
Bloods and Auxiliary Exams

Interactive Workshop



Daily reassessment of ICU patient

• Read the notes incl. drug chart

• Assess the patient 
– Physical exam + screens and 

syringe drivers around

– POCUS 

• Look at bloods

• Look at recent imaging 

• Suggest plan

ABCDEFG: Daily Checklist 

B

Breathing:
• Ventilator setting – focus on safety
• Mode (synchronised, non-synchronised?)

1. RR

2. Pressures

3. PEEP

4. FiO2
• Blood gases: pH, PaO2, PaCO2

• Secretions

• Lung sounds

Cirulation:
• Capillary refill time
• Arterial blood pressure

• Heart rate

• Central Venous Pressure CVP

• ScvO2 (venous blood gas)

• Lactate
• Urinary output, fluid balance/24h

D

Disability:
• GCS

• RASS status

• CAM-ICU / delirium

• Pupil size and reactiveness to light

E

Exposure:
Check access sites
Check skin colour and pathologies

Drains, tubes, lines

Body temperature

Lab results – pathological values

Airway:
• Tube position
• Cuff pressure

A

F

Feeding:
• Blood glucose
• Enteral feeding tolerance

• Bowel movements

G

General other aspects:
• Gastric ulcer prophylaxis
• VAP prophylaxis

• Positioning, mobilisation and physical therapy

C

Daily Reassess care plan

1. Resuscitation status

2. Sedation

3. GI prophylaxis

4. DVT prophylaxis

5. Fluids and electrolytes

6. Nutrition

7. Intravenous and other 

accesses 

8. Duration of antibiotics and 

steroid use

9. Delirium prevention



Intended Learning Outcomes

• 3d.1 Interpret arterial blood gases

• 3d.3 Propose the appropriate management for patients with 
the most common metabolic disorders, especially 
hyperkalaemia and hypernatraemia

• 2.1 Demonstrate a routine daily reassessment of a patient in a 
structured manner (in a simulated setting)



BLOOD GAS ANALYSIS

Fundamentals of



Outline

• Classical approach to acid base and rules of compensation

• Simplified electroneutrality-based approach for combined 
disorders







32-year-old man afted
catastrophic traumatic brain 
injury. 

Diagnose acid base disorder



32-year-old man afted
catastrophic traumatic brain 
injury. 

Diagnose acid base disorder

A)Respiratory acidosis
B) Metabolic acidosis
C) Mixed acidosis



Classical approach to acid base

• Assessment of bicarbonate buffer based on Henderson-
Hasselbalch equation

pH = 6.1 + log
[HCO3

-]

α*pCO2

Metabolic disorders
= acidosis
= alkalosis

Respiratory disorders
= alkalosis
= acidosis

Compensation = the other 
system’s response to primary 
disorder (to the same direction, 

hence pH closer to normal)



TBI Case

Same patient: 32-year-old 
man, previously fit and well. 

Intubated in ICU after
catastrophic traumatic brain 
injury.  



TBI Case

The two blood gases are from
same patient done 10 min apart.

In between the patient
underwent APNEA TEST

Notice the changes



TBI Case

The two blood gases are from same patient
done 10 min apart.

In between the patient underwent APNEA 
TEST

pCO2 increased (5.73→9.65 kPa) 
pH decreased (7.351→ 7.158)
HCO3- increased (23.8 →25.7)

Why BICARB increased???



Bicarbonate or BE?

• Problem: CO2 and HCO3
- are not independent on each other

– As acute CO2 retention causes instant HCO3
- elevation (i.e. before 

renal  HCO3
- retention occurs)

• Solution: 

– Concept of standard bicarb (Jorgensen&Astrup, 1957)

– Base Excess (P. Astrup, O. Sigaard Andersen, 1958)

CO2 + H2O  [H2CO3]  HCO3
- + H+



TBI Case

Standard bicarb or BE are markers of
METABOLIC COMPONENT of the
disorder (not influenced by pCO2 
shifts)

In this case they DEACREASE slightly
suggesting evolution of mild
metabolic acidoses, too. 



