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WATER AND ELECTROLYTES

Dr. Iman Mansi



ELECTROLYTES

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

e The dietary requirements for electrolytes vary widely; some need to be Consumed only in small amounts.
Others, such as calcium, potassium and Phosphorus, are excreted continuously and must be ingested
regularly to Prevent deficiency

e They are involved in many processes:

Volume and osmotic pressure (Na, K, CI)

Myocardial rhythm and contractility (K, Mg, Ca)

Cofactors in enzyme activation (Mg, Ca, Zn) cofactors & Mg CaZn )slbiag asidl Yoo g.“p
Regulation of ATPase ion pump (Mg)

Acid-base balance (HCO3, K, Cl) alll cadi PHJS Bla) s agasdicg

Blood coagulation (Ca, Mg)

Neuromuscular excitability (K, Ca, Mg)

Production and use of ATP from glucose (Mg, PO4)
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9 WATER
e In 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)) q""trace"f:"?;
ul
e Daily water intake is 1.5-2L o & o i 033 ¥ 00 581 5 —
S Inlet o fLIJu?c;
e \Women have lower water content than men (more fat) U compartment
. ) ) sizal g SsSsla Jaa Ul (ing Normal ¢ e i
o Importance of water in human bOdy- waste productsJ! 1Ak s organsJ! t_* compartment 2
|y dadlls AN 3
e Transport nutrient to the cells Jexﬁsﬁ:nog;:fi:;idneﬁ [ =
e Determine cell volume by its transport into and out of cells urineds Outlet

balance Jasi aj¥ -l

e Remove waste products (urine)
cell volumed!

sl Body coolant (sweating)
gl aead) N . . .
0 palily @ a9 15> osmolarityd) 25 ) cild L g celldle agasall Jaa 1

3 e bl ad) k .
&fw:;:fnﬁ\ balance of QD}AL; Jis

sweat , faeces , respiration , urine : g%« &) e athy g orally Jad )

@ 1

Fig 6.2 Water tank model of body fluid
compartments.
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o)l B e (S Salsl £l g passive Ul transportationd! 4l
JSLdia Jary Algd Jad glde Jay active < sdl Lay
o) Ui i bl w pump & <l

9 WATER _—

gles G ) (3 sk o8 Wailia Lial )
$ faeces s urinedy (Sas Lgia palidl)
sweating

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

e Most biological membranes are permeable to water but not ions

e Water and sodium output
e Kidneys and gastrointestinal tract

e Sweat and expired air: about 1L daily

e Factors that affect the flow of water across the membrane
e lons and proteins at one side of the membrane s:ssal )l &S 2333 4 @ S 49 43 albumind)
7 e Blood pressure s (sl dia kil 58

JA5 gl iy S
filtrationdy N’ y -
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CLINICAL FEATURES OF HYDRATION
PROBLEMS ) (b a5 Baby A

Table 6.1 The principal clinical features of severe hydration disorders

Feature Dehydration Overhydration
oA 08 compensation Je il 4
Pulse 81 el gl 0 ALE dpey INCr@SEA Normal
Blood pressure Jilsw 3 5 00 (2 4 Deecreased Normal or increased
Skin turgor ity Ay salld il 0158 32 Deecreased Increased
Eyeballs Soft/sunken Normal
Mucous membranes Normal
. (s defense mechanism & . . .
Urine output iy (e ) sl Lo i, DECreased 3 Jid mechanismdl o 84 May be normal or decreased
; Ofan 5 Gl (15 LRl 4B g Y s uﬂ\p urinf\ e it
Consciousness ool o 3153 A1 a0 A S Decreased (s ity sl over hydration Diecreased

s S JSLia sk 13 decreased

3 0555 055 R 21 A T3
o) e (A Sy el Bal) Qe
"
\/ ~

tu/w edema miis jmay g &) S el Ll e |5l hydrationd) s JUkle jlad 68 (Sas 4l J3S) dehydrationd)
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Control of water balance

Both intake anua’l'c;ss of water are ¢ lled by osmotic ient cell membrane in the brain
prothalamnlé osmoreceptor oenmtkggmn%‘ S y grad SN

m These centres control thirst and secretion of antidiuretic hormone
hormone)

ol de aaue

m Thirst is the major defense mechanism against hyperosmolality and hypernatremia (¢ absation of

m Antidiuretic hormone: wntert
ey U7 5 AT NS by L J e
m Synthesiz ¢ amus and secreted by the posterior pituitary SO Pl Gaeld T4 o o4 :
w 2% increase in osmolality lead to 4 times increase in ADH e ML ba g
= Low blood pressure and severe hypovolemia stimulate ADH release Otmdleys o vl dihlreclal 3y
m Stress due to vomiting, nausea and pain may increase ADH secretion back 4o So
s ADH act by increasing the reabsorption of water in cortical and medullary collecting tubules ~ * Novinal * /

- \J - < /
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ADHJ s thirst center (b (s hypothalamusd! 42 a8ai: Jossd! s intaked!

Jo) rlla (A o) (s JSU Lal (g Qldamlly gy G0 J ) i) gaad) Cinalli g p a3 gual) (gis J\jdl.agé
Crosally dathay g 50030 mlal) (e alddy auadld o e bl Gaddld Gl AJ) 48 Gualy ()

collecting tubulesJ! = Jxida s kidneyd) ¢« 42a » 5 ll retentiond o= J s« ADHJ
s hormonally controlled ¢ distald' s hormonally controlled ¢34 nephrondy
partially ¢ sal¥) aule Jaidy
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CONTROL OF WATER BALANCE

Water intake

0.5-5litres/day Body distribution
42 litres .
[ice / 6T%H Hypothalamus.,' ’.'
(o]°]olo) ;
86000 iy
<> 7 p(turtary .
P 7% S H
[Plasma L I Renal losses AVP ., : AVP

Kidney

\‘(
l

[Interstitial [ 263

L)
4

e "ol Heol </
/

\
[

Fig 7.1 Normal water balance. Fig 7.2 The regulation of water balance by AVP and osmolality.
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50ml 252 faecesd c» pthy AN 5 intestinesd = JAn Al 5 J pal gis

