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\ Assessment of volume status
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Hypovolemia Euvolemia (no edema) Hypervolemia
* Total body water . * Total body water T * Total body water TT
* Total body sodium L1 » Total body sodium «—— * Total body sodium T
A Y
Uye =20 Upa <20 Upa =20 Upya =20 Upa <20
l ¥ L
Renal losses Extrarenal losses Glucocorticoid deficiency Acute or chronic Nephrotic syndrome
Diuretic excess Vomiting Hypothyroidism renal failure Cirrhosis
Mineral corticoid deficiency Diarrhea Stress Cardiac failure
Salt-losing deficiency Third spacing of fluids Drugs
Bicarbonaturia with Burns Syndrome of inappropriate
renal tubal acidosis and Pancreatitis antidiuretic hormone
metabolic alkalosis Trauma secretion
Ketonuria
Osmotic diuresis
Cerebral salt wasting
syndrome

The diagnostic approach to hyponatremia. (From S Kumar, T Berl: Diseases of water metabolism, in Atlas of Diseases of the Kidney,
RW Schrier [ed]. Philadelphia, Current Medicine, Inc, 1999: with permission,) Source - Harrison's Principles of Internal Medicine (19th Ed)
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Cil prednasky

Odnest si logicky a zapamatovatelny a pouzitelny algoritmus
diagnosticky hyponatremie pouzitelny u luzka v sobotu odpoledne




Zakladni fyziologie

H,0

Prijem a vyluCovani vody je
fizeno podle OSMOLARITY*

Reguluje: ADH

Marker aktivace: U-osm>100

*) Dulezita vyjimka:
neosmoticka sekrece ADH
(hypovolémie, Sok, stres)

-

)

-

~

Na+

g

Na*
Prijem a vyluCovani Na+ je
fizeno podle HEMODYNAMIKY

Reguluje: RAAS vs. ANP

Marker aktivace: U-Na*< 40 mM




Jeste jednou v kostce:

U-osm = marker ADH aktivity

U-Na = marker aktivity aldosteronu

Dulezita otazky:
Jaka je situace regulacnich organu? Jsou ovlivnény napr. diuretiky?
Co bych délal ja, kdybych byl ledvina tohoto pacienta!?
Snazi se regulace pomoci, nebo jsou soucasti problemu?




5 kroku diagnostiky hyponatremie

Data&Patterns Artifacts

Synthetise
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Krok |.Data & Patterns

Shromazdi data (pribeh, leky, diureza, bilance) a u podezreni na akutni
symptomaticke hyponatremie (vzacne) zasahni
U casti pripadu je dg. zrejma bez dalsiho vysetrovani, napfr.:

Pani 89 let na thiazidech s tydenni anamnézou prijmu

Pacients anamnézou pokrocilé alkoholické cirhézy, dekompenzace
69 let po subarrachnoidalnim krvaceni rozvinul polyurii s poklesem Na+

Pouze pokud nevim, potrebu;i:

P-osm, U-osm a U-Na* # Dale viz krok 2

(z jednorazového vzorku, neni nutny sbér moci)




Krok 2:Vylouci artefakty

Pseudohyponatremie = laboratorni artefakt vznikly diluci vzorku
Rizikove faktory: vysokeé triglyceridy nebo hyperproteinemie
Reseni: Na* na Astrupu

Dilucni hyponatremie (je realna, ale zpusobena presuny vody z ICT pri

hyperosmolarnimu stavu plasmy — hyperglykemnie, mannitol)
Check P-osm: it should be low with hyponatremia

Hint: For each |0mM of glucose Na+ decreases by 3mM (i.e. if Glc = 45 mM
in DKA, Na 128 mM reflects only dilution)
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An obese man treated with i.v. immunoglobulin for Guillain-Barré, sedated with
propofol. A nurse started him on enteral water as Na+ on BG samples was increasing

overnights.
LABORATORY Art. ABG (point-of-care test)
Na+ 144 mM Na+ 152 mM
K+ 4.7 mM pH 7.499
Mg2+ 1.1 mM pCO2 6.00 kPa (45 mmHg)
Urea 17.7 mM (49.6 mg/dl) HCO3 st 34.5 mM
Crea 107 uM (1.21 mg/dI) BE +11.8 mM
Triglyc. 6.5 mmol/L Glucose 10.5 mM (189 mg/dL)
ALT 251 |U/L (4.2 ukat/L) | |
Bili 27 umol/L machine measured.
How do you explain the difference?




Hyponatremie je opravdova a s hypoosmolaritou, ale stale nevim
proc!?

Podivej se na U-osm a U-Na*a zjisti, co délaji ledviny




Krok 3: U-osm prozradi, zda ledviny vylucuji
volnou vodu a snazi se pomoci

U osm<100 mosm/L = ADH suprimovan a ledviny se snazi vyloucit
volnou vodu

Suspect water poisoning (+malnutrition™)

U osm > 100 mosm/L = ADH je pritomen (ale nemél by byt!)

