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Q ELECTROLYTES
Vst e (=) )
a Ar capable of carrying an electric charge (cations or anions) Uy G(p,_,’) =

O The dietary requirements for electrolytes vary widely; some need to be Consumed only in small amounts. oG GIS2

Others, such as calcium, potassjum and Phosphorus, are excreted continuously and must be ingested s~ \0*‘ AR

regularly to Prevent deficiency L(;,"’ G b ot G oo oo e ¥V O Vol e

d""‘w[«f/vuwp\h"" eSS s ﬁ"c‘«Pa—’L
U They are involved in many processes:
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O Myocardial rhythm and contractility (_}_(, Mg, Ca)-» gl;y\o}\,.:;l?»)
As ACE ‘_\CI Cofactors in enzyme activation (Mg, Ca, Zn)

2" Yo
3t 2775

U Volume and osmotic pressure (Na, K, Cl)_

B ke L o O Regulation of ATPase ion pump (MgJ
’ (5 R
Gal ML .,,\:'\EI Acid-base balance (HCO3, K, Cly

WHM '“\f'ﬁi’f:’i’,, U Blood coagulation (Ca, Mg) vl e 02
P O Neuromuscular excitability (K, Ca, Mg)-» yree! 4
O Production and use of ATP from glucose (Mg, PO4)
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C WATER
3.5L  Plasma
\cF (25L) ECE (M) | 1. s ibenskibind
—
Oin 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))
_ _ _ i (1w 27 QUL Blgnte L 5Tl )
D_Dawle_r_lﬂ.take_uizl- - r“"l OJNJ - ) Extracellular
sl M{' 9L 23 Z_/f“’! 2L waler o1 de s e d-Sdb2 27 Inlet fluid
vk 2120 Women have lower water content than men (more fat) U i e
RV o ETTAE IntraceIIfLIJllJ?dr
O Importance of water in human body: o * comparment | q
s T ia sl Yelo s\ 1], o o
Q Transport nutrient to the cells E”’t}jﬂ . f"' |
e ’-"Zr‘, 9 E,;y!‘l:‘)’Ul s
U Determine cell volume by its transport into and out of cells —» : . Outlet
0 Remove waste products (urine) () ’
U Body coolant (sweating) E.Dg
:."5‘4’?_/7 1*"‘71' o lp ~l Fig 6.2 Water tank model of body fluid
et \ / compartments.
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HdThe concentration of ions inside the cells and in plasma is maintained by/passive [)Uo AT? «
hudeo) %e wi ,“‘
tive transport
diffusion and ac T “ﬂwrc?fg&A:IPase dependen - 25"“ Jonk]
U Most biological membranes are permeable to water but not ions
Ul Moaw *352 3o Sl l! 4 e ~ ~loe
O Water and sodium output
> Kidneys and gastrointestinal tract [ r,,.. + Urw]
> Sweat and expired air: about@L daily [ swet + exhalatar]
O Factors that affect the flow of water across the membrane ~

> lons and proteins at one side of the membrane - —
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< CLINICAL FEATURES OF HYDRATION -
- PROBLEMS
Table 6.1 The principal clinical features of severe hydration disorders
Feature sUp '+ s 2 | Dehydration | ':; ::}..:.: (edem) (<) |Overhydration ?’VFW :::;T:
Pulse (htnerce: d'!" ﬁ” !‘5 r tslv}, ) Increased Normal
| Blood pressure \-\.@b\w‘g,& . \badey arkin DeECTRESEG A Wl b dle ¢ “WNommal or increased” 4 ys.]
?l',;b\k::)m: Skin turgor “lei,S 1S A2 Sy e 4,352 oF Decreased Increased
LW ¢l Erahalls w0 € Soft/sunken Normal )
Mucous membranes Cry Normal JL‘.}“L@
Urine output Decreased P ¢ May B normal or[decreased | \sa.:’f_’f;gk
Consciousness (M5 eletryh+~ o s e Decreased
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- CONTROL OF WATER BALANCE  ~»u2e
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UBoth intake and loss of water are controlled by osmotic gradient across cell membrane in the
brain hypothalamic osmoreceptor centre

