmolarity in urine, low sodium
in urine)

* Vomiting,
* Diarhoea



Hypetonic dehydratation

* Renal
* Diuretic
* Osmotic (ketoacidosis, glucose)

* GIT
* Vomiting
* Diarrhoea

Hypertonic dehydratation-old patients, kids
After drinking hyponatremic or normonatremic



What is the mechanism of edema by
hypoproteinemias and a right heart failure?

- A. Exchange of fluids via capillaries

Peff (effective = AP (hydrostatic - Am {oncotic
w——— filtration pressure) w— nressure difference) w— pressure difference)
= internal [external pressure difference

30+ - 4.0

FHitration pressure -
=1 equilibrium 35 S
£ 25— | Hitration : 30— —-4.0
- - 3.0 :? . AP<An - Pu< 0 §
E A d T _3.5
2012P>2n ~ Pa>0 2.5 =535 R
2] . Reabsorption | _3 o
5 Path of exchange Jd20 20—
-2.5
15 Path of exchange J-20

Filtration

%-
T
5
q
g
3
~

Vasornotmn Reabsorption
- >\
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Causes of edema ( Pressure, Proteins )

- A. Exchange of fluids via capillaries

L S I 2L s ST LIRS t < Increased venous pressure
= internal /external pressure difference ( h ea rt fa | | u re)

mmHbg

kPa

30: Filtration pressure i =
25-]\“"3'5& 30+ -4.0 .
111 Ls0 £ secan- paco | | * Decreased concentration of
E

R e . . Ex i m1_3'0 plasma proteins (cirrhosis,
1 — nephrotic syndrome)

Path of exchange Jd20

15 20 | 25
‘5— Path of exchange J-2.0
I Filtration .
U t * Increased permeability
.::’ /', Puv‘
N ] el |
ateriole \,  ntersitiom d L+ Lymph drainage blockade

\ A\
\ \
WA

tymph.~ Vasomotion )\ * Reabsorption

1

Stefan Silbernagl, Florian Lang : Color Altlas of Patophysiology



Edema — Salt end water retention in
Hypoalbuminemia and right heart failure

* Effective circulating
volume loss

* RAA activation

* ADH



ADH

Stimulation:
* Osmolarity
e Atrial pressure

Reaction:
e AD reabsorbtion

— B. Regulation of salt and water balance

Water deficit 1 2

Osmolality f Atrial pmssure"

‘\' Thirst

7z

ATl

(B A )Q;o?

I\

l
H,0 reab- <z N
J0/PE0D ' : Postenor lobe
| of pituitary
J
| "
decreases Water excretion:

Stefan Silbernagl, Florian Lang : Color ,tqtlas of Patophysiology

Water excess

Osmolality ‘

---------- H,0 reab-
sorption ' |
| /
l "/
increases




ADH

Stimulation:
* Osmolarity
e Atrial pressure

Reaction:
e AD reabsorbtion

— B. Regulation of salt and water balance

Water deficit 1 2

Osmolality f@

‘\' Thirst

7z

ATl

(B A )Q;o?

I\

l
H,0 reab- <z N
J0/PE0D ' : Postenor lobe
| of pituitary
J
| "
decreases Water excretion:

~ Stefan Silbe rnagl, Florian Lang : Color .tqtlas of Patophysiology

Water excess

Osmolality ‘

---------- H,0 reab-
sorption ' |
| /
l "/
increases




e Renin Inhibition: * Renin
Blood pressure § Hyperkalemia St|mU|at|On.

Angiotensinogen Il ,_,

¥ Pressure (vas

v afference)
Aldosterone \ ~
Prostaglandins | b Sympaticus
\ activity in the
8 s ey Kidney
Increased 1% */m
reabsorbtion Na+, freehine—==%" Katecholamines

Cl-, macula densa

Stefan Silbernagl, Florian Lang : Color Altlas of Patophysiology | n b | O O d



e Renin Inhibition: . Rgnin |
Bodpresued | ipeialenia Stimulation:
/ |}
Angiotensinogen Il ,_, ~ Renin

M Pressure
v (vas afference)

