
Clinical features. The patient with moderate hypokalaemia may be asymptomatic, but the 

symptoms of more severe hypokalaemia include muscle weakness, hypotonia, paralytic ileus, 

depression and confusion. Arrhythmias may occur. Typical changes on the electrocardiogram 

(ECG) are of ST depression, T wave depression/inversion and prolonged P–R interval. Although 

hypokalaemia tends to make antiarrhythmic drugs less effective, the action of digoxin, in 

contrast, is potentiated leading to increased signs of toxicity. Insulin secretion in response to a 

rising blood glucose concentration requires potassium and this mechanism may be impaired in 

hypokalaemia. Rarely there may be impaired renal concentrating ability with polyuria and 

polydipsia. Hypokalaemia is managed by giving either oral potassium or intravenous suitability 

dilute potassium solutions, depending on its severity and the clinical state of the patient 

Hyperkalaemia 

Hyperkalaemia may arise from excessive intake, decreased elimination or shift of potassium 

from cells to the ECF. It is rare for excessive oral intake to be the sole cause of hyperkalaemia. 

The inappropriate use of parenteral infusions containing potassium is probably the most common 

iatrogenic cause of excessive intake. Hyperkalaemia is a common problem in patients with renal 

failure due to their inability to excrete a potassium load. The combined use of potassium-sparing 

diuretics such as amiloride, triamterene or spironolactone with an angiotensin converting enzyme 

(ACE) inhibitor, which will lower aldosterone, is a recognised cause of hyperkalaemia, 

particularly in the elderly. Mineralocorticoid deficiency states such as Addison's disease where 

there is a deficiency of aldosterone also decrease renal potassium loss and contribute to 

hyperkalaemia. Those at risk of hyperkalaemia should be warned not to take dietary salt (NaCl) 

substitutes in the form of KCl. The majority of body potassium is intracellular. Severe tissue 

damage, catabolic states or impairment of the energy dependent sodium pump, caused by 

hypoxia or diabetic ketoacidosis, may result in apparent hyperkalaemia due to potassium moving 

out of and sodium moving into cells. If serum potassium rises, insulin release is stimulated 

which, through increasing activity in Na/K-ATPase pumps, causes potassium to move into cells. 

Box 6.4 gives examples of some drugs known to cause hyperkalaemia. 

Haemolysis during sampling or a delay in separating cells from serum will result in potassium 

escaping from blood cells into serum and causing an artefactual hyperkalaemia. 

Clinical features. Hyperkalaemia can be asymptomatic but fatal. An elevated potassium level 

has many effects on the heart: notably the resting membrane potential is lowered and the action 

potential shortened. Characteristic changes of the ECG precede ventricular fibrillation and 

cardiac arrest. In emergency management of a patient with hyperkalaemia (>6.5 mmol/L ± ECG 

changes), calcium gluconate (or chloride) at a dose of 10 mL of 10% solution is given 



intravenously over 5 min. This does not reduce the potassium concentration but antagonises the 

effect of potassium on cardiac tissue. Immediately thereafter, glucose 50 g with 20 units soluble 

insulin, for example, by intravenous infusion will lower serum potassium levels within 30 min by 

increasing the shift of potassium into cells. If acidosis is present, bicarbonate administration may 

be considered. The long-term management of hyperkalaemia may involve the use of oral or 

rectal polystyrene cation-exchange resins which remove potassium from the body. Chronic 

hyperkalaemia, in renal failure, is managed by a low potassium diet. 

Calcium 

The body of an average man contains about 1 kg of calcium and 99% of this is bound within 

bone. Calcium is present in serum bound mainly to the albumin component of protein (46%), 

complexed with citrate and phosphate (7%), and as free ions (47%). Only the free ions of 

calcium are physiologically active. Calcium metabolism is regulated by 1,25-

Dihydroxycholecalciferol (vitamin D) which, when serum calcium is low, is secreted to promote 

gastro-intestinal absorption of calcium, and by parathyroid hormone (PTH) which is inhibited by 

increased serum concentrations of calcium ions. PTH is secreted in response to low calcium 

concentrations and increases serum calcium by actions on osteoclasts, kidney and gut. 

The serum calcium level is often determined by measuring total calcium, that is, that which is 

free and bound but the measurement of free or ionised calcium offers advantages in some 

situations. In alkalosis, hydrogen ions dissociate from albumin, and calcium binding to albumin 

increases, together with an increase in complex formation. If the concentration of ionised 

calcium falls sufficiently, clinical symptoms of hypocalcaemia may occur despite the total serum 

calcium concentration being unchanged. The reverse effect, that is, increased ionised calcium, 

occurs in acidosis. Changes in serum albumin also affect the total serum calcium concentration 

independently of the ionised concentration.  A variety of equations are available to estimate the 

calcium concentration and many laboratories report total and adjusted calcium routinely. A 

commonly used formula is shown in Fig. 6.2. Caution must be taken when using such 

a formula in the presence of disturbed blood hydrogen ion concentrations. 

Hypercalcaemia 

Hypercalcaemia may be caused by a variety of disorders, the most common being primary 

hyperparathyroidism in which there is autonomous growth of PTH-producing cells and 

malignancy. Hypercalcaemia of malignancy is seen in multiple myeloma and carcinomas which 

metastasise in bone. It is also seen in squamous carcinoma of the bronchus, as a result 

of a peptide with PTH-like activity, produced by the tumour. Hypercalcaemia also occurs in 

thyrotoxicosis, vitamins A and D intoxication, acute renal failure, renal transplantation and 



acromegaly. PTH measurement can be pivotal in the establishment of the cause of 

hypercalcaemia. Thiazide diuretics, lithium, tamoxifen and calcium supplements used in the 

management of osteoporosis are examples of some of the drugs which can cause hypercalcaemia. 

