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Oduoocac EAUTNG, 1911-1996

Oa motiow MU' eva 6AKPU Ko’ LARUPO TOV KALPO, TILKPA
KaAokalpla, Epado Kovia ool va TtEPVW

H Bepareia yia 0Aa eivol aApupo vepo: Wbpwtag, dakpua, N
n 6aAaooa.

Amtovoiale to KaAokaipt o IbpwTac 0 AAHUPOC TO
dtepolylou .....
EAANVEC TTOU AEVE OTL £XoUuV «yevvnOel pe “aApupo aipo”
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K+ 4 mmol/L
Total K = 56 meq

Na+ 140 mmol/L

1C&[F

K+ 150 mmol/L
Total K = 3400 meq
Na+ 10 mmol/L

Sodium-potassium pump

Sodium
concentration gradient

Higher

Lower

S

X Active

transport
channel

Qe
)

|

ADP + P;

Lower

Potassium
concentration gradient

Higher




GFR =180 L/HM = 125 mL/min
Nat =9 g/Lx 180 L/nu= 1620 g/nu
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Percent of Water in the Human Body




NOMOC TWV «TPITWV»

Blood vwolume (3—5 L)
i

. Red blood cell volume
Intravascular volume

B Transcellular volume (1-5 L)

B interstitial volume (9 L)
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Intracellular volume (28 L) Extracellular volume
{10-14 L)






loolUyL0 LYPWV

* MpooAapBavopeva * AnopfaAlopeva

- 850 ml o tpodEC - 500 ml 6€ppua

- 350 ml amo o€eidwon - 400 ml avarmnvon
- 200 ml kompava

- 2YNOAO 2600 mi - 2YNOAO 2600 m|




YIOAOYLOMOC QOUWTIKOTNTOG

Qopwtikotnta (mOsmol/kg H20)

= [Na+K]x2 + [yAuks{/18] + [oupla/6]

Z[Na]+10



Hypertonic Isotonic Hypotonic




AUGVOTPLOLULEC
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140 meq/L 75 meq/L YTrepvaTplaipia

140 meq/L 75 meq/L YTrovarpiaiyia




Yrovatplatpia

Plasma concentration (mEgqg/L)

Signs/symptoms

130-135
125-130
115-120

Severe and rapidly developing

Asymptomatic
Nausea and malaise
Headache, lethargy, disorientation

Seizure, coma, permanent brain
gamage, respiratory arrest, brainstem
herniation, and death




EmidnpioAoyia TnC UNTOVATPLOLMLOG

* 1% tou yevikoU TAnBuaopov
* 5-8% TwV VOONAEUOUEVWV OE VOOOKOMELO
* 30% twv voonAevopevwyv o MEG




Yrovatplatpio

 Weubdoimovatpropia (puoLloAoyLk) wWoHwWTLKOTNTA)
» YriepAuudatpio

» Ynepnpwteivatpio

* Yrniovatploupio £€ apatwoswg (UMEPWOUWTLKOTNTO)

» YriepyAvkatuia
» MavvitoAn, ocopBLtoAn, YAUKEPOAN

* Mpaypatikn vnovatplopiia (VToWoUWTIKOTNTA)




Overview of the Cardiovascular System

Distribution of Vascular Resistance

Volume Distribution

EUOYKaIUia

KAOA

Veins
Large (7%)
arteries

(19%)

Capillaries (5

1 diastole

UTTOOYKQIdia

Large arteries pulmonary W W W #F Aortic pressure: 120/80 mm Hg
mean pressure

95 mm Hg!

artery pressure;
25/10 mm Hg
(mean pressure
15 mm Hg)

Coronary
circulation:
Q = 4%

Vo, = 11%

UTTEPOYKAIUIO

Low pressure
system
(reservoir function

High pressure
system
(supply function

Micon evopnvwoewc



2 UMTTTWHLOTOL KOlL ONUELaL ETTL
UTTOOYKOLLLLLOLC

2TEYVO otoua, Ol a, KOTwon

ZaAn otnv opBOLa otaon, LUIKEC KPOUTTEC
KolAlako aAyoc, mpokandio alyoc, Anbapyoc,
oUyXuOon, OTIAOLOL, Kustiol