Most of the volume will be excreted in urine

A5 e Gaosl z o asdlh A4 J ol O

hypothalamusJdt £ 43 osmolarityJ) as2sall i) 13 hypernatremiad) Al 4
induce (ikal) a3 ) < 8343 osmolality ! clulwa 2 A osmoreceptor 4awl <

ADH secretion i ¢ s thirst

ADH will be secreted from posterior pituitary gland
urine outputJ) Ji&é retention of water Jax s kidneyd! z.5.» 9

9l g A (A Led Jhai 7 ) ADHJW @il ol 2 J& osmolarityd! hyponatremiady
=) 0% urine outputd) AUl retention Jex

ot Ul e g o) 2able 1) s diluted G5Sy 9 sl T W) 38U Le gt (o iy 1)
concentrated (nus O5S



o CONTROL OF WATER BALANCE

e Hypernatremia rarely occurs in a person with a normal thirst mechanism and access to
water, it becomes a concern in:
e Infants
e Unconscious patients
e Anyone who is unable to drink or ask for water.
e People who are older than 60 where osmotic stimulation of thirst progressively diminished
e In the older patient with illness and diminished mental status, dehydration becomes
increasingly likely example of the effectiveness of thirst in preventing dehydration
e A patient with diabetes insipidus (no ADH) may excrete 10 L of urine daily, but as water
intake matches output, plasma sodium remains normal </
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AUCiia saic Gaddll S 1) <8 hypernatremia diis ey L ol galall gl
(e Cigay (San (oo Ay e g e ) Adikee ) 1) infantd) e paddi ) J oal) G
I sS Ak gy ol (oo ) gallay (a8 ga A GalAEI sy ale (<A Ay (el
alzheimer a2 A 55 mentally abnormal |58 A Galady)

ksl responsed! s 42 actiond) civaly el jlsll i osmoreceptorsd!
Shal (adaadly ) gy La J 9268 JBI (0553

G g g daalad ) g iy 13) agdl agilSia diabetes insipidus aais A Galddy)
A G % polyuria pa i sxad ADHJ J&é pituitary glandd! s e

B Jo oy 8 13 (Hay jmas L (Sas g hypernatremia pgre sy (Sas Jsigd
uﬂ\@aﬁ\wdﬁ‘t@wﬂ\@\%u&\d\w&m ¢! ommughu

s hypernatremia 4z juay ) @ 8 s 9 A1 10 gl Hay Lgalk

BmS (o 4saS alhay 43 very diluted S rusd s dehydration



OSMOLALITY

L\m:o\s\,\reé in Seram or wrine louk neved

fhe plasmos

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

e \Vapor pressure decrease

e |Increase in osmolality will induce secretion of ADH enzyme while decrease in osmolality
will lead to turning off ADH secretion

e Osmolal gap is the difference between the measured osmolality and the calculated
osmolality

e Osmolal gap indirectly indicates the presence of osmotically active substances other than _/
sodium, urea, or glucose, such as ethanol, methanol, ethylene glycol, lactate, or B-
hydroxybutyrate. o - -



ADHJ' s osmolalityJ) oaliddl g glii jly asady
osmotically active anticoagulant Le >l 4 L Sl Jiadiea o urinedy s serumdh Liis osmolalityd)

s NaClJ s Jsiswa ally A osmolalityd = 4l 4+ 4 NaCl ¢s<s sall; osmolalityd) 4 owiia U standardd)
Wiy 44 freezing pointd Ji gl 4 freezing point depression W) (pilié (wiis physical propertyd) s
Lawia sa g 4iall osmolalityd) 42 11aie 44de ¢l g decrease in vapor pressure of sind! guiis g Lsle
measured osmolality

O AL calculated osmolality) «wa) W g osmotically active &S (uwiia Ual G a uudl osmolalityd! ol Ll Ua)
) iy agilpe) B gaic 13 Jom Lyl ¢ JeSslall « osmolalityd) (e dpadl 4+ JR8 M a g gual) redad ¢ LieY)
calculated osmolalityd

cay g measuredd) ol ¢ aaliga U YY) e osmotically active 4l 2 e sdis g JSULia sdie addl) Al 4) i e i
Sbus 9 JsSslrll g agagall & measured &S 4 Al unmeasuredd) s 1535 £ i GV 9 calculatedd)
mosmol/kg 33 10-5 ¢ 0582 s osmolal gap 4awl <) (2 0sS z o v s

SEVERE o s calculatedd) ¢ (e (i i qigmna 8 adly (31 13 S gL ) g A8 48 0 5S osmolal gapd)

e Al 3 gal) (s ALB o 3080 35 Slaal AT il e 43 increase 4usd S e gapd) 08 olie calculateddh increase
osmolal gapJ ¢ o < osmotically active s acetated) s a2b s sic acetated ¢ o JHEN) (e panda 2al g
s ethylene glycol toxicityJ) 4la: oxaloacetated s methanol toxicityd! {s: formated! dawilly &) (udi § e
I$is& osmotically active Js# diabetic ketosisJdw betahydroxybutyrated s lactic acidosisJ! 4 lactated!
osmolal gapJ! &d.» a¢s Wi calculated ie o« measured

calculated JsSsi) 4% osmolal gapd! exs gl £, W hypoglycemia sais aai gl 13)
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o SIGNIFICANCE OF OSMOLALITY

e Because it is the parameter by which the hypothalamus responds
e |t affects Na concentration as it represents 90% of osmotic activity in Plasma

e Na concentration is also affected by blood volume

&% s hypernatremia s blood volumedy uaii ja 13
osmolalityJ!