Fead |
@ @ —~ 5
UThese centres control thirst and secretion of antidiuretic hormone (ADH)=AVP (arginine
vasopressin hormone) b o\ne Ve L2 27

7)4 v‘,N
UThirst is the major defense mechanism agalnstb;Lp_QLo_smglahI;Land_mLp_emaiLemm -
LonS 1 sl dles « A \§ "=r s e 15‘"-/
2 w i . LAntidiuretic hormone: AR
i ¢ el v 0g polypeptide with t..of 20 min g esomola by o) o “i\f" hakrmia ge -
m“ . — . " y,
0 Synthesized by the hypothalamus and secreted by the posterior pituitary Ueo 5, 0ipe e e DS 7, Vo
0 2% increase in osmolality lead to 4 times increase in ADH ARSI Sl MRSl < Wperoom] <
¢ s Ll WS s F Y, R R
U Low blood pressure and severe hypovolemla stimulate ADH release . i « Wpelndr N>

—‘*A‘J, sl U"SI Hmﬂa’hqh" s bdal v S ((Scw

U Stress due to vomiting, nausea and pain may increase ADH secretio ion
O ADH act by increasing the reabsorption of water i* =t \ /
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o CONTROL OF WATER BALANCE
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Fig 7.1 Normal water balance.

of urin a«#pu,‘ HQOI O
Diluked urin  Fig 7.2 The regulation of water balance by AVP and osmolality. :
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Q CONTROL OF WATER BALANCE

G Frde 5 p e ple g€ 5
dHypernatremia rarely occurs in a person with a normal thirst mechanism and access to
. _— o By ~ ) & o L'J . C\/
water, it becomes a concern in: Vb= redt P o e gl m W) e 655

LJ ey b D)l L e Nadhs 5l U
Qlinfants | ... i e

L Unconscious patients

L Anyone who is unable to drink or ask for water.

AR UJ).WY’JCS &
O People who are older than 60 where osmotic stimulation of thirst progressively diminished — «1=

U In the older patient with illness and diminished mental status, dehydration becomes =~ . A
increasingly likely example of the effectiveness of thirst in preventing dehydration Hypernede (# <t ¢k ¢S

JA patient with diabetes insipidus (no ADH) may excrete 10 L of urine daily, but as water /

intake matches output, plasma sodium remains normal -~ “**" % <77~ ‘g;"’;f_""‘s‘“&"'—zf&”p
Jo s - 5. . o LU W o w2l we, |
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UPhysical property based on the conc. of solutes (in mmol) per kg of solvent@. This affect
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OSMOLALITY

different properties of solution as:

W.,(ﬂ)” d-,

uzj.u”_,_‘v =

J¥ g P Y vt EI,LVapor pressure decrease

_g Nl

EllFreezing point depression
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lead to turning off ADH secretion

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

indicates the presence of osmotically active substances other than

O Osmolal gap|indirectly

sodium, urea, or glucose, such as ethanol, methanol, ethylene glycol, lactate, or [3-

hydroxybutyrate.
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~ 7 d Increase in osmolality will induce secretion of ADH enzyme while decrease in osmolality will

2
J.




Sy

N <

\ GJLJ“/“/’ awd mm;m’u/ v "’f-‘J\

\_/ . g g & e & = A
r,Jlo_le./_l}JfS'JJl t;_._cf’UIYLfI( — urem L'«JJ//)/U“tJ’uLm el 3 & L M G bp2 l)-r’b\wj& 55

o SIGNIFICANCE OF OSMOLALITY % i
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O Because it is the parameter by which the hypothalamu\shfesponds
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55 gl T 15l lel W g SN aad g, WG oo 47V gl x S 5

a It aﬁects@concentration as it represents 90% of osmotic activity in Plasma

0 Na concentration is also affected by blood volume
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DETERMINATION OF OSMOLALITY

 Osmolality may be measured in

Loj W g &Y

\gs G e b

serum or urine.