EAQTTWHEVN OTtOpYn, OTEYVO HEPLLAL KOLL
BAevvoyovol

OpbBooTtatikn untotaon, xopnAn KOM ko
Tileon evodnNVWOoEWC




2 UMTTTWMOTOL KOlL ONUELaL ETTL
UTTEPOYKOLULAC (KopdLakn aveENapKELQL)
Avomvola otnv Konwon, opbomnvolaq,
VUXTEPLVN Ttapouaolikn SuoTvola 1 BRxac

Alpa, owdbripota opupwyv, AoKITNG, TTAEUPLTLKN
ouAloyn

Tayukapdia, KAATTOOTIKOC pUOUOC
Yrotpillovtec oTIC BAOCELC TWV MVEULLOVWV
Avénuevn KO kat riteon evodnvwoewg



True Hyponatremia

gl AT H,O > Na
O “Es -

Disorders, 5th ed, McGraw-Hill, New York 2001. p.699.
*Adrogue HJ, Madias NE. Clinical Endocrinology 2000 52 667-678 \w....pv‘f.

PR
*Rose BD, Post TW. Clinical Physiology of Acid-Base and Electrolyte j@




AVTILLETWTIILON UTTOVOTPLOLLOLC

* YrooyKaLtukn: iv evudatwon e NS nou
armevepyomolel tnv ADH .

e Evoykalulkn: otepnon vdatoc, 6LopOBwaon NG
UTTOKELEVNC aLTlog

* YIEPOYKOALULKN: OTEPNON AAATOC KOl VEPOU,
xopnynon ¢oupooeuidng



APXE2 OEPAIEIAZ YIIONATPIAIMIAZ

e Y& 0&el0l CUUTTTWUOTLKN UTTOVOTPLaLULA,
xopnyeitat urteptovo dtalvpa NaCl 3% (150 ml
/20 min) pexpt va awénBel to Na kata 5 meq/L n
LEXPL TNV €EQAELYP N T\ CUMTTTWLATWV).

* EAeyxoc [Na] kabe 2-4 h.

 [TIPOZOXH! >€ xpovio uTtovaTpLaLpia, n
SLopBwon mpemel va iva apyn (8-10 meq/L to
NPWTO 24wpo Kol Katw amo 18 meq/L to npwto
48wpo)




Central Pontine Myelinolysis

Figure 1 - Brain magnetic resonance imaging. A) Axial image using the FLAIR sequence within the basis pontis
shows lesions caused by myelinolysis (white arrows). B) Axial T2-weighted image shows symmetric
hyperintense and bilateral lesions to caudate nucleus (large arrows) and to putamen (smallarrows)



YINEPNATPIAIMIA

Na > 145 meq/L

Awyotepo ouyxvn amo tnv YrnoNa, aAAa pe
neyaAvtepn Bvnrtotnta (40-60%)

ATtwAeLa teplooelac vbaToC 0 OXEON UE TO
vatplo (EAevBepo vepo, uTtotova vypa)
Xopnynon uUTEPTOVWVY SLOAULATWY OXEOOV
TTOVTOL LATPOYEVWC



TOMoL YILEPVOTPLOLULOLG

1) Na content in ECF = Low (H,0 > Na depletion)
- Extrarenal loss: skin, GI

- Renal loss: diuretics, renal diseases
2) Na content in ECF = N&gnzal (H,O depletion)

- Renal loss: DI
- Extrarenal loss: insensible loss

3) Na content in ECF = Increase (Na excess)
- Na gain: Iatrogenic, 1° hyperalsosteronism



YIEPVOTPLOLULA PLE UTTOOYKOLHLLOL

= Hypotonic fluid loss

Renal causes

Loop diuretics

Osmotic diuresis (glucose, urea, mannitol)

Post obstructive diuresis

Polyuric phase of agyite tubular necrosis
Gastrointestinal &§gigses

Vomiting y

Nasogastric drainage

Entero cutaneous fistula

Diarrhea

Use of osmotic cathartic agents (e.g., lactulose)
Cutaneous causes

Burns

Excessive sweating




YIEPVATPLALULOL LE EVOYKOLULOL

Net water loss

«Pure water loss
‘Unreplaced insensible losses (dermal and respiratory)
‘Hypodipsia
‘Neurogenic diabetes insipidus,

