WATER AND ELECTROLYTES

C {/f%ijcrl-cm 27 Z

a Byt gleckrolite 3 au¥
e D e Sy oratie Plessute ) 2>

e ) /
Y T,



D ELECTROLYTES

O Are ions capable of carrying an electric charge (cations or anions)

-~ 4={3-The dietary requirements for electrolytes vary widely; some need to be Consumed only in small amounts.
%&‘/’M R VA

~ w241 a2 Others, such as calcium, potassium and Phosphorus, are excreted continuously and must be ingested
regularly to Prevent deficiency

U They are involved in many processes:
O Volume and osmotic pressure (Na, K, Cl)

Myocardial rhythm and contractility (K, @t@” Cf;:ﬁiyflf e

Cofactors in enzyme activation (Mg, Ca, Zn) ~ Cenivel for gj;pk S
Regulation of ATPase ion pump (Mg)

Acid-base balance (HCO3, K, ClI)

Blood coagulation (Ca, Mg)

Neuromuscular excitability (K, Ca, Mg)

O 000000

Production and use of ATP from glucose (Mg, PO4)

/ ‘
0P e emo 2 N4



[Pae = oo W

. Bl D3 oy IR
! Waber B eLials Lo

\_/ b/i

J WATER

din a 70-kg man, the total body water is about 42L (60%), ICF(28L) and ECF (14 L,
plasma (3.5 L) and interstitial fluid (10.5L))

. S Iy <0 <SU PG
 Daily water intake is 1.5-2L (825 & < inaror J‘@”‘f) Extracellular
Blas < lows nlet fluid
O Women have lower water content than men (more fat) \ compariment
\/ Intracellular
] Normal ¢ fluid
O Importance of water in human body: A compartment "
Sy (L\J“;/-\G P s A
Q Transport nutrient t0 the Cells |t r 250 e VT 3 o ey dan owsl | s
O Determine cell volume by its transport into and out of cells | o o, | Outlet
L. Swell isShvinkam 31 6o Cet N c_ans asis gidr glin ﬁ LT ‘ N
O Remove waste products (urlne e L,
LU"" I Creahmne N ; — -"'/' -Ei\
U Body coolant (sweatlng)_, £5 50 b o e 8
Fi ) Water tank model of body fluid
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WATER

U The concentration of ions inside the cells and in plasma is maintained by passive
diffusion and active transport through ATPase-dependent ion pump

L Most biological membranes are permeable to water but not ions

EI Water and sodium output

WSt b, feces Jeo pe,

d Kldr?eys and gastrointestinal tract

0 Sweat and expired air: about 1L daily

O Factors that affect the flow of water across the membrane
1 lons and proteins at one side of the membrane

Q Blood pressure—— "o == BO - Staal
Membeny 183 2 (1 uaber M
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CLINICAL FEATURES OF HYDRATION PROBLEMS

Table 6.1 The principal clinical features of severe hydration disorders

Feature Dehydration Overhydration

Pulse Increased ( Recd) Yol J/> Normal

Blood pressure Decreased Normal or increased

Skin turgor Decreased L o +L1) Increased

Eyeballs Soft/sunken( o~k os) Normal

Mucous membranes Cry Normal

Urine output Decreased May be normal or decreased
Consciousness Decreased Decreased
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D CONTROL OF WATER BALANCE

Both intake and loss of water are controlled by osmotic gradient across cell

- 4L membrane in the brain hypothalamic osmoreceptor centre ™" ‘e sl Wfer Sl e dasos
o>smolepror Ware () fetenhon  des & M d ey § blood voum

RS (T These centres control thirst and secretion of antidiuretic hormone (ADH)=AVP )(){;»fgﬁcf

(arginine vasopressin hormone) AU\D £ b cor D5 crpm 3l CRoad) ssAta s 25
QMThirst is the major defense mechanism against hyperosmolality and hypernatremia

UAntidiuretic hormone:
O Is polypeptide with t..of 20 min
O Synthesized by the hypothalamus and secreted by the posterior pituitary
0 2% increase in osmolality lead to 4 times increase in ADH
U Low blood pressure and severe hypovolemia stimulate ADH release \_/
[ Stress due to vomiting, nausea and pain may increase @DH s;c:tion
O ADH act by increasing the reabsorption of water in cortical and"medullary collecting tubules /
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Hypothalamus.'.

Ho0O

Posterior
pituitary

AP (ADH Siems) |

Renal losses
0.5-15mL/min
usually

~0.5—- 4.0 litres/day

Kidney

2
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Fc“’Fig 7.1 Normal water balance.