10



\/ 0

—

o DETERMINATION OF OSMOLALITY

e Osmolality may be measured in serum or urine.

e Plasma use is not recommended because osmotically active substances may be
introduced into the specimen from the anticoagulant.

e Samples must be free of particulate matter to obtain accurate results.

e Turbid serum and urine samples should be centrifuged before analysis

// centrifugation Wil a3¥ turbid <ils 13 5 clear < 4all o 3¥
N’
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\/ ESL‘ v
measued = 310

. Q'gww.’\/l/
\uisse wow 130
~/ ﬁw mmetq U5/

RUN (B‘n-\ wren \)'\h’uad\) Mm:2% [q MO/JL_

N
e 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:
. glucose (mpdl)  BUN (mg/dl
o 20 3 e
N34
ot 188N glucose BUN — £ 1511
e . a+ o Q| E S )
9 \V ' 18 18 . ®)
- measuced - colculabed
Wb Whsss 1 ry cmmotmo/ly EONTEL, (U
v;)\) Q‘Z?J ke S-16 :@4))‘
\D P STV Y et ; »;B )w: Y/
e SN “‘"\'\’uﬁ:ﬁ“‘t v)\h\ \/ ey b L_,\f:? S /
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NORMAL RANGES 7(

TABLE 15-1 REFERENCE RANGES FOR
OSMOLALITY

Serum 275-295 mOsmikg
Urine 24.R) 300-900 mOsm%g
Urina&srum ratio 1.0-3.0
Random urine 50-1200 mOsm%g
O=molal gap 5-10 mOsmvkg

¥ N\

N’
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o Beawcaeeo 0 Flactrolytes, Sodium (Na)

Inkrmcelulac anien — Pog
e Body contains about 3000 mmol of sodium mainly in ECF

e Sodium daily intake is about 60-150 mmol
hjpernq\—rew.q 038 FoLo intake N ol 9 LW &L exc <

)
e Sodium balance is regulated by(blood flow and aldols)terone)(hormone secreted by
adrenal cortex) Ls Bibnsy



o Electrolytes, Sodium (Na)

moyor excracelu\aC cakien

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

e Sodium concentration in the ECF is much larger than inside the cells, because a small
amount of sodium can diffuse through the cell membrane. °V7 (#2»} 0> <o av
PRV IR equi Wbdun Sas ,‘L\p
20 equitbann 1 {2 (W
rat Rt PTPase Pum¢

e 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

5 . O
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U w# " REGULATION OF SODIUM  as: i

Al 3 4a gl )y A
pille

® Pl D LA W
e The plasma sodium concentration depends on: the intake and excretion of water and
the ren@gl regulation of sodium

(«‘ e Three processes are of primary importance:
A Ces  ofmelalivg N sl o

(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
\ ond (--Bw v-—\ S
changes in either blood volume or osmolality "¢ '~

. l\.ep v.s\un a -\ ksjpe,(Uc\mdp 3
) ) retren [ g —~» relenkan d}-:
(3) the blood volume status, which affects sodium excretion through aldosterone- ¢z &Lf}.:,'—“

. . - - - . > \ ov..S/ r“’Gb» S P .?
angiotensin Il and ANP (atrial natriuretic peptide) ¥ ,f:"i\ S
el ‘)y l‘moperu“\"—'““\- SAL LR U M LDy s

e The kidneys have the ability to conserve or excrete large amounts of sodium, *k‘“g‘if:::‘,?:;mﬁ;’?
/é depending on the sodium content of the ECF and the blood yolume, normally, 60-75% of
filtered sodium is reabsorbed in the proximal tubule N’ - /.



& REGULATION OF SODIUM

Induce thirst and ADH ADH 1 - water retention Jex ¢
i)I ADH - — —
3 mechanlsmsu Hypovolemia ” .
for hypovolemia —_ %‘ QN':.“.’N:“" excretion \
1. Induce thirst | Hypervolemia | "Vasediisnoh ‘
2. Secretion’ of

ADH S Qlaly s
3.secretioh of ANP
renin

! P _*__ . Anglotensin N |

| Anglotensnogen — uwunm- ' v.’,%

\‘\ mﬂlﬂ - @ . m. |°n P /
™ | Renal perfusion > xcretion

+ex
— - - H,O retention collectlngdl-a Jalsy
pressure tubules
/ FIGURE 15-1. Responss 10 changes In biood osmotaity and blood volume. ANP, i3l natruretic poptide. The prim
7 stmull Sre shown In Soees @ g, hypovole il

N’ -
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<y CAUSES OF HYPERNATREMIA

/
N
- f'.})
4 N v ¥

hwat
Hypernatraemia
CeAnC: = Amount
e Excess water loss—— TP __{ - —3
2 5 - Na” content normal Na ¥ content decreased 1| [Na™ content increased
e Diabetes insipidus =g (oY S H,0 decreased H,0 very decreased 1l H,0 normal
DL apal” 10! 1 1 1
e Renal tubular disorder N welume | st
. WAk 5§ 4w Excessive
L . AP : +
Prolonged diarrhea A jaka¥e oL & o ilngﬁg sweating or N
e Profuse sweating children
e Severe burns Urine is
maximally
. concentrated.
e Decreased water intake Low volume
b Older persons Renal water loss Osmotic diuresis Conn's syndrome
(diabetes insipidus) (diabetes mellitus) Cushing's syndrome
e Infants b Xioted
. . unne
e Mental impairment Urine may not be
concentrated. 4
Normal or
/ 3 e Increased intake or retention il
Fig 10.1 The causes of hypernatraemia. /

o T 0. . o o o0 o L



crusll osmolalityd) ¢= s urine hyponatremiadl ¢ 48iall g (a il diagnosis Jaxi (as

Ao fma\
D NG coatek J e 5 4 Moo idboke _y concenkroked urine

?) Nat conkent / § Has —5 water tors i kiAv\ua i case & disbeles aspidad s diluted Gnae

J:8 volumed' s concentrated 4iy 5 cuosall Aaal) () ) JS a2 4 defense mechanism awal) Jslas 7 (AgY) Atk

sl water loss s Jba 43 4L osmolalityd! s diluted 05 £ 3 G ¢S ¢ volumed) 45l Al

IUG-\.\‘ \J)O\'Lf/(\» \\/ -~ vom'.\ﬁAD . Sweq‘\iﬁa . dioccheo — Ccnw*ﬂlteﬁ UAONL

lossJ 43¥) concentrated ¢s<: £ Gaus vomiting sweating diarrhead) b oo S JSda (ol (s pom o oal) 9 T3 5L A o p
((Grosl) & A5 (Sl Jla

vat b weker LV ) sSmekic diocesis 3 Nermal aSMolaldy 0 uha

G S all A Jlaus sS zu Crusll osmoolalityd) AUl osmotic active compound 45 el A8al 5 cposlle g Swlld (5 Swsais IS ol
Jwusill osmolalityd) g2 ¢ osmotically active 4ilds s slil)