—> anl'iu-ﬁ“&* =

575\ % b b 9l osmebic adidh\ 5 oG

0 Plasma use is'not recommended because osmotically active substances may be

introduced into the specimen from the anticoagulant.

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

ﬂ?bo]?“

O Turbid serum and urine samples should be centrifuged before analysis— S s s
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o DETERMINATION OF OSMOLALITY
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according to the following 2 formulas:

urea R cy)yl.v MRS
glucosc(mg/dl,) BUN (mg/dL) ' <r-a/w ,
2Na + () 5ot
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me //L e S
o llse glucose BUN o
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TABLE 15-1 REFERENCE RANGES FOR
OSMOLAL

Serum 275-295 mOsmkg
Wring Q4N 300-900 mOsm%g
Urina&arum ratio 1.0-3.0
Random urine 50-1200 mOsmkg
O=molal gap 510
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2 Electrolytes, Sodium (Na)

) S IINN P R WD NI gie

0 Body contains about 3000 mmol of sodium mainly in ECF  0-W» > ss= - ol L&A G- L]

O Sodium daily intake is about 60-150 mmol

@ Sodium balance is regulated by blood flow and aldosterone (hormone secreted by

adrenal cortex)r=" 2/° 4! 12y Lo, ¥ < > aend o = i
&Ia/'”ja’{"’ Fﬁ),f)‘ PN rlerbion ;\ e . CJ
I y \;ES ,*C“J © .+ 5
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S Electrolytes, Sodium (Na)

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

oxhm chdor
dSodium concentration in the ECF is much larger than inside the cells, because a small

amount of sodium can diffuse through the cell membrane.

QTo 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
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O REGULATION OF SODIUM

(s.éf',JF/UI_g) VI 1S gt ST U g e S A\ e r“f‘” 54 o) 28 e Tioe0 Pl S
UThe plasma sodium concentration depends on: the intake and excretion of water and the renal regulation of
sodium

UThree 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 volume or osmolality "
2 i =
W ”JSL’ Al
(3) the blood volume status, which affects sodium excretion through|aldosterone- angiotensin 1| and|ANP
(atrial natriuretic peptide) Wypehddaa 3y (5o cSr, & rhnbin <)) 0 1 ey, dle g Vo

G £ 8 2 L) e

I ks ek PNATR RS I+ Hee ¢
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 Wo*s A Feabuaphe gy Q4 O 55 5 £ s
U some sodium is reabsorbed in the loop and distal tubules (controlled by aldosterone) exchanged for K in the \/

connecting segment and cortical collecting tubule. Q) , 7%* ‘//6 /
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o REGULATION OF SODIUM
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—  Vasodilation
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A Angiotensin Il oy
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C CAUSES OF HYPERNATREMIA

¢ Conc
MExcess water loss of pa”

U Diabetes insipidus

U Renal tubular disorder

o RV T

V  Volume "ﬂ 0

+ ¢ 'C' 2
OProlonged diarrhea — pit e gt e g3

OProfuse sweating -» a5 diars hea

U Severe burns

ODecreased water intake|

U Older persons
U Infants

U Mental impairment

Ulincreased intake or retention
rp..\ Ll o ?

a
. Hyperaldosteronlsm-; ho GesSi a*

2
.:_,,‘" 0 Sodium bicarbonate excess
d\-“ '] q‘/\7—\-«,L' (}’LS—J|

EIDlaIyS|s fluid excess — Vor ¢ 3l (&)

G2 f_)o\)x"’ ~ S, —

-/

N’

(g
:....,

Fig 10.1 The causes of hypernatraemia
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HYPERNATREMIA (150 MMOL/L) RELATED TO —~
- URINE OSMOLALITY 125-mse pots amchonporeins,z

L L o j30-150 « o\ 5 @i\ 5 NS
- L}q‘* Ve il ¢ © o™ ;LS s, wre e e r s - . '
) i bs G5 LS 3 ves [ 50 mmdle fE1 SV ] izpe za iS5\

