Yvpa & HAekTpoAUTEC TOU avOpwTTIVOU
owparoc.
TTepieyxeipnTiki Xophynon aipgartoc &
TTAPAYWYWNV.

Emikoupoc Kaenvmpua Aﬂ@




To vepo eival To peilwyv ouoTATIKO
OAWV TwV OIAUEPIOHATWY TOU OWHATOC

100[

Percentage of total body weight
(%2
(=)
T

Newborn Adult Adult
infant male female
(80%) (60%) (50%)



To TT0000TO TOU VEPOU TTOIKIAE!

Mt Thv nAikia
* To pUAO
 To AiTwodnN 10TO

44 %



MeydAec diatapaxé¢ oThv 160ppoTid TWV |
uypwv & NAEKTPOAUTWY TTPOKAAEI
TaxuTarta d1atapax€EC oTnv:
a. Kapdiayyelakn,

. b. veupiki
C. VEUPOUUIKA AgiToupyia. ,



Wiater

Intracellular Extracellular
Fluid Fluicd
00 20
Wise &gFit
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Intracellular Extracellular Water
| 27-30 L l l 14-16.5L | excretion
Cell per 24 hrs

Capillary wall

membrane

P 0TS Kidneys
06-15L
Interstitial
fluid = 3 Lungs
volume 03-04L
11-13L

7 >l Skin (sweat glands)
—| 02-10L

Water intake
per 24 hrs

(drink + food)
1.5-25 L H,0

Feces

TTT 01-02LH,0



Alapepioyata KaTtavopng vypwy

« EvOoKUTTApPIOC XWPOC: UYPO OTO
EOWTEPIKO TOU KUTTAPOU - KUTTAPOTTAAOHA
« EEwWKUTTApPIOC XWpPOC:
— Evdayyeiakoéc xwpoc - mAdopya 4% Tou 2B

— Aidpeooc xwpoc- avdusoa ota KUTTApa, 16%
TOUuZ B

— AlakuTTdploc Xwpoc A TpiToc Xwpoc 1-3%
Tou 2B (ENY, uypd opBaApov, evrépou,
apOpiko6, TTAEUPITIKG, TTEPITOVAIKS UYPI...) © * o4
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» TTAdoua, pn KUTTAPIKO OTOIXEiO TOU dipdToc.
BpiokeTal oe ouvexn 10oppoTria pe 1o di1dHEDO

uypo

» Aiapopd avdpeoa oto TAdopa Kai To d1duEco
XWpo, €ival h ToAU HeyadAuTepn OUYKEVTPWON
TWV TTPWTEIVWY Tou TTAdoHATOC TTOU TOoU

Tpoodidel WoUwTIKA Tieonh katd 20 mmHg

amo 1o d1dpueco & To ECWKUTTApPIO UYPO.

ATIAT

P

2

ENAATTEIAKQY X(1POY



Na*

K-l-

Ca?t - | Catt | .
| Meg=" || Protein | '- ~ Cl-

Blood Interstitial Intracellular

Plasmg Fluid Fluid




« H diamepaTdTNTa O€ 16VTA KAl TIPWTEIVEC
TTOIKIAEL.

— O eyképahoc HIKPOTEPN,




PUBuion vepoU kai NAEKTPOAUTWY

KoAmiké vatpioupnTiké memTidio (ANP)
Balompeaaivn ( avtidioupnTiki oppovn- ADH)
AANdoaTepovn ( pevivn, ayyeioTevaivn)
apaBoppovn

KaAaiTovivn

TTpooTayAavdivec

a- adpevepyikoi & vroTmrapivepyikoi UTTo00XEiC
Mnxaviopoc diyac

Evdoyeveic veppIkEC AsITOUPYIEC




FLUID BALANCE: A MATTER
FOR THE BRAIN AND KIDNEYS

ﬁyj adrenal cortex

regulates sodium by
releasing aldosterone
to increase sodium
reabsorption, by
maintaining extra-
cellular fluid volume, £
and by excreting £ ’
potassium. |

The posterior pituitary gland

secretes ADH, which regulates fluid
volume in the body. When released,

‘ the kidney reabsorbs water, increasing
| urine concentration and inhibiting

ADH. The kidney inhibits reabsorption

of water diluting the urine.

Wow, a loss of 2% body weight,
an increase of ADH, and a thirsty

feeling are primarily regulating
fluid balance.

