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[H+] IS MAINTAINED WITHIN NARROW LIMITS (40 nmol/L)

Δ[Η+]

Proteins gain or lose Η+ 

Alterations in protein

charge, structure and function

Cellular dysfunction

https://www.nobelprize.org/nobel_prizes/medicine/laureates/1999/press.html



DAILY ACID PRODUCTION

CARBONIC ACID NON-CARBONIC ACIDS

Η2Ο + CO2 H2CO3 H+ + HCO3
- ΝΗ4

+          Η+ + ΝΗ3

H2PO4
- H+ + HPO4

2-

Metabolism of carbohydrates and lipids Metabolism of proteins

15000 mmol CO2 1 mEq/Kg BW H+

Loss via respiration Excreted in urine

Carbonic acid and non-carbonic acids have 
different rates of production and different routes of elimination

ΗΑ               Η+ + Α- [Bronsted definition]  



ACID-BASE BALANCE

1. Chemical buffering by the intracellular and extracellular buffers

       

2. Control of partial pressure of PCO2 in the blood by altering alveolar ventilation

3. Control of plasma HCO3
- concentration by changes in renal Η+ excretion

maintains plasma [Η+] within narrow limits to maintain normal cellular function



ACID-BASE BALANCE

1. BODY BUFFERS

• Weak acids or bases with their ionized salts that immediately take up or release H+ to minimize 
large changes in [Η+]

• EXTRACELLULAR

    Η+  + HCO3
- H2CO3 H2O + CO2

   Na+ + HCO3-                NaHCO3

H+ + Pr - HPr (plasma proteins)

H+ + HPO4
2- H2PO4

- (phosphate ions)

• INTRACELLULAR 

    proteins, hemoglobin, bones, skeletal muscles

H+ + Hb- HHb

 

H+
H+

NaHCO3

KHCO3

CaCO3

CaHPO4Bone cell



ACID-BASE BALANCE

2. ALVEOLAR VENTILATION

pH

Peripheral chemoreceptors

(carotid bodies)

Respiratory Centre

Respiratory rate

PCO2

pH
http://intranet.tdmu.edu.ua



ACID-BASE BALANCE

3. RENAL H+ SECRETION

• Kidneys must excrete the 1 mEq/kg BW of non-carbonic acid generated each day

• Daily acid load cannot be excreted as free H+ ions 

Secreted Η+ are excreted by binding to buffers, such as HPO4
2-, creatinine and NH3

• Daily acid load cannot be excreted unless all filtered HCO3- have been reabsorbed 

(HCO3- loss in urine = H+ addition to the blood)



ACID-BASE BALANCE

3. RENAL H+ SECRETION
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3a. RENAL H+ SECRETION



ACID-BASE BALANCE

3a. RENAL H+ SECRETION



ACID-BASE BALANCE

3a. RENAL H+ SECRETION



ACID-BASE BALANCE

3a. RENAL H+ SECRETION



ACID-BASE BALANCE

3a. RENAL H+ SECRETION



ACID-BASE BALANCE

3a. RENAL H+ SECRETION
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3a. RENAL H+ SECRETION



LEGEND FOR SLIDES ABOVE



ACID-BASE BALANCE

3b. RENAL H+ SECRETION



LEGEND FOR SLIDE ABOVE



ACID-BASE BALANCE

3c. RENAL H+ SECRETION
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ACID-BASE BALANCE

3c. RENAL H+ SECRETION



LEGEND FOR SLIDES ABOVE



ACID-BASE DISORDERS

1. Excessive acid or base addition into the organism

 

2. Disorder of alveolar ventilation

3. Disorder of renal Η+ excretion



Henderson-Hasselbach equation:

pH = 6.10 + log                

Measurement of pH (arterial blood gases, ABGs):

• Blood drawn anaerobically in a heparinized syringe 

(to prevent loss of PCO2)

• Rapid measurement or cooling at 4οC 

(to prevent anaerobic glycolysis by RBCs and 

organic acid production by WBCs) 