HCO3
- (standard) = 

corrected to
pCO2=5.33kPa

HCO3
- (actual)= 

calculated by H-H 
equation from pH 

and pCO2

BE = mM of acid needed to 
return pH to 7.40 under 

pCO2=5.33 kPa
BE (B)= blood (actual Hb)

BE (ect)=model of ecf (1/3 of 
Hb)

BE = Base Excess



Summarising

• Classical approach diagnoses acid base status according to HCO3
-/pCO2 , 

which determines pH

– This explain the process of compensation

• Standard bicarbonate and BE are markers of metablic component of 
disorder

– These are mathematical constructs designed to be pCO2 independent

– Standard BE (SBE) is the preferred BE to look at



Assesment of compensation

• Key question: When both pCO2 and HCO3
- are derranged to same 

direction, how do I found adequate compensation?

• Boston rules

– Six empirical rules predicting the expected responses

– Two are useful and worth remembering  



67 patient with 
suspected metformin 
overdose, now on 
dialysis, improving 
consciousness, but 
increasingly short of 
breath 

Assess her pCO2



Winters’ formula

• Describes appropriate respiratory compensation in metabolic acidosis

• Expected pCO2 [kPa]= [HCO3]/5 + 1 [±0.3 kPa]

– If pCO2 lower = superimposed respiratory alkalosis

– If pCO2 higher = superimposed respiratory acidosis



67 patient with suspected metformin 
overdose, now on dialysis, improving 
consciousness, but increasingly short 
of breath

Predicted pCO2 5/5 + 1 = 2.0±0.3 kPa
= impeding respiratory failure



Young lady 14 weeks pregnant, 
Admitted for hyperemesis gravidarum 

Assess respiratory compensation



Young lady 14 weeks pregnant, 
Admitted for hyperemesis gravidarum 

Assess respiratory compensation

7/5+1 = 2.8 kPa is expected, but here is 
superimposed respiratory alkalosis 



Discuss

• How the presence of significant metabolic acidosis alters 

– The decision to intubate or not?

– The technique of intubation?

– The setting of the ventilator? 



71 year old COPD patient after hip 
surgery repair, pCO2 in old gases always 
between 7-9 kPa

Just metabolic compensation of chronic 
respiratory acidosis or any 
superimposed disorder?



COPD rule

• Predicts adequate metabolic compensation of chronic respiratory 
acidosis

• Expected HCO3
- [mM] = 24 + 3 (pCO2-5.3kPa)

– Higher HCO3
- = superimposed metabolic alkalosis

– Lower HCO3
- = superimposed metabolic acidosis



71 year old COPD patient after hip 
surgery repair, pCO2 in old gases always 
between 7-9 kPa

Just metabolic compensation of chronic 
respiratory acidosis or any 
superimposed disorder?

Predicted HCO3 = 24 + 3*3 =33mM
i.e. no other disorder present 



Man, 67-year-old presents for confusion
and fever

Analyse blood gas: If he is COPD, with no 
other disorder, what pCO2 does he 
normally have? 



Man, 67-year-old presents for confusion and 
fever

Analyse blood gas: If he is COPD, with no other 
disorder, what pCO2 does he normally have?

HCO3=24 + 3(pCO2-5.3)  mM

pCO2 corresponding to bicarbonate is close to 
the measured one… hypercarbia seems chronic 
and unlikely to cause confusion.  



Same COPD patient next 
day. Seems doing well, 
wakes up, but ventilator 
keeps triggering ‘Apnea’ 
alarms when put on 
spontaneous modes

Solution?



