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Background

⚫ Shortness of Breath is a common ED 
presentation and admission “main complaint”

⚫ Respiratory Failure 
⚫ leading cause of ICU admission

⚫ Septic Shock 
⚫ leading cause of mortality



Agenda - Blood Gases Workshop

⚫ Rationale, History,Types of Blood Gas

⚫ Basic Rules Recap

⚫ Advanced Rules

⚫ Case Based Learning



Overview

⚫ Historical Context



Why take a blood gas?



Contraversy

⚫ What do you think about using a “venous 
blood gas”?



pH

• Good correlation

• pooled mean difference: +0.035 pH units



pCO2

• Good correlation in normocapnia

• Non-correlative in severe shock

• 100% sensitive in screening for arterial 
hypercarbia in COPD exacerbation using cut 
points of PaCO2 45 mmHg (6KPA) and lab 
testing (McCanny et al, 2012)



Bicarbonate

• Good correlation

• Mean difference −1.41 mmol/L (−5.8 to 
+5.3 mmol/L 95%CI)



Lactate

⚫ Poor correlations above 2 mmol/L

⚫ Mean difference 0.08 (-0.27 – 0.42 95%CI)



Base Excess

• Good correlation

• Mean difference 0.089 mmol/L (–0.974 to 
+0.552 95%CI)



Oxygen

• PO2 values compare poorly

• arterial PO2 is typically 36.9 mmHg greater 
than the venous with significant variability



Clinical Scenarios suited to VBG

⚫ Diabetic Emergencies – i.e. DKA, HHS

⚫ Septic Screening

⚫ Monitor (Hyponatraemia, HB monitoring)

⚫ Possibly Trauma

⚫ ?Others

⚫ When might you use this in your practice?



ABG required if…

• Accurate measurement of PaCO2 in shock

• Accurate measurement of PaCO2 if 
hypercapnic (i.e. PaCO2 >45 mmHg)

• Accurate Lactate

• PO2 for planning (Electively)

• PO2 acutely is saturations problematic

• Equivocal Cases 



Recorded blood gas 

sampling <4h of ED                                              

presentation

n/% 30-day

Mortality

No ABG or VBG performed 83 (18.2%) 2 (2.4%)

VBG only performed 243 (53.4%) 23 (9.5%)

ABG only performed 63 (13.8%) 9 (14.2%)

ABG and VBG performed 12 (2.6%) 1 (8.3%)

* (ABG and VBG performed) *54 (11.9%) 4 (7.4%)

AUDIT at our centre - Utilisation of point of care blood gases within 
4-hours of ED arrival in trauma patients (ISS≥12)



OUR TRAUMA DATA (N=176)

10.1136/emermed-2020-209751



Typical Blood Gas – 1 minute



5 Basic Rules – 1 minute ABG

1. How is the patient?
Ask or look…

2. Is the patient hypoxaemic?

Is the patient relatively hypoxaemic?*

*Quick Rule of thumb x the Oxygen % by 5



3rd Basic Rules

Is the patient acidotic or alkalotic?

- pH direction generally telling:



4th and 5th Basic Rules

4. What has happened to the PaCO₂
Is the abnormality wholly or partly due to a defect in the 

respiratory system? 

5. What has happened to the base 

excess and/or bicarbonate?

Is the abnormality wholly or partly due to a defect in the 

metabolic system?



Scenario 1

⚫ 48 year old smoker with fever and cough 
and shortness of breath.

⚫ He has a poor saturations trace and 
appears unwell

⚫ Blood cultures have been sent and his 
venous lactate is 5.1mmol

⚫ You wish to determine his O2 and an 
accurate lactate

(This is his Chest X-ray):





Scenario 1 - ABG



Scenario 1

⚫ How do you determine severity of his 

pneumonia? 

⚫ What treatment(s) would you recommend



Scenario 2

⚫ 65 year woman with sudden onset 

right sided chest pain and dyspnoea. 

⚫ What are the clinical risk factors for 

Pulmonary Embolus (PE)?

⚫ What is your current diagnostic approach to 

confirm or exclude PE?

⚫ What is the role of D dimer, VQ, CTPA, 

CXR, ECG, blood gases in diagnosing PE?



Scenario 2 – Blood Gas

⚫ This is her arterial blood gas (ABG) 

result on no oxygen (21%):

⚫ pH 7.51, PO2 49, PCO2 27, HCO3 23, 

Base Excess -1.9

⚫ How do you interpret this ABG result? 