Sodium chenges the
osmotic pressure by changing
concentration levels.
Where sodium goes,
water will follow




Na+

« KUpio kaTtiov Tou ECF, pe kaBopioTiko
poAo oTnv eCWKUTTApIA Kal evOOKUTTAP!A
WOHWTIKOTNTA.

e MeTapoAéc 1% avixvelouv ol
UTT0OaAadpiIKoi WOHWUTTO00XEiC




YTovaTpidigia

* Na+ <135mEq/L

¢ AiTia:
1. YTTOTKAIMIKH
Alloppayia
Qidnua eykauparog

TTepiToviTIOA

2. YTTEPOTKAIMIKH
2 udy. Kapdiakn avemdpkeia
Kippwon
Neppwaoiko cUvdpopo
3. NOPMOTKAIMIKH
« SIADH
YeUdoUmovarpiaipia



HYPONATREMIA
"ALL RIGHT.WHERE DID ALL THE SODIUM 60?"

o _

Signs and Hyponatremia occurs
Symptoms when serum sodium is less

+ Lethargy than 135 mEq/L.

» Headache ;

« Confusion 23 | Na is caused by

« Apprehension ol dilution as a result

+ Seizures of excess H,0 or

+» Coma [ Na loss.

These are some of the
situations.

Gastrointestinal 20
suctioning ®
%" Nasoe
P ) —< Diarrhea
2 Vomiting i el
S a Fluid Inadequate -
Diuretics shift from intake /57° > '
~.| | ICF to ECF by L o
‘ “.\,0\ i 13 5 hypertonic

| solutions, which
g leads to dilutional
\ hyponatremia



O¢parteia

* Apon Tou diTiou
« XopAynoh puaioAoyikoU opoU

* H taxeia Oegpameia Tng utovaTpidipiac
odnyei o€ eyKEPAAIKO oidnNpa A KEVTPIKA
YEQUPIKA pHueAivoAuon.

« EKTipnon Tou oAIkoU vepoU owHATOC HE
KAIVIKEC HETPAOEIC TT.X. OTTdpyn O€ppaToc.,
uétpnon 2B, wTIka onpeia, KEVTPIKA
pAePIKA TTieon



Ymepvartplaipia

« AUCNON TNC OUYKEVTPWONC TOU
eC WKUTTApPIOU vaTpiou.
¢ AiTia:
— MeydAn amwAeia vypwy
— AVETTAPKAC TTpOoAnYN vepou
— EAAeyn ADH
— YrteppoAikn tpdéoAnyn Na+



@agnostic Approa@

Urine "
— Low High —
Gﬁne OsmolalitD Grine OsmolalitD

|
High
.
Hypotonic fluid loss: Low H.gh
Insensible loss
Gl loss
Prior renal loss e.g.
iuretics

Central Nephrogemc
Diabetes Diabetes
Insipidus Insipidus

Correction of
hypernatremia

Calculate TBW
Calculate DBW
BWD = DBW - TBW
Replace BWD in addition to
maintainance fiuid

+

Choice of fluid:
For oliguric / hypotensive
patient: Normal saline
For stable patients: DSW

Rate of Correction:
Replace 50% of BWD over
24 hours
Rest over next 24-48 hours

Follow-up

1. Follow serum Na Q 6 hours
. Rate of decrease of plasma

osmolality not to exceed >1
mosmi/Kg

Common Causes of Hypernatremia in ICU:
Diarrhea

Lactulose therapy

Diuretics

Insensible loss

Osmotic diuresis

[Use 0.4-0.5 for females and cachectic patients])

= Body Water Deficit (BWD) = DBW - CBW

= Current Body Water (CBW) = 0.6 X Current body weight (in Kg)

= Desirable Body Water (DBW) = [Current Na+ / 140] X CBW




HYPERNATREMIA
"YOU ARE FRIED”

. Fever (low grode), flushed skin
- Restiess (irntable)
Bl 1rcreosed fiuid retention and | 69

Bl cdema (peripheral and pitting)

B Cecressed urine output. dry mouth




O¢eparceia

« 210X0C d10pOwonc 10% Tnc
OUYKEVTPWONC vaTpiou opou, N
0.7mmol/L/wpa



K+

« 98% evdoKUTTAPIO

« EmtnpedleTal n 100ppoTTid TOU ATTO ThV
IVooUAivn, To pH, Toug P-adpevepyikoUg
AYWVIOTEG KAl Th OUYKEVTPWON TWV
dITTavOpaKIKWY

* PUBpHIoN pe Toug veppoUc Kai Thv
ahdooTepovn.