Fig 7.2 The regulation of water balance by AVP and
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D CONTROL OF WATER BALANCE

A}OL\LT Lo symo0 QY Ao _niislo |)_>L> d“"-é—kl < shad)
‘ slo e Ay S Q}“—eﬁ
OHypernatremia rarely occurs in a person with a normal thirst mechanism and access to

water, it becomes a concern in:
Oinfants— &) < & s Lo Jan)l

e Rpe .
O Unconscious patients > O ) s

0 Anyone who is unable to drink or ask for water——> ;LocJJN/(&I 2ol ) \
< ALbS

0{"2“3:;? Sl People who are older than 60 where osmotic stimulation of thirst progresswely diminished

980> 2/ O In the older patient with illness and diminished mental status, dehydration becomes .., 3 liwsle.ic <<ty

it sentitd L increasingly likely example of the effectiveness of thirst in preventing dehydration g e
_}Wbel s\l q}d\ CJA

Los <ae A patient with diabetes insipidus (no ADH) may excrete 10 L of urine daily, but as water

it 04s 2 cha (MW c2i.a Lo Piluhaty AL 2l & &EJ
T intake matches output, plasma sodium remains normal)’r o e F'A*'J‘J‘ i
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OB i st st . OSMOLALITY

U Physical property based on the conc. of solutes (in mmol) per kg of solvent (w/w). This affect
different properties of solution as:
O Freezing point depression

L Vapor pressure decrease

Q Increase in osmolality will induce secretion of ADH enzyme while decrease in osmolality will

lead to turning off ADH secretion smometer 3 (¢s L g \
> " oo gdf\f.f 3'50“’
1 Osmolal gap is the difference between theymeasured osmolallty\and the calculated osmolality,

O Osmolal gap indirectly indicates the presence of osmotically active substances other than
sodium, urea, or glucose, such as ethanol, methanol, ethylene glycol, lactate, or 3- >,
hydroxybutyrate. =

Osmdu\ul:, B (_g,;_.]_, <l ;\3.,&5 <Y _\o)nmd/ﬁa_\_gﬁposmc)\u\ afp B)! (_)PQ)-M—H
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D SIGNIFICANCE OF OSMOLALITY

2l Because it is the parameter by which the hypothalamus responds

[ It affects Na concentration as it represents 90% of osmotic activity in Plasma

L1 Na concentration is also affected by blood volume
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D DETERMINATION OF OSMOLALITY

O Osmolality may be measured in serum or urine.

U Plasma use is not recommended because osmotically active substances may be

introduced into the specimen from the anticoagulant. ek cougulunt  lose bol e Plagge
»iow Lo Slo o luc )fxsz, fesult JG

O Samples must be free of particulate matter to obtain accurate results.
O Turbid serum and urine samples should be centrifuged before analysis 51_‘93 Glas \oF

Q, aLEe urufe
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0 DETERMINATION OF OSMOLALITY

0 Osmometers are standardized by NaCl solution, then the freezing point of the sample is
measured and this is compared to the calculated value as double of serum sodium or
according to the following 2 formulas:

Blucmc l'mﬁ:ﬁl ) BUN (mgndiL

20 3
Jucose BAN
| 88 Na + | Ll ; '
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Na* = 140 mmol/L

Glucose =110 mg/dL .
:osmolar gap «wweu (2

BUN = 14 mg/dL gap ¢ (

Measured serum osmolality = 320 mOsm/kg
Osmolar gap = Osmmeasured — Osmcalc = 320 — 291 = 29 m

(A lu=dl) L gu=>od] osmolarity cuwso (1

rdsslad] dolealJl
- Osmolar gap = 29 mOsm/kg — §,9 sole) S §9 lio
LaSTW L33, Lod) s (Lw pgo pis 15-10<.

Glucose (mg/dL) i BUN (mg/dL)

Osm,,;,. = 2 x [Nat] + 18 58

. 2 x [Nat] = 2 x 140 = 280

o P Dgano jud Ol [OLlde Yl 13,8l 1ie G=o
< = 6111 (LaydS 6.1 (i) Juaall (unmeasured osmoles) duixi>| adgowdl 85
145 dulusdl QJJLM

5

280 + 6.111... +5 = 291.111... ;o= « i Jiad dsili] H’.L.ng 95m0|ar gap: QSS-’ZS bl
el i (JoSake Gl fJ i line]J i) Leilonitio 9l doluw
3 B Ol B OlsisS @S13 o 1alsdll Jolse o digal s,
Sl 2 p2ll 2o bl g — (gl ginS Ws).

