
The diagnosis requires knowledge of the PaCO2, because elevation of the plasma HCO3− 

may be secondary to renal compensation of a chronic respiratory acidosis.

AETIOLOGY:

Usually  caused by an increase in HCO3− 

reabsorption secondary to volume, potassium, 
or Cl− loss.

An ECF volume reduction can increase the 
plasma HCO3− concentration when combined 
salt and water losses occur, typically in patients 
using diuretics. This state forces a contraction 
of the ECF around a constant plasma HCO3−, 
c reat ing a re la t ive excess in HCO3− 

concentration; this is known as contraction 
alkalosis.

Hypoka laemia can cause H+ to sh i f t 
intracellularly, as well as increased H+ secretion 
to preserve renal potassium losses.

PHYSIOLOGIC COMPENSATION:

Less predictable; it involves acute compensation with the respiratory centre 
(hypoventilation) & chronic compensation with the kidneys (excretion of excess HCO3−).

Note: a PaCO2 of > 55 mmHg is unlikely to be cause by simple respiratory compensation 
for metabolic alkalosis & more likely a ventilation disorder.

MANAGEMENT:

Treatment again aimed at identification and reversal of precipitating or causal factors.

SALINE-RESPONSIVE ALKALOSIS.

Usually for people with low urinary Cl- with administration of NaCl.

In severely volume-depleted patients, consultation for admission and administration of 
intravenous mineral acids (e.g., arginine monohydrochloride) may be necessary.

In patients with severe oedematous states (where saline is relatively contraindicated), 
acetazolamide increases excretion of NaHCO3. 

In severe renal failure, metabolic alkalosis should be treated with dialysis.

METABOLIC ALKALOSIS

produced by conditions that increase HCO3− or reduce H+
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as 6.9. Another formula available to assist in determining the 
adequate dose is the following:

NaHCO mEq measured HCO weight kg3 325 2( ) = − ( ) × [ ]( )−

Half should be replaced initially, and further NaHCO3 
therapy should be determined by patient response and labora-
tory parameters. Patients with normal AG metabolic acidosis 
have a greater loss of HCO3

− than those with an increased AG, 
and therefore the clinician may have a lower threshold for 
replacement (i.e., treat serum HCO3

− less than 8 mEq/L and 
correct to 12–15 mEq/L versus AG acidosis where it should be 
corrected to 10 mEq/L).

! METABOLIC ALKALOSIS

Metabolic alkalosis is produced by conditions that increase 
HCO3

− or reduce H+. This usually requires either the loss of 
H+ or the retention of HCO3

−. The diagnosis requires knowl-
edge of the Paco2, because elevation of the plasma HCO3

− may 
be secondary to renal compensation of a chronic respiratory 
acidosis.

Etiology

Metabolic alkalosis is usually caused by an increase in HCO3
− 

reabsorption secondary to volume, potassium, or Cl− loss 
(Box 122-5). Loss of H+ and Cl− from protracted vomiting and 
nasogastric suctioning can also lead to HCO3

− retention. Renal 
impairment of HCO3

− excretion, especially in the setting of 
alkali therapy, can lead to a significant metabolic alkalosis.

An ECF volume reduction can increase the plasma HCO3
− 

concentration when combined salt and water losses occur, 
typically in patients using diuretics. This state forces a contrac-
tion of the ECF around a constant plasma HCO3

−, creating 
a relative excess in HCO3

− concentration; this is known as 
contraction alkalosis.

Metabolic alkalosis can be caused by hypokalemia as H+ is 
shifted intracellularly in exchange for the osmotic movement 
of K+ extracellularly. There is also an increase in renal H+ 

secretion and HCO3
− reabsorption. The net effect is ECF 

alkalosis with paradoxical intracellular acidosis, which is easily 
reversed with K+ therapy.

Primary hyperaldosteronism, hyper-reninism, licorice inges-
tion, Cushing’s syndrome, and congenital adrenal hyperplasia 
are associated with mineralocorticoid excess. This leads to an 
increased Na+ reabsorption in the distal tubule with its accom-
panying H+ and K+ secretion to maintain electroneutrality.