» Post-traumatic bt

» tumors, cysts, histiocytosis, tub aulosis, sarcoidosis

» Idiopathic

» aneurysms, meningitis, encephalitis, Guillain-Barre
syndrome

e Congenital nephrogenic diabetes insipidus

e Acquired nephrogenic diabetes insipidus
» Renal disease (e.g. medullary cystic disease)
» Hypercalcemia or hypokalemia

» Drugs (lithium, methoxyflurane, amphotericin B, vasopressin
V,-receptor antagonists)




YriepNa [E UTtEpOYKOLULOL

Hypertonic sodium bicarbonate infusion
Ingestion of sodiuraghloride

Ingestion of sea water

Hypertonic sodium chloride infusion
Primary hyper-aldosteronism

Cushing’s syndrome



0.9% NaCl 308 154
3% NaCl 1026 513
7.5% NaCl 2566 1283
8.4% NaHCOr, 2000 1000
723
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715 1 —
713 -

Seawater




OEPATELO UTTEPVOTPLOLULOLG

* Melwon CUYKEVIPWONC vatplou oyl
NepLocotepo amo 12 meqg/L tnv nuEpa

* EAeUBepo VOWP TTOU aTOLLTELTAL:
~ 36 - 48 mL/'kg/Huepa



EPQTHZH 1:

O k. I.K. eival 65 etwv €xeL Baputatn ocupdopntikn kapdiakn avemnapkela (KE
25%) Aoyw moAAamAwv pudpayuatwy. Evuploketal oe avalo dlatta, poprtpiAn
5 mg/nu, douvpooeuidn 80 mg x 2/nu, kapBeSAOAN 6,25 mg x 2/nY, aoTmipivn
100 mg/nu kat atpoBactativn 20 mg/nu. Mpoaoépxetal yia aduvapia Kot (aAn.
Ytnv puotkn e€€taon Sev €xel owdnuata, n Al oe umtwa otaon ivat 100/80
mmHg kot og 6pBla otaon 78/60 mmHg, Na 125 meq/L, K 5 meqg/L, creat 1,8
mg/dL ko urea 102 mg/dL.

Mola Ao TG KATWOL MPOTACELS Elval 0%IGTA:

1.0 aMEA mpokaAel umovatploLlpia Kol Sev MPEMEL MOTE val XopnynOesl maAL
otov acBevn autov

2.\0yw tNC oofapotatng KoPSLOKAC aveTMAPKELAC, N Bspareia Tou aocBevolg
auTtoU MPEMEL va elvall oTEpnon LSATOC Kat avaAog dlatta

3.H vedpikn avemndpkela odpeiletal oto YapUnAo KAdopa e€wBnong Kot ywo tThv
QVTLLETWTILON TNG amateital n tomoBeTnon evOoaopTLKN G aVTALOG

4.0 aoBevric autoc mpemet va AdBel duotoAoyiko opo pe 100 mi/h.



EPQTH2H 2:

O k. I.A. elvaw 30 etwv kot €xeL Baputatn cupdopntiki Kapdiakn avenapkeila (KE 25%)
Aoyw puokapditidac. NMpoonABe pe oldnua ava cdpka, TAEUPLTIK cuAAoyn dekeld, aokitn
kat dvomvola. Eival ameiBapyxoc acbevric dev akoAouvBel avaio Slatta kot Tivel vepo
aveEEleykta Aoyw adopntng dipac. Ta pappaka Tou mepthapBavouv pauumpiAn 5 mg/nuy,
doupooeuidn 250 mg x 2/ny, kopBeSNOAN 6,25 mg x 2/nu . NpoacEpxetal pe opbonvola,
oAtyoavoupia kot Al 90/80 mmHg, koAmikn poppapuyn pe odpvésic 128/Aemto, Na 123
meqg/L, K 4 meq/L, creat 2,8 mg/dL kat urea 192 mg/dL.

Mota arod TG KATWOL TPOTACELS ElVOL CWCTY) !

