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-4 Factors affect K level in ECF

QExetcise: potassium is released from cells leading to increase by 0.3-1.2 mmol/L with mild to modefate
exercise and 2-3 mmol/l with exhaustive exercise (reversed after several minutes of rest).
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UdHyperosmolality: 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.
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O Cellular breakdown: cellular breakdown releases K into the ECF like in severe trauma, tumor lysis
syndrome and massive blood transfusion.
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- HYPOKALEMIA

Hypokalemia is a plasma potassium concentration below the lower limit of the reference range. (3.5-5)
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UHypokalemia can OCCUI‘Wl or urinary loss of potassium or with increased cellular uptake of K.

Diarrhea , vomiting , gastric suction
, discharge from intestine

L Common causes of hypokalemia like:
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LGl loss occurs when Gl fluid is lost through vomiting, diarrhea, gastric suction or discharge from intestinal
fistula

Oincreased potassium loss in the stool also occurs in certain tumors, malabsorption, cancer therapy and

| !
large doses of laxatives ( like senna ) T ariE e

QRenal loss of K can result from kidney disorders such as potassium losing nephritis and renal tubular
acidosis (RTA). In RTA, as tubular excretion of H+ decreases, K excretion increases /
H+ Jaxi 21 Al gleas KA s H+J) o deas Jeas pump &2 43 s KA excretiond) & s H+J excretiond! Ja 21, kidneydu acidosisd! Jb= Al 24

S .
~— o K glkaiy



/" HYPOKALEMIA. COMMON CAUSES

'

U Hyperaldosteronism: lead to hypokalemia and alkalosis
KJ! excretiond! x5 Nad! retentiond! 2 » z_ aldosteroned! x 3 Wl

0 Magnesium deficiency: inhibits NaK ATPase and enhances secretion of aldosterone (treated by Mg and K
supplement) l
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O Alkalemia and insulin: increase the cellular uptake of K
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O Drug induced: thiazide diuretics and corticosteroids are the most important, carbanoxolone has mineralocorticoid
activity

O Alkalosis: 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)
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\/ SYMPTOMS OF HYPOKALEMIA

Mild hypokalemia (3-3.4 mmol/L) is asymptomatic
L Weakness, fatigue and constipation at K< 3 mmol/|

L Muscle weakness and paralysis that interfere with
breathing
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U Dangerous for patients with cardiovascular disease as

It may cause arrhythmia leading to sudden death In
some patients

(a) (b)

— :
\ Fig 12.1 Typical ECG changes associated with hypokalaemia. (a) Normal ECG (l=zd I1). (b)
Patient with hypokalaemia: note flattened T-wave. U-waves are prominent in all leads.
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7 TREATMENT
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U Potassium salt are unpleasant to take orally and are usually given prophylactically in an enteric coating
enteric coated tablet J<& e () Kud S) ) is danda 2 50uli sl Ll supplement JS& e a gl g andany  alia aal ) 1)
Q0 Severe potassium depletion often has to be treated by intravenous potassium
hyperkalemia s Lo s U sl <8 ) J gl 38 Al Cdl e Juas s infusion JS& e ahaas bl

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

AMild chronic hypokalemia can be treated by diet rich K (dried fruits, nuts, banana and orange juice)
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HYPERKALEMIA

—

~

(Hyperkalemia Is the commonest and most serious electrolyte emergency encountered in clinical
practice.
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Hyperkalemia causes muscle weakness that may be preceded by paranesthesia. However, the first
manifestation may be cardiac arrest.

dAbove 7.0 mmol/l there is a serious risk of cardiac arrest. However, the ECG changes in
hyperkaliemia may mimic other conditions such as myocardial infarction, thus, it is important to check
the serum potassium concentration in patients after cardiac arrest Y
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- CAUSES OF HYPERKALEMIA

'

URenal 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.