Tatds ¢
Common Causes of Hypokalemia

A Medications

* Thiance and oop duretcs

* Amnoglycosces

® G»,-mﬂts

* Adronal stercids

¢ Chronsd loative abuse
8. Gastrointestnal

* Vomeng

* Sovero Olehoa

¢ Gasine outiof Sbstruction
C. Transcoliylar Shirts

* AlRicas

* N
0. Rona

* Honal tubuiyr acidoss

* Magnosum deficiency

* Levooopa oF Qentamon use
£, Endoocnne

* Dabetic Kotoacidons

HYPOKALEMIA

"POTASSIUM IS DANGEROUS WHEN IT IS TOO LOW!"

(SERUM K* <3.5 mEq/L)

Metabolic alkalosis via diuretic
use and increased urine output

Respiratory alkalosis
via hyperventilation

Treatment of
pernicious anemia

| ! Watch labs |
»>-and look for|
'%} s;/mp‘roms

Severe vomiting

and diarrhea

Watch for
skeletal muscle
weakness, starting in
the arms and legs, &<
progressing to the dlaphmgm to
potentially cause paralysis and
respiratory arrest. Look for smooth
muscle atony, causing constipation
and paralytic ileus, as well as
flattened T waves, ST segment
elevation, PVCs.

The doctor will
estimate the total body
potassium loss to calculate the

amount of replacement.

Watch the rate
5 of infusion.
=( This stuff burns!




Hypokalemia
"A SIC WALT"

AI ka IOSIS . - ECG Pattern of Hypokalemia
Shallow Respirations o e
Irritability | : S o
Confusion, Drowsiness %,_/\_
Weakness, Fatigue h
Arrhythmias s
Lethargy |
Thready Pulse

o

Decreased Intestinal Motility

Nausea/ Yomiting

lleus

WWW. NURSEBUFF .COM




O¢eparceia

» XAwpioUxo kdAio 0,5 mEq/Kg/wpa



YmepkaAiaipia

Table 2: Causes of Hyperkalemia?

Decreased excretion

Renal disease: renal failure, type 4 renal tubular acidosis

Drugs (direct affects on renal excretion): spironolactone, amiloride,
triamterene

Drugs (indirect affects on kidney): NSAIDs

Endocrine/metabolic: acidosis, aldosterone deficiency, Addison’s disease

Increased endogenous
release of potassium

Endocrine/metabolic: acidosis, diabetic ketoacidosis
Neoplastic: tumour lysis

Trauma: rhabdomyolysis

latrogenic/drugs: succinylcholine administration, digoxin toxicity

Increased exogenous
potassium load

latrogenic: excess potassium chloride administration, transfusion of
stored blood
Dietary: sodium chloride substitutes

Spurious

Hemolysis in specimen
Increased in vitro release from abnormal cells: leukemia, infectious
mononucleosis, thrombocytosis



o™

HYPERKALEMIA

" Muscle Twitches = Cramps =+ Faresthesia

* lrritability & Anxiety

" LBP

* EKG Changes

* Dysrhythmias - Irregular Rhythm
" Abdominal Cramping

* Diarrhea

;-.:’ @2007 Nursing Education Consultants, inc



AvTAia Na+-K+

« Aiapopd Na+- K+ oTov evdokUTTdpI10-
eCWKUTTApIO XWpo

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Plasma membrane

Extracellular
fluid

Cytoplasm




O¢epaTcia

Treatment of Hyperkalemia

Mild

Moderate

Non-potassium-sparing diuretics:

Glucose+insulin:

Furosemide 40-80 mg IV

Resins:

Kayexalate 15-30 grams to 100 mL
of 20% Sorbitol either orally or by
retention enema

*350mL D50 + 10 U regular Insulin
Ower 15-30 minutes

Sodium Bicarbonate:
50 mEg IV over 5 minutes

Albuteraol:
10-20 mg nebulized over 15
minutes

Severe

All of the above therapies should be utilized.

Also: Calcium chloride (10%): 500 to 1000 mg IV over 2-5 minutes to
reduce the effects of potassium
This Lowers the risk of ventricular fibrillation




Hypo-Ca++

Table. Common Causes of Hypocalcemia

e Hypoparathyroidism

e \Vitamin D deficiency or insufficiency

e Altered vitamin D metabolism due to medication usage
e Diseases affecting the kidneys and/or the liver

e Pseudohypoparathyroidism

e Hypomagnesemia or hypermagnesemia

e Hungry bone syndrome

¢ |nfusion of phosphate

e Rapid citrated blood transfusion

e Medications



SIGNS.AND SYMPTOMS

f’C-A-T-S

C - Convulsions &7
A= Arrhyfhmlas R /
T-Tetany §
9 = Stridor and spasms




Hypocalcemia

The bones become fragile due to decreased

level of calcium (Hypocalcemia) and often
show signs of osteoporosis...

