


Acid-Base Balance
 Basics and Terminology

pH
• pH represents the “potential of Hydrogen” and determines the acidity or alkalinity of a solution.
• It is mathematically defined as:

• Blood pH normally ranges between 7.35 - 7.45.
• Changes in pH impact enzymatic function, oxygen delivery, and cellular metabolism.

Henderson-Hasselbalch Equation
• This equation describes the relationship between CO₂, HCO₃⁻ (bicarbonate), and pH:

• The equation explains how bicarbonate (HCO₃⁻) acts as a buffer in acid-base balance.

Key Terminology

Acid-Base Regulation

Maintaining a normal extracellular pH (7.35-7.45) is critical for physiological function. This is achieved through three main 
regulatory systems:

Si

③

⑤



1. Chemical Buffer Systems
• Bicarbonate Buffer (HCO₃⁻/H₂CO₃): The most important buffer in extracellular fluid.
• Protein Buffer (Hemoglobin, Albumin): Acts in intracellular fluid & plasma.
• Phosphate Buffer (HPO₄²⁻/H₂PO₄⁻): Effective in intracellular & renal tubules.

2. Respiratory Regulation
• Lungs control CO₂ levels, affecting pH.
• Hyperventilation ↓ CO₂ → ↑ pH (Alkalosis)

• Hypoventilation ↑ CO₂ → ↓ pH (Acidosis)

3. Renal Regulation
• Kidneys excrete H⁺ and reabsorb HCO₃⁻ to maintain pH balance.
• They also excrete NH₄⁺ (ammonium) and titratable acids for further pH control.

Respiratory Acid-Base Disorders

Respiratory Acidosis (↓ pH, ↑ PaCO₂)                                            Respiratory Alkalosis (↑ pH, ↓ PaCO₂)

Caused by hypoventilation (low respiratory rate).                             Caused by hyperventilation (high respiratory rate).
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Metabolic Acidosis (↓ pH, ↓ HCO₃⁻)

Two Types:
1. High Anion Gap Metabolic Acidosis (AGMA): Due to excess unmeasured anions.
2. Normal Anion Gap Metabolic Acidosis (NAGMA): Due to loss of bicarbonate (HCO₃⁻).

Anion Gap (AG) Calculation.                                                                                 • Normal AG: 8-12 mEq/L

                     • AGMA: AG > 12 mEq/L.                                                                • NAGMA: AG ≤ 12 mEq/L

Urine Anion Gap (UAG)

• Used to differentiate renal vs. gastrointestinal causes of metabolic acidosis.
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Metabolic Alkalosis (↑ pH, ↑ HCO₃⁻)

Phases of Metabolic Alkalosis
1. Generation: Loss of acid (e.g., vomiting) or gain of HCO₃⁻.
2. Maintenance: Kidney fails to excrete excess HCO₃⁻ due to volume depletion, hypokalemia, or chloride depletion.

7-Step Clinical Approach to Acid-Base Disorders
1. Assess Validity of blood gas.
2. Determine Acidemia or Alkalemia.
3. Identify the Primary Disorder (Metabolic or Respiratory).
4. Check for Compensation (Winter’s formula for metabolic acidosis).
5. Calculate the Anion Gap (AG).
6. Use Delta/Delta (ΔAG/ΔHCO₃⁻) to assess mixed disorders.
7. Correlate with Clinical Presentation.
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Step-by-Step Approach to Acid-Base Disorders

Step 1: Look at the pH → Acidosis or Alkalosis?

• pH < 7.35 → Acidosis

• pH > 7.45 → Alkalosis

• pH 7.35–7.45 → Normal (but check if compensation is happening)

Step 2: Identify if the primary problem is Respiratory or Metabolic
• If PCO₂ follows the pH → Respiratory disorder

• If HCO₃⁻ follows the pH → Metabolic disorder

• Since PCO₂ is low and pH is high, this suggests respiratory alkalosis (because low PCO₂ means excessive CO₂ loss, which 
causes alkalosis).
• The low HCO₃⁻ means there is some compensation by the kidneys (they are trying to bring the pH back to normal by 
excreting bicarbonate).

Step 3: Check If the Compensation is Appropriate (Acute vs. Chronic)
• If it’s a respiratory problem, check if HCO₃⁻ has changed in the same direction as PCO₂.
• If it’s a metabolic problem, check if PCO₂ has changed in the same direction as HCO₃⁻.

💡  If there is a change in the compensating value, compensation is happening!
💡  If the compensating value is still normal, there is no compensation!

To check if this is acute or chronic respiratory alkalosis, we use:

• If HCO₃⁻ is close to 17 → Acute Respiratory Alkalosis

• If HCO₃⁻ is higher (like 21) → Chronic Respiratory Alkalosis
Since our patient’s HCO₃⁻ = 21, this is chronic respiratory alkalosis, meaning the kidneys have had time to compensate.



Step 4: Check for Additional Metabolic Problems (Anion Gap Calculation)
We check for metabolic problems using the Anion Gap (AG):

• Normal AG = 8–12, so 13 is slightly high but not significantly.
• Since the anion gap is normal, there is no primary metabolic acidosis.

Step 5: Look at Possible Causes
What conditions can cause chronic respiratory alkalosis?
• Chronic hyperventilation (anxiety, high altitude, pregnancy, chronic pain)
• Lung disease (interstitial lung disease, pulmonary embolism)
• Liver failure (increased respiratory drive)
Since PO₂ is normal (105 mmHg), hypoxia is unlikely, so this could be anxiety or chronic hyperventilation.

Step 6: Write a Final Answer in Exams
Final Answer: Chronic Respiratory Alkalosis due to chronic hyperventilation (likely anxiety or lung disease).
• Primary Disorder: Respiratory Alkalosis (low PCO₂, high pH).
• Compensation: Renal excretion of bicarbonate (HCO₃⁻ is lower than normal but not severely low).
• Anion Gap: Normal (no metabolic acidosis).
• Most Likely Cause: Chronic hyperventilation (anxiety, lung disease, or pregnancy).
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