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Indications for BG 

analysis

• To obtain information about  ventilation 
(PCO2)  oxygenation (PO2) 

• To obtain information about  acid base 
balance or electrolyte disturbance

• To evaluate response to a clinical 
intervention
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Composition of BG report

Directly measured variables

• pH
• pCO2

• pO2

• SpO2

• Electrolytes –Na/K/Ca/Cl
• Hct
• Glucose
• Lactate

Indirectly/Calculated variables

• HCO3/Std HCO3

• Base Excess-Blood/ECF (Std)
• Hb
• a/A
• P/F













Types of samples

• Arterial

• Venous –peripheral/central

• Capillary

What should be your choice?



Disadvantages of Arterial 
Puncture 

Failure and/or pain

Haematoma or haemorrhage

Arteriospasm

Arterial occlusion

Vasovagal response

Pseudoaneurysm



Self Fill Syringe





Venous Blood Gas 

Done when you need to determine mainly 
pH,pCO2,HCO3

Peripheral Drawn without a tourniquet

Central
lCU/HDU setting to 
determine ScvO2





ABG vs VBG ?

pH
• Good correlation
pCO2

• Good correlation in normocapnia
• Correlation dissociates when PaCO2 >45mmHg
HCO3

• Good correlation
Lactate
• Good correlation,dissociates >2
PO2

• PO2 values compare poorly



When do we need ABG ?

• To accurately determine PaO2 / PaCO2 in a 
ventilated patients

• To accurately determine parameters in a 
haemodynamically unstable patients



What are the preferred sites for ABG sampling

Radial

Brachial

Femoral

Preferably arterial line



Pitfalls in BG Analysis

Pre analytical

Analytical

Post analytical



Pre 
analytical 

errors

• Patient factors

• Sampling and 
storage factors

• Transport factors











Interpretation of Blood Gases

1. Look at the pH

2. What is the primary disorder

3. In Respiratory disorder compensation acute or 
chronic

4. In Metabolic disorder ,is the compensation pure

5. Is there a mixed metab/resp.disorder

6. In MA -Is there a HAGMA

7. If HAGMA calculate -Delta ratio

8. Final Interpretation/Clinical diagnosis



Case 1 :Known COPD on inhalers , presents with 3 days 
history of worsening  SOB

pH 6.95

pCO2 80

HCO3 40.2

Na 134

Cl 102

PaO2 78

1. Look at the pH

2. What is the primary disorder

3. In Respiratory disorder compensation 
acute or chronic

4. In Metabolic disorder is the 
compensation pure

5. Is there a mixed metab/resp.disorder

6. In MA -Is there a HAGMA

7. If HAGMA calculate (Delta ratio)

8. Final Interpretation/Clinical diagnosis



Step 1

• Look at the pH

<7.35- acidosis

>7.45-alkalosis

Normal 7.35-7.45 –does not rule out a 
complex acid base disorder



Case 1 :Known COPD on inhalers , presents with 3 days 
history of worsening  SOB

pH 6.95

pCO2 80

HCO3 40.2

Na 134

Cl 102

PaO2 78

1. Look at the pH

2. What is the primary disorder

3. In Respiratory disorder compensation 
acute or chronic

4. In Metabolic disorder compensation 
is pure or mixed

5. Is there a mixed metab/resp.disorder

6. In MA -Is there a HAGMA

7. If HAGMA calculate (Delta ratio)

8. Final Interpretation/Clinical diagnosis



Step 2

What is the primary disorder

Look at pH and pCO2 –

moved same direction-Metabolic

moved opposite direction-Respiratory

This is not true always !!

Mixed Met/Res acidosis ↓ pH–(↓HCO3)+ (↑CO2 )



Case 1 :Known COPD on inhalers , presents with 3 days 
history of worsening  SOB

pH 6.95

pCO2 80

HCO3 40.2

Na 134

Cl 102

PaO2 78

1. Look at the pH

2. What is the primary disorder

3. In Respiratory disorder compensation 
acute or chronic

4. In Metabolic disorder compensation 
is pure or mixed

5. Is there a mixed metab/resp.disorder

6. In MA -Is there a HAGMA

7. If HAGMA calculate (Delta ratio)

8. Final Interpretation/Clinical diagnosis



Step 3 – Is the compensation 
acute/chronic

• Acute- starts in 5-10 min ,modest
• Chronic-Starts in 3-5 days

• Respiratory acidosis
Acute- ↑1 HCO3 for every 10 rise in pCO2
Chronic - ↑4 HCO3 for every 10 rise in pCO2