M&+T waker I’Lofm&L becausa ({- oot ou)mit\lsko.%'en - Concg(\&(‘q#e«! uon=— M Crosalle B3 ?35'"3"“ Js CIATY

NQ"T wares notmal bocnuse /E Infdye,(o‘\c\es\-uor\'\&m Credetion £ oat —s Normal ufoe

ﬁ\ Luafcrrv\‘\"m'\‘\/ ) rb‘U/ Joo
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- HYPERNATREMIA (150 MMOL/L) RELATED TO ~
i URINE OSMOLALITY O

e Urine osmolality <300 mosm/kg

e Diabetes insipidus (impaired secretion of ADH respond to ADH) or kidneys canhot

e Urine osmolality 300-700 mosm/kg
e Partial defect in ADH release or response to ADH
e Osmotic diuresis

e Urine osmolality >700 mosm/kg
e |oss of thirst
e Insensible loss of water (breathing, skin)
e Gl loss of hypotonic fluid Gaacthae. Vomiting

/ e Excess intake of sodium €x: e ditn Y ex e onod
\P,;s. 2y f/.")@l} [0 VY. PSRN E”‘L o N =W - ~./



impairment sxis (5% W diabetes insipidus 4= (5% o < hypernatremia 4= s mosm/kg 300 ¢ J8 urine osmolalityd) ¢is 13
response ke L 3 Aid (s kidney receptorsd s ADHM secretiond) 2

osmotic diuresis s) ADHJ) sxis (Bl S (s iy partial defect sais (5% Wl iy Jlausill 2 3 700-3000) ¢ urine osmolalityd) 1)
iy Mlle £ 9 g infusion el 5 J sl Jsal W) (u oS58l 4xds s 9 mannitold) (e Juas (Sas 5 55558 5 diabetesd) (e e U
mannitol infusion agelal (Ses 4430 8 ja Al Jaidd Glés acute renal failure apdis AN (il ||, ) Are iy g Caogalle 79 9 dla

B rally (pa il e ) S 0 g3 gea 2ila (9% L) A Ve v (e JS) urine osmolalityd) 13



o SYMPTOMS OF HYPERNATREMIA

e |nvolve the central nervous system (CNS) hyperosmolar state which include: as a result
of the

ma wnye _
e Altered mental status Aocmal vamye [P - s

* Lethargy hypernatremiad) o2/
e Irritabilit DNV

’ ’)Q%' 3 / 055 150! (Sas 5 145-135 a g sall iy Jla sl

e Restlessness. ; v 216 1500) s oot G211 o s a6ymptomatic

i ‘ 4585 Late ) g () s Y)

e Seizures ’;,ﬁf A4 CNS ¢S o) g pal oY

e Muscle twitching, hyperreflexes
e Fever, nausea or vomiting
e Difficult respiration, and increased thirst. 3)2} AL SV INY @] \/

20 e Serum sodium of more than 160 mmol/L is associated with/a morfli)t/ rate of 60-75% ,
J
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o TREATMENT OF HYPERNATREMIA

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

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

developed &
Q(J
$

e 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 <5 mmol/L per hour

[@



O AT 9 A (o0 i 1) (i Qaal) Al 4d) treatmentd)
Ll Alallay diarrhea sxis 131 g oY) das

AL Ggay San 5 shd g8 1600) G (xS IS oais g3 puall 1)
6 U gop Jsadall 08 Guny £ ) skl infusion 4k Jsb s
il 4 S8 1S infusion rated) oS a ¥ 3 Ji) s 4y 5 orald
oS ymay gelall LA g il g Blad dghind g aally (g g B gedall a8 51
infusion rated4 (&~ infusiond! ¢S 13) cerebral edema
0.5mmol/hr ¢s Ji L a¥
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HYPONATREMIA

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

Asymptomatic

e Levels below 130 mmol/l are clinically significant. ys* |, ogmolatiiy |
dallaia g A Quwad) o g0k

e Hyponatremia can be assessed by the cause for the decrease or with

the osmolality level.
osmolalityd! Ui e JMA (e cuaal) G ol (Saa g
5l agiadang 1)) (w osmolalityd) gaidls a ¥ agadguall addl) 1)) galal) g gl
i) AU ) B s Y A

~ \/ et
N/

=

/,



C CAUSES OF HYPONATREMIA
/ﬂl.ﬁfe-cyj\j_
S

>

e Hypoadrenalismy p\&s\ew s

e Increase sodium loss

e Potassium deficiency (exchange in kidney)
e Diuretic use (thiazide)
e Ketonuria (sodium lost with ketones) Acchacefale with nygalive Cup

e Salt losing nephropathy (with some renal tubular disorders) pre>\ bevuies

e These factors will increase the conc. of Na in urine to >20

mmol/L .
2 6 A) (Sl e p g gall pudy
e Prolong vomiting or diarrhea )l s Juté 4 a g suall 9 sl
058 £ osmolalityd) s S8 olas
uread! ¢» concentrated

A L ew=> —~ s
2)7 e [ncreased water retention v LR - =, <

e Severe burns



Ui pgdgall S5 e Sade ) ) gl g Cpusl Ao G9S 7 asmgeall S 5 ddlina Cp sl e lossd) Gl 1
Gl

Ol psad sl 3 3 AN ¥l

asligll retentiond! L3 5 asasall excretiond) Lz o <@ Ggta gl (ali -

¢ sl hypokalemiadl s A i ¢ gusiuaNL J32 W potassium deficiencydy asail) dules -

p ol gal) Ja 0 533 guall @xcretiond! &s g (I (g sie galN) JI88 gl (e Ay Jglay

Grusdl) ek oo Alle acidityd! AV Lgie galdly avall Jslag oy adll 2 Llle ketone bodiesd) mai Wl -
psnigall s A g positive charge <) o 4Sula (585 a ¥ Walk) (lde Cifliy 4)0c acetoacetate
hyponatremia < (sl ketone bodiesd) e glhs 7 aged gall Sl

ST sl aa nle 9 p g geal) adly 7 A agd S s tubulesd) (e A4S gasie galall gl -
(ol 10

(ol A Ga s a g2d gall Jossd) Sha) 4 G5l 20mmol/L (e AS) a s gall 5 AN (580 J g0

hepatic cirrhosis s renal failured) 48 4xa ¢3S (Saa A S (laS s water retentiond) 824
JU amal) JA1a dilution Jexis sl 33030 Y 5 edema Jax (Ses A congestive heart failure
hyponatremia Jaxi2 a g3 sal) Leiad (pa g @l g)



o CAUSES OF HYPONATREMIA

e \Water imbalance
Ced) e WD gLy vt ) Y “42’\’5

e 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.