Summarising

• Rules of compensation help to differentiate compensation 
from superimposed disorders

Metabolic acidosis

Expected pCO2 [kPa]= 
[HCO3]/5 + 1 [±0.3 kPa]

Respiratory acidosis

Expected HCO3- [mM] =
24 + 3(pCO2-5.3)  



Beginners thinking algorithm

• Identify the type of disorder 

– Use pH, pCO2, SBE

• Assess compensation 

– Eg. Boston rule to assess pCO2 in MAC

• Identify the cause of the disorder using clinical context



Metabolic acidosis - simple

AG <16 mM= 
Hyperchloridaemic MAC = 

bicarbonate loss
•GI?
•Kidney?
•Too much chloride?

Elevated AG (>16 mM)= 
find circulating acid
•Lactate?
•Ketones?
•Retained inorganic 
acids in AKI?
•Poison?

Other Other



Your diagnosis?

Identify  acid base 
disorder and its cause. 



Your diagnosis?

Classic approach:
pH low, 
BE negative, 
pCO2 too high for the circumstance

AG = 140 + 5 - 120 – 14 = 11 (normal)
Chloride 120 (high)

Re: 
Metabolic acidosis, hyperchloridemic
Superimposed respiratory acidosis



Problem

• Bicarbonate-based approach cannot decipher combined 
metabolic disorders

– MAC + MAL can lead to normal pH, pCO2 and BE 



34-years-old, alcoholism, self-neglect, 
Now presents with after 3 days off legs, 
Vomiting, confused. 

???



Principle of electroneutrality

Cl-

Na+

Alb-, P-

HCO3-

Other cations

strong anions

100140

SID 40

5

5

14

25

Albumin 3mM of neg. charge per 10g/l



Electroneutrality used for diagnosis

• SID (approximated as [Na+]-[Cl-] = 34)

– Low = acidosis 

– High = alkalosis

• Weak acids (each 10 g/L of albumin holds 3mM of negative charge)

– Low = alkalosis

– (High = acidosis)

• Strong ions



Approach to combined disorders

(BE partitioning method modified as per Story, BJA 2004)



34-years-old, alcoholism, self-neglect, 
Now presents with after 3 days off legs, 
Vomiting, confused. 

Step 1: Na-Cl =62, corresponds to 
BE = 62-34 – +28 mM 

Alb 22 g/L

Step 2: Albumin 22 g/L, 
corresponds to  BE = +6 mM 

Step 3: BE from step 1 and 2 
combined should be +34, but it 
is 0, this means 34 of 
“unmeasured” anions. 

Step 4: pCO2 is and should be normal
Step 5: Synthesis?



34-years-old, alcoholism, self-neglect, 
Now presents with after 3 days off legs, 
Vomiting, confused. 

Alb 22 g/L

Hypochloridemic alkalosis (+28 mM): 
due to ALD, vomiting
Hypoalbuminaemic alkalosis (+6mM)
Strong ion acidosis 

- lactate (20mM)
- unknown (14 mM)-ketons?

No respiratory disorder



44-year-old with T1DM intubated 
yesterday for hematemesis and diabetic 
ketoacidosis, intubated for gastroscopy

On normal saline,  i.v. PPI and 0.1 IU/kg 
i.v. insulin. Colleague suggests increasing 
i.v. insulin for non resolving acidosis. 
What do you advise? 

Alb 33 g/L



Practical advice

• ABG answers ”What’s going on?” question

• Correct pO2, pCO2, K+ and Glu

• ”Correcting” acid base acid base situation and Na+ rarely 
beneficial, unless extremes and directly life-threatening

– Instead treat the underlying disease and support natural 
compensatory mechanisms



37 year old homeless found 
unconscious, intubated at 
scene, bladder temperature 
25C

How do you change 
ventilator setting?

Corrected 

Measured at 37C 



OTHER LABS



Practical note

• Routinely sent out daily in most ICU patients
– Ions: Na+, K+, Cl-, Mg2+, Phosphates, Ca2+

– Renal tests: urea, crea (U-ions, U-crea)

– Full blood count and coagulation

– Inflammatory markers: CRP, (PCT, IL-6)

– Liver function tests: bilirubin, (ALT, AST, GMT, ALP)

• Ad hoc:
– Non-routine tests based on patient’s condition

– Drug levels (vancomycine, valproate, phenytoin…)



Ions

• Na+ = see osmolarity disorders

– Hypernatremia – lack of free water (or insipidus)

– Neuro context

• Intracellular ions (K+, Mg2+, Phosphates)

– Refeeding, diuretics, arrhytmias

– Levels poorly correlate with body stores



Ion substitution policies

• Hypokalaemia

• Low magnesium

– “Therapeutic magnesium”

• Low phosphate

THINK

Under which circumstances do you use therapeutic 
magnesium?