• Respiratory alkalosis
Acute   - ↓ 2 HCO3 for every 10 decrease in pCO2
Chronic- ↓ 5 HCO3 for every 10 decrease in pCO2

( Respiratory   1,4-2,5 Rule)



Interpretation of Blood Gases

1. Look at the pH

2. What is the primary disorder

3. In Respiratory disorder compensation acute or chronic

4. In Metabolic disorder compensation is pure or mixed

5. Is there a mixed metab/resp.disorder

6. In MA -Is there a HAGMA

7. If HAGMA calculate -Delta ratio

8. Final Interpretation/Clinical diagnosis



Step 8–Interpretation/Clinical 
diagnosis

• Determining the final interpretation of BGA

a) Partially compensated high anion gap pure  metab. 
acidosis 

b)Partially compensated chronic respiratory acidosis 

c)Mixed metab./respiratory acidosis  

• Clinical diagnosis

a) DKA

b) COPD exacerbation

c) Severe pneumonia with sepsis



A1

• Partially compensated CO2 retaining chronic 
respiratory acidosis

• COPD exacerbation



Management

1. V 28 Oxygen

2. Start EWS chart

3. Reassess WOB

4. Start BiPAP IPAP -15 EPAP -5

5. Repeat BGA



Case 2: Advanced level female student was 
brought by schoolteachers with acute SOB

pH 7.56

pCO2 20

HCO3 19.8

Na 131

Cl 101

1. Look at the pH

2. What is the primary disorder

3. In Respiratory disorder compensation 
acute or chronic

4. In Metabolic disorder compensation is 
pure or mixed

5. Is there a mixed metab/resp.disorder

6. In MA -Is there a HAGMA

7. If HAGMA calculate (Delta ratio)

8. Final Interpretation/Clinical diagnosis



Case 2: Advanced level female student was 
brought by school teachers with acute SOB

pH 7.56

pCO2 20

HCO3 19.8

Na 131

Cl 101

1. Look at the pH

2. What is the primary disorder

3. In Respiratory disorder compensation 
acute or chronic

4. In Metabolic disorder compensation is 
pure or mixed

5. Is there a mixed metab/resp.disorder

6. In MA -Is there a HAGMA

7. If HAGMA calculate (Delta ratio)

8. Final Interpretation/Clinical diagnosis



Step 3 – Is the compensation acute/chronic

• Respiratory acidosis

Acute- ↑1 HCO3 for every 10 rise in pCO2

Chronic - ↑4 HCO3 for every 10 rise in pCO2

• Respiratory alkalosis

Acute   - ↓ 2 HCO3 for every 10 decrease in pCO2

Chronic- ↓ 5 HCO3 for every 10 decrease in pCO2

( Respiratory   1,4-2,5 Rule)



Interpretation of Blood Gases

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder compensation acute or 

chronic
4. In Metabolic disorder compensation is pure or 

mixed
5. Is there a mixed metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate -Delta ratio
8. Final Interpretation/Clinical diagnosis



A2

• Partially compensated acute respiratory 
alkalosis

• Voluntary hyper ventilation



What’s your 
Management

• Breath into a paper bag ?

• Reassure



Case 3:  Known type 1 diabetic off insulin for 3 days 
presents with vomiting and altered behavior.

pH 7.03

pCO2 18.9

HCO3 7.1

Na+ 134

Cl- 96

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder 

compensation acute or chronic
4. In Metabolic disorder 

compensation is pure or mixed
5. Is there a mixed 

metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate (Delta ratio)
8. Final Interpretation/Clinical 

diagnosis



Case 3:  Known type 1 diabetic off insulin for 3 days 
presents with vomiting and altered behavior.

pH 7.03

pCO2 18.9

HCO3 7.1

Na+ 134

Cl- 96

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder 

compensation acute or chronic
4. In Metabolic disorders the 

compensation pure
5. Is there a mixed 

metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate (Delta ratio)
8. Final Interpretation/Clinical 

diagnosis



Step 4 – In MA is the compensation pure 

• Metabolic acidosis (Winters formula)

Expected pCO2- (1.5 x HCO3)+8 (+/- 2)