(a&f'\"fehe 4 nagpepiake APH
e SIADH causes an increase in water retention because of increased ADH production which is

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

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

ZU{ Loion selechve decrtede / pseudohaper Ka\emio O,
~

hemo\ysis i vitre



pulmonary disease , malignances , CNS ,J! Mwy'a\ﬂ O gl (AN )
syndrome of inappropriate ADH a¢lless (Sas aanic ) daual) 4l<ial) J s infections
hyponatremia = water retentiond 23 5k high ADH< ki s a4

1) g e (AU o) @ e e (5% 9 Aula (5% Le J 933 A pseudohyponatremiad!

) @ a g gall (uidia Us) A hyperlipidemia sis 13 g hyperproteinemia a&i » (5 )
Lo Bl 4dal) aali Ll g membrane s2is electroded) s s ion selective electrode “aw
sais 13) g WL Ly 5 electroded! Aial) (1 a g2 sall diffusion 2 s 7

(wlll 5 @lisigdl) membraneds i (iln hyperproteinemia s hyperlipidemia
AL in vitro 8 a g ga s Awiid membraneds a0 all diffusiond) Jlisd

ks 2 5 B electroded! clay AN duasl) u anb 38 3Y iy pseudohyponatremia
LA W A hemolysis Wobke gai sl (e Whiaw Al 2all e 43l pseudohyperkalemiad)
hemolysisJ s s pseodohyperkalemia Je: 9 2138 | 3 smas £ pgasligd) jusii RBCJ)
Jary dlgd anad) 1 92 adll S 9 blood infusion 4liles g a3 aa) gl cudas o1 ., in Vitro sy
Ay Aasy hemolysisd) s cils o .., pseudohyperkalemia uis &8s hyperkalemia
@ils A ) Jsb S hemolysis Wlbka (A Al il 1) Gu agpagalle iU La Gy a gauill galle
pseudohyponatremia Ja ¢ Mk all dilution Jasl g G ) s calks | g
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~  CLASSIFICATION OF HYPONATREMIABY
i OSMOLALITY

e With low osmolality Normal
e Increased sodium loss

e Increased water retention

e With normal osmolality increased nonsodium cations

e Lithium excess

e Increased -y-globulins-cationic (multiple myeloma) Cancer
i//’* : N . GHEEESHS hyperkalemia
E e Severe hypermagnesemia
e Severe hypercalcemia, pseudohyponatremia
e Hyperlipidemia
e Hyperproteinemia —> P ¢ W \,\VW; ol cemy a
e Pseudohyperkalemia as a result of in vitro hemolysis —
e With high osmolality

Z f)_ e Hyperglycemia v & ’
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o SYMPTOMS OF HYPONATREMIA

e Symptoms depend on the serum level.

e Between 125 and 130 mmol/l: symptoms are gastrointestinal Nausea and vomiting

e Below 125 mmol/l: more severe neuropsychiatric seen including nausea and

vomiting, muscular weakness, headache, lethargy, and ataxia.
piisa A o ey o e 4) ataxiadld pesdl) U Slgadl Ana 1) udille o) Adde b o ldy g Gl Ve A Alghay ) S da) gl and | glany | g2 Ll

e More severe symptoms also include seizures, coma, and respiratory depression
Blasll galdy



o TREATMENT OF HYPONATREMIA

e Treatment is directed correction of the condition that caused either water loss or sodium
loss in excess of water loss.

e Correcting severe hyponatremia too rapidly can cause cerebral myelinolysis while too
slowly can cause cerebral edema

e Appropriate management of fluid administration is critical. Fluid administration and
monitoring is required during treatment of the underlying cause of the hyponatremia.

e The measurement of urine osmolality is necessary to evaluate the cause of
hypernatremia

e Chronic hyponatremia in an alert patient is indicative of hypothalamic disease AD)\+ -/

o cen
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normal < b Geddldl G 13 g [V zUas s severe hyponatremia ¢S 13 coa 4l treatmentd)
heart 42 3l s fluid administrationds restriction sais 13) (uy 48l Jai (es saline IV
dialysis Jax shay 7, 5303 fluids ke ) 131 IS ISl saie ) o) @iga 7 83035 fluids ke )Y failure
dakan g AL LgiuaS fluidd) 985 psadga auke) jhiaa 13 g fluidsd monitoring Jas! aJ¥ Lliza iy

%0.9 (s ) 2 hypertonic solution

& myelin sheathd) »«$: 2 myelinolysis Jaw (Sas g2 (S 13 route of administrationd)
cerebral edema Jax s OIS 13 5 Glasy) Gl g

A g AlSdiall cual) Ui s measurement of urine osmolalityd JSA ¢« diagnosis Jaxi Ses
correction gllaxi g Lglad



o DETERMINATION OF SODIUM

e Sodium can be measured in serum, plasma, and urine.

e When plasma is used, lithium heparin, ammonium heparin, and lithium oxalate are
suitable anticoagulants. S , i
urined! ¢» 4 dslu Y laa o 03 ¢ a3 dasaa Bel B dlaa alhi glde
dandiy delu YEJ) 2 g
e Hemolysis does not cause significant change in serum or plasma values as a result of
decreased levels of intracellular sodium. however, with marked hemolysis, levels may be
decreased as a result of a dilutional effect