• Do not dilute blood specimen

[HCO3-]

0.03 x PCO2

ASSESSMENT OF ACID-BASE BALANCE



Henderson-Hasselbach equation:

pH = 6.10 + log                

Normal values in ABGs:
pH HCO3 (mEq/L) PCO2 (mmHg)

Arterial 
Blood

7.37-7.43 22-26 36-44

Venous
Blood

7.32-7.38 23-27 42-50

7.4 24 40

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2



Henderson-Hasselbach equation:

pH = 6.10 + log                

pH Primary Disorder Compensation

METABOLIC 
ACIDOSIS

METABOLIC 
ALKALOSIS

RESPIRATORY 
ACIDOSIS

RESPIRATORY 
ALKALOSIS

[HCO3-] PCO2

[HCO3-]

[HCO3-]

[HCO3-]

PCO2

PCO2

PCO2

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2



Henderson-Hasselbach equation:

pH = 6.10 + log                

pH Primary disorder Compensation

METABOLIC ACIDOSIS

METABOLIC ALKALOSIS

RESPIRATORY ACIDOSIS ACUTE

CHRONIC

RESPIRATORY ALKALOSIS ACUTE

CHRONIC

[HCO3-]    1mEq/L PCO2     1.2  mmHg

[HCO3-] 1mEq/L PCO2      0.7 mmHg

[HCO3-] 1 mEq/LPCO2      10 mmHg

[HCO3-] 3.5 mEq/LPCO2      10 mmHg

[HCO3-] 2 mEq/LPCO2      10 mmHg

[HCO3-] 4 mEq/LPCO2      10 mmHg

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2



Henderson-Hasselbach equation:

pH = 6.10 + log                

Self-assessment questions:

1. Is there an acid-base disorder?

pH HCO3- (mEq/L) PCO2 (mmHg)

Example 1 7.32 14 28

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2



Henderson-Hasselbach equation:

pH = 6.10 + log                

Self-assessment questions: 

1. Is there an acid-base disorder?

pH HCO3- (mEq/L) PCO2 (mmHg)

Example 1 7.32 14 28

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2



Henderson-Hasselbach equation:

pH = 6.10 + log                

Self-assessment questions: 

1. Is there an acid-base disorder?

2. Is the acid-base disorder an acidosis or an alkalosis? 

pH HCO3- (mEq/L) PCO2 (mmHg)

Example 1 7.32 14 28

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2



Henderson-Hasselbach equation:

pH = 6.10 + log                

Self-assessment questions: 

1. Is there an acid-base disorder?

2. Is the acid-base disorder an acidosis or an alkalosis? ACIDOSIS

pH HCO3- (mEq/L) PCO2 (mmHg)

Example 1 7.32 14 28

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2



Henderson-Hasselbach equation:

pH = 6.10 + log                

Self-assessment questions: 

1. Is there an acid-base disorder?

2. Is the acid-base disorder an acidosis or an alkalosis? ACIDOSIS

3. Is the acid-base disorder metabolic or respiratory? 

pH HCO3- (mEq/L) PCO2 (mmHg)

Example 1 7.32 14 28

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2



Henderson-Hasselbach equation:

pH = 6.10 + log                

Self-assessment questions:

1. Is there an acid-base disorder?

2. Is the acid-base disorder an acidosis or an alkalosis? ACIDOSIS

3. Is the acid-base disorder metabolic or respiratory? METABOLIC

pH HCO3- (mEq/L) PCO2 (mmHg)

Example 1 7.32 14 28

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2



Henderson-Hasselbach equation:

pH = 6.10 + log                

Self-assessment questions:

1. Is there an acid-base disorder?

2. Is the acid-base disorder an acidosis or an alkalosis? ACIDOSIS

3. Is the acid-base disorder metabolic or respiratory? METABOLIC

4. Which is the compensation of the organism?

pH HCO3- (mEq/L) PCO2 (mmHg)

Example 1 7.32 14 28

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2



Henderson-Hasselbach equation:

pH = 6.10 + log                

Self-assessment questions: 