Scenario 3

⚫ 19 year old woman with history of 
asthma presents with dyspnoea? 

⚫ Resp Rate 45, HR 140, BP 130/70

⚫ How would you assess the severity of her 
current asthmatic attack?

⚫ What is the role of a blood gas in Asthma?



Here is her blood gas (venous)

⚫ pH 7.40 

⚫ PaCO₂ 42

⚫ PaO₂ 150

⚫ Bicarbonate 23

⚫ B/E -1



CO2 in Asthma



Time v Co2

Time Start Time End

RIP



Scenario 4

⚫74 year old man, life-long smoker, 

with severe respiratory distress 

and a saturation of 82%.

⚫ This is his Chest X-ray.





Scenario 4

⚫ What factors could have exacerbated his 

chronic airway limitation (CAL)?

⚫ How do you manage him initially?



ABG



Should we remove the O2

⚫ ?



Scenario 5

Rebound Hypoxia - described in BMJ

• Consider  well lady with CAL
pH 7.40 c
CO₂ 34
O₂ 60
Bicarbonate 24

• Develops exacerbation CAL and given 4litres/min NP for days
pH  7,22
CO₂ 90
O₂ 150mmhg
Bicarbonate 36

• Oxygen removed



Oxygen therapy in COPD

• 20 mins after O₂ removed
pH 7.28
CO₂ 82
O₂ 32           YES 32  !  
Bicarb 37

WHY? CO₂ stores are extensive

Put this in your alveolar gas equation 
PAO₂ = FiO₂ (760-47))–pCO₂ /R0.8

147- 102  only 45 at best without considering  abnormal lungs
24% would give at best  60 but she has a big a/A gradient

Needed 28% at least to prevent rebound hypoxia



What happened?

⚫Rebound – Why?

⚫Body’s CO₂ stores are very large 

⚫Stop the oxygen, pO₂ drops quickly

⚫pCO₂ does not, especially if very 

high – in this case the alveolar oxygen 

pressure can drop below where it was 

before O₂ commenced



The Alveolar Gas Equation:

PaCO2

PAO2 =  PiO2 - ______

0.8

PiO2 = Fi02 (Pb – PH20)



Oxygen administration
Acute deterioration: hypoxia kills not hypercarbia

Chronic 
(i.e. COPD)

SaO₂ 88-92%

Start FiO₂ low; ↗ O₂ to 
maintain SaO₂

Monitor Co₂

NEVER abruptly remove O₂

Rebound hypoxaemia. BMJ ref 

Acute (i.e
Asthma) 

SaO2 94-98%

Hudson 6-8ltr

Beware ↗ Co₂
= exhaustion 

HELP

Do not abruptly
remove O₂



Severe COPD

• Tachypnoea

• Marked dyspnoea

• Pursed lip breathing

• Use of accessory muscles at rest

• Acute confusion

• New onset cyanosis

• New onset peripheral oedema

• Marked reduction in ADL’s





COPD

• Up to 25% of patients with a severe 

unexplained exacerbation of COPD may 

have a co-existing PE.
⚫Tillie-Lebland, Marquette et al, Annals of Internal 

Medicine 2006



Scenario 6

⚫ 67 year old woman in pre planning for 

dialysis and with severe heart failure 

is brought in by ambulance at 5am 

with sudden onset respiratory 

distress.

⚫ This is her Chest X-ray





Scenario 6

⚫ What are the conflicting issues in managing 

this patient?

⚫ Please interpret their ABG



What is your interpretation



q

⚫ break



Advanced Rules



Acidosis Rules



Acidosis Rules





Acidosis Rules



Acidosis Rules



Acidosis Rules



Osmolar Gap



Other Problems



Blood Gas Challenge 1



Acidosis Rules



Blood Gas Challenge 2



Blood Gas Challenge 3



Answers

What is her main acid/base disorder?

Metabolic acidosis: low pH + 

normal CO2 + normal HCO3 + 

strongly negative base excess.

What is her anion Gap?
Na – [HCO3 – Cl]

= 141 – 15 – 116 = 10



Acidosis Rules



Blood Gas Challenge 4



ABG



Osmolar Gap



Blood Gas Challenge 5



Other Problems



Blood Gas Challenge 6



Other Problems



⚫ END


