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How can: 
  oxygen consumption -VO2 
  oxygen delivery-  DO2  
  and oxygen extract ion rat io -  O2ER  

 
help us to improve the perfusion quality? 

 
 
 
Let  us look at  the basic science of those parameters. 
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VO2 -  oxygen consumpt ion 
 

 VO2 is a funct ion of  the following parameters: 
 Blood Flow (Qb -  LPM) 
 Arterial saturat ion (Asat-  %) 
 Venous Saturat ion (Vsat-  %) 
 Hemoglobin (Hb – g/ dl) 
 Pa02 (arterial pO2 -   mmHg) 
 PvO2 (venous pO2 -  mmHg) 
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VO2= CO x (CaO2 
-  CvO2

) 
 

VO2= Qb x 10 x [(Asat-Vsat) x (Hb x 1.34) +( (PaO2-PvO2) x .003))] 
 

VO2= 4.5 x 10 x [(100-80) x (9 x 1.34) +( (200-45) x .003))]  
VO2= 109 ml/ O2/ min 
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 VO2 is a funct ion of  the following parameters: 
 Blood Flow (Qb) 
 Arterial saturat ion (Asat) 
 Venous Saturat ion (Vsat) 
 Hemoglobin (Hb) 

 
VO2= Qb x 10 x [(Asat-Vsat) x (Hb x 1.34)] 
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VO2 -  oxygen consumpt ion 
VO2= 4.5 x 10 x [(100-80) x (9 x 1.34) +( (200-45) x .003))]  
VO2= 109 ml/ O2/ min 
 
VO2= 4.5 x 10 x [(100-80) x (9 x 1.34)] 
VO2= 108.5 ml/ O2/ min 
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DO2 -  oxygen delivery 
 

 DO2 is a funct ion of  the following parameters: 
 Blood Flow (Qb -  LPM) 
 Arterial saturat ion (Asat-  %) 
 Hemoglobin (Hb – g/ dl) 
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DO2= CO x CaO2 
 DO2= Qb x 10 x [(Asat x (Hb x 1.34)) + PaO2x.003)] -  ml/ min 
DO2= Qb x 10 x [(Asat x (Hb x 1.34)) + PaO2x.003)] -  ml/ min 
 DO2= 4.5 x 10 x [(100) x (9 x 1.34) 
DO2= 543 ml/ O2/ min 
 
 



O2ER -  oxygen ext ract ion rat io 
 

 O2ER is a funct ion of  the following parameters: 
 VO2 
 DO2 
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O2ER= VO2 /  DO2 x 100 
 O2ER= 109 /  543 x 100 
O2ER= .20 or 20% 
 

The normal ext ract ion fract ion ranges from 20 to 30% 
 
 



O2ER -  oxygen ext ract ion rat io 
 

7 

 
 

Opt imizing adequate perfusion 

 OPTIMIZING ADEQUATE PERFUSION 

O2ER= VO2 /  DO2 x 100 
 
Global oxygen delivery (DO2) is the total amount  of oxygen  
 delivered to the t issues per minute irrespect ive of the  
 dist ribut ion of blood flow 
 
 

Under rest ing condit ions with normal dist ribut ion of cardiac  
output , DO2 is more than adequate to meet  the total oxygen 
requirements of the t issues (VO2) and ensure that  aerobic 
met abolism is maintained 

 
 
 



O2ER -  oxygen ext ract ion rat io 
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O2ER= VO2 /  DO2 x 100 
 
The oxygen t ransport  system normally operates to maintain  
 VO2 in condit ions where DO2 varies widely  
 
If global DO2 decreases then O2ER increases to maintain  
 adequate oxygen supply 
 



O2ER -  oxygen ext ract ion rat io 
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O2ER= VO2 /  DO2 x 100 
 
If DO2 cont inues to decrease, a point  is reached where the  

O2ER is maximal and cannot  increase further. This point  is  
called the ‘crit ical DO2 ’, and it  is the point  below which  
energy product ion in cells becomes limited by the supply of  
oxygen. 
 

Any further reduct ion in  DO2 will result  in t issue hypoxia,  
conversion to anaerobic metabolism and the product ion of  
lact ic acid.  

 
 



The oxygen supply and demand relat ionship 

McLellan S A , and Walsh T S Contin Educ Anaesth Crit Care Pain 2004;4:123-126 

Continuing Education in Anaesthesia, Critical Care & Pain | Volume 4 Number 4 2004 © The 
Board of Management and Trustees of the British Journal of Anaesthesia 2004 

 OPTIMIZING ADEQUATE PERFUSION 



O2ER -  oxygen ext ract ion rat io 
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O2ER= VO2 /  DO2 x 100 
 
Global markers of t issue hypoxia (plasma acidosis and lactate  

concent rat ion) are useful but  non-specific 
 
Gastric tonometry and near infrared spect roscopy (NIRS)  

could be bet ter indicators for the evaluat ion of regional  
oxygenat ion 

 
 



O2ER -  oxygen ext ract ion rat io 
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NORMAL O2ER VALUES: 
 

The normal total body O2ER is 0.20 to 0.30, indicat ing that  
only 20 – 30% of the delivered oxygen is ut ilized. 
 
