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ACID–BASE DISORDERS
• LAST-MINUTE HIGH-YIELD REVISION (ICU + NEET SS)

• CORE CONCEPT 

pH is determined by the ratio of HCO₃⁻ (kidney) to pCO₂ (lungs) 
Henderson–Hasselbalch → metabolic vs respiratory control

• STEPWISE APPROACH

STEP 1 → Identify primary disorder (acidosis or alkalosis)
STEP 2 → Calculate anion gap
STEP 3 → Check respiratory compensation
STEP 4 → Look for mixed disorders (delta gap)
STEP 5 → Identify cause & urgency

1. RESPIRATORY COMPENSATION 

📌 Inadequate compensation = mixed disorder
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2.  METABOLIC ACIDOSIS 
•  MAJOR MECHANISMS

• Buffering (HCO₃⁻,      bone, intracellular)

• ↑ Ventilation (↓      pCO₂)

• Renal H⁺ excretion      (slow)

3. ANION GAP METABOLIC ACIDOSIS (AGMA)
• FORMULA (AUTO-MCQ)
AG = Na⁺ − (Cl⁻ + HCO₃⁻)
Normal: 8–12 mEq/L

•  ALBUMIN CORRECTION
AG ↓ by ~2.5–3 mEq/L for every 1 g/dL ↓ albumin

• HIGH-YIELD CAUSES (MEMORIZE)
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4. OSMOLAL GAP 
• Calculated Osm = 2Na + Glucose/18 + BUN/2.8
• Osmolal gap = Measured − Calculated
• Normal ≈ 10 mOsm/kg
• ↑ Gap → Methanol / Ethylene glycol / Ethanol

5.  KEY AGMA SYNDROMES 
• Lactic Acidosis

• Treat cause FIRST

• Bicarbonate → only      if pH < 7.1

• Risks: ↑ CO₂, ↓      ionized Ca²⁺, volume overload

• Salicylate Toxicity

•  Methanol / Ethylene Glycol
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6.  NON-ANION GAP METABOLIC ACIDOSIS (NAGMA)

• CORE IDEA
HCO₃⁻ loss replaced by Cl⁻ → hyperchloremic acidosis

• URINE ANION GAP (VERY HIGH YIELD)
UAG = (Urine Na⁺ + K⁺) − Urine Cl⁻

•  UAG useless in AGMA, oliguria, hypovolemia

7. RENAL TUBULAR ACIDOSIS (RTA) 
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8. BICARBONATE THERAPY — WHEN & HOW

• WHEN TO GIVE
• pH < 7.1

• Refractory acidosis

• Loss of buffering      capacity

• BICARBONATE DEFICIT (EXAM FORMULA)

Deficit = Vd × ΔHCO₃⁻
Vd = Weight × [0.4 + (2.4 / HCO₃⁻)]

📌 Give slowly over 4–8 hrs, frequent ABGs

9. METABOLIC ALKALOSIS

• COMMON ICU CAUSES
• Vomiting / NG suction

• Diuretics

• Post-hypercapnia

• Hypokalemia

• Citrate (transfusion)

• CHLORIDE-RESPONSIVE vs RESISTANT (FAVORITE)
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11.  SPECIAL ALKALOSIS SYNDROMES
• Post-hypercapnic Alkalosis
Do NOT rapidly normalize pCO₂ in chronic CO₂ retainers

• Severe Hypokalemia
• Maintains alkalosis

• Cannot correct alkalosis until K⁺ corrected

12.  TREATMENT OF METABOLIC ALKALOSIS

Ratio Interpretation

<1 AGMA   + NAGMA

1–2 Pure   AGMA

>2 AGMA   + metabolic alkalosis

13. MIXED ACID–BASE DISORDERS 
• DELTA GAP (EXAM ESSENTIAL)
ΔAG / ΔHCO₃⁻
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• NORMAL pH BUT ABNORMAL VALUES = MIXED DISORDER

• LAST-DAY EXAM PEARLS (SAVE THIS)
• Always calculate AG
• Correct AG for albumin
• UAG differentiates diarrhea vs RTA
• pH <7.1 → consider bicarbonate
• Salicylates = mixed disorder
• Normal pH ≠ normal acid–base
• Never rapidly correct chronic CO₂ retainers

• CORE CONCEPT

• Respiratory disorders = PaCO₂ problem Lungs change CO₂, kidneys compensate 
by changing HCO₃⁻ (slow)
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•  NORMAL BASELINES (USE FOR CALCULATIONS)    

• STEPWISE APPROACH (EXAM SAFE)

STEP 1 → Look at pH (acidemia or alkalemia)
STEP 2 → Look at PaCO₂ (primary respiratory disorder?)
STEP 3 → Check expected HCO₃⁻ compensation
STEP 4 → Decide acute vs chronic
STEP 5 → If compensation inappropriate → mixed disorder

1.RESPIRATORY ACIDOSIS
• DEFINITION

• ↑ PaCO₂
• ↓ pH
• Cause = alveolar      hypoventilation

• PATHOPHYSIOLOGY FLOW
Hypoventilation → CO₂ retention → ↑ H₂CO₃ → ↑ H⁺ → ↓ pH

• CAUSES 
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2. ACUTE vs CHRONIC RESPIRATORY ACIDOSIS 

• COMPENSATION RULES (MUST MEMORIZE)

 📌 If HCO₃⁻ higher than expected → concomitant metabolic alkalosis    

• EXAM TRAP
Normal pH + high PaCO₂ = chronic respiratory acidosis + metabolic 
alkalosis

3.TREATMENT OF RESPIRATORY ACIDOSIS

• GOLDEN RULE
Treat hypoventilation, NOT pH

📌 Bicarbonate only if pH <7.1 with intractable hypercapnia
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• ICU PEARL 
• Rapid ventilation of chronic CO₂ retainers → severe metabolic 

alkalosis → seizures, arrhythmias

4.  RESPIRATORY ALKALOSIS
• DEFINITION

• ↓ PaCO₂

• ↑ pH

• Cause = alveolar      hyperventilation

• PATHOPHYSIOLOGY

Hyperventilation → ↓ CO₂ → ↓ H₂CO₃ → ↓ H⁺ → ↑ pH

5. ACUTE vs CHRONIC RESPIRATORY ALKALOSIS 

• COMPENSATION RULES

📌 Excess fall in HCO₃⁻ → concomitant metabolic acidosis
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6. CAUSES OF RESPIRATORY ALKALOSIS 

• CLASSIFY BY A–a GRADIENT

•  NORMAL A–a GRADIENT

• ELEVATED A–a GRADIENT
(Same as hypoxia causes)
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7. TREATMENT OF RESPIRATORY ALKALOSIS

📌 Acetazolamide induces metabolic acidosis → compensates alkalosis

8.  MIXED RESPIRATORY–METABOLIC DISORDERS 

• KEY RULE
Normal pH + abnormal PaCO₂ = MIXED DISORDER

• COMMON PATTERNS
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9. QUICK H⁺ vs pH TABLE (EXAM TRICK)

📌 Small pH change = big H⁺ change

• LAST-DAY EXAM PEARLS 
• PaCO₂ defines respiratory disorder
• Renal compensation takes 24–72 hrs
• Normal pH does NOT mean normal ABG
• Never rapidly correct chronic CO₂ retention
• Salicylates = respiratory alkalosis early
• Use expected HCO₃⁻  change to detect mixed disorders
• Bicarbonate rarely  indicated in respiratory acidosis
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