Awo O Llune_QsmgLahI;LSD_O_mQamLkg Sy Ul S

syJ!g,\ll I/) =N (J-VIL.
L Diabetes insipidus (impaired secretion of ADH respond to ADH) or kidneys cannot, ;, ,,, susp’! 32 21 L
°1J’;,""L(wo (@ (o= M%M C-J)fj..uADH

rermal O Yrine osmolality 300-700 mosm/kg teabird  nter
T r"’ld//a":f); L URWIRS o
O Partial defect in ADH release or response to ADH - (A% <_§'U
0 Osmotic diuresis 32 ¢~~~ ¢ Je= & punp )l oo
W 2 6‘-""[ ¢

figh U molalit >7 mosm/k

U Loss of thirst Y e S50 sl S
Olinsensible loss of water (breathing, skin)

oyt > | o s 2L G
ws Jieribn =0 Gl loss of hypotonic fluid ¢ thelagi o \/

P ¢ S
L Excess intake of sodiurr] | Y \\)
sl ‘ﬂ,\o)l A";)" or
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2 SYMPTOMS OF HYPERNATREMIA

O Involve the central nervous system (CNS) hyperosmolar state which include: as a result of
the
O Altered mental status
O Lethargy
O Irritability
O Restlessness.
Q Seizures

A i,
0 Muscle twitching, hyperreflexes  ° ¢ 7 7

§o—75/
O Fever, nausea or vomiting YO 2y AU I e

Q Difficult respiration, and increased thirst. fu«"nrp L= l6o a,\_g/
e Foe UM O U € - -
\ J.

U Serum sodium of more than 160 mmol/L is associated-with a portality rate of 60-75%,
Nt
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Q TREATMENT OF HYPERNATREMIA

P> v v Jaibos pa S M ey ’!):‘ ,:' Jiarrhen e Vs ¢ s é‘;t“": eI 1S5
4 Treatment is directed at correction of the|underlying condition|that caused the
water depletion or sodium retention.

g 6 s ¢ Cso '*;\/Zrl.mjl‘ 2 ”V"""}” S g/ )bp v 55
d The speed of correction depends on the rate with which the condition developed

w:'-“-’(,;)y‘) wo l'"”_t? wre Lo %l-sj;sz, -»,S’ cpc ﬂnﬁ,g,,,, \\5—"" THons S{! ‘4"3)“& o aﬁ""' >( (gid/le"éfa/ St gy US
o> d Hypernatremia must be corrected gradually because too rapid a correction of

‘-’“‘-‘“‘-5"’[)’ serious hypernatremia (3160'mmol/L) can induce cerebralledemaand death.
“ “2> The maximal rate should be 0.5 mmol/L PErhour o, L JS 0. 5 mmd/h e b Ji* i ] S

Dexbrse o592 152 o Ll on a5 8 C paphall e ot Pl o= )
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HYPONATREMIA

1\ ‘-‘,0 \l ﬂ"+ Josma

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

T w—é;,f.,é;z/l'oﬂ_l)aed,;_j sl5 ke

d Levels below 130 mmol/l are clinically significant. |5, o ) s o 0 V5

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

the osmaolality level. e




e CAUSES OF HYPONATREMIA

/nd”;l ~/£11L Jw/ u/ _/Ua* - P

UlIncrease sodium loss Y,
53 2 - A ad"h y 7\41._‘_‘ ~ ~
O Hynoadrenalism -, 0 s ve veeber <416 4 lgod ;) | ¢ MoZei T, ¥ =

[
O Potassium deficiency (exchange in kidney) K'¢o6 b+ deplebon de. <JSHE dhut Gt 0 o bolsiw el o 7y UL
”1’:_" . - = . .
O Diuretic use (thiazide) - o \Wor of U of reabsophion | oAb 6™ grinioe v g Qoo e sl 63 N5 wrin

otith-  QOKetonuria (sodium lost with ketones) ,
| - - ) .',‘“ B ]
O Salt losing nephropathy (with some renal tubular disorders)- ** wj; ﬁl;.,,. ui

OThese factors will increase the conc. of Na in urine to >20 mmol/L
O Prolong vomiting or diarrhea & GI T Cinkshive) > kaoH/a s ~S

Q
Severe burns PoW 2w i g gg !

