General
- Potassium depletion occurs with situations of mineralocorticoid excess. Bicarbonate
reabsorption in both the proximal and distal tubules is increased in the presence of
potassium depletion. Potassium depletion decreases aldosterone release by the adrenal
cortex.
Primary Hyperaldosteronism
- This condition is one cause of 'saline-resistant' metabolic alkalosis. The increased
aldosterone levels lead to increased distal tubular Na+ reabsorption and increased K+ &
H+ losses. The increased H+ loss is matched by increased amounts of renal HCO3leaving in the renal vein. The net result is metabolic alkalosis with hypochloraemia and
hypokalaemia, often with an expanded ECF volume.
Cushing's Syndrome
- The excess corticosteroids have some mineralocorticoid effects and because of this can
produce a metabolic alkalosis. The alkalosis is most severe with the syndrome of ectopic
ACTH production.
Severe K+ depletion
- Cases have been reported of patients with metabolic alkalosis and severe hypokalaemia
([K+] < 2 mmol/l) due to severe total body potassium depletion. Investigation has not
shown increased mineralocorticoid activity. The aetiology in these patients is not
understood but correction of the alkalosis requires correction of the potassium deficit.
These patients do not respond to saline loading unless K+ replacement is sufficient to
correct the deficit. Urinary chloride losses are high (>20mmol/l).
Bartter's syndrome
- This is a syndrome of increased renin and aldosterone levels due to hyperplasia of the
juxtaglomerular apparatus. It is inherited as an autosomal recessive disorder. The
increased aldosterone levels usually result in a metabolic alkalosis. The condition is
usually found in children. Patients who present with hypokalaemic alkalosis of uncertain
cause are often suspected of having this condition but other causes which may be denied
by the patient should be considered eg surreptitious vomiting and/or use of diuretics for
weight loss or psychological problems. Rare genetic disorders such as Gitelmann's
syndrome should also be considered.
Adverse Effects of Alkalosis
(i) decreased myocardial contractility
(ii) arrhythmias
(iii) decreased cerebral blood flow
(iv) confusion
(v) mental obtundation
(vi) neuromuscular excitability
(vii) impaired peripheral oxygen unloading (due shift of oxygen dissociation curve to left).
- Hypoxaemia may occur and oxygen delivery to the tissues may be reduced.
- Factors involved in impaired arterial oxygen content are:
(i) Hypoventilation (due respiratory response to metabolic alkalosis)
(ii) Pulmonary microatelectasis (consequent to hypoventilation)
(iii) Increased ventilation-perfusion mismatch (as alkalosis inhibits hypoxic pulmonary vasoconstriction)
- Peripheral oxygen unloading may be impaired because of the alkalotic shift of the
haemoglobin oxygen dissociation curve to the left. The body's major compensatory
response to impaired tissue oxygen delivery is to increase cardiac output but this ability is
impaired if hypovolaemia and decreased myocardial contractility are present.
- The hypoventilation causes a compensatory rise in arterial pCO2 but the magnitude
of the response has generally been found to be quite variable.
- Failure of hypoventilation may be attributed
(i) Hyperventilation due to pain
(ii)Hyperventilation due to pulmonary congestion.
- Some patients with metabolic alkalosis due to diuretic use have subclinical pulmonary congestion
sufficient to stimulate intrapulmonary receptors and cause tachypnoea and give a sensation of
dyspnoea. This slight hyperventilation is sufficient to negate the rise in arterial pCO2.
(iii) Hyperventilation due to hypoxaemia.
- An associated hypoxaemia will stimulate the peripheral chemoreceptors and cause
hyperventilation if the arterial pO2 is below 50 to 55mmHg.
- The expected pCO2 due to appropriate hypoventilation in simple metabolic alkalosis can
be estimated from the following formula:
Expected pCO2 = 0.7 [HCO3] + 20 mmHg (range: +/- 5)
- While it is widely believed that the maximum value of arterial pCO2 due to
compensatory hypoventilation is 55 to 60mmHg arterial pCO2 can rise higher than this
and values up to 86mmHg have been reported in severe cases of metabolic alkalosis

definition

potassium
depletion

causes

effects
of
metabolic
alkalosis

metabolic
alkalosis
[created
by Paul
Young
14/12/07]