1. Is there an acid-base disorder?

2. Is the acid-base disorder an acidosis or an alkalosis? ACIDOSIS

3. Is the acid-base disorder metabolic or respiratory? METABOLIC

4. Which is the compensation of the organism? Reduction in PCO2

pH HCO3- (mEq/L) PCO2 (mmHg)

Example 1 7.32 14 28

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2



Henderson-Hasselbach equation:

pH = 6.10 + log                

Self-assessment questions: 

pH HCO3- (mEq/L) PCO2 (mmHg)

Example 1 7.32 14 28

Example 2 7.47 20 14

Example 3 7.08 14 49

Example 4 7.51 38 49

ASSESSMENT OF ACID-BASE BALANCE

[HCO3-]

0.03 x PCO2
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CLINICAL CASE 1

Heymer J et al. Ind J Crit Care Med 2018; 22:883



CLINICAL CASE 1
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CLINICAL CASE 1

BIOCHEMISTRY
(BLOOD)

ABGs BIOCHEMISTRY 
(URINE)

Ure (mg/dl) 176 pH 7.71 Cl (mEq/L) ?

Cre (mg/dl) 5.2 HCO3- (mEq/L) 72 Na (mEq/L) ?

Na (mEq/L) 130 PCO2 (mmHg) 56.1

K (mEq/L) 2.4

Cl (mEq/L) 52

Ca++ (mmol/L) 0.7

Heymer J et al. Ind J Crit Care Med 2018; 22:883



CLINICAL CASE 1

Heymer J et al. Ind J Crit Care Med 2018; 22:883

BIOCHEMISTRY
(BLOOD)

ABGs BIOCHEMISTRY 
(URINE)

Ure (mg/dl) 176 pH 7.71 Cl (mEq/L) ?

Cre (mg/dl) 5.2 HCO3- (mEq/L) 72 Na (mEq/L) ?

Na (mEq/L) 130 PCO2 (mmHg) 56.1

K (mEq/L) 2.4

Cl (mEq/L) 52

Ca++ (mmol/L) 0.7

[HCO3-]

0.03 x PCO2
pH = 6.10 + log 



CLINICAL CASE 1

Heymer J et al. Ind J Crit Care Med 2018; 22:883



CLINICAL CASE 1 - DISCUSSION

METABOLIC ALKALOSIS

PATHOGENESIS

GENERATION PHASE    : Gastrointestinal Η+ loss

MAINTENANCE PHASE: Hypochloremia

Hypokalemia

                                     Hypovolemia (pre-renal acute kidney injury)

SIGNS AND SYMPTOMS

UNDERLYING DISEASE (obstruction of the duodenum): vomiting

CURRENT DISEASE  (hypovolemia): hypotension, increased HR, dry mucous membranes

                                   (hypocalcemia): tetany, Trousseau’s sign

Case Rep Gastroenter 2012



CLINICAL CASE 1 - DISCUSSION

Case Rep Gastroenter 2012



CLINICAL CASE 2
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CLINICAL CASE 2

Case Rep Gastroenter 2012

BIOCHEMISTRY 
(BLOOD)

ABGs BIOCHEMISTRY 
(URINE)

Ht (%) 54 pH 7.56 Cl (mEq/L) 5

Ure (mg/dl) 80 HCO3- (mEq/L) 42 Na (mEq/L) 44

Cre (mg/dl) 1.8 PCO2 (mmHg) 53

Na (mEq/L) 145 

K (mEq/L) 2.7

Cl (mEq/L) <60



CLINICAL CASE 2

Case Rep Gastroenter 2012

BIOCHEMISTRY 
(BLOOD)

ABGs BIOCHEMISTRY 
(URINE)

Ht (%) 54 pH 7.56 Cl (mEq/L) 5

Ure (mg/dl) 80 HCO3- (mEq/L) 42 Na (mEq/L) 44

Cre (mg/dl) 1.8 PCO2 (mmHg) 53

Na (mEq/L) 145 

K (mEq/L) 2.7

Cl (mEq/L) <60

[HCO3-]

