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DO2 = CaO2 X CO

The Oxygen Delivery (DO2)

CaO2 = Arterial oxygen content (O2 in 100 ml)

CO    = Cardiac output



DO2 = CaO2 X CO

The Oxygen Delivery (DO2)

CaO2 = Hgb X 1.34 X SaO2 + (PaO2 X 0.0032)

CaO2 = 15 X 1.34 X 1.0 + (100 X 0.0032) ~ 20 ml/100 cc

DO2 = 20 X 10 X 5 = 1000 ml/min 



Venous oximetry. 

Bloos, Reinhart. 

Intensive Care Med 

2005; 31:911-3

O2 

Delivery

???





DO2 = CaO2 X CO

CaO2 = Hgb X 1.34 X SaO2 + (PaO2 X 0.0032)

Hypovolemia Fluids

Anemia Blood

Hypoxemia Oxygen

How should we best titrate our therapeutic 
interventions, namely, Fluids, Blood and Oxygen, which 
are all potentially detrimental when given in excess?



SpHb Hemoglobin

SpO2 Oxygen Saturation

ORI Oxygen Reserve Index

PVI Pleth Variability Index 

DO2 = CaO2 X CO

CaO2 = Hgb X 1.34 X SaO2 + (PaO2 X 0.0032)



DO2 = CaO2 X CO

Patient blood management (PBM)

CaO2 = Hgb X 1.34 X SaO2 + (PaO2 X 0.0032)





 Increased risk of morbidity & mortality

 Multi-organ failure

 Infections, sepsis

 Myocardial infarction

 Immunomodulation

 Cancer

 TRALI

 Increased length of stay

Numerous studies have described the complications that 
may be associated with blood transfusions



 Many transfusions are not preceded by a Hb 
measurement.

 Even a 10% reduction in RBC in our institution would 
result in more than $1,000,000 in blood acquisition 
cost savings. 



 A restrictive RBC transfusion threshold (Hgb 7 g/dL) is 
recommended for hospitalized adult patients who are 
hemodynamically stable, including critically ill patients (strong 
recommendation, moderate quality evidence). 

 A restrictive RBC transfusion threshold of 8 g/dL is 
recommended for patients undergoing orthopedic surgery, 
cardiac surgery, and those with preexisting cardiovascular 
disease (strong recommendation, moderate quality evidence).



DO2 = CaO2 X CO

Patient blood management (PBM)

CaO2 = 7 X 1.34 X 1.0 + (0.3) ~ 10 ml/100 cc

DO2 = 10 X 10 X 5 = 500 ml/min 

?

?



The decision to transfuse is too complex and 

important to be guided by a single number 

(of hemoglobin level) alone. 



 It is unlikely that a single Hgb “transfusion trigger” is 
appropriate for all patients. 

 Indiscriminate reliance on fixed targets and rigid 
protocols falls into the category of “imprecision 
medicine.”

 Technical advances including noninvasive monitoring, 
imaging, and applied bioinformatics, facilitate more 
personalized and precise medical management.





The lower you fly, the lesser is the tolerance for an error!



DO2 = CaO2 X CO

Patient blood management (PBM)

CaO2 = Hgb X 1.34 X SaO2 + (PaO2 X 0.0032)

SpHb



Shander A. et al. Presented at Society for the Advancement of Blood Medicine 
(SABM) Annual Meeting 2010; San Juan, Puerto Rico



 The most common complication in these 79,183 
patients was bleeding (6.2%).

 Bleeding was also the complication with the greatest 
overall impact on mortality and end-organ dysfunction.





 The post-transfusion Hb was unnecessarily high, 
suggesting that the decision to transfuse led to 
more than 1 pRBC unit at a time. 

 Some hospitals that claimed to have a restrictive 
transfusion strategy transfused at rather high Hb 
concentrations.
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2 units RBC

The anesthesiologist held back 

2 additional units

Incision made. 1 liter of 

blood noted in suction 

canister within minutes





McEvoy MT. Am J Crit Care. 2013 Nov;22(6 Suppl):eS1-13.



McEvoy MT. Am J Crit Care. 2013 Nov;22(6 Suppl):eS1-13.



IV crystalloids started

SpHb + PVI monitoring during partial hepatectomy

Dilution!

PVI

SpHb



 Hemodilution results in a loss of 
RBC-filled capillaries, leading to a 
iatrogenic reduction in oxygen-
carrying capacity and the 
development of organ dysfunction.



Intestinal µPO2

Renal µPO2

Cardiac µPO2

Renal µPO2 started to 
decrease at a Hct of 38%!



 Hemodilution results in a loss of 
RBC-filled capillaries, leading to a 
iatrogenic reduction in oxygen-
carrying capacity and the 
development of organ dysfunction. 

 Such a hemodilutional loss of 
coherence can be corrected by 
maintaining an adequate Hct and 
by the appropriate administration 
of quality blood. 



RCT; 220 patients 
having major surgery 
using enhanced 
recovery pathway 
with or without 
supplementary 
blinded intra-
operative SV 
optimization. 