"L“h e Whole blood samples may be used with some analfzera-/ ~



POTASSIUM

b 9 e LB 45.S extracellulardt 5 12> e intercellulardy oS
CSland) 9 LA (e adlaly 5 JAhy ) p gaili ) 43aSy aSah pump

e Potassium is the major intracellular cation in the body with a concentration 20 times
greater inside the cells than outside

e Many cellular functions requires that the body maintains a low ECF concentration of K.
As a result, only 2% of the body’s total potassium circulates in the plasma

e Function of potassium in the body include
e Neuromuscular excitability
e Contraction of the heart

e |CF volume Shrinkage or swelling
e Hydrogen ion concentration
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POTASSIUM

e The potassium ion concentration has a major effect on skeletal and cardiac muscles. A
lower than normal difference increases cell excitability leading to muscle weakness.

e Severe hypokalemia can cause muscle excitability which may lead to paralysis or fatal
cardiac arrhythmia }, POCED + Avcbighhmia LR OGRS s

e Hypokalemia decreases cell excitability resulting in an arrhythmia or paralysis

2 ka\lem

h,ebxlc b\o(.K ') c‘(«\\e«r\ L\»%"
e the heart may ceasé to contract n extreme case of hypokalemia or hyperkalemia

e Potassium concentration affects hydrogen ion concentration in the blood. In
hypokalemia, when potassium ion is lost from the blood, sodium and hydrogen ions

move to into the cells. The hydrogen ion concentration decreases in ECF resulting to
alkalosis *) Blad) Al o szl Y e O SIS 1A gali gl
/ - '
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$ AN Je s g A (w heartdh 5252 s« sodium potassium atpase pumpd!

LM Jald uptake Al 7)) sl adlly o gauli gl 2l 3 L ., potassium proton pumpd!
uptake < ¢ lactated! aii) Misd acidosisdk 4 « hyperkalemiadé +H 4y adky g
+HJ alkalosisJb ... acidosis + hyperkalemia _u<? potassium 4lla alay 9 +HMN
2 hypokalemia e | s a gl JA4 7 AU 10 +H alby 7)) acalld (84
hypokalemia< 4k « alkalosisd)

L 4lS avall; osis- 0 alkalemia / acidemia s alkalosis / acidosisd! ¢= 32 4
Al ia-
sl emia

da A defense mechanisms * alkalosis s acidosis Us jla 13} i) g glly

o 09S Lal ASdial) (o Wy Jsb o 3305 +H ) 9 clisig ) 5 om sl sasgd) 5 buffersd)

L Al s A bufferdé lactate formation A= Jsaii dawa LA JS g lactic acidosis
hyperkalemia <= acidosis s acidosis eddl) die juay 7 Julb ale Galiz
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o FACTORS AFFECT K LEVEL IN ECF

e Three factors that influence the distribution of potassium between cells and ECF are:

e (1) Potassium loss frequently occurs whenever the NaK ATPase pump is inhibited by
conditions such as: Alkalemi &, = Blosd
° (1) hypoxia Akalssis s o\l CAD
e (2) hypomagnesemia

e (3) or digoxin overdose

e (2) Insulin promotes acute entry of K ions into skeletal muscle and liver by increasing
NaK ATPase activity

e (3) Catecholeamines such as epinephrine (B2-stimulator), promotes cellular entry of K

whereas propranolol (B- bIocker) impairs cellular entry of potassium .
; \ L\,jpo‘L \+ma3ne5|um debic (’,ntl& \/

e With preexistina condition such as dietarv deficiencv (or excessYeah enhance the



Cra poandi gy il 2018 i 2y potassium depletion usear avad | adlay 2 gailli gl (il Lal

hypoxia, ¢« inhibition 4 s.a potassium sodium atpase pumpd! ¢S W
41913 us hyperkalemia daty 5 pally a gsuilised) Jad hypomagnesemia, overdose
depletion _bad LIAY (1 a gaadi gal) judd aaad) |5l alley 7 5 o gacill galld i Aladi oaic

p g2l gall

3 asxill uptaked) 132 (A4L sodium potassium atpase pumpd) Aas ¢l gy
s pumpd! inhibition J«2 beta blocker s2 propranolold! (s (&) (udi G i)
paad) | 3 Lgadhay g 1 5 o gl gl (Al

ge JW ) juae g5 glall Uallaall g jall) g 5 gall @jﬂawlixgégﬁ\ <uls) 1) gdad) aua olly
s COISY) g3 i gy AlSaia hyperkalemia eis 4l Say G pa o Ll Gu aad) | s 7
QO « W4 s 4saia hypokalemia 1
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S, Factors affect K level in ECF :)fy

DA 51.2-0.3 psaalisdl 285 2 mild to moderate ¢S 13 exercised | s alhy 7 a gaeilligalld cidlzanl) (o L&) sy 33431 48 al)
O gmall gl) (Saad puily g Allid cL2al) S () 9<5 exhaustive exercise Jasi cuS 13) Aial) G 406 5 ja I35 ¢S (@Hilda

e Exercise: potassium is released from cells leading to increase by 0.3=1.2 mmol/L with e

mild to moderate exercise and 2-3 mmol/l with exhaustive exercise (reversed after
several minutes of rest). 04 ¢ e Mo S aally S5S5BI 5 | Judy pspudisalld Culssl) RIS La 5 pSun e (Al (ol
depletion e gie Alid Sl 1) 9 o gl gz dra g LA
e Hyperosmolality: like in uncontrolled diabetes mellitus, causes water to diffuse from

the cells carrying potassium ions leading to gradual depletion of potassium if kidney

function is normal. sl 3 il ey g USIAY) i dacin M e ) <o Ay 13 g

e Cellular breakdown: cellular breakdown releases K into the ECF like in severe trauma,

tumor lysis syndrome and massive blood transfusion.
. W|M&\éjedﬁ\h3*3@&‘ww|
Ca ) W giaa adbad tumord) WA sty A hemolysis sxad 28 4s) ) o) ¢ gike b
p ol gl Lghaa el Al 2 ganli gl allad \/
32, N
N Y.
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Yoy v HYPOKALEMIA

e Hypokalemia is a plasma potassium concentration below the lower limit of the reference
range

e Hypokalemia can occur with Gl or urinary loss of potassium or with increased cellular
uptake of K

e Common causes of hypokalemia like:

e Gl loss occurs when Gl fluid is lost through vomiting, diarrhea, gastric suction or
discharge from intestinal fistula

e Increased potassium loss in the stool also occurs in certain tumors, malabsorption,
cancer therapy and large doses of laxatives

e Renal loss of K can result from kidney disorders sueh as_potassium losing nephritis and

ranAal frilkiilar a~ridAcie TRTAN In DTA Ac f11ikiilar averatinn Af L AaAaRYAnmcne W AvAaratiann



sodium potassium atpase pumpd 2 LMALS a gauligal) Jaay Al
3.4-3 ¢ A asymptomatic e gy 2 5 3.4J) (8 (il aguligd) W juar hypokalemiad)

adla aa) gl 13 Ay cellular uptake 324 o) urinary loss 5! Gl W) hypokalemia Jaxi (Saa Al Gl
LMl potassium uptaked! 4% hypokalemia sx& juay (Saa (gl