VO2 is approximately 250 ml/ min in adults at  rest  
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A 49-year-old male, weighing 180 
kg with a height  of 172 cm, and a 
body surface area (BSA) of 2.73 
m2. 
 
 
Theoret ical pump flow: 
• BSA X 2.4 = 6.55 lpm 
• BSA  x 2.0 = 5.46 lpm 
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Emergency Cardiopulmonary Bypass for a 180 Kg Pat ient : Support  wit h a 
Single Oxygenat or 
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COULD PERFUSION HAVE BEEN BETTER? 

 The old classical mistake is to look only at  the arterial 
sample. St ill valid in some hospitals to cut  expenses. 
 
 
 
 
 
 
 
 
 
This tells you only if the oxygenator is working well  or not . 
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Timing 8 23 38 53 68 min
Temp 36.4 33.4 33.1 37.7 36.5 °c

Qb 2.61 4.7 4.7 5.25 5.04 LPM

Asat 100 100 100 100 100 %

PaCO2 32 39 34 38 34 mmHg

PaO2 521 350 408 335 369 mmHg

Hb 7.27 10.67 11.67 10.33 9.33 mg/dl



16 

COULD PERFUSION HAVE BEEN BETTER? 

 OPTIMIZING ADEQUATE PERFUSION 

Optimizing adequate perfusion 

Timing 8 23 38 53 68 min
Temp 36.4 33.4 33.1 37.7 36.5 °c

Qb 2.61 4.7 4.7 5.25 5.04 LPM

Asat 100 100 100 100 100 %

PaCO2 32 39 34 38 34 mmHg

PaO2 521 350 408 335 369 mmHg

Hb 7.27 10.67 11.67 10.33 9.33 mg/dl

Vsat 40 58 69 57 53 %

VO2 192.4 328.6 281.8 361.6 349.1 ml/O2/min

DO2 301.6 734.7 807.5 793.7 699.0 ml/O2/min

O2ER 0.64 0.45 0.35 0.46 0.50 %
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COULD PERFUSION HAVE BEEN BETTER? 

 Only at  1 point  during this case  we reach an O2ER that  is 
close to normal (35%). Sample 3 at  38’. 

 This is due to an   increased Hb (+10%)  comparing to 
sample 2. 
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Optimizing adequate perfusion 
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COULD PERFUSION HAVE BEEN BETTER? 

As the Hb values are not  really low in this case the perfusionist  
could have: 
 
 Increased t he flow, result ing in more O2 available for the body. Venous 

saturat ion would go up. 
• CO in this case was always below 2.0 LPM/ m2 
• BSA of this pat ient  was 2.73 m2, calculated CO for 2.4 LPM/ m2= 6.5 

LPM 
 

 And (theoret ically) contact  the anesthesiologist  when the pat ient  is 
consuming too much O2   (increasing level of anest hesia will also 
reduce O2 consumpt ion). 

 
 

 OPTIMIZING ADEQUATE PERFUSION 

Optimizing adequate perfusion 



Theoret ically yes……. 
 

 By measuring DO2 , VO2 and O2ER rat io you have excellent  
parameters to judge the quality of perfusion based on delivery 
and consumpt ion of oxygen 
 

 By act ing in response of increased O2ER rat ios you might  be 
able to avoid anaerobic metabolism and lactate product ion 
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Optimizing adequate perfusion 

COULD PERFUSION HAVE BEEN BETTER? 
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COULD PERFUSION HAVE BEEN BETTER? 

 
This on- line monitoring is emerging as a key monitoring 

requirement  (Italy and UK) 
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Optimizing adequate perfusion 

 
After 30’ on bypass the perfusionist  not ices a high OER due to  

a low flow and low Hb. First  he ask the surgeon to correct  the 
posit ion of the venous cannulae …. 
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Optimizing adequate perfusion 

…and he can increase the CO. As a result  the venous 
saturat ion goes up and OER goes down. Almost  back to 
normal: 31%.  
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Optimizing adequate perfusion 

Next  he adds PC to increase the Hb level and the OER goes 
below 30%. 
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Optimizing adequate perfusion 

Next  he adds PC to increase the Hb level and the OER goes 
below 30%. 
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