Osm,,;. =~ 291 mOsm /kg

ole cagils Lilontl
S Ll 35Sl

dadl caalls clia oyline
chat gpt



NORMAL RANGES

TABLE 15-1 REFERENCE RANGES FOR
OSMOLALITY

Sarum 275-295 mOsmkg

Wring 24-h) 300-300 mOsm&g
Urinef&arum ratio 1.6-3.0

Random uring S0- 1200 mOsmkg
Geollgp S iomesmkg
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Electrolytes, Sodium (Na)

O Body contains about 3000 mmol of sodium mainly in ECF Eols S peualls skl pppsseall plin (piny

LOAIL Bagmse (3oSEs i ALE Tt Lptal)

s £ Nadl o Jals ol e IR SN
O Sodium dally intake is about 60-150 mmol hypernatremia ;s< ¢, Sall (€ 1ils hyponatremia

O Sodium balance is regulated by blood flow and aldosterone (hormone secreted by
adrenal cortex) aeanlly olsiens Jis U assapenll retention Jeas aldosteron J!
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Electrolytes, Sodium (Na)

U Sodium is the most abundant cation in the ECF (90% of all extracellular cations) and largely
determines the osmolality of the plasma.

U Sodium concentration in the ECF is much larger than inside the cells, because a small
amount of sodium can diffuse through the cell membrane.

O To prevent equilibrium from occurring, active transport systems, such as ATPase-dependent
ion pumps (moves 3 Na out of cell for each 2 K moving into the cell) are present in all cells
) : T o (S &l £ pump (+Na+-K) 8 Il agisseall concdls oSa5 pump o8
Gl oiag) equilibrium uas €l giad 4, pumpd! sla e s .
s s ldag active transport (s ¢, 32 aginst-conc gradiant <
7
- ATP
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w52 Co ANF'U1 ii,e blood volumed! S 1l

NaJls waterJl excreation]! N
renin JT uadnis blood volumeJ! 5K 131
Cusll 52 angiotensin aldesteron sys’reml {E G U LATI O N O F SO D) I U M
(NaJ! excreationd! Jl&; ¢)) aSaiy NaJ! 5Syis hyperosmolality saic aalsll cadiy) 13 4l LS

¥ T8 Tus ADH release jias T adiye ol g8 oIS
water oydn Cop aalddl Lie thirst center!
0 The plasma sodium concentration depends on: the intake and excretion of water and the renal
regulation of sodium

U Three processes are of primary importance:

(1) The intake of water in response to thirst, as stimulated or suppressed by plasma osmolality
(2)the excretion of water, largely affected by ADH release in response to changes in either blood
excretion,e dg3ll cavolume or osmolality

ion JI _ : _ : :
reabsorphoﬁ@) the blood volume status, which affects sodium excretion through aldosterone- angiotensin Il

iy and ANP (atrial natriuretic peptide)

O The kidneys have the ability to conserve or excrete large amounts of sodium, depending on the sodium
content of the ECF and the blood volume, normally, 60-75% of filtered sodium is reabsorbed in the
proximal tubule

O some sodium is reabsorbed in the loop and distal tubules (controlled by aldosterone) exchanged for K \/
in the connecting segment and cortical collecting tubule. :




REGULATION OF SODIUM

FIGURE 15-1. Rasporses 10 changes In Diooc osmolity and blood volume ANP, a3 ramnuretc peptice The prmiany
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oncantrated ! «.‘J’{SAI U

4lle urindl osmolalityJ!

osmolalityJ! i diluted €l (Sal U N’
“CAUSES OF HYPERNATREMIA
N
waterJb dall oS5 say (ysa Hypernatraemia
decreased saie (5Ss b odan
. e [ o TN - saie 55 b wategd <Gy Nadl sa Ll
L Excess water [0Ss ot 58 filsw st 4l ¥ Al water : _4 sk water Iy slle
i i L Na* content normal Na* content decreased 1| |Na* content increased
U Diabetes insipidus s v v st s s H,0 decreased H,O very decreased 1l H,0 normal