& 5l solution allai 4l (Sas oslaa dilee Jale (58 AV discharge from intestinal fistulad)
loss of potassium _xa2 a gl g

tby stomachd) &5 contentd) Jsé Baxa Jaud Jas 2aigll 13) 4
pesdd) | gl adlay GIJ) (3o 5 GIY p gasli ) adbad Sy LAY 9 tumoors sdis (adudd) 13
faecesdle laxatived g g2 033k A a gaulisdl JS laxatived) <¥lag

potassium losingdy ssas & 5 sl £k WS 5 £33 reabsorption s £ L 4L A tubulesd) 13
nephritis

Ay alld excretion 4 L 5 acidd! retention Jex: acidosisd! 4 renal tubular acidosisd!
p ol gl
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HYPOKALEMIA, COMMON CAUSES

Retention of sodium and excretion of potassium
e Hyperaldosteronism: lead to hypokalemia and alkalosis

e Magnesium deficiency: inhibits NaK ATPase and enhances secretion of aldosterone (treated by
Mg and K supplement)

H\ﬁ\(’°\‘~(’\\m°\
(A\KO\\O 38 Al A )
e Alkalemia and insulin: increase the cellular uptake of K ce & 1o SmiRER=IECEEE
R Ja activity
& >t sedema
Furosemide hypokalemia

¢ Drug induced: thiazide diuretics and corticosteroids are the most important, carbanoxolone has
mineralocorticoid activity &> +¥ i hypo des s

»ad) water retention St N
( dilution %u")\sf’ Covon®
:«,«\)()l AS) < '\PI
° AIkaI05|s may cause a shift of potassium from the ECF to the ICF (0.1 increase in pH leads to

0.4 mmol/l decrease in potassium) dfff:';:f‘itfixﬁtw Dareicg
l! / \ \
N

poll g3 Adly

=/

/,



9 SYMPTOMS OF HYPOKALEMIA

e Mild hypokalemia (3-3.4 mmol/L) is asymptomatic

D deny (e dla (s
e Weakness, fatigue and constipation at K< 3

mmol/I

e Muscle weakness and paralysis that interfere with
breathing e i jua, (am

19 >

a NoanAarAalie fAr natiante with A~rardiAav/iacriilar

(a) (b)

Fg 171 Typit oIE(G chan ge ssociated witl hhypok.laemu 1 )r\ ormal ECG (leax
all leads.

Patient with hypokalaemia: note flat ecT wave. U-wave

d ). (b)
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¢ TREATMENT

enteric J«xisd unpleasant 4wk 5 potassium salt 4daied IVJ 7 50) £12 (28 5 orally assulis Asbaia g sda mildd) e S galil) Gls 1)
coating

e Potassium salt are unpleasant to take orally and are usually given prophylactically in an
enteric coating

e Severe potassium depletion often has to be treated by intravenous potassium

posuliss adand Jilia 9 ECGJle 4haidd hyperkalemia J hypokalemia o« Jsak IV 4ike) 13 hypokalemiad) ¢Sas
e Intravenous potassium should not be given faster than 20 mmol/hour except in extreme

cases and under ECG monitoring

Aates -’/
¢ e Mild chronic hypokalemia can be treated by diet rich K (dried fruits, nuts, banana and
5 orange juice) sweek Vo‘\fO\‘co N - 9 )/



o HYPERKALEMIA

e Hyperkalemia is the commonest and most serious electrolyte emergency encountered
in clinical practice.
Aae gl Aae aa AUSia saic L3 cardiac arrestd b ¢Ses ¢p2 paralysis ¢x muscle weakness Jaxis

skeletal musclesJ!
e Hyperkalemia causes muscle weakness that may be preceded by paraesthesiae.

However, the first manifestation may be cardiac arrest.

Al Jsb e heart attackd) ual ) s2is juas (San (a0 L) 13 9 by aal gl o D 6J) 2y iy Uil (Saa ECGJ) 9 7J) 2 Gl il gy ((San
USEA) Jad Gl o syl gal) Aliniad LIS Aiial) Alale ) & (985 (San AN p guski gl
e Above 7.0 mmol/l there is a serious risk of cardiac arrest. However, the ECG changes in

hyperkalaemia may mimic other conditions such as myocardial infarction, thus, it is
important to check the serum potassium concentration in patients after cardiac arrest -/

27 v U >



o CAUSES OF HYPERKALEMIA

hyperkalemia Jasd LAY (e aganillisy adlay (Alid alkay sold (e +HJ) (Lis acidosis sdis 43 g s by a gulislld excretion (8 L A3
e Renal failure. The kidneys may not be able to excrete when the glomerular filtration

rate is very low. The acidosis associated with renal failure contributes to the problem.