Aldosterone
Prostaglandins

- Sympaticus
activity in the
Kidney

Increased
reabsorbtion Na+, “"“e""‘*‘—“'/

Adrenol medulio
Cl-, macula densa

pdrendl
%
g

Katecholamines
Qblood

Stefan Silbernagl, Florian Lang : Color Altlas of Patophysiology



~— B. Renin-Angiotensin-System

\

Acute drop in: —>  Renin secretion
Plasma volume
and blood pressure *

c— Normalization of

Klasma volume and
lood pressure
A

Angiomensin I

Craving forsalt t

N

y

v

GFR and RBF § Aldosterone

| J

Reduced salt and water excretion

Increased fluid and salt intake

Adnnol cortex
Thirst

General
vasoconstriction

A

Stefan Silbernagl, Florian Lang : Color Altlas of Patophysiology

Angiotensinogen |

Activated by Renin + ACE

Effects:
Aldosterone
Vasoconstriction



~— B. Renin-Angiotensin-System

Acute drop in:
Plasma volume
and blood pressure

— Renin secretion e

{ '\ﬁ

GFRand REF §

Angiomensin I

Normalization of

lasma volume and

lood pressure

Craving forsalt t
Ad:enol cartex
Thirst

Aldosterone

A

Increased flui

ed salt and water excretion

General
vasoconstriction

A

S —

e

Stefan Silbernagl, Florian Lang : Color Altlas of Patophysiology

Angiotensinogen |

Activated by Renin + ACE

Effects:
Aldosterone
Vasoconstriction



Hyponatremia — CNS trauma

CWS SIADH
BNP - dehydration e ADH- no clinical features of
hyperhydratation (no edema)
Therapy:
Primary cause+ ) Th.erapy. o
Slowly Na+ suplementation, when . SPr:Tqu(rglnfguse + volume restriction, when
symptoms ymp
* CAVE: Slowly
Cave: Slowly

Other causes of inappropriate secretion of

Brain diseases: Subarachnoidal bleeding, ADH: medicaments, tumors, lungs diseases

trauma, tumors, trombosis of veins in brain



ADH

e Stimulation:
* Osmolarity
e Atrial pressure

 Reaction:
e water reabsorbtion

— B. Regulation of salt and water balance

Osmolality f Atrialptessure“

\' Thirst

7z

ATl

Semm—

Postenor lobe
of pituitary

r retion:
decreaces Water excretion

Water deficit 1 2

Water excess
Osmolality '
---------- HZO reab-
sorption

increases




ANP (Atrial natriuretic peptide) (or BNP in
brain and ventriculus)

Stimulated by
* Baroreceptors in atrium

Effects:
e Vasodilatation

e Excretion of sodium and
water (kidney)

https://www.youtube.com/watch?v=bWZgN1my5sQ



Case study

* Bike, accident, broken 3 teeth
* Disorientated, he speaks very quickly

e After leaving vomiting



Case study

* Bike, accident, broken 3 teeth

 Disorientated, speaks very quickly.

 After leaving vomiting

 What water balance disease is suspected ?



Case study

* Bike, accident, broken 3 teeth
(other side- contusion in brain)

* Disorientated, speaks very
quickly, hyponatremia or
contusion/commotion

* After Ieavin@niting)

contusion, commotion
(intracranial pressure)

Foto: Shutterstock

ADH

Water reabsorbtion,
Na + dilution,
hyponatremia

https://www.mayoclinic.org/medical-professionals/trauma/news/optimizing-care-for-adults-with-
traumatic-brain-injury/ma c—ZDSETETq



Hyponatremia-
SIADH or CWS

* Bike, accident, broken 3 teeth
(other side- contusion in brain)

* Disorientated, speaks very quickly,
hyponatremia or
contusion/commotion

* After leaving vomiting .
contusion, com n (intracranial

pressure)

ADH

Water reabsorbtion,
Na + dilution,
hyponatremia

Foto: Shutterstock




What to remember ?