0 Increased water retention coaibiah 31§ o

U Renal failure — ";‘;‘,’:‘;’;
U Nephrotic syndrome
U Hepatic cirrhosis
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U Congestive heart failure s e eme
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U Water imbalance
J':,G Lo ‘_//A > 44’4_'.‘— , o~
O 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. - <~ ::'f
(PP
H,%h )OV‘oa/ uf?g ioh ’/ /4”/71 s> “I‘(\\'\ veheadh ion of Wﬂ
O SIADH causes an increase in water retention because of increased ADH production which is
associated with pulmonary disease. malignancies. CNS disorders, infections. ;‘f) j:{-
- -/

ADH Pyl g=yr 3&

os\S
Q[Pseudohyponatremia by measuring Na using indirect ISE (which dilutes sample prior to analysis), \/
in a patient with hyperproteinemia or hyperlipidemia. %~ ~.% )54 ¢ 6 oatl gl o L2t -
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- CLASSIFICATION OF HYPONATREMIABY
- wed  OSMOLALITY

wama/( Q With low osmolality
shads

U Increased sodium loss &~ ‘/
- » P —
oo M7~ Ly G e U

U Increased water retention &~
Conbiom ) glolednld oy < oo

U With normal osmolality increased nonsodium cations —
-+
O Lithium excess ¢~ [;

U Increased -y-globulins-cationic (multiple myeloma)

O Severe hyperkalemia J+ =
Q Severe hypermagnesemla Mﬂ

U Severe hypercalcemla pseudohyponatremia

U Hyperlipidemia

U Hyperproteinemia

Bs.e.u.d.Qh;Lp_eLkaJ.e[E)La as a result of in V|tro hemolysis J

b D WG GSTIIEI) o s sep iy v ] 7
osmel o r2s 0 Hyperglycemia (’,J!QQJJJM/L«.) OslS w— | "/ /
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SYMPTOMS OF HYPONATREMIA

P ae s, wsst) goco
dSymptoms depend on the serum level. " g g st

OBetween 125 and 130 mmol/l: symptoms are gastrointestinal -

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

vomiting, muscular weakness, headache, lethargy, and ataxia— %"=t
—— 5/, il > 6 ¢ 7 A
Py Suied

UMore severe symptoms also include seizures, coma, and respiratory depression
Mt OAS Uil o &

s
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2 TREATMENT OF HYPONATREMIA

UTreatment is directed correction of the condition that caused elther(water loss or sodium

)s ") V\ﬁk | )) L-) ¢ .
J”"w\‘; - <|oss in excess of water loss) Vg dhs 2] lemdi Pl 2.
\*3\’ o

4 Correcting severe hyponatremia too rapidly c¢an cause cerebral myelinolysis while'too

\%‘ I L ua L ¢ e vle @
wi n rebral m
hyer Slowly can cause cerebral edema 004 o 57K | shous ower 7€

O Appropriate management of fluid administration is critical. Eluid administration'and

monitoring is reqwred durlnlg treatment of the underlying cause of the hyponatremia.
rlofvvﬂ! $ l‘"’ for  norina L\ pton ——— bu}' nwt wih HF o lk(wlwq: Wngwrhis  people
d The measurement of urine osmolallty is necessary to evaluate the cause of

‘\}é“h'y'p'anatFemia H_kqb\,\ﬂ,-f‘w;q
O Chronic hyponatremia in an alert patient is indicative of hypothalamic disease

~ N\
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C DETERMINATION OF SODIUM

/;5\:’”\“5\;‘)_’_2/ ﬂh"i(og“j"d. -p"g L,%LJI'/(}C-O’_”J_,‘— LJI
/ -
,J:LJL;+ > qn('.'o? 7),9 CS’L‘ /U4+ L'?
USodium can be measured in serum, plasma, and urine.
© © Q@

U When plasma is used, lithium heparin, ammonium heparin, and lithium oxalate are suitable anticoagulants.