Physiologic Compensation

Although somewhat less predictable, acute compensation of 
metabolic alkalosis involves the respiratory center, and chronic 
compensation involves the renal system. During acute com-
pensation, chemoreceptors controlling ventilation respond to 
an increased pH by inducing hypoventilation, thus increasing 
Paco2 and forming H+, which lowers the pH back to normal. 
A Paco2 of greater than 55 mm Hg is unlikely to be caused by 
simple respiratory compensation of metabolic alkalosis, and 
this value should alert the clinician to a ventilation disorder 
complicating the picture. Chronic compensation for metabolic 
acidosis results from the kidneys excreting excess HCO3

− in 
the urine. In patients with renal failure, impairment in renal 
HCO3

− excretion results in sustained metabolic alkalosis.

Management

Clinicians can easily treat the simple loss of H+ from protracted 
vomiting or nasogastric suction. For more complicated causes, 
however, management can be directed by measurement of  
the urinary Cl−, which helps classify metabolic alkalosis into 
saline-responsive or saline-resistant.

Saline-Responsive Alkalosis

Patients with saline-responsive alkalosis have a urinary Cl− 
level less than 10 mEq/L. Treatment is directed toward cor-
recting the urinary excretion of HCO3

−. Administration of 
NaCl and KCl suppresses both renal acid excretion and renal 
HCO3

− excretion. Administration of NaCl and KCl should 
be considered for patients with mild to moderate saline-
responsive alkalosis. In patients who are severely volume-
depleted, consultation for admission and administration of 
intravenous mineral acids (e.g., arginine monohydrochloride) 
may be necessary. In edematous states for which saline therapy 
may be contraindicated, acetazolamide increases the excretion 
of NaHCO3, treating both the alkalosis and the edema. In 
renal failure patients, severe metabolic alkalosis should be 
treated with dialysis.

Saline-Resistant Alkalosis

Patients with saline-resistant alkalosis have a urinary Cl− level 
greater than 10 mEq/L. In mineralocorticoid excess, hypoka-
lemia and increased secretion of aldosterone lead to excessive 
renal excretion of H+ and a reabsorption of HCO3

−. Treatment 
can be successful with K+ replacement by reversing the intra-
cellular shift of H+. This reduction of cellular H+ also enhances 
HCO3

− excretion. Additional therapy can be directed toward 
reducing mineralocorticoid activity (e.g., administering spir-
onolactone, an aldosterone antagonist).

! MIXED ACID-BASE DISORDERS

Double and triple primary acid-base disturbances are common. 
Traditionally, mixed disorders have been difficult to evaluate 
in the emergency department. However, recent literature pro-

Volume-Contracted (Saline-Responsive)
Vomiting/gastric suction
Diuretics
Ion-deficient baby formula
Colonic adenomas
Postrespiratory acidosis

Normal Volume/Volume-Expanded (Saline-Resistant)
Hyperaldosteronism (primary, secondary, or exogenous 

mineralic corticoids, e.g., licorice, tobacco)
Cushing’s syndrome
Severe potassium depletion
Adenocarcinoma
Bartter’s syndrome
Ectopic adrenocorticotropic hormone

Unclassified
Milk-alkali syndrome
Carbenicillin therapy
Metabolism of organic acid anion (bicarbonate, lactate, 

citrate)
Massive transfusion with citrate anticoagulant or 

plasmanate (acetate) if renal impairment
Nonparathyroid hypercalcemia

BOX 122-5 CAUSES OF METABOLIC ALKALOSIS



SALINE-RESISTANT ALKALOSIS.

Usually occurs with mineralocorticoid excess, hypokalaemia and increased secretion of 
aldosterone.

• Leads to excessive renal excretion of H+ and a reabsorption of HCO3−. 

Treatment can be successful with K+ replacement +/- the addition of spironolactone (an 
aldosterone antagonist).