- Krok 4

* Ledviny potfebuji ureu k vylouCeni volné vody




Krok 4: U-Na™ prozradi aktivitu aldosteronu

(Dosud vime, Zze ADH je aktivni i pfes hypoosmolaritu — jde o to, pro¢?)

U-Na* <40 mM = aldosterone aktivni = ledvina vnima hypovolémii
(absolutni nebo relativni, napr. sok, cirhoza, srdcni selhani atd.)

Jde o normalni reakci fyziologickych systému na stres s aktivaci systému RAAS
a neosmotickou sekreci ADH

U-Na* >40 mM = aldosteron inaktivni = ledvina vylucuje Na*, ale
konzervuje volnou vodu i pres hypoosmolaritu
Jde o abnormalni reakci regulacnich systému

SIADH: neuro, paraneoplastic (then secondary natriuresis d/t hypervolemia)
CSWS or diuretics




U osm<I100

J
No | Yes
ADH I\Ellacilx(e),? is U- ADH supressed
| ’ !
[ Yes | No
RAAS active
sensing . RAAS inactive = Water excess
hypovolemia SIADH or diuretics
(true or perceived)
) J 7
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Krok 5: Sumarizuj a vytvor plan

Vyvolavajici onemocnéni

Physiological responses to the underlying abnormality, eg.
Sodium wasting — hypovolemia — nonosmotic ADH secretion ("SIADH”)

SIADH — retention of free water — hypervolemia — natriuresis
(”CSWS”)

latrogenic effects/drugs




48 y.o with small bowel obstruction and vomiting for 3 days

Na+ 128mM pH 7.494
K+ 2.1 mM pCO2 6 kPa (33 mmHQ)
Cl- 79mM HCO3- 40
BE +6 mM
Alb 23 g/L Glucose 8.1 mM (146 mg/dl)
Urea 3.6 mM (21 mg/dl) Lactate 0.8 mM
Crea 120 uM (1.36 mg/dl)
S-osm 275 mOsm/kg
U-Na 6 mM List ca.usefs of hypc?natremia in this patient.
Describe initial fluid management.
U-Osm 850 mOsm/kg




Analysis

Step |: Go ahead with analysis
Step 2:S-osm = 275 Serum osmolarity is low — genuine hyponatremia

Step 3: U osm = 850. Urine osmolarity is high, so no excess of water

Step 4: U Na = 6. Body is sensing hypovolemia and conserving Na

Step 5 Summary:

Loss of isotonic fluid — hypovolaemia despite maximum activation of
aldosteron — non-osmotic ADH secretion — hyponatremia




Answers

Loss of isonic fluids
Nonosmotic ADH secretion

Na* shifts into cells due to K* depletion

Normal saline plus K* replacement




Lecba hyponatremie

Nejcastéji zadna s vyjimkou lécby
vyvolavajiciho onemocnéni

Zasadni je rychlost vzniku a symptomy,
ktere jsou odvozeny od od otoku mozku

150 ml 3% NaCl bolusy a 20 min do
zlepseni symptomu NEBO vzestupu
[Na*] o 2 5mM

Je zapotrevbi velmi vzacne

Denni vzestup <12 mM/day
Riziko — osmoticky demyelinizacni
syndrom




F 7 o

Specifika v neurointenzivni peci

N o

Osmolarita plasmy = dulezity extracerebralni faktor = agresivné;jsi
pristup k event. poklesim natremie

Casté poruchy:
Polyurie + vzestup Na+ = diabetes insipidus = lécba DDAVP
Polyurie + pokles Na+ = CSWS

. Fludrocortison + substituce Na+
Pokles Na+ bez polyurie = SIADH }

Mind U-Na when prescribing Na+ substitution:
A patient with CSWS, S-Na = 120 mmol, U-Na = 250 mmol was
given a liter of normal saline:

1000 ml of Isotonic Saline = 154 mmol Na

Only 600 ml H2O will be excreted (250 x 0.6 = 154)
Retention of 400 ml H,O = worsening of hyponatremia




5 kroku diagnostiky hyponatremie

PoSleme P-osm, U-osm, a U-Na+ z jednorazoveho vzorku moci

Data&Patterns Artifacts

Synthetise

Pribeh, léky, U-osm Snazi se ledvina Je aktivovan
diuréza, Pseudohyponatremie  vyloucCit vodu? RAAS?
bilance DiluCni hyponatremie

s
E) ]
R4




Hyponatremia




Dékuji za pozornost

Save the dates:

% } &SIM Mikulov 18.-20.6.2023

4EU Summer School of Acid
Base Praha 14.-15.9. 2023

12th International
Fluid Academy Days

IFAD-mini Praha 16.9. 2023
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E-mail: fduska@yahoo.com
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