0.03 x PCO2
pH = 6.10 + log 



CLINICAL CASE 2
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CLINICAL CASE 2

Case Rep Gastroenter 2012



THEREFORE …



METABOLIC ALKALOSIS

PATHOGENESIS

GENERATION PHASE

1. Η+ LOSS

         Α.  GASTROINTESTINAL LOSS

               (a) Vomiting, nasogastric tube

               (b) Congenital chloridorrhea

               Villous adenoma

Laxatives

Β.  KIDNEY LOSS

               (a)  Diuretics

               (b)  Hyperaldosteronism

               (c)  Hypocalcemia

         Γ.   TRANSLOCATION INTO THE CELLS

               (a)  Hypokalemia

2. HCO3- ADDITION

          Α. MASSIVE TRANSFUSIONS  

B. NaHCO3 ADMINISTRATION

MAINTENANCE PHASE

1. HYPOVOLEMIA

2. HYPOCHLOREMIA

3. HYPOKALEMIA



METABOLIC ALKALOSIS

SIGNS AND SYMPTOMS

ASYMPTOMATIC

UNDERLYING DISEASE

History: vomiting, diarrhea, laxatives

Clinical examination: nasogastric tube

VOLUME AND ELECTROLYTE DISORDERS

Hypovolemia

Weakness, dry mucous membranes and skin, hypotension, thirst, muscle cramps

Hypokalemia

Polyuria, thirst, muscle weakness, arrythmia

Hypocalcemia

Muscle spasm, tetany, paresthesia, seizures, coma



METABOLIC ALKALOSIS

DIAGNOSIS

ABGs

pH

BLOOD BIOCHEMISTRY

Hypokalemia

Hypochloremia

URINE BIOCHEMISTRY

Νa >10 mmol/L

Cl <10-20 mmol/L

[HCO3-]          1 mEq/L

PCO2         0.7 mmHg
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CLINICAL CASE 3

ChatGPT



CLINICAL CASE 3

BIOCHEMISTRY 
(BLOOD)

ABGs

Ht (%) 40 pH 7.21

Ure (mg/dl) 80 HCO3- (mEq/L) 6

Cre (mg/dl) 2 PCO2 (mmHg) 18.4

Na (mEq/L) 140 Lactic acid 
(mmol/L)

5.23

K (mEq/L) 4.9

Cl (mEq/L) 110



CLINICAL CASE 3

BIOCHEMISTRY 
(BLOOD)

ABGs

Ht (%) 40 pH 7.21

Ure (mg/dl) 80 HCO3- (mEq/L) 6

Cre (mg/dl) 2 PCO2 (mmHg) 18.4

Na (mEq/L) 140 Lactic acid 
(mmol/L)

5.23

K (mEq/L) 4.9

Cl (mEq/L) 110

[HCO3-]

0.03 x PCO2
pH = 6.10 + log 



CLINICAL CASE 3

CATIONS = ANIONS

PLASMA

Na+ + NMC = HCO3
- + Cl- + NMA

Anion Gap = NMA-NMC = Na+ - (HCO3
- + Cl-)                 

Normal value = 10 +/- 2 mmol/L      

140            6             110

= 24

NORMOCHLOREMIC

METABOLIC ACIDOSIS

WITH INCREASED ANION GAP



CLINICAL CASE 4

Clin Exper Nephrol 2007



CLINICAL CASE 4

BIOCHEMISTRY 
(BLOOD)

ABGs BIOCHEMISTRY 
(URINE)

Ht (%) 28.3 pH 7.14 Cl (mEq/L) 132

Ure (mg/dl) 42 HCO3- (mEq/L) 3 Na (mEq/L) 70

Cre (mg/dl) 1 PCO2 (mmHg) 14 Κ (mEq/L) 9

Na (mEq/L) 140 

K (mEq/L) 3

Cl (mEq/L) 130

Clin Exper Nephrol 2007



CLINICAL CASE 4

BIOCHEMISTRY 
(BLOOD)