K05 deasp bl DIIL il off s 0 300 T ylo @s J o o) 56 T T T g/ spo e Ol o)l S 6 iy dosppr e
O 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
I f e e on R T pfE ) 2 AN \0-, Serum ) SU s 9/ G ClMas ’:)‘_‘5_‘_/&9)’ L.1

@
OWhole blood samples may be used with some analyzers.

UThe specimen of choice infuring sodium analyses is a 24-hour collection.

@ "\ /
OSweat is also suitable for analysis. N’ ,\A/\
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9 POTASSIUM

O Potassium is the major intracellular cation in the body with al€oncentration 20 times
greater inside the cells than outside

O Many cellular functions requires that the body maintains a low ECF concentration of K.

0 d : - : T @) W shy) T
As a result, only 2% of the body’s total potassium circulates in the plasma.,,,, .. Vgl d] ooy s

d Function of potassium in the body include e d
O Neuromuscular excitability
0 Contraction of the heart
Q ICF volume 4
0 Hydrogen ion concentration \/
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HdThe potassium ion concentration has a major effect on skeletal and cardiac muscles. A

lower than normal difference increases cell excitability leading to muscle weakness.‘_’fb_’_’{"’_f’_\ ¢ s
ey s S oe \B) T Vil (o3 ¢o lge, b 6= X7 7 Qo s ¢t
0 Severe hypokalemia can cause muscle excitability which may lead to paralysis or fatal
cardiac prrhythmia
UHypokalemia decreases cell excitability resulting in an arrhythmia or paralysis
O the heart may cease to contract in extreme case of hypokalemia or hyperkalemia gt <.<1J

. : . sl L UL 2 wen gt o
UPotassium concentration affects hydrogen ion concentration in the blood. In 4 &
cabion Jox2 27 L

hypokalemia, when potassium ion is lost from the blood,| sodium and hydrogeniions TR
move to into the cells. The hydrogen ion concentration decreases inECEresulting to ... oW

alkalosis > 7y " ) allbabie St _g
= ~ (U i/
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C FACTORS AFFECT K LEVEL IN ECF fp b S

Hype hoemi o == Allaow

PAT"J:‘f-? G AT o Z/L"Ju-\'_' o«

. wEllThree factors that influence the distribution of potassium between cells and ECF are:
o F‘ 757

s} W)EI(1) Potasllum loss frequently occurs whenever the NaK ATPase pump is inhibited by conditions such as:
(“j' B U (1) hypoxia v 0, L5 ol lginb >
0 (2) hypomagnesemia = G- fabr of Hhe g Tl g, By, s e
0(3) or digoxin overdose —» <t/ e ko o 4 S5 Jit> Weig,
g . . . ] . B Ul s 23!
w ! U (2)Insulin’' promotes acute entry of K ions into skeletal muscle and liver by|increasing NaK ATPase actlvny\,wkMWJ
ompeie el S
Q(3) Cat Catech%leamlnes such as epinephrine (32-stimulator), promotes cellular entry of K whereas (P B~ \eezs )
propranolol (B-blocker) impairs cellular entry of potassium K Lo L] Bl 0a2 2 J
T (Hypartiatend Hape fabiomia 9
U With preexisting condition such as (dietary deficiency (or excess) can enhance the degree of hypokalemia
(or hyperkalemia)but rarely the primary cause. ot \ZL.('(,L',_"J’ T Y e NP0 XY PV ghs 2r /

