
Pathology of acid-alkaline balance and laboratory 

diagnostics





Respiratory acidosis

Metabolic acidosis

Respiratory alkalosis

Metabolic alkalosis



Respiratory acidosis→

рСО2 ↑, рН ↓→ Compensation-НСО3 ↑

Respiratory alkalosis →

рСО2↓, рН ↑→ Compensation-НСО3↓

Metabolic acidosis→

рН↓, НСО3 ↓→Compensation -рСО2 ↓

Metabolic alkalosis →

рН ↑, НСО3↑→ Compensation-рСО2 ↑



BUFFER SYSTEMS

Bicarbonate system -keeps the pH of the extracellular fluid 

stable

Phosphate system -determines the pH of renal tubule fluid, 

intracellular fluid

Protein system- determines intracellular pH 

Hemoglobin system - transports oxygen and carbon dioxide





1) Normal blood pH is 7.35-7.45,

2) рСО2 of blood -35-45 mm. Hg.

3) Standard Bicarbonate (SB) is normally 22-26 mmol/l,

4) ВВ (buffer basis)-40-48 mmol/l,

5) BE – («Base Excess») –2.5μmol/l



Organs involved in the regulation of acid-alkaline balance

Lungs, kidneys, liver, gastrointestinal tract 

Stomach→HCI secretion,

Pancreas and intestine → secretion of bicarbonates

Kidney→acidogenesis and ammonogenesis processes, 

secretion of phosphates



During metabolic acidosis  HCO3− ↓, pH ↓ in plasma 

compensatory pulmonary ventilation ↑ ,

CO2 elimination ↑ → CO2 ↓

Excretion of HCO3- by kidneys ↓







During hypokalemia, secretion of H+ ions and 

reabsorption of HCO3− ions are observed. 

In hypokalemia, K+ moves from → intercellular space 

to → extracellular space 

In contrast, H+ → ions ESS →ISS.

A similar process occurs in the distal tubules of 

the kidney.

Acidosis→ H+ elimination ↑ and K+ elimination ↓ → 

hyperkalemia

Alkalosis → H+ elimination ↓, K+ elimination



Normally, Cl- ions are reabsorbed along with Na+ in  the 

renal tubule.

When vomiting and chlorine depletion → blood volume ↓ 

→ kidney replaces Cl− anion with HCO3− and → HCO3− 

reabsorption ↑ .

Hypochloremic alkalosis pH ↑,Cl↓ → HCO3 reabsorption↑.

Hyperchloremic acidosis → Cl ↑→ HCO3 reabsorption ↓.



During acidosis elimination of H+ ions ↑,
The elimination of K+ ions decreases,
resulting in plasma K+↑



During metabolic alkalosis   plasma HCO3 ↑ and 

pH ↑ 

During  compensasion  pulmonary ventilation ↓ 

CO2 elimination ↓ → CO2↑

HCO3 excretion by the kidneys ↑



Causes of metabolic alkalosis

• loss of acidic stomach contents 

(hypochloremia), vomiting,during aspiration 

of acidic stomach contents through probes 

• long-term use of diuretics

• increased excretion of hydrogen ions 

through the kidneys.







In alkalosis, the body loses Cl−.

HCO3− reabsorption from the kidney increases↑.

İn hypochloremic alkalosis → blood pH ↑

During alkalosis  H+ elimination ↓ 

K+ excretion ↑, resulting in plasma K+↓







İn respiratory acidosis or hypercapnia blood 

PCO2-↑, plasma pH ↓ 

During compensation HCO3 is stored 

in the body → HCO3 ↑

H+- elimination of kidneys ↑







During respiratory alkalosis or hypocapnia blood 

PCO2↓, plasma pH↑ 

İn compensation HCO3 elimination ↑→HCO3 ↓,

H+ excretion ↓





Respiratory acidosis is compensated by metabolic alkalosis

Respiratory alkalosis is compensated by metabolic acidosis.

Metabolic acidosis is compensated by respiratory alkalosis.