ABGs BIOCHEMISTRY 
(URINE)

Ht (%) 28.3 pH 7.14 Cl (mEq/L) 132

Ure (mg/dl) 42 HCO3- (mEq/L) 3 Na (mEq/L) 70

Cre (mg/dl) 1 PCO2 (mmHg) 14 Κ (mEq/L) 9

Na (mEq/L) 140 

K (mEq/L) 3

Cl (mEq/L) 130

[HCO3-]

0.03 x PCO2
pH = 6.10 + log 

Clin Exper Nephrol 2007



CLINICAL CASE 4

CATIONS = ANIONS

PLASMA

Na+ + NMC = HCO3
- + Cl- + NMA

Anion Gap = NMA-NMC = Na+ - (HCO3
- + Cl-)                 

Normal value = 10 +/- 2 mmol/L      

URINE

Na+ + K+ + NMC = Cl- + NMA

Anion Gap = NMA-NMC = Na+ + K+ - Cl- 



CLINICAL CASE 4

CATIONS = ANIONS

PLASMA

Na+ + NMC = HCO3
- + Cl- + NMA

Anion Gap = NMA-NMC = Na+ - (HCO3
- + Cl-)                 

Normal value = 10 +/- 2 mmol/L      

URINE

Na+ + K+ + NMC = Cl- + NMA

Anion Gap = NMA-NMC = Na+ + K+ - Cl- 

140            3             130

70          9         132

= 11

= NEGATIVE

HYPERCHLOREMIC

METABOLIC ACIDOSIS

WITH NORMAL ANION GAP

EXTRARENAL CAUSE



CLINICAL CASE 4

Clin Exper Nephrol 2007



CLINICAL CASE 4

Clin Exper Nephrol 2007



THEREFORE …



METABOLIC ACIDOSIS

PATHOGENESIS AND CLASSIFICATION

HYPERCHLOREMIC WITH NORMAL ANION GAP

1. EXTRARENAL CAUSES

     (Increased renal Η+ excretion, negative UAG)

(a) Diarrhea

(b) Ureterosigmoidostomy

(c) Pancreatic, biliary or intestinal fistula

2. RENAL CAUSES

      (Reduced renal H+ secretion, positive UAG)

(a) Type I RTA (distal tubule, impaired Η+ secretion)

(b) Type ΙΙ RTA (proximal tubule, impaired HCO3-

reabsorption)

(c) Type ΙV RTA

(d) Renal failure (GFR>15-20 ml/min)

NORMOCHLOREMIC WITH INCREASED ANION GAP

1. EXTRARENAL CAUSES

(a) Lactic acidosis

(b) Diabetic acidosis

(c) Fasting

(d) Ethanol, methanol, salicylate intoxication 

2. RENAL CAUSES

(a) Uremic acidosis (GFR< 10 ml/min)



METABOLIC ACIDOSIS

PATHOGENESIS AND CLASSIFICATION

TYPE IV RENAL TUBULAR ACIDOSIS

• Diabetes mellitus

• NSAIDs

• Cyclosporin

• RAS inhibition

• Spironolactone

• Amiloride

• Heparin

• Ketoconazole

• Lupus nephritis



METABOLIC ACIDOSIS

PATHOGENESIS AND CLASSIFICATION

LACTIC ACIDOSIS

TYPE A

• Cardiogenic shock

• Septic shock

• Hemorrhage

• Anemia

• Tissue hypoxia

• CO poisoning

ΤYPE Β (ABSENCE OF TISSUE HYPOXIA)

• G6PD deficiency

• Metformin, Linezolide, Propofol

• Liver failure

• Malignancy



METABOLIC ACIDOSIS

SIGNS AND SYMPTOMS

CARDIOVASCULAR AND PULMONARY

Increased depth and rate of respiration, shortness of breath, arrythmia, reduced myocardial contractility