SVV>10%



The GDT group received additional 956 ml colloids during surgery



 Blood volume expansion with crystalloids and colloid 
solutions will result in dilution, a decrease in plasma 
levels of coagulation factors, and worsening 
coagulopathy.

 As a consequence, differences in volume loading can 
markedly influence blood product requirements.



DO2 = CaO2 X CO

Oxygenation (SpO2)

CaO2 = Hgb X 1.34 X SaO2 + (PaO2 X 0.0032)

SpO2



“The role of pulse oximetry in clinical anesthesia and 

intensive care has evolved to the point where it is 

unlikely that we will ever be able to do without it”.



‘‘The use of pulse oximetry as an early warning 

of moderate hypoxemia does not seem to be 

beneficial….’’

Cochrane Database of Systematic Reviews 2009





• 5,258 cardiac arrest patients 



295,079 ABG’s from 14,441 ICU patients

“We should limit the PaO2 levels of critically ill patients within 
a safe range, as we do with other physiologic variables”.



Physicians frequently prescribe higher FIO2 levels than are 
necessary to achieve their arterial oxygenation goal, further 
increasing the risk of oxygen toxicity. 



 Current practice is for very liberal oxygenation 
above the recommended targets even in 
children with low PF ratios.

 PICU practice does not follow what clinicians 
report, recent evidence or existing guidelines.



 The intraoperative PaO2 appeared to be rather 
high in this cohort of patients. 

 The mean PaO2 was 206 mm Hg, which is 
comparable with UK data, demonstrating the 
pervasiveness of intraoperative hyperoxemia.



Martin DS, Grocott MPW

 There is an often unrecognized trend towards 
maintaining significantly higher than normal PaO2 during 
major surgery. 

 Is this state of supernormal oxygenation maintained ‘just 
in case’ there is an unanticipated crisis, or does this 
represent indifference based on an assumption that 
there is no risk of harm from hyperoxia? 



 Control group: Each patient received an FiO2 of at least 0.4, 
allowing PaO2 values up to 150 mmHg and an SpO2 97% - 100%. 
If the SpO2 decreased below 95% - 97%, the FiO2 was increased 
to reach the target value of SpO2.

 Protocol group: Oxygen therapy was administered at the 
lowest possible FiO2 to maintain the PaO2 70 - 100 mmHg or 
SpO2 values of 94% - 98%.



Among critically ill patients 
with an ICU length of stay of 
≥72H, a conservative 
protocol for oxygen therapy 
vs conventional therapy 
resulted in lower ICU 
mortality.

CONCLUSIONS AND RELEVANCE



Only the PaO2 can be used to assess the hyperoxic range; 

however, measurements are both intermittent and delayed. 

SpO2 = 97% 

Is the PaO2 100 or 400 mmHg?

The limitations of pulse oximetry



DO2 = CaO2 X CO

CaO2 = Hgb X 1.34 X SaO2 + (PaO2 X 0.0032)

Oxygenation (PaO2)

ORI – Oxygen 

Reserve Index



 ORI is a non-invasive 

continuous parameter that 

provides information about 

the oxygenation in the 

moderate hyperoxic range 

(PaO2 >100 and <≈200 

mmHg) in patients 

receiving supplemental 

oxygen.

The Oxygen Reserve Index (ORI)

 ORI is an “index” with a unit-

less scale between 0 and 1. 
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←ORI Sensitive region→

HyperoxiaHypoxia Normoxia

As PaO2 increases > 100mmHg, SaO2 

maximizes at ~100% while SvO2 at the 
measurement site continues to increase 
until it stabilizes at a PaO2 of ~ 200mmHg. 

The resulting change in light absorption 
over this PaO2 range is the basis for the 
ORI calculation. 

SaO2

SvO2



ORI validation study: preliminary results

ORI=0.61 ORI=0.69

Scheeren TWL et al., Euroanaesthesia 2016: 01AP04-9





Anesthesiology. 2016;124(4):750-1





ORI = early warning

SpO2 = late warning



30 min



PO2

Preoxygenation

FiO2 decreased
to 35% 

following
intubatiion

Preoxygenation 
prior to 

extubation   
(PaO2 285 mmHg)

ORI response to preoxygenation before 
intubation and extubation



 Pre-oxygenation should be routine, as oxygen 
reserves are not always sufficient to cover the 
duration of intubation.

 Predictive risk factors for inadequate pre-oxygenation 
are similar to those of difficult mask ventilation.



 Obesity presents a risk factor for difficult mask ventilation and 
difficult intubation.

 In morbidly obese patients, the non-hypoxic apnea time 
(length of apnea after the induction of anesthesia when the 
patient has no oxygen desaturation) decreases from 3 min to 1 
min. 

 Preoxygenation for 5 min with NIV 
and PEEP in a head-up position is 
recommended.



2016



2016



Crit Care Med

2015; 43:574–583

Am J Respir Crit Care Med 

2016; 193: 273-80

PaO2?



Supplemental Oxygen Impairs Detection of Hypoventilation by 

Pulse Oximetry

Fu ES, et al. Chest 2004, 126: 1552

ORI?