- deficiency - adrenal glandJ! damage & ¢s<
e Mineralocorticoid: this the most frequently seen in Addison’s disease or in patient

receiving aldosterone antagonists. In these patients, there is an increase in total body
SlEEE potassiumdJé <8l sxis (58 (94w (addison, aldosterone antagonist) cillall
P hyperkalemia Ja 5 retention 4sa: A4k J& excretion

e Acidosis: Hyperkalemia results from the redistribution of potassium from the
intracellular to the extracellular fluid space %% ¥ & 3 d5 +HJ

P - (U 2



o CAUSES OF HYPERKALEMIA

e Potassium release from damaged cells: because of the very high potassium
concentration inside cells, cell damage can give rise to a very high serum potassium as
occurs in trauma and malignancy hyperkalemia Jet | sl adhiy 5 iy UMALS o gauili gall 2l jauaa A (15

e Diabetes mellitus: fast shift of potassium from cells to the blood due to insulin

deficienck/ in addition to hyperosmolalitx that pulls water to outside the cells
4 A cwud) 5 sodium potassium atpase pump is inhibitedd) 43 WA ) g a gl gal) JA (pl guad) (28 AN L&) Jg) 1 Cnn
hyperkalemia dexd 1 agaa o gauli gl | goand LAY o oal) g il gaal) cony Gl Ml 398 512 s hyperosmolality 2

e Various drugs: specially in patients with renal insufficiency or diabetes mellitus as

captopril (ACEI), NSAID, digoxin, spironolactone, cyclosporine and heparin therapy

Potassium s> SE: hyperkalemiayx )
()\ sparring — I W @
N’



o PSEUDOHYPERKALEMIA

Jard | aganligl) alhy 7 5 adl) LA (e ¢ Jad €S JLa g blood infusion iz cukel 13 hemolysisd) g W sia Lail

Jady slgd avall | 3 hemolysis Woba &iall ay avall | 5 13 G hemolysisd) Jbe aall | 52 4 pseudo is hyperkalemia
pseudohyperkalemia

e Refers to elevation in the measured potassium concentration potassium movement out
of cells during or after the drawing of the blood specimen.

e The commonest cause is hemolysis. This can occur due to mechanical trauma during
venopuncture. Hemolysis is characterized by release of potassium from red blood cells.

e A small amount of potassium is released from white blood cells and platelets during
normal clotting
e In patient with grossly elevated white cells and platelets due to hematological

malignancies, the amount of potassium released is much greater

e Pseudohyperkalemia should be suspected when there is no apparent cause for
KXO hyperkalemia and there are no ECG changes reflecting zilt_gred cardiac muscle
contractility N/
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adll LA e ¢ Jad &S Jla g blood infusion uai s« cubel 13 hemolysisd) g L sia Lals
hemolysisJ) Jbe awall | 52 43 pseudo i hyperkalemia Jasd | 2 a gaaligal) adlay 7
pseudohyperkalemia Jaxis 542 awadl | 2 hemolysis Wb Admdl g aad) | s 1)

s centrifugation 4lleis g dids ¥ Ao by § ab tubed) G5 serum s 2AU; 1)
Lud B plateletsd) s WBCJ) 2529 ques clottingd! dales A s clotting e 05

Lal ety AlSiall (uy AL Lo (galad) puda gl (pun o gomal g @llid LDAT) J g0 (o puuSEy B g

Agd plateletsd! Wiy s leukemia s cancerd da 2 ¢ 4le 5s WBCJ) o plateletd)
ST LAY e S) ¢ 5 Y pseodohyperkalemia Jex (Saa

wal £ sais 13} i pdis pseudohyperkalemia s) hyperkalemia oxis gaddl) 1) juad clie
pseudohyperkalemia s¢ & 4 a gaulisd) g b ECGJ) g pal s sdis La 13 ny ¥



SYMPTOMS OF HYPERKALEMIA

Muscle weakness at K conc of 8 mmol/l
Tingling, numbness and mental confusion
Cardiac arrhythmia and cardiac arrest at conc of 6-7 mmol/l which alter ECG

Fatal cardiac arrest at conc > 10 mmol/I



ol W gluconated) ¢ infusion » sk heart muscled! stabilization J«! aJ¥ treatmentd) (il La J& g al) (1 ewuw ask Jsy
daa st T L gldis gyl geud) Andand Al (e ganiigal) i) (ALY s stabilization J«) L 2 s ECG change odis (w6 o 8 9 BJ) (358 OIS 131 a ganiliigall
bty iy LAY (g ) sdie La g adlja 59 QS 1Y) aally L gaal) I35 (Lie sodium carbonate “4:kis acidosisdh 4k hyperkalemiad) 4 9 jgSsia
el sla aa hasi py GIJL 252 90 pgaulisn o) 4 &y GIJL sodium polystyrene sulphonate enema ¢l o ghay g Addwally A o jall 4kl (Saa g diuretic

dialysisd! g.s (e ldd g Gkl S 131, ola) 5 dualualal plah |l albay

¢ TREATMENT OF HYPERKALEMIA

e Treatment should be started if K > 6-6.5 or if ECG changes occur

e An infusion of calcium gluconate may be given to potential of myocardial cells reduce
threshold

e the commonest form of treatment of acute hyperkalemia is the infusion of sodium
carbonate, insulin and glucose to move potassium ions into cells

e K can be removed by loop diuretics in good renal function
e Na polystyrene sulphonate enema which binds K secreted in the colon

e Dialysis is frequently necessary to treat severe hyperkalemia ¥
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o COLLECTION OF THE SAMPLE

13 9 platelet countd) s leukocytesdb Ja & La pary o5 YU 1Y 5 G e agd liia g serum 32ag 9 La b daa g (pibe caauda
serumd) L Pl G sl Al EA) 8 08 (Sas high platelet count & ol

e Simultaneous collection and processing of serum and plasma specimens may help, the
anticoagulant in plasma specimens prevents clotting from occurring.

e Care must be taken during drawing of blood as high platelet counts or when tourniquet ]
q 0 0 iy aa) gl Jsh 13l o) £1Me ALy gh 5 yidl ¢ iquetd) «s 5 13
is left for long time on the arm may increase the conc of K T 2 oot s muscie colls s damage e sk o) dis
pseudohyperkalemia & g 4iall; ally
e Whole blood samples should be stored at room temperature (not iced) or rapid
% v centrifugation of the sample to remove cells icedle Akad g yeai Allaai 0¥ ia whole bloodd)
5 o el Al 08 L id hemolysisd) 4 (Sas i 4
V;'V/’J/’ Specimen used may include serum, plasma, whole blood or 24-hr-urine sample

Notrmal
e Reference rmﬁges of potassium are:

e Serum and plasma 3.4-5.0 mmol/I \/
UQ% e Urine (24-hr) 25-125 mmol/day 2 /