An artifactual increase in total serum calcium may sometimes be seen as a result of a tourniquet 

being applied during venous sampling. The resulting venous stasis may cause redistribution 

of fluid from the vein into the extravascular space, and the temporary haemoconcentration will 

affect albumin levels. 

Management of hypercalcaemia involves correction of any dehydration with normal saline 

followed by furosemide which inhibits tubular reabsorption of calcium. Bisphosphonates 

are used to inhibit bone turnover.  

Hypocalcaemia 

Hypocalcaemia can be caused by a variety of disorders including severe malnutrition, 

hypoalbuminaemia, hypoparathyroidism, pancreatitis and those that cause vitamin D deficiency, 

for example, malabsorption, reduced exposure to sunlight, liver disease and renal disease. In 

alkalaemia, which may occur when a patient is hyperventilating, there is an increase in protein 

binding of calcium, which can result in a fall in serum levels of ionised calcium, manifesting 

itself as paraesthesiae or tetany. Drugs that have been implicated as causing hypocalcaemia 

include bisphosphonates which suppress formation and function of osteoclasts, phenytoin, 

phenobarbital, aminoglycosides, phosphate enemas, calcitonin, cisplatin, mithramycin 

and furosemide. Biochemical measurements of serum calcium, phosphate and alkaline 

phosphatase can be normal in some patients with vitamin D deficiency and osteomalacia. The 

recent development of non-radioactive automated assays for serum PTH and 25-hydroxy vitamin 

D (25-OHD) has made measurement of these two hormones possible in many laboratories. There 

is a lack of consensus regarding a specific level of 25-OHD that is indicative of vitamin D 

deficiency, but this has usually been established by assessing the point at which serum PTH 

starts to rise. This, together with methodological and technical issues, prevents direct comparison 

of values across laboratories. Clinical decision limits for PTH and 25-OHD are laboratory 

specific and must be interpreted within the clinical context of each patient. 

Creatinine 

Serum creatinine concentration is largely determined by its rate of production, rate of renal 

excretion and volume of distribution. It is frequently used to evaluate renal function. 



Creatinine is produced at a fairly constant rate from creatine and creatine phosphate in muscle. 

Daily production is a function of muscle mass and declines with age from 24 mg/kg/ day in a 

healthy 25-year-old to 9 mg/kg/day in a 95-year-old. Creatinine undergoes complete glomerular 

filtration with little reabsorption by the renal tubules. Its clearance is, therefore, usually a good 

indicator of the glomerular filtration rate (GFR). As a general rule, and only at the steady state, if 

the serum creatinine doubles this equates to a 50% reduction in the GFR and consequently renal 

function. The serum creatinine level can be transiently elevated following meat ingestion, but 

less so than urea, or strenuous exercise. Individuals with a high muscle bulk produce more 

creatinine and, therefore, have a higher serum creatinine level compared to an otherwise identical 

but less muscular individual. The value for creatinine clearance is higher than the true GFR due 

to the active tubular secretion of creatinine. In a patient with a normal GFR, this is of little 

significance. However, in an individual in whom the GFR is low (<10 mL/min), the tubular 

secretion may make a significant contribution to creatinine elimination and overestimate the 

GFR. In this type of patient, the breakdown of creatinine in the gut can also become a significant 

source of elimination. Some drugs including trimethoprim and cimetidine inhibit creatinine 

secretion, reducing creatinine clearance and elevating serum creatinine without affecting the 

GFR. 

 

 

 

Urea 

The catabolism of dietary and endogenous amino acids in the body produces large amounts of 

ammonia. Ammonia is toxic and its concentration is kept very low by conversion in the liver to 

urea. Urea is eliminated in urine and represents the major route of nitrogen excretion. The urea is 

filtered from the blood at the renal glomerulus and undergoes significant tubular reabsorption of 

40–50%. This tubular reabsorption is pronounced at low rates of urine flow but is reduced 

in advanced renal failure. Serum urea is a less reliable marker of GFR than creatinine. Urea 

levels vary widely with diet, rate of protein metabolism, liver production and the GFR. 

A high protein intake from the diet, tissue breakdown, major haemorrhage in the gut, and 

consequent absorption of the protein from the blood, and corticosteroid therapy may produce 

elevated serum urea levels (up to 10 mmol/L). Urea concentrations of more than 10 mmol/L are 

usually due to renal disease or decreased renal blood flow following shock or dehydration. As 

with serum creatinine levels, serum urea levels do not begin to increase until the GFR has fallen 



by 50% or more. Production is decreased in situations where there is a low protein intake and in 

some patients with liver disease. Thus, non-renal as well as renal influences should be considered 

when evaluating changes in serum urea concentrations. 

Uric acid 

The production of uric acid, the end product of purine metabolism, is catalysed by xanthine 

oxidase, an enzyme linked to oxidative stress, endothelial dysfunction and heart failure. 

The purines, which are used for nucleic acid synthesis, are produced by the breakdown of nucleic 

acid from ingested meat or synthesised within the body. Monosodium urate is the form in which 

uric acid usually exists at the normal pH of body fluids. The term urate is used to represent any 

salt of uric acid. Two main factors contribute to elevated serum uric acid levels: 

an increased rate of formation and reduced excretion. Uric acid is poorly soluble and an elevation 

in serum concentration can readily results in deposition, as monosodium urate, in tissues or 

joints. Deposition usually precipitates an acute attack of gouty arthritis. The aim of treatment is 

to reduce the concentration of uric acid and prevent further attacks of gout. It has been 

hypothesised that measurement of urate could serve as a marker of cardiovascular risk because 

the serum uric acid level is an independent predictor of all causes of mortality in patients at high 

risk of cardiovascular disease, independent of diuretic use. 