NEUROLOGIC

Lethargy, coma

MUSCULOSKELETAL

Children: impaired growth, rickets

Adults: Osteitis fibrosa, osteomalacia, osteoporosis

UNDERLYING DISEASE

Diarrhea



METABOLIC ACIDOSIS

DIAGNOSTIC APPROACH

                                                                                           BLOOD AG

                           NORMAL                                                                                        INCREASED

                                                                                                                             Diabetic ketoacidosis

                              URINE AG                                                                                       Lactic acidosis

                                                                                                                             Alcoholic acidosis

POSITIVE                                               NEGATIVE                                                Fasting

RENAL CAUSE                                   EXTRARENAL CAUSE          Methanol, ASA

RTA               Diarrhea 

                                                           Fistula

                                                            Colostomies
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RESPIRATORY ACIDOSIS

CAUSES AND PATHOGENESIS

EXTRAPULMONARY DISEASE

Α. INHIBITION OF THE RESPIRATORY CENTRE

1. ACUTE

     (a) Opiates, anesthetics, sedatives

      (b) CNS lesions

Β. DISORDERS OF THE RESPIRATORY MUSCLES - CHEST WALL

1. ACUTE

      (a) Myasthenia

(b) Aminoglycosides

(c) Guillen-Barre Syndrome

2. CHRONIC

      (a) Kyphoscoliosis       (c) Poliomyelitis

      (b) Obesity          (d) Spinal cord injury

PULMONARY DISEASE

C. UPPER AIRWAY OBSTRACTION

1. ACUTE

      (a) Aspiration of foreign body or vomitus

      (b) Laryngospasm

      (c) Obstructive sleep apnea

D. DISORDERS AFFECTING GAS EXCHANGE ACROSS 

THE PULMONARY CAPILLARIES

1.  ACUTE

       (a) Acute pulmonary edema

       (b) Acute Respiratory Distress Syndrome (ARDS)

       (c) Severe asthma, pneumonia

2. CHRONIC

       (a) Chronic Obstructive Pulmonary Disease (COPD)



RESPIRATORY ACIDOSIS

SIGNS AND SYMPTOMS

CENTRAL NERVOUS SYSTEM

1. ACUTE

Headache, blurred vision, papilledema, restlessness, anxiety, delirium

2. CHRONIC (mild symptoms)

       

CARDIOVASCULAR SYSTEM

       Arrythmias

       Peripheral vasodilation

       



RESPIRATORY ACIDOSIS

DIAGNOSIS

ACUTE OR CHRONIC?

EXTRAPULMONARY OR PULMONARY DISORDER?

Past history and clinical examination

(A-a) Ο2 gradient = 150 – 1.25xPCO2 – PO2                         Normal values = 5-10 mmHg in <30 years old

                                                                                                      = 15-20 mmHg

                                                                          Increased: Pulmonary disorder

 

pH Primary disorder Compensation

RESPIRATORY ACIDOSIS ACUTE

CHRONIC

[HCO3-] 1 mEq/LPCO2      10 mmHg

[HCO3-] 3.5 mEq/LPCO2      10 mmHg

[HCO3-]

0.03 x PCO2
pH = 6.10 + log 



RESPIRATORY ALKALOSIS

CAUSES - PATHOGENESIS

A.  HYPOXIA

        1. PULMONARY DISEASE

            (a) Pneumonia

            (b) Interstitial lung fibrosis

            (c) Emboli

            (d) Pulmonary edema

       2. CONGESTIVE HEART FAILURE

       3. HYPOTENSION

       4. SEVERE ANEMIA 

       5. HIGH ALTITUDE RESIDENCE

Β.    PULMONARY DISEASE

C.  STIMULATION OF THE RESPIRATORY CENTRE

     1. PSYCHOGENIC VOLUNTARY HYPERVENTILATION

     2. LIVER FAILURE

     3. GRAM NEGATIVE SEPSIS

     4. PREGNANCY, PROGESTERONE

     5. NEUROLOGIC DISORDERS

         (a) Cerebrovascular accidents

         (b) Pontine tumors 

       