* Cerebral trauma :hyponatremia
* CSW-BNP orthostatic hypotensia
* SIADH- ADH without edema

Table differential diagnosis + effects aldosterone, ANF, RAA

Differentiation according compensatory reaction



— D. Secretion and excretion of NH;" <= NH;

=1000
mmolfd

Secretionof Q¢
NH; == NH/

Proximal tubule

Medulla
10 mmolfL
NH3; == NH;'

Excretion:
25 - 50 mmol/day
NH; = NH,'

Stefan Silbernagl, Florian Lang : Color Atlas of Patophysiclogy



Acid base balance
pH=7,4 +/- 0,02

Why?



oH influences

* (1) properties of proteins — enzyme activity

* (2) structure of cell components permeability of membranes -
distribution of electrolytes



Protection I J&
* Time dependencyﬁ
* Buffers

* Respiratory: Lungs, ventilation (12 hours)8

* Metabolic: Kidney 3-5 days
. Liver

uniformwares.com/history-of-watches
/ Y / https://www.youtube.co m}watchthkGuﬂﬂRTlo



Blood buffers

* Hydrocarbohydrate 53%

C0O; + HO = HCO; + H*
* Haemoglobin 35%

e Others-plasma proteins, phosphate-
organic inorganic

HbH = Hb + H*
Oxy-HbH = Oxy-Hb~ + H*

https:/www youtube com/watch?v=LtNJy-rLpao|



Henderson-Hasselbalch equation

/_

|HCOS |
a-pCO, ™

pH = pK, + log

* pKa=6,1
e [HCO3-]=24 mmol.l-1
e a=0,224 mmol.I-1 / kPa, pCO2 =5,3 kPa



How will change the pH, when bicarbonate

will increase ?

|HCO3 |
a-pC0O, —™—

pH = pK, + log

* Normal ratiois20to 1

* A) will be more acidic, pH decreases
* B) will be more acidic, pH increases
* C) no change

Stefan Silbernagl, Florian Lang : Color Atlas of Patophysiclogy



How will change the pH, when CO,, will increase ?

|HCO5 |

a-pCOz\

pH = pK, + log

* Normal ratiois20to 1
* A) will be more acidic, pH decreases
* B) will be more acidic, pH increases

* C) no change



Dissociation of weak acid-Buffer

CO; + HO = HCO5 + H°

More weak acid added, more HA is dissociated
More Base(A-) added, less HA is dissociated
pH depends on the ratio



How does a buffer solution work?

* When adding H*s, where they dissapear?

* When adding OH's, where they dissapear?



Henderson-Hasselbalch equation

/_

|HCO3 |
a-pC0O, —™—

pH = pK, + log

* pH is determined by ratio of bicarbonate and carbondioxide



Metabolism H+ creation

Anaerobic glycolysis
Glucose= 2 Lactate + 2H *

Lipolysis
TAG=3 FFA" +glycerol + 3H*

Ketogenesis
Palmitate + 0 ,= acetoacetate™ + 3 hydroxybutyrate =+ 2 H,0 + 3H*



Metabolism H+ creation

Urea synthesis:

2HCO; + 2NHs = H;N-C-NH; + CO; + 3 H,0
0 [7.14]

Utilisation of
Utilisation of basic aminoacids



Metabolism H+ usage

* Gluconeogenesis from lactate:
Lactate + H *=Glucose

Complete oxidation of lactate:
Lactate "+ O,+ H*=CO,+H,0

Utilisation of keton bodies:
3-hydroxybutyrate + H*=CO,+H,0

Utilisation or organic anions:
Citrate  +H*= CO,+H,0



Metabolism H* usage

Utilisation of neutral aminoacids
Utilisation of acidis aminoacids



Metabolism H* creation

2HCO; + 2NHs = H;N-C-NH; + CO; + 3 H,0
0 [7.14]

Utilisation of sulphur aminoacids
Utilisation of aminoacids with 2 dicarboxyls



I—iver From protein catabolism
‘ = 1000 -

(Nyouc'—)mu

* Compensation:
* In acidosis- H+ - to amonium cation to glutamine to kidney
* In alkalosis — use of bicarbonate to create urea

Stefan Silbernagl, Florian Lang : Color Atlas of Patophysiclogy



H+ secretion:

 H+ (under 1%)

* As NH,*

* As phosphates

For reabsorbtion of HCO;-

Stefan Silbernagl, Florian Lang : Color Atlas of Patophysiclogy

HCO; secretion

Stefan Silbernagl, Florian Lang : Color Atlas of Patophysiology



How will pH influence K+ and ionized Ca?*?



lon exchance-Synchronicity

* lonized Ca?*and H*

e Kt and H*



Hypochloremic alkalosis

Primary cause:

Compensation:

lons:

Cave: dissociation
of oxygen is more
difficult- tissue
hypoxia



Metabolic alkalosis

Dehydratation
Hypoalbuminemia
Vomiting



Ketoacidosis-Metabolic acidosis

* Primary Cause

* Compensation:

e K+ loss



Metabolic acidosis

AG normal
Anion gap (AG) + (chlorides suplement bicarbonate)
Diabetic Ketoacidosis * GIT (diarrhoea)
Lactate acidosis * RTA (renal tubular acidosis)

Starvation
Uremic acidosis
Intoxications



Metabolic acidosis AG

Glycols (ethylene glycol and propylene glycol)

Oxoproline

L-Lactate

D-Lactate

Methanol

Aspirin

Renal Failure (Uremia)
Ketoacidosis

A R P2 O O 6

https://knowmedge.com/blog/medical-mnemonics-anion-gap-acidosis-goldmark/|



Electroneutralit

e Electroneutrality must be kept

e thus: ABE influences mineral
metabolism

e Deviations in ion
concentrations are most easily
compensated by HCO;-

HCO,

A
prot- [l”
50,%, HPO,Z,
jactate, ketoacids

Picture: from Dr. Vejraika



Electroneutrality

 Strong iont diference:

e SID= Cations-C| - UA" o Electroneutrality must be kept
i , e thus: ABE influences mineral
* Approximation: metabolism
e SID= Na*-Cl|- e Deviations in ion
o 34mmol/L concentrations are most easily
compensated by HCO,
HCO;
* Anion GAP: [’
K prot- LS 0.2 HPO.2
* AG: Na+ t K+_CI-_HCO3- lac;at’e, keti)z;cids
e 12mmol/L

Picture: from Dr. Vejrazka



Albumine
* 10g/l = 3mM

e Albumine:15 mM



Electroneutrality

 Strong ion difference:

e SID= Cations-Cl - -UA" o Electroneutrality must be kept
i : e thus: ABE influences mineral
* Approximation: metabolism
e SID= Na*-ClI- o Deviations in ion
o 34mM/L concentrations are most easily
compensated by HCO,
HCO,
* Anion GAP: [’
e J”so 2 HPO,
* AG: Na+ + K+_CI-_HCO3- lac;at’e, keti)z;cids

e 12mmol/L

Picture: from Dr. Vejraika



Electroneutrality

e Electroneutrality must be kept

e thus: ABE influences mineral
metabolism

e Deviations in ion
concentrations are most easily
compensated by HCO4

HCO,

4
prot- [lﬁ
Caz+ 8042-5 HPO42-5
Jactate, ketoacids

M92+

Picture: from Dr. VejraZka



Respiratory acidosis

e Causes: pulmonary
infection

* Compensation:

e excretion of protons into
urine

Shutterstock. com



e Causes:

e Obstructive or restrictive
pulmonary disease

* Brain: depresion of
breathing centre (trauma,
tumor)

Shutterstock.com




Respiratory alkalosis

* Causes: stress
hyperventilation

* lon Ca2+ low cramps

* VVasoconstriction —
loosing consciousnhess

* Therapy : calming
down, breathing into
paper/plastic bag

https://tenor.com/view/tantrum-gargamel-azrael-smurfs-no-gif-21416353



How can you distinguish hyperventilation in
respiratory alkalosis by emotional stress from
Kussmaul breathing as a compensation of
metabolic acidosis ?




Respiratory alkalosis

* Stress, pain

* Hypoxia

 Salycilate

* Brain(tumor, trauma)

https://www.newindianexpress.com/lifestyle/books/2022/oct/30/himalaya-exploring-the-roof-of-
the-world-demystifying-the-high-and-mighty-25123 15.htm||



What to remeber?

_ Prlmary = _ compensatlon

Respiratory acidosis Acidemia | Kidney: HCO;
Respiratory alkalosis co, | Alkalemia { Kidney HCo, |
Metabolic acidosis HCo, | Acidemia | Respiration: co, |

Hyperventilation
Kussmaul Breathing

Metabolic alkalosis HCO, 1 Alkalemia 1t Respiration co, 1
2

e Metabolic : synchronic : )