1.0 aMEA mpokaAel umovatplatpio Kol vepplky avemapkela Kol Oev TPEMEL TOTE va
xopnynOet maAL otov aacBev autov

2.\0yw TNC ocofapotatng KapSLaKNG ovemapKkelag, n Oepameio Tou acBevoug autou
MPETEL Va. elval otépnon vdatog Kal avalog dlatta

3.l tnv Bepareia tou aoBevoUC aUTOU TIPEMEL VAL TIPONYELTAL ALUOKABAPon Kol LETA Vo
TomoOeteital evéoaopTikr avtAia

4.0 aoBevnc autoc pemnel va AdB el duoLoloyLko opo pe 100 mi/h.



EPQTHZH 3:

O k. A.K. elvalL 45 etwv Kol €xeL Kippwon AMOTOC AOYyw HOAKPOXPOVLOU
aAkooAlopoU. MNMpocepyetal pe eykedpalomabdela. Itnv duoLKn EETAON EXEL
Ama owdApata, aAAd aokitn umo taon. H AN eivat 100/80 mmHg, to Na
120 meqg/L, K 3,5 meq/L, creat 1,1 mg/dL kat urea 92 mg/dL.

Mola Ao TG KATWOL MPOTACELS VOl CWOTA:

1.Mpénet  va  xopnynBel peyann. 66on doupooesuidbng vy va
amoocupdopnBel o aokitng

2.H Bepamneia tou acbevolc autol MPETEL val Elval otépnon VOATOC Kol
avaAoc diatta

3. \oyw tNnC eykedalomabelac acOevnc autog mpemel va AABEL UTTEPTOVO
vatpLoUxo opo yla va. S1opOwoou e ypriyopo TNV UTToVATPLOLLLLa TOou.

4.0 ooKitng mpEmeL vo. eKKeVWOEeL Kal va Tou xopnynbouv avtiotowa Altpa
duololoyLkol opou.



3.5-5.91

Potassium,
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3 @PZI 100 meg/day

E
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92 meg/day 8 meqg/day

* Total body K = 50 meqg/kg



TABLE 1
Disorders Causing Hyperkalemia

Disorders leading to hyperkalemia caused by Disorders leading to hyperkalemia caused by
impaired renal excretion of potassium shift of potassium into the extracellular space
Acquired hyporeninemic hypoaldosteronism Azidosis
Addison’s disease J Riaﬂ;e to tissue from rhabdomyolysis, burns,
Congenital adrenal hyperplasia (recesssive or or trauma
autosomal dominant) Farnilial hyperkalemic periodic paralysis
Mineralocorticoid deficiency Hyperosmolar states, (e.q., uncontrolled diabetes,
Primary hypoaldosteronism or hyporeninemia glucose infusions)
Pseudohypoaldosteronism Insulin deficiency or resistance
Renal insufficiency or failure Tumor lysis syndrome.

Systemic lupus erythematosus
Type IV renal tubular acidosis

Information from references 2 and 3.



TABLE 2
Agents That May Cause Hyperkalemia

Agents Mechanism and comments

Amiloride (Midamor) and Diminishes potassium secretion by reducing the electrical gradient between the intracellular space and
triamterene (Dyrenium) the renal tubule, causing potassium. to leave the cells

Amino acids* Lysine, arginine, or epsilon-aminocsireic acid enters cells in exchange for potassium, causing hyperkalemia

ARBs and ACE inhibitors Decreases aldosterone synthesis: hyperkalemia often can be reduced by concomitant diuretic use; ARBs

less likely to cause hyperkalemia than ACE inhibitors
Azole antifungals Inhibits adrenal steroid synthesis, which can lead to aldosterone deficiency
Beta blockers Decreases sodium-potassium adenosine triphosphatase (ATPase) activity; beta; agonists decrease

potassium levels

Cyclosporine (Sandimmune)  Suppresses renin release, leading to decreased aldosterone synthesis, decreased potassium secretion
in collecting duct

Digoxin at toxic levels Decreases sodium-potassium ATPase activity



Eplerencne (Inspra)

Ethinyl estradiol/
drospirenaone (Yasmin)

Fluoride toxicity

Glucose infusions or insulin
deficiency

Heparins

Herbal remedies with
digitalis-like effect

NSAIDs

MNutritional and herbal
supplements

Packed red blood cells
Penicillin G potassium

Potassium supplements
or salt substitutes

Spironolactone (Aldactone)
Succinylcholine (Anectine)
Tacrolimus (Prograf)

Trimethoprim (Proloprim) and
pentamidine (Pentam 300)

Blocks aldosterone binding at mineralocorticoid receptors
Spironolactone analogue

Decreases aldosterone synthesis; most common in patients on dialysis who drink water with high
fluoride levels

Hypertonicity caused by hyperglycemia from glucose infusions can drive potassium out of the
intracellular space, leading to hyperkalemia. Hyperkalemia may occur with continuous infusions or
with boluses of hypertonic glucose. May be present with hypertonicity caused by other agents such
as mannitol {Osmitrol) as well.