Hpo /Mepor [ndomis
/My
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O Factors affect K level in ECF
QM'J“""‘;d‘,g’}“ V=4
PAYE Krs
LExercise: potassium is released from cells leading to increase by 0.3-1.2 mmol/L with
mild to moderate exercise and 2-3 mmol/l with exhaustive exercise (reversed after
several minutes of rest). [ Mo~ R llbe Steen, y @ WL T G ) oy gt E247
oL WP U S 5, §)
Dol u}IHyperosmolality: like in_uncontrolled|diabetes mellitus, causes water to diffuse from
ﬂ‘z}m‘h/ the cells carrying potassium ions leading to gradual depletion of potassium if kidney
-, U1 44 function is normal. B s
gt e = r
UCellular breakdown: cellular breakdown releases K into the ECF like in severe trauma,
=

tumor lysis syndrome and massive blood transfusion. o N\ B S

o
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LHypokalemia is a plasma potassium concentration below the lower limit of the reference range

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

K Hvoo"fuluwm <__£s"b’:—/'6.=r f’”‘”(i”‘f"d‘;‘(&‘j” léy,ll/qu rﬂv(}:‘v

L Common causes of hypokalemia like:

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

intestinal fistula

Qincreased potassium loss in the stool also occurs in certain tumors, malabsorption, cancer
therapy and large doses of laxatives awe  das-lon

no aérc.r.o/-;.,, 6( /(4—
URenal loss of K can result from kidney disorders such as potassium losing nephritis and renal Ny

tubular acidosis (RTA). In RTA, as tubular excretion of H+ decreases. K excretion increases
/'"/’9"(_}%-'6 H* Z~"\’\9“'”\;J"E lg:'s'g&w,-ﬁfdu S Q) /
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HYPOKALEMIA, COMMON CAUSES

S’

1‘ /Uu* +U.0 ”L‘O‘J.’oh /’b‘ Wi(m

UHyperaldosteronism: lead to hypokalemia and alkalosis
)

@

secretion of aldosterone

(treated by

\(EI Magnesium deficiency: inhibits NaK ATPase and enhances

Mg and K supplement)
U2 e Mg ;)
lk.r 0"1) ‘..A”

Q[AIKalemialandlinsulin: increase the cellular uptake of K

ODrug induced: thiazide diuretics and corticosteroids are the most important, carbanoxolone has

mineralocorticoid activity - wer A @ acki s plfesterme [ M aBod

sz oW ond BT exw °"‘1

Q¢Alkalosis: may cause a shift of potassium from the ECF to the ICF (0iflincrease’in'pHleads'to

0.4 mmol/l decrease in potassium) ~ N\

Nl
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C SYMPTOMS OF HYPOKALEMIA

@Mild hypokalemia (3-3.4 mmol/L) is asymptomatic ne *3%"

Q@ weakness, fatigue and constipation at K< 3 mmol/l

7. O vie! Re L]
@ Muscle weakness and paralysis that interfere with breathing

@ Dangerous for patients with cardiovascular disease as it
may cause arrhythmia leading to sudden death in some i e

patients O) & L

Fig 12.1 Typical ECG changes associated with hypokalaemia. (a) Normal ECG (lead I1). (b)

Patient with hypokalaemia: note flattened T-wave. U-waves are prominent in all leads.
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T v TREATMENT

» Sever Myge

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

BN PP
Wigw e S

Severe potassium depletion often has to be treated by intravenous potassium

7

Qintravenous potassium should not be given faster than 20 mmol/hour except in extreme cases
and under ECG monitoring &)

HMild chronic hypokalemia can be treated by diet rich' K (dried fruits, nuts, banana and orange

juice) ~ N/ ® Q,

o/
J.
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dHyperkalemia is theicommonest and most serious electrolyte emergency encountered
in clinical practice.

k).:\'—:“‘

LHyperkalemia causes muscle weakness that may be preceded by paraesthesiae.

. . . " o 53OS
However, the first manifestation may be cardiac arrest. - ,er; e L
é plsie T e

LAbove 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 j
important to check the serum potassium concentration in patients after cardiac arrest

M\Xoca"()"J wf toion wo sel> £V 5] - v & v l'"/'.@)" U’/‘".é"f:(;r' o\%’ Ve AC,G' REAN N /
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9 CAUSES OF HYPERKALEMIA

A
(ARenal 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.