chloride
depletion

treatment

general:
- The kidney rapidly excretes bicarbonate if the plasma level is elevated
- This ability of the kidney to rapidly excrete bicarbonate if its level is high is in complete contrast
to its powerful ability to reabsorb all of the filtered load if plasma [HCO3] is low or normal.
- The persistence of a metabolic alkalosis requires an additional process
which acts to impair renal bicarbonate excretion.
- This means that two issues must to be considered when analysing a metabolic alkalosis:
(i) Initiation: What process is initiating the disorder?
(ii) Maintenance: What process is maintaining the disorder?
The Initiating Process
- Classification of Initiating Processes for Metabolic Alkalosis
1. Gain of alkali in the ECF
(i) from an exogenous source (eg IV NaHCO3 infusion, citrate in transfused blood)
(ii) from an endogenous source (eg metabolism of ketoanions to produce bicarbonate)
2. Loss of H+ from ECF
(i) via kidneys (eg use of diuretics)
(ii) via gut (eg vomiting, NG suction)
- Excessive intravenous administration of alkali alone will cause a metabolic alkalosis
which is only short-lived because of rapid renal excretion of bicarbonate
- Hepatic metabolism of citrate, lactate, acetate or certain other organic acid anions to
bicarbonate can cause a brief metabolic alkalosis. This may occur after a massive blood
transfusion because of the metabolism of the administered citrate. The kidneys excrete
the bicarbonate and the urine will be relatively alkaline.
Maintenance of Alkalosis
- Maintenance of the alkalosis requires a process which greatly impairs the kidney's
ability to excrete bicarbonate and prevent the return of the elevated plasma level to
normal.
- The four factors that cause maintenance of the alkalosis (by increasing bicarbonate
reabsorption in the tubules or decreasing bicarbonate filtration at the glomerulus) are:
(i) Chloride depletion
(ii) Reduced glomerular filtration rate (GFR)
(iii) Potassium depletion
(iv) ECF volume depletion
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1. Correct cause if possible (eg correct pyloric obstruction, cease diuretics)
2. Correct the deficiency which is impairing renal bicarbonate excretion (ie give chloride, water and K+)
- chloride administration is essential for correction of chloride depletion metabolic alkalosis
3. Expand ECF Volume with N/saline (and KCl if K+ deficiency)
- Mineralocorticoid excess causes renal potassium wasting. This can maintain a metabolic alkalosis
even in the absence of chloride depletion.
4. If the diagnosis is not obvious, spot urine chloride is useful: low levels suggest Cl- depletion and need
for replacement; high levels suggest adrenocortical excess and need for K+ replacement
5. Rarely ancillary measures such as:
- HCl infusion
- Acetazolamide (one or two doses only)
- Oral lysine hydrochloride
6. Supportive measures (eg give O2 in view of hypoventilation; appropriate monitoring and observation)
Avoid hyperventilation as this worsens the alkalaemia

- A metabolic alkalosis is a primary acid-base disorder which causes the plasma
bicarbonate to rise to a level higher than expected. The severity of a metabolic alkalosis is
determined by the difference between the actual [HCO3] and the expected [HCO3].

Metabolic Alkalosis Classification Based on Urinary Chloride
1. Urine Cl- < 10 mmol/l
- Often associated with volume depletion (increased proximal tubular reabsorption of HCO3)
- Respond to saline infusion (replaces chloride and volume)
- Causes: previous diuretic therapy, vomiting
2. Urine Cl- > 20 mmol/l
- Often associated with volume expansion and hypokalaemia
- Resistant to therapy with saline infusion
- Cause: Excess aldosterone, severe K+ deficiency
- Other causes: diuretic therapy (current), Bartter's syndrome
- Recent diuretic use can acutely elevate the urinary chloride level but as the diuretic
effect passes the urinary chloride level will fall to low levels. So seek information on the
timing of diuretic use. (This variability in urine chloride levels has been used as an
indicator of surreptious diuretic use)
- A 'spot' urine chloride may be misleading if bladder urine contains a mixture of urine
from during and after diuretic effect.
- A high urinary chloride in association with hypokalaemia suggests mineralocorticoid excess.
- The urinary chloride/creatinine ratio may occasionally be useful as it is elevated if there
is an extra-renal cause of alkalosis.

General
- The commonest causes in clinical practice are those causing chloride depletion
- Administration of chloride is necessary to correct these disorders. The two commonest
causes of chronic metabolic alkalosis accounting for 90% of cases are loss of gastric
juice and diuretic therapy.
(i) Gastric alkalosis
- most marked with vomiting due to pyloric stenosis or obstruction because the vomitus is acidic gastric
juice only. Vomiting in other conditions may involve a mixture of acid gastric loss and alkaline duodenal
contents and the acid-base situation that results is more variable. Histamine H2-blockers also decrease
gastric H+ losses despite continued vomiting or nasogastric drainage and alkalosis will not occur if the
fluid lost is not particularly acidic
- indeed loss of alkaline small intestinal contents can even result in an acidosis if gasric acid secretion is suppressed.
(ii) Diuretics
-diuretics such as frusemide and thiazides interfere with reabsorption of chloride and sodium in the renal tubules.
Urinary losses of chloride exceed those of bicarbonate. The patients on diuretics who develop an alkalosis are
those who are also volume depleted (increasing aldosterone levels) and have a low dietary chloride intake ('salt
restricted' diet). Hypokalaemia is common in these patients.
- The effect of diuretic use on urinary chloride levels depends on the relationship of the time of urine
collection to diuretic effect: it is high while the diuretic is acting, but drops to low levels afterwards.
(iii) other causes
- Villous adenomas typically excrete bicarbonate and can cause a hyperchloraemic metabolic
acidosis. Sometimes they excrete chloride predominantly and the result is then a metabolic alkalosis.
- Chloride diarrhoea is a rare congenital condition due to an intestinal transport defect,
where the chronic faecal chloride loss can (if associated with volume depletion and K+
loss as maintenance factors) result in a metabolic alkalosis.