Can cause hyperkalemia in patients with decreased renal function; inhibits adrenal aldosterone synthesis

Specific agents include milkweed, lily of the valley, Siberian ginseng, Hawthorn berries, or preparations
from dried toad skin (Bufo, Chan'su, Senso). All these agents act by decreasing sodium-potassium
ATPase activity, leading to elevated extracellular potassium.

Decreased prostaglandin proguct on leads to decreased afferent arteriolar flow, suppressing renin and
aldosterone secretion. Typicar @f N2AIDs as well as cyclooxygenase-2 selective inhibitor drugs.

Herbs containing high potassium levels (e.g., Noni juice, alfalfa, dandelion, horsetail, nettle)

Stored cells can partially hemolyze and release potassium when infused.

Can cause hyperkalemia in patients with impaired renal function caused by increased potassium load;
can be administered orally or intravenously

Ingestion of potassium can lead to hyperkalemia, particularly if renal function is impaired; dietary
sources include bananas, melon, and orange juice.

Inhibits binding of aldosterone to receptors in the renal tubule
Increases nicotinic acetylcholine receptors in damaged skeletal muscle (e.g., trauma or burn patients)

Suppresses renin release, leading to decreased aldosterone synthesis and decreased potassium secretion
in collecting duct

Diminishes potassium secretion by reducing the electrical gradient between the intracellular space and
the renal tubule, causing potassium to leave the cells.



Hyperkalemia

E+ > 55mEgL

= M am festations

» Wealk muscles (Legs)
= Irritabality
» Abdominal cramping with c:harrhea

w Irregular pulse=>EE G changes=>cardiac standstill
(artrest)™




-«— Tall peaked
T wave

-«—Tall peaked
T wave

Widened QRS
with tall T wave

Figure 1. Typical electrocardiograph changes seen in
patients with hyperkalemia.




TABLE 5

Medications Used in Acute Treatment of Hyperkalemia

Length
Medication* Dosage Onset of effect Mechanism of action Cautions
Calcium 10 to 20 mlL of Immediate 30 minutes  Protects myocardium Can worsen digoxin toxicity
gluconate 10 percent solution from toxic effects of
IV over two to three calcium; no effect on
minutes serum potassium level
Insulin Regular insulin 10 units 15 to 30 Two to Shifts potassium out Consider 5 percent dextrose
IV with 50 mL of minutes six hours of the vascular space solution infusion at
50 percent glucose and into the cells; no 100 mL per hour to
effect on total body prevent hypoglycemia with
potassium repeated doses. Glucose
unnecessary if blood sugar
elevated above 250 mg pel
dL (13.9 mmol per L)
Albuterol 10 to 20 mg by 15 to 30 Two to Shifts potassium into the  May cause a brief initial rise
(Ventolin) nebulizer over minutes three cells, additive to the in serum potassium
10 minutes (use hours effect of insulin; no
concentrated form, effect on total body
5 mg per mL) potassium
Furosemide 20t0 40 mg IV, 15 minutes Four Increases renal excretion  Only effective if adequate
(Lasix) give with saline if to one hour hours of potassium renal response to loop
volume depletion diuretic
Is @ concern
Sodium Oral: 50 g in 30 mL One to two Four to Removes potassium Sorbitol may be associated
polystyrene of sorbitol solution hours (rectal six hours from the gut in with bowel necrosis. May
sulfonate route is faster) exchange for sodium lead to sodium retention

(Kayexalate)

Rectal: 50 g in a
retention enema







AITIA YNIOKAAIAIMIAS
(1)