U Renal tubular disorder reabsorptionJb JSliwe & yuaid tubuleJb JSliw o s 01l 55

. 3 dialysisJ! oy 3405 asidsn
D P I d d h Yva i MI o in JIZ NaHCO3J! ;LL_I a7
roloonge larrnea urin J! loss trot S
: TN ﬁe%can’r ated )
O Profuse sweating S JSiy (5l sweating or o mft
O Severe burns SR . SO
children
[ Decreased water intaket=! ;S bl oyt L pasall <l Ll dLad) ‘
4lle urindl osmolaltiJ! Urine is
O Older persons Lué 44 pasic osmoreceptor! &f Lia Lo Laiall 1ia s, maximally
€ Bl s concentrated.
Q Infants BRRCTR -l s s urin dilutedJ! 5I< 131 S Sl s Low volume
) 3 ot &l kaJ . ] sl &s‘,s.‘_ué_\:\ﬂua.;&iu” 131
4 Mental impairment st -L s ol S5 Loalall 6 Glkie JSLis pasie oS = “J‘;a*e: ‘I*f: . ¥ U oS © manitol st !
. : Renal water loss Osmotic diurlsls 1" Conn's syndrome
3 Increased intake or retention | (diabetes insipidus) e angs sy
D Hypera|dosteronism w3 T, adrenal glandJb 4<as daialdesterondls ¢ L&) oé oIS 1) ,
retention ‘AJiJJ.IAI Urim ma rm m
0 Sodium bicarbonate excess <% e bl itsaall Juxi Slie NaHCOS el acidosis p2e ot 10 pldas bt
hypernatremia s T asisge~ bicarbonat gs b N o :
Q) Dialysis fluid excess increased volume

Fig 10.1 The causes of hypernatraemia. /
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- HYPERNATREMIA (150 MMOL/L) RELATEL

URINE OSMOLALITY

O Urine osmolality <300 mosm/kg

O Diabetes insipidus (impaired secretion of ADH respond to ADH) or kidneys cannot

O Urine osmolality 300-700 mosm/kg

U Partial defect in ADH release or response to ADH

= . . JI ¢ e watery) allayy alby (o
D Osm0t|C dIUI’eSIS osmolalityJ! a3 I s45 Glucose

O Urine osmolality >700 mosm/kg
U Loss of thirst
ad Insensil;Ie loss of water (breathing, skin)
L Gl loss of hypotonic fluid
L Excess intake of sodium o

® ™
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D SYMPTOMS OF HYPERNATREMIA

U Involve the central nervous system (CNS) hyperosmolar state which include: as a result
of the

[ Altered mental status
O 131 ¥ ualdl ole onsi Ty Lo palied sla

J Lethargy 150mmol/l :» lel NaJ! conc!
O Irritability
[ Restlessness.
slalal gia la _ wy g, 160mmol/l e el oIS 1
Lo Lt (Uaal,. | Seizures

n—& Muscle twitching, hyperreflexes—7oas sual il
U Fever, nausea or vomiting
QO Difficult respiration, and increased thirst.

d Serum sodium of more than 160 mmol/L is associated with a mortality rate of 60-75%
\ e
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D TREATMENT OF HYPERNATREMIA

Selac| s hypernatremia saic (g)lshll (oo gal aalsll 15
diarrhea suie aalgll Sis lelay clia aays USall Sles arall j50l a3¥
Ul Jay cliay Leadlos To

O Treatment is directed at correction of the underlying condition that caused the
water depletion or sodium retention.

O The speed of correction depends on the rate with which the condition

deve|oped Sles canall @l Lhiebas Glia e Hha (0 06 Sae Galedd| Wl BSa b 55 S 0K ¢ Y1 oK 15
Lo Silguw dubaay Jilsis ol suie IS 15 Na concd! paday <dgll uits (underlying condition) 4.l
difution rateJ! ;<ssdextrose (hypotonic solution) sssiiunormal saline (isotonic solution) s<s

slow

O Hypernatremia must be corrected gradually because too rapid a correction of

serious hypernatremia (>160 mmol/L) can induce cerebral edema and death.
The maximal rate should be 0.5 mmol/L per hour = 0-3mmol/t per hour o lel rafedi S 1

€Glig IGILy cerebral edemad! Il st

. & J



HYPONATREMIA

Hyponatremia is defined as a serum or plasma level <135 mmol/L.

siias 13541 e Jy 131 Gf &g ,8ll
130J! e U3 13l ws hyponatremia
oadadll daa JSLie o T O

1 Levels below 130 mmol/l are clinically significant.

1 Hyponatremia can be assessed by the cause for the decrease or with
the osmolality level.



CAUSES OF HYPONATREMIA

eligd urindLs 8,Luall <5 oSas asaasaall 5lud 58
BRI 5 Latl Glals Lle urin JU NaJ) Lo s

P diarrhea 3 YiGiJl ;po il
QA Increase sodium loss = o il

| Hypoadrenalism Na excreation ,sas C,5 refention Jexs ¢ le aldesterond! 31kl jls Ls 13l aussall retention Joas aldesteron! < LS

U Potassium deficiency (exchange in kldney) retention 4l ia k JI ¢ ulies Naexcreation Jas suas KJ! coned! Joss Jslas ¢, aldeserond!