• Metabolic alkalosis

Expected pCO2- (0.7 x HCO3)+20 (+/- 5)

Lowest pCO2 - 8-12

Maximum pCO2 - 55



Interpretation of Blood Gases

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder compensation acute or 

chronic
4. In Metabolic disorder compensation is pure or 

mixed
5. Is there a mixed metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate -Delta ratio
8. Final Interpretation/Clinical diagnosis





Step 5 –In MA calculate anion 
gap

• Metabolic acidosis

Anion Gap = (Na+) – (Cl-) - (HCO3-) 

Normal 10-14 (12)







Interpretation of Blood Gases

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder compensation acute or 

chronic
4. In Metabolic disorder compensation is pure or 

mixed
5. Is there a mixed metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate -Delta ratio
8. Final Interpretation/Clinical diagnosis



7.In HAGMA Calculate Delta ratio

• Used in HAGMA to see whether change in HCO3- is 
appropriate (i.e. whether there is a coexistent NAGMA 
or metabolic alkalosis)

• Delta ratio = Increase in Anion Gap/ Decrease in HCO3-

• (change in anion gap) / (change in  bicarbonate)

(AG-12)/(24-Bicarbonate)



Calculate Delta ratio 

(change in anion gap) / (change in  bicarbonate)

(AG-12)/(24-Bicarbonate)

• Value 1-2 -Uncomplicated HAGMA

• Value <1 –Combined HAGMA plus NAGMA

• Value >2- Combined HAGMA/Metab Alkalosis



Interpretation of Blood Gases

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder compensation acute or 

chronic
4. In Metabolic disorder compensation is pure or 

mixed
5. Is there a mixed metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate -Delta ratio
8. Final Interpretation/Clinical diagnosis



A3

• Partially compensated high anion gap pure 
metabolic acidosis

• DKA



Management

IV Fluids

IV Insulin

Potassium replacement

Treat the precipitant

Role of IV HCO3 ?



Always treat the aetiology

Role of HCO3

Indications ? 

Disadvantages?

Bolus/Infusion ?

Concentration -8.4% vs 1.26%

Role of RRT 



Treatment of Metabolic acidosis

• Always treat the aetiology

• Role of HCO3

• Indications ? 

• Disadvantages?

• Bolus/Infusion ?

• Concentration -8.4% vs 1.26%

• Role of RRT 



Case 4: Known patient with CKD presents with SOB and 
diarrhoea.

pH 7.12

pCO2 31

HCO3 15

Na 131

Cl 108

1. Look at the pH

2. What is the primary disorder

3. In Respiratory disorder compensation 
acute or chronic

4. In Metabolic disorder is the 
compensation pure

5. Is there a mixed metab/resp.disorder

6. In MA -Is there a HAGMA

7. If HAGMA calculate (Delta ratio)

8. Final Interpretation/Clinical diagnosis



Step 4 – In MA is the compensation pure 

• Metabolic acidosis (Winters formula)

Expected pCO2- (1.5 x HCO3)+8 (+/- 2)

• Metabolic alkalosis

Expected pCO2- (0.7 x HCO3)+20 (+/- 5)



Case 4: Known patient with CKD presents with SOB and 
diarrhoea.

pH 7.12

pCO2 31

HCO3 15

Na 131

Cl 108

1. Look at the pH

2. What is the primary disorder

3. In Respiratory disorder compensation 
acute or chronic

4. In Metabolic disorder compensation 
is pure or mixed

5. Is there a mixed metab/resp.disorder

6. In MA -Is there a HAGMA

7. If HAGMA calculate (Delta ratio)

8. Final Interpretation/Clinical diagnosis



Step 5 –In MA calculate anion 
gap

• Metabolic acidosis

Anion Gap = (Na+) – (Cl-) - (HCO3-) 

Normal 10-14 (12)





Interpretation of Blood Gases

1. Look at the pH

2. What is the primary disorder

3. In Respiratory disorder compensation acute or chronic

4. In Metabolic disorder compensation is pure or mixed

5. Is there a mixed metab/resp.disorder

6. In MA -Is there a HAGMA

7. If HAGMA calculate -Delta ratio

8. Final Interpretation/Clinical diagnosis



A4

• Partially compensated non anion gap 
metabolic acidosis

• Secondary to diarrhoea



Causes of Low Anion Gap

• Increased ‘unmeasured’ cations

• • Hypermagnesemia

• • Lithium toxicity

• • Paraproteinemia

– Myeloma

– Waldenstrom’s macroglobulinaemia



Case 5 :Known CCF on large doses of frusemide was 
brought in with  SOB, generalized weakness.