Metabolic alkalosis is compensated by respiratory acidosis.





Gas content of blood

* blood pH - norm 7.35-7.45;

* pCO2 in blood – norm 35.0-45.0 mm Hg. 

* pO2 in blood - norm 37-42 mm Hg.

*  saturation of  O2 - 95-100% 

* Na+ -- norm 136.0-146.0 mmol/l.; 

* K+ - norm 3.4-4.5 mmol/l,; 

* Ca++ - norm 1.15-1.29 mmol/l;

* SB (Standard Bicarbonate) – norm 22-26 mmol/l;

* BB (Buffer Base) – norm 40-48 mmol/l.

* BE (Base Excess ) - norm ±3.5 mmol/l.



. İndications for the analysis of gas content of arterial 

blood: 

• Diagnosis of metabolic and respiratory acidosis and 

alkalosis

• Determination of the type of respiratory failure

• Instruction for oxygen therapy

• study of shortness of breath



*pO2 in arterial blood is normally 80-100 mm Hg. if 

taken: 

Pa O2 60-79 mm Hg.  between → mild hypoxemia;  

PaO2 40-59 mm Hg.  between → moderate hypoxemia;  

PaO2 < 40 mm Hg. → called severe hypoxemia.



*Standard bicarbonate: Under standard conditions 

(when the temperature is -37°C and PCO2-40 mm Hg) is the 

bicarbonate value in the blood.

Normally it is 22-26 mev/l.

*True Bicarbonate: The actual bicarbonate in the bloodis the 

value.  

Normally 22-26 mev/L.    

HCO3 >26 = Alkalosis     

HCO3 <22 = Acidosis



If standard bicarbonate is less than actual bicarbonate → 

respiratory acidosis,

If standard bicarbonate is greater than actual bicarbonate → 

respiratory alkalosis

If standard bicarbonate is equal to actual bicarbonate, but less 

than normal → decompensated metabolic acidosis

If the standard bicarbonate equals the actual bicarbonate, but 

exceeds the norm → decompensated metabolic alkalosis



*BE (Base Excess-alkaline excess):temperature 

37ºC and pCO2 40 mm Hg which is the amount of 

acid or base required to raise the pH of fully 

oxygenated blood to 7.40.  

The normal value of BE is ±2.5 mmol/l.   

BE < 2.5 =metabolic acidosis    

BE >2.5 =metabolic alkalosis



*Alveolar-arterial oxygen gradient:

It is the difference between the partial pressure of 

oxygen in the alveolar air and paO2.

Normally 5 mm.Hg 

After 20 years of age every 10 years increases

4 mm.Hg



* Measurement of arterial blood pH 

* Determination of acidosis and alkalosis  

Na+, K+, H+, Cl− etc.In serum, Na+ and K+ ions 

account for 95% of cations, 

Cl- and HCO3 ions make up about 85% of the anions.



*Anion gap study (AG)
Plasma anion gap → is the difference between anions and 

cations. (Na++ K) - (CI- +HCI3)→(142+4) - (106+24)=8-16 

mev/l,       

Na - HCO3 - CI= 8-16 mev/l,       

Anion gap ↑→metabolic acidosis

If CI- ions in the plasma increase in proportion to the decrease 

in HCO3, the anion gap is normal, this is hyperchloremic 

metabolic acidosis.

If metabolic acidosis is due to non-volatile acid → anion gap ↑. 

Because the decrease of HCO3- ions was not proportional to 

the increase of CI- ions.





In modern times, blood sampling for the study 

of acid-alkaline balance is carried out using a 

PICO sampler, which provides high analytical 

quality.



*PICO sampler. Contains antithrombotic electrolyte 

balanced dry heparin. PICO50: Self-filling with 2 ml of 

blood. This radiometer is manufactured by Medical 

ApS, Denmark.

* ABL800FLEX blood gas analyzer.     Measure osmotic pressure in 

body fluids OSMO STATION OM-6060-Made in Japan
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