D. MECHANICAL VENTILATION



RESPIRATORY ALKALOSIS

SIGNS AND SYMPTOMS

UNDERLYING DISEASE

NERVOUS SYSTEM

Light-headedness, altered consciousness, paresthesia of the extremities, cramps, carpopedal spasm

CARDIOVASCULAR SYSTEM

Supraventricular and ventricular arrythmias



RESPIRATORY ALKALOSIS

DIAGNOSIS

pH Primary disorder Compensation

RESPIRATORY ALKALOSIS ACUTE

CHRONIC

[HCO3-] 2 mEq/LPCO2      10 mmHg

[HCO3-] 4 mEq/LPCO2      10 mmHg

[HCO3-]

0.03 x PCO2
pH = 6.10 + log 



CLINICAL CASE 5

Grasselli G et al. Min Anestesiologica 2009; 75:741



CLINICAL CASE 5

BIOCHEMISTRY 
(BLOOD)

ABGs

WBC (#/μl) 3200 (N<L) pH 7

CRP (ng/ml) 0.9 HCO3- (mEq/L) 18

Ure (mg/dl) PCO2 (mmHg) 109

Cre (mg/dl) PO2 (mmHg) 44

Grasselli G et al. Min Anestesiologica 2009; 75:741
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BIOCHEMISTRY 
(BLOOD)

ABGs

WBC (#/μl) 3200 (N<L) pH 7

CRP (ng/ml) 0.9 HCO3- (mEq/L) 18

Ure (mg/dl) PCO2 (mmHg) 109

Cre (mg/dl) PO2 (mmHg) 44

[HCO3-] 1 mEq/L

PCO2      10 mmHg

Grasselli G et al. Min Anestesiologica 2009; 75:741

[HCO3-]

0.03 x PCO2
pH = 6.10 + log 



CLINICAL CASE 5

Grasselli G et al. Min Anestesiologica 2009; 75:741



CLINICAL CASE 5

Grasselli G et al. Min Anestesiologica 2009; 75:741



CLINICAL CASE 5 - DISCUSSION

ACUTE RESPIRATORY ACIDOSIS

PATHOGENESIS

Disorder affecting gas exchange across the pulmonary capillaries (ARDS)

(Α-a) O2 gradient = 150 – 1.25PCO2 – PO2 = 58 mmHg (>10, 24 yo)

SIGNS AND SYMPTOMS

UNDERLYING DISEASE (Η1Ν1 infection): 

Malaise, fever, cough

NERVOUS SYSTEM 

anxiety, headache, papilledema, restlessness

CARDIOVASCULAR SYSTEM (increased cardiac output, vasodilation)

warm, wet skin, tachycardia

109          44

Grasselli G et al. Min Anestesiologica 2009; 75:741



CLINICAL CASE 6

ChatGPT



CLINICAL CASE 6

ABGs

pH 7.34

HCO3- (mEq/L) 37

PCO2 (mmHg) 67

PO2 (mmHg) 60



CLINICAL CASE 6

ABGs

pH 7.34

HCO3- (mEq/L) 37

PCO2 (mmHg) 67

PO2 (mmHg) 60

[HCO3-] 3.5 mEq/L

PCO2     10 mmHg

[HCO3-]

0.03 x PCO2
pH = 6.10 + log 

(Α-a) O2 gradient = 150 - 1.25PCO2 - PO2 = 6 mmHg

EXTRAPULMONARY DISORDER

67            60



CLINICAL CASE 6

Muscle biopsy: muscle atrophy

https://neuromuscular.wustl.edu/pathol/remm.htm



CLINICAL CASE 6 - DISCUSSION

CHRONIC RESPIRATORY ACIDOSIS

PATHOGENESIS

Chronic disorder of the respiratory muscles

(Α-a) O2 gradient = 150 – 1.25PCO2 – PO2 = 6 mmHg   (<20, 38 yo)

SIGNS AND SYMPTOMS

UNDERLYING DISEASE

NERVOUS SYSTEM

Absence of symptomatology (chronic disease)

67 60



efrango@med.uoa.gr
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