For More Information,
Visit: www.epainassist.com

Normal Bone Osteoporosis Bone




Hypocalcemia

Hypercalcemia

Irritability & anxiety
Paresthesias
Seizures
Laryngospasm
Bronchospasm

Decreased ability to
concentrate

Increased sleep requirement
Depression

Confusion and Coma

Death

Heart failure

Arrhythmias
Bradycardia

Muscle cramps

Muscle weakness




Causes of Hypercalcemia

* Endocrine * Miscellaneous
~ Hyperparathyroidism

-~ Hyperthyroidism
Addison’s disease Acute renal failure

Immobilization

Pheochromocytoma Milk-alkali syndrome

Familial hypocalcuric hypercalcemia Midications
® Malignancy R
Metastases 1de:

~ Eectopic PTH, PTHrP, 1,25(OH)D
®* Granulomatous Diseases

* Lithium
Vitamin A

AT, Vitamin D
~ Sarcoidosis

- TB
- Fungal

Aminophylline
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HYPOMAGNESEMIA
"THE HYPOMAGNESEMIA SEVEN"

5178
-~
4

g
A |
Z
g
]

acidosis with ruscy
‘A dialysis or renal A\ thiazide diuretic { excitability and

Malabsorption foilure_— H use
__ symptoms =2 Alcoholism )‘:5.
Malnatrition gz &
symptoms o

~ Metabolic 2 ; -
p { Muscular

Also, watch for
confusion, depression,
irritability, and
nystagmus.

Fluids & Electrolytes

S —— —_—

g U U V

HYPERMAGNESEMIA
“TOO MUCH OF A 600D THING IS A BAD THING."

r .. e
, Magresium concentration greater thon

o mg/dl is panic level, Normel range for adults
is 1.8 10 3.0 mg/dl

-/”rogpum)-;m.scn a$

rore Dot of unuslly couted by

renat folure ond excessive

nteke of mogresem- [

contasrung anlocsds

-

Yises~I have
depressed nerve
functan and theleto
musche ConTROLTION

S

Warch for nausea. vomiting
muscle weakness, hypovensén.
bradycordia, and respiratory
depression

. A*L ‘ il A




OvouaTtoAoyia

* Mopiakoétnra kar " oykov (molarity)= apiBué
Twyv ypappopopiwv(moles) diaAupévne ouaiac
avd Aitpo diaAuparoc.

* Mopiakdtnta kata pdapog (molality)=
vypaupopopia (moles) diaAupévng ouadiac avda
X1A1oypappo 01aAuTn.

« H mepiekTikOTNTA O 10vTa (equivalency)= o
ap1Ouoc ypappoicodUvapwy evoc 16VToC OTo
diaAupa givai o ap1Buoc Twyv ypappopopiwv
TToAAATTAdOIAdoUEVOC ETTI TO POPTIO.



_—F

» Qopwon: n kivhon vepou diapéoou Hiag

nuidiamepaTng HepPpdvng, Aoyw diapopdg oTn
OUYKEVTPpWON [N Olax e0UEVNG ouaiag aTig oUo

TTAEUPEC.

« QouwTIKA Ticon:

* TovikoTnTa: 0pdon evoc d1aAUpAaToC OTOV OYKO
TWV KUTTAPpWNV.

— I2OTONO: d¢v €xel emidpaohn oTov OYKO TWV
KUTTdpWV

— YTTOTONQO: aufdvel Tov OYKO TWV KUTTApWV
— YTTEPTONQO: peivel Tov yKo TWV KUTTAPWV



Hypertonic Isotonic Hypotonic

A e peAaCn Apa o A bypctonc sohution Ve 0 A byporoesc whton by oo
comaiw By wipond ocnel b et cam sie Ay owver P et of Aol Y N e Pan Dt ol
o pocen, Socanie X Slmgy seran, @ R Padd ot A D et T O avvs Sund r0e De
T AQ rewic bt sgoie 8 vharer dw i aard "% e in Bt (v e vent
parle T@ Do Vw Pyd ong De (el and D Yo Ot Cols and D wt -
CaTeaTimt e 20l iy MUV s [ L T T Y




AvTaAAayn peTacu Twy
OIAUEPIOUATWY

E€apTdrai:

« AlamrepaToéTNTA TNC HEUPPAVNC YId Th
OUYKEKPIUEVN oudid

« Alapopd ouykévrpwonc HeTall Twyv dUo
TTAEUPp WYV

* Th diapopd Ttieonc

* [1a TIC 10vIouévEC ouaiec ato Th diapopd
Ouvapikou