 May provide early alarm when oxygenation 

deteriorates.

 May make pre-oxygenation visible.

 May facilitate FiO2 titration and prevent 

unintended hyperoxia.

The Oxygen Reserve Index (ORI)



DO2 = CaO2 X CO

The Cardiac Output (CO)

CaO2 = Hgb X 1.34 X SaO2 + (PaO2 X 0.0032)

Fluids!  
Inotropes!



“Goal-directed therapy (GDT) refers to the use of fluids 

and/or inotropes to target hemodynamic goals to 

improve oxygen delivery (DO2) to the tissues.”



 The individual optimal CO is difficult to assess.

 A ‘normal’ or even high CO does not preclude the 
presence of inadequate regional and micro-
circulatory flow.

 A low CO does not tell us WHAT to do.

 The CO does not predict fluid responsiveness.

The limitations of Cardiac Output





OPTIMISE                                   JAMA. Published on line May 19, 2014.





 Sub-study of the OPTIMISE trial including 100 of the 
original 368 patients enrolled in the intervention 
group. 

 Only 28.6% of the fluid challenges were associated 
with increased stroke volume.

28.6%!



Azriel Perel

Some of the perioperative goal-directed strategies 
failed to show any outcome benefit because they 
were based on CO/SV maximization without taking 
into account fluid responsiveness.



Fluids should be administered when patients require 
augmentation of their perfusion and are also volume 
responsive.





SPV        PPV     SVV             PVI

Dynamic parameters should be used to guide fluid 
therapy in all surgical patients in whom their use 
is appropriate, as part of, or independently of, 
GDT strategies.



Arterial waveform

Pleth waveform

PVI = [(PImax - PImin) / PImax] 

PIMAX PIMIN

The Pleth Variability Index (PVI)

PVI             



A higher PVI = More 

likely to respond to 

fluid administration

The Pleth Variability Index (PVI)



CO

PVI

CVP

SVV

PVI

PPV

ΔPP

ΔPPLET

The PVI is similar to the                     
PPV and SVV as a                      
predictor of fluid 
responsiveness



There is a significant 
relationship between PVI 
before volume expansion 
and change in CI after 
volume expansion.

Hence if the PVI 
decreases significantly 
in response to volume 
expansion it may be a 
sign of a significant 
increase in CO. 



PVI may be useful in detecting, automatically and non-
invasively, the hemodynamic effects of PEEP when VT is 
> 8 mL/kg in ventilated and sedated patients.



PaO2 DO2









“Non-Responder”

The major benefit provided by dynamic parameters 
is the identification of the “non-responders”



The use of PVI-based protocols led to a significantly 
decreased intraoperative net fluid balance



Intraoperative crystalloids and total volume infused 
were significantly lower in the goal-directed PVI group. 



PVI-based protocol decreased intra-operative net 
fluid balance from 2733 to 848 mL (p < 0.0001).



“We need to combine and integrate parameters from 
various sources. Any variable on its own is just one piece 
of a larger puzzle.”



Colloid

500 ml

3 units 

RBCs

2 units 

Plasma

2 units 

RBCs

The value of combined SpHb + PVI monitoring

Bleeding during 

orthopedic surgery



A1103

October 22, 2016 

10/22/2016 10:30:00 AM - 10/22/2016 12:00:00 PM

Room W474b

Impact of Continuous Perioperative SpHb Monitoring

Nathalie Nathan, M.D., et al, Chu Dupuytren, Limoges, France

 SpHb and PVI data of 3540 patients were collected by the 
SafetyNet™ system in 2014. 

 At a scale of a whole hospital with different clinical 
practices (and practitioners) and unselected patients, 
Integrating SpHb and PVI in a fluid administration 
algorithm allowed earlier transfusion and reduced 30 days 
mortality.



Conclusions

 Oxygen delivery is a useful concept, but its major 
components have to be individually managed.

 New technological developments in pulse oximetry 
allow us to monitor the components of DO2 non-
invasively, continuously and simultaneously.

 The correct way to manage these components is a 
matter of significant controversy since Oxygen, Blood 
and Fluids may be detrimental when given in excess.

DO2 = CO X { Hgb X 1.34 X SaO2 + (PaO2 X 0.0032)}



 In medicine today, uncertainty is generally suppressed and 
ignored, consciously and subconsciously.

 Yet the reality is that doctors continually have to make 
decisions on the basis of imperfect data and limited 
knowledge, which leads to diagnostic uncertainty, coupled 
with the uncertainty that arises from unpredictable patient 
responses to treatment and from health care outcomes that 
are far from binary.



“Hemodynamic monitoring can be viewed as a mean 
to minimize the uncertainty that often surrounds the 
patient’s hemodynamic status”.



SpHb PVI

SpO2 ORI

Oxygen

FluidsBlood

Hypoxia Hyperoxia

Dziękuję bardzo! 

DO2 = CO X { Hgb X 1.34 X SaO2 + (PaO2 X 0.0032)}