Mewwpevn npocAndn: Mia cuvnonc dlota otig AuTikou
Tumou Kowvwviec mepthapfavetl 40-120 meqg K+
nuepnoiwc (bpuyavia Kot Tocil, dAKOOALOUOC, avopeéia).
Tpodec MAOUGOLEC O€ KAALO: LIOVOVO, TIOTATA, TTOPTOKAAL,
TOMATO, TIPACO, TIAVT{APLO, TIEMOVL, OTIAVAKL, KOUVOUTILOL,
yOAa, KpEQC

Tpodec yapunAeg og KAALo: AspovL, unAo, otaduAla,
Aaxowvo, ayyoupt, UpopLka, pUTL, EALEC, LOPOUAL,




['10 TNV KAVOVIKN OTTEKKPIoN Tou K+
QTTAITEITAI PUOIOAOYIKOC ApPIOUOC
VEQPWVWYV, UTTapgn aAdoaTePOVNC Kal
TTapouadia avraAAacipou Na+ otov amw
VEQPWVO



EEQNEDPIKEZ ANQAEIEZ KAAIOY

ATTO TOV YVOOTPEVTEPLKO CWANVAL:

e To yootplko LYpO TtepLEXeL 5-10 meq K+/L

* To evteplKO meplexopevo meplexel 20-50 meq/L (Awdppoleg,
OnAwdec adevwua, ovpntnnoaotypostdootopia, TuPAn aykUAN
glAeoV, KaBoapTika)

Arto tov LbpwTta;

* O 16pwc mepLexet 5-10 meq K+/L



AITIA YIMTOKAAIAIMIAZ (3)

Metakivnon K+ evioc Twv KUTTApWV:
 AAkaAwon (0.1 A pH -> 0.6 meq A K+)
* |lvoouAilvn (teAoAoyikn ocnupaoia)

* B-aywviLoTEC, TL.Y. AABCUTEPOAN

* KatexoAapiveg, stress
* YTTOKQALOLULKN TIEPLOOLKN TTAPAAUON

e Auénuevn tpooAnyn ano RBC’s m.x. xopriynon
B12 N dpuAAikoU o€ewc N mapevtePLKn dtatpodn



JUMITTWHOTO YTTOKOALOLLOLC

Abduvapuia
Konwon
KpApmec
AuokolALlotnta
AppuBpulLec

HYPOKALEMIA
Normal | l
| |
I
S| - SR 2
l | |
| ‘I
| T U ‘ U \ J



AtayvwoTtikog AAyoplOpuoc YrokaAlatpiog

Y1repaAdooTepoviouog, Cushing,
TTEPIODIKN TTapPAAuUCn, Xoprynon
Na+ ‘ UYPWV XWPIC KAAIO

ATTWAEIEC ATTO TOV OTOMAXO,

| o
\ / HCO3 ‘ dloupnTIKA
Na+ \

N AIGppoIEC,
HCO3\ duoaTtroppognon, RTA,

d1aBNTIKI KETOCEWON



Oepamneio UNTOKOALOLULOC

Mowa n awtia tng vmokaAtatpiac; H petakivnon K+
Heoa ota kuttapa Ba anattriost Atyotepo KCl
npoc dLopBwon armno otL n anwAsta K+

H orto Tou oTOMOTOC Xopnynon ivoi
aoPaAECTEPN

EKTOC armo e€alpeTIkES MEPUTTWOELC (appuBuia,
pafdopuoAuaon, HeydAn aduvaplo, oVomVEUOTLKN
avemnapkela) pn dStopBwvete to KaAlo EQ

Xopnyouvtal aAAa pappako mou ennpealovy T
enimeda KAALov;

Metpate ouyxva ta emnimeda K+ Kot
QVOATIPOOOPULOCETE TO TIPWTOKOAAO XOpnNyNnong



Xopnynon KaAlou

H oo tou otopatoc xopnynon amattet 10-20 meq x
2-4 nuepnolwc. Eva KouTaAdKL UTTOKOTALOTOTO

aAatoc reptexetl 50-60 meq K+
ED K+ < 10-20 meqg/wpa xwpic monitoring.

Xoprwncsr] ue puOuo > 49 r: 1eq/wpa xpaa(srat
ouvexn kataypadn HKI kol cuyvec petpnoelc K+

Xopniynon aro neptdepkn dAERa: 3-4 amp KCI/ 1 L
NS

Kevtpkn pAEBa 5-6 amp KCI/250 ml NS



Euyaplotw yia tTnv mpoooxn ococ!