Const H-Jfo y‘,;é u-«gﬁ”d/‘du{lm'ﬁ bw}' minernlo c,vl:\'ueJ Gnlma,;s will  cause H\Mu/,"‘b’""‘

> st L’
UMineralocorticoid: this the most frequently seen in/Addison’s diseaselor in patient , pjske
receiving aldosterone @ntagonists. In these patients, there is an increase in total body
L = Dewense  Vo* vibenki on
potassium L h _
N s B exanhio~
=

OgAcidosis: Hyperkalemia results from the redistribution of potassium from the
intracellular to the extracellular fluid space J
\/ , e /
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C CAUSES OF HYPERKALEMIA

r,Jl d| ’4*%3"(1'&31/0:2 g;f

UPotassium 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

ATPue iy o =3 Fanpd) Tash >
O Diabetes mellitus: fast shift of potassium from cells to the blood due to insulin deficiency in
addition to hyperosmolality that pulls water to outside the cells ., YW &=V 5%

e ht o— >

omdi v L ) Ao

Gep o i EI ugs: specially in patients with renal insufficiency or diabetes mellitus as captopril
el (ACEL), NSAID, digoxin, spironolactone, cyclosporine and heparin therapy
= sp"f"ay)

e LS Wegperfie P K AR s gl g»éﬁww L \oe ypost)iegp T
0 Warming after'surgery leads to release of K from cells, hypothérmia may gause hypokalemia
= 1 Y
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9 PSEUDOHYPERKALEMIA

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

osle ~ & o VDS Js il

0 The commonest cause is hemolysis. This can occur due to mechanical trauma during  gpc,

venopuncture. Hemolysis is characterized by release of potassium from red blood cells” (42351 ¢
pr ot

LA small amount of potassium is released from white blood cells and platelets during
normal clotting ) =5 S (L o s e v gl o Wt e O

O In patient with grossly elevated white cells and platelets due to hematological
malignancies, the amount of potassium released is much greater

¢ &L H’\J%Lf«:z G o
— U Pseudohyperkalemia should be suspected when there is no apparent cause for \/

Yo YM
b g /¥ s hyperkalemia and there are no ECG changes reflecting altered cardiac muscle contractility
u':fl’ ~& Ece 1) TIVLS nt
J¢ g e
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SYMPTOMS OF HYPERKALEMIA

HdMuscle weakness at K conc of 8 mmol/l

O Tingling, numbness and mental confusion

0 Card hthmi | cardi ¢ 6.7 UL which alter EGC

O Fatal cardiac arrest at conc > 10 mmol/I
Tre Gem™
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TREATMENT OF HYPERKALEMIA

dTreatment should be started if K > 6-6.5 or if ECG changes occur
T Vel ™V (o cnee= 2S
O An infusion of calcium gluconate may be given to potential of myocardial cells reduce

threshold
04'{’0“! M_U.“f"\“’; G 3“ l;

O the commonest form of treatment of acute hyperkalemia is the infusion of sodium

carbonate, insulin and glucose to move potassium ions into cells
\"1‘?0”8“’“?‘_ stz o _
O K can_be removed by loop diuretics in good renal function

O Na polystyrene sulphonate enema which binds K secreted in the colon

Elis frequently necessary to treat severe hyperkalemia

@f Seven” H?f” %aj{min e’ \/
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COLLECTION OF THE SAMPLE ;-”“‘?-’""-5

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

0 Care must be taken during drawing of blood as high platelet counts or when tourniquet

is left for long time on the arm may increase the conc of K w25 =% s =2l
VWi YW o Lealie
H Whole blood samples should be stored at room temperature (not iced) or rapid

[t) centrifugation of the sample to remove cells &

imen may incl rum, plasma, whole bl r 24-hr-urin

O Reference ranges of potassium are:
d Serum and plasma 3.4-5.0 mmol/l

QUrine (24-hr) 25-125 mmol/day ~ N\
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