How do you respond to hyperkalaemia 8.1 mM?



Calcium

Ca2+
ioniz. =0.25-0.35 mM

Regulated by citrate 
rate relative to blood 
flow

CaCl2 rate adjusted
according to blood 
Ca2+

ioniz. 

Ca2+ management in patient on RRT with 
citrate anticoagulation

Outside context of RRT with 
citrate anticogulation

Low ionised calcium <0.8 mM
- Massive transfusions: 

substitute
- Hyperphosphataemia: do 

not substitute

High ionised Ca2+ : rare, but can 
be symptomatic
- hydrate with i.v. fluids, give 
furosemide, evaluate (PTH 
levels, endocrine consult)



Assessing kidney function

• Urinary output

• Dynamics of urea and creatinine

– Note limitations

– Urea increases disproportionally in dehydration/katabolism

• Measured creatinine clearance 

– Collect urine 6-12 hours, GFR – V.U-crea/P-crea

– Normal 1.2-2.0 ml/s (<0.2 dialysis usually needed)



Assessing liver function

• Bilirubin

– Part of SOFA score

– Direct/indirect when elevated

• Parenchyma: ALT, AST

– Also elevated in rhabdomyolysis

• Biliary pole: ALP, GMT 

– GMT and large RBC (>100 fl) in alcoholic liver disease

• Synthetic function: INR, albumin (glucose)



Important ad hoc labs

• Suspected poisoning: 
– Urinary toxicology screen, osmolar gap, paracetamol levels (consider 

toxicology consult)

• Haemolysis screen: 
– blood film (schistocytes), LDH, haptoglobin, reticulocytes, direct 

antiglobulin (Coombs) test

• HIT screen

• Coagulation (beyond basic aPTT, INR, PLT)
– Fibrinogen, D-dimers, TT, antithrombin



Important ad hoc labs

VISCOELASTOGRAPHY: POCT in 
patients with bleeding

Links clotting abnormalities with 
treatments

• CT (clotting time): PCC, FFPs
• Width at A10 EXTEM : PLT or 

fibrinogen depending on A10 
FIBTEM

• Fibrinolysis: TXA

Advanced tests helps to detect 
effects of heparin, DOACs etc…



• Questions



FUNDAMENTALS OF ICU IMAGING

Optional content



CXR

• Read by intensivist and LATER by radiologist

• Most frequent imaging in ICU

– Confirming lines (CVC, NGT, ETT/Trache…)

– Detecting complications (e.g. pneumothorax)

– Diagnosis of diseases of lung parenchyma (e.g. pneumonia) or chest 
wall

• Complemented by ultrasound (eg. detecting pleural fluid or 
interstitial diseases)



Check correct patient, correct date

A: Check airways

B: Check lung parenchyma and 
pleural space incl. CFA (fluid? PNO?)

C: Check heart 

D: Devices: Check Look INSIDE onto 
all lines that you see from OUTSIDE 



Signs of pneumothorax
- Visible pleura
- No lung markings beyond
- Deep sulcus sign











What is the difference?



L fluidothorax (+ infiltrate)
Midline pushed to the other side
= US ± drain

Atelectasis LLL
Midline pulled towards athe affected  side
= consider bronchoscopy and hoover out





Summary

• Learn systematic approach when looking at CXR

– Start with checking: right patient? Right image?

• ALWAYS look at CXR yourself before reading report or 
consulting senior colleagues

• ALWAYS look at patients imaging when doing daily 
review of ICU patients



Questions?