U 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 potassium
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O Acidosis: Hyperkalemia results from the redistribution of potassium from the intracellular to
the extracellular fluid space
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- CAUSES OF HYPERKALEMIA

—

N
dPotassium 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

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
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O Various drugs: specially in patients with renal insufficiency or diabetes mellitus as captopril (ACEI),
NSAID, digoxin, spironolactone, cyclosporine and heparin therapy

U Warming after surgery leads to release of K from cells, hypothermia may cause hypokalemia /



— PSEUDOHYPERKALEMIA ol

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

et 5e) 8 ey g a sl 3K 5 ad e eS8 e S Ledihy o paligll 355 g ) peadl aall LDA 8 ) 31 jaat DAY JlaS ) 5SS ddee hemolysisd)
A small amount of potassium is released from white blood cells and platelets during normal clotting
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O In patient with grossly elevated white cells and platelets due to hematological malignancies, the amount of
potassium released is much greater
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U Pseudohyperkalemia should be suspected when there is no apparent cause for hyperkalemia and there are )
no ECG changes reflecting altered cardiac muscle contractility
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-
SYMPTOMS OF HYPERKALEMIA

UMuscle weakness at K conc of 8 mmol/l Chats IR R N S
b8 () S5 (San g3 ypdad S

U Tingling, numbness and mental confusion

U Cardiac arrhythmia and cardiac arrest at conc of 6-7 mmol/l which alter ECG

O Fatal cardiac arrest at conc > 10 mmol/I



- TREATMENT OF HYPERKALEMIA

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

'

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

Gldl) LIS sl Al calcium gluconate Jske aalll acl 2 338 cardiac arrest s arrythmia Jdezy s sl gl gas ) 43 Loy

0 the commonest form of treatment of acute hyperkalemia is the infusion of sodiulfn carbonate, insulin and
glucose to move potassium ions INt0 CellS < . i, slie cocls o1 atkans cidosis daxs 75 ool gl 4

insulind! s 2aL glucosed 1S5 Jiu L glie glucose 4pbay i sll (dsy g LAY Jalal o 0uli ol uptaked! ) glie insulin 4das 4
U K can be removed by loop diuretics in good renal function
kidneyd! ¢« urined) g« sl all adlay J g1 jaa dndany
L Na polystyrene sulphonate enema which binds K secreted in the colon
Gld o= dlawn s Kb ki yw enema J8& e Na polystyrene sulphonate 4sbax 4 » =
O Dialysis is frequently necessary to treat severe hyperkalemia \/
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- —, COLLECTION OF THE SAMPLE

EI“‘SimuItaneous collection and processing of serum and plasma specimens may help, the anticoagutant in
plasma specimens prevents clotting from occurring.
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O 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
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U Whole blood samples should be stored at room temperature (not iced) or rapid centrifugation of the
sample to remove cells

O Specimen used may include serum, plasma, whole blood or 24-hr-urine sample

U Reference ranges of potassium are: O

U Serum and plasma 3.4-5.0 mmol/Il
Q Urine (24-hr) 25-125 mmol/day Nt



SERUM ELECTROLYTE
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i Chloride

N
dThe major extracellular anion
QFunction in bOdy Intracellular  potassium phosphate
DMaintaining osmolality with Na extracellular sodium Chloride and

bicarbonate

Blood volume and

LElectric neutrality

HCl is usually shifted according to Na and bicarbonate
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Excess chloride in the body is excreted in urine and sweat, excessive sweating will
Induce the release of aldosterone which will conserve Na and CI
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./ Chloride

'

L Chloride maintains electrical neutrality in two ways:

Na is reabsorbed along with Cl in the proximal tubules. Na reabsorption is limited by the amount of Cl-
available

NaCl Js& e reabsorption 4l juaw 43Y 3 5 gl Cld) 4xS & e Nad! reabsorption sws: 7 (S

UElectroneutrality is also maintained by chloride through the chloride shift.

O Carbon dioxide generated by cellular metabolism within the tissue diffuses out into both the plasma and the red
cells

(red blood cellsd!s plasmad') » diffusion 4l sae 75 I CO2J) s LA Jala metabolismd) <iliee g6l saa)
O In the red cell, CO2, forms carbonic acid (H2CO3), which splits into H+ and HCO3- (bicarbonate).
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U Deoxyhemoglobin buffers H+, whereas the HCOS3- diffuses out into the plasma and CI diffuses into the red cell
to maintain the electric balance of the cell. /
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