U Diuretic use (thiazide) -etectrolyteur oo i< hypo shass Jsis ] ) ol B posall ge o Sliske Sl 1
LAdln OLgssT o (B-hydroxybutyrate s acetoacetate Jio) Lol -
H H H (K of *Na Jio) damroo Oliswin Llaisled o5 ila=rkas AU Lod -
0 Ketonuria (sodium lost with ketones) ——— T e

Q Salt losing nephropathy (with some renal tubular disorders)

1 These factors will increase the conc. of Na in urine to >20 mmol/L
O Prolong vomiting or diarrhea
O Severe burns

O Increased water retention  water retentionJ! 35 wes seas conc of NaJl plas oS
O Renal failure
O Nephrotic syndrome sladl wldls chat gpt oo Tl ‘xil.la.al T
U Hepatic cirrhosis

7
O Congestive heart failure \/
g \
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rdasaalbl] AJ=>J) g._',é A
L0y Lade A slog poivgwe Lolaiol vusy HgaiwoatHl.
(=mb 545,31 i) hyponatremia saas Lo d=uwidl B

s dndd] Gadis o OMS0u pososadls cladl &3

syt OB oy 2 .2 A

s KXo ipgadgwadl o yEST sle wla=l LS OIS 15)
Dilutional hyponatremia
Lo ,3ST ol sladl G Jés padl LB posvgaad] juaS,5 (S

.. - =
aliol
: 2

- Heart failure (—J1aJl (L&9)
- Cirrhosis (owJl a.l5)
« SIADH (JasJl Lo olaadl Ggorgd] 51081 0L ADH)

o »5ST (Ohoodl Lass ol ADH () b o JSin cslad U Ldisuy a1 O] 0d B
IS AL el porvgwad] JULILS Jporoga]]



D CAUSES OF HYPONATREMIA

O Water imbalance

L Excess water intake (polydipsia, increased thirst): may cause mild or severe hyponatremia if
water intake was chronic. In a normal individual, excess intake will not affect Na levels.
T, <hagy water retentionJbs sab;y 8 ADH oroductiond! ;158! sabs;

hyponatremia Jex: T, cliag assssall dilution Jes
O SIADH causes an increase in water retention because of increased ADH production which is

associated with pulmonary disease, malignancies, CNS disorders, infections.

Sladl wdledls Tl
0 Pseudohyponatremia by measuring Na using indirect ISE (which dilutes sample prior to analysis),
in a patient with hyperproteinemia or hyperlipidemia. Q,

N’
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i(hyponatremia) yaise pgagadl o Jabdl S pgby

b il G ais)
M3 pgog0 yadi” = pseudohyponatremia o il

1dago dbolo /

(owbil] a8 dissll a3y ¥ gdll) Direct ISE jlg> Liowsuiuwl 13]
i i o el el o pblas ol pssosal] o usi ngil] yghitud

rdhosdl dol> B

(il f ol 48] amie il el
(&iul! a3y gl) indirect ISE §9) (0 psa0gall pulid jle>
.pseudohyponatremia = pgiogall d3lS dadsio bel)d sy 9

plall ol 351 @

(@3l gl yadi) pseudohyponatremia Jl gus s 2 piy AW
ol B pgsogill gold gy biyo gy

sy b5 Qudyil
1. ISE = lon-Selective Electrode
('Na) psssgal] 8 ol pisall s 3l gl 32 i

2. Indirect ISE lgdnisy wiy &l (f G (dliluted) gl J,
gl i Jolovo L] iuy 1 oS ojhll sy ¥ gl g

3, odic yauyall g Ll:
+ Hyperproteinemia = ol 9 (uig I S0bj

+ Hyperlipidemia = puJl 3 ggaull dobj
Lojdl > 50 - 355 Clisigply gadl o9 U Lol o8 sl o 8

4. jleJl (Jlindirect ISE) (%93 g>) Lojl cpo &l duus Sy Al eladl o 2 pid
ik dle 92 Lo J31 pgrogdl gwy wiudsill wie JULd 1 8 el clall Al odo b S0