pH 7.51

pCO2 47

HCO3 40

Na 128

Cl 102

K 2.8

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder 

compensation acute or chronic
4. In Metabolic disorder is 

compensation pure
5. Is there a mixed 

metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate (Delta ratio)
8. Final Interpretation/Clinical 

diagnosis



Step 4 – In MA is the compensation pure 

• Metabolic acidosis (Winters formula)

Expected pCO2- (1.5 x HCO3)+8 (+/- 2)

• Metabolic alkalosis

Expected pCO2- (0.7 x HCO3)+20 (+/- 5)



Interpretation of Blood Gases

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder compensation acute or 

chronic
4. In Metabolic disorder compensation is pure or 

mixed
5. Is there a mixed metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate -Delta ratio
8. Final Interpretation/Clinical diagnosis



A5

• Partially compensated pure metabolic 
alkalosis 

• Diuretic induced hypokalaemia



Case 6 :Known COPD and DM presents with fever, 
cough and SOB with reduced LOC.

pH 6.84

pCO2 71

HCO3 18

Na 134

Cl 92

CBS 141

Lactate 08

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder 

compensation acute or chronic
4. In Metabolic disorder 

compensation is pure or mixed
5. Is there a mixed 

metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate (Delta ratio)
8. Final Interpretation/Clinical 

diagnosis



Case 6 :Known COPD and DM presents with fever, 
cough and SOB with reduced LOC.

pH 6.84

pCO2 71

HCO3 18

Na 134

Cl 92

CBS 141

Lactate 08

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder 

compensation acute or chronic
4. In Metabolic disorder 

compensation is pure or mixed
5. Is there a mixed 

metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate (Delta ratio)
8. Final Interpretation/Clinical 

diagnosis





Step 4-Is there a mixed 
Metab./Resp. disorder

• Mixed acidosis (metab.+ resp.)

• Metab. acidosis with resp. alkalosis 

• Metabolic alkalosis with respiratory acidosis

• Mixed alkalosis

• Metabolic alkalosis with metabolic acidosis





A6

• Mixed metabolic and respiratory acidosis

• High anion gap metabolic acidosis (lactic 
acidosis)

• COPD exacerbation 



Management

• Fluid Resuscitate

• IV Antibiotics

• V Oxygen 

• BiPAP

• Repeat ABG



Case 7. Known diabetic off treatment for 2 weeks presents with fever 

with chills and rigors and a red swollen warm right lower limb.
He was tachypnic / hypotensive and receiving a fluid bolus 

pH 7.37

pCO2 27

HCO3 18

Na 134

Cl 92

CBS 341

Lactate 06

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder 

compensation acute or chronic
4. In Metabolic disorder compensation 

is pure or mixed
5. Is there a mixed 

metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate (Delta ratio)
8. Final Interpretation/Clinical 

diagnosis



A7

• Metabolic acidosis with respiratory alkalosis



Case 8. Known COPD patient admitted with worsening SOB and 
abdominal fullness .He had a NG tube inserted which drained 

out  800 ml within 6hrs

pH 7.38

pCO2 61

HCO3 36

Na 134

Cl 92

K 2.8

1. Look at the pH
2. What is the primary disorder
3. In Respiratory disorder 

compensation acute or chronic
4. In Metabolic disorder 

compensation is pure or mixed
5. Is there a mixed 

metab/resp.disorder
6. In MA -Is there a HAGMA
7. If HAGMA calculate (Delta ratio)
8. Final Interpretation/Clinical 

diagnosis





A8

• Respiratory acidosis and metabolic alkalosis



Management

• V O2

• BiPAP

• IV K replacement

• Repeat BG



Summary

Know the basics of blood gas analysis

Minimize errors in the blood gas sampling process 

Develop a systematic approach of your own to analyse blood gases

Apply compensation formulas that are familiar to you and Delta ratio to 
find out complex mixed gas disorders

Mixed gas disorders are the commonest that you see in clinical practice

Plan evidence-based management and repeat BGA 


