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Is it important in the perioperative setting? 
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Implementation of Safety Standards 
(Pulsoximetry, Capnography) 

Increase in Age and Morbidity  

Anaesthesia has become safe 
but... 
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Higher mortality in high risk patients is hidden  
by the large number of cases 
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There is room for improvement! 



Pathophysiology 



DO2= (SV•P) • (Hb•1.39•SaO2+0.003•PaO2) ~ 1000ml/min  
 

VO2 = CO • (CaO2 - CvO2) ~ 300 ml/min 
 
 

Fluid Blood Oxygen 

Analgesia, anaesthesia, IPPV 

Why patients get into trouble? 

SaO2 
~100% 

ScvO2 
~70% 

VO2/DO2~30% 

For adequte assessment  
Evaluation of physiology (VO2/DO2) is 

needed 



Blood pressure and cardiac output 
Linton RA, et al. J Cardiothorac Vasc Anesth 2002; 16: 4-7.  

For adequte perfusion both MAP and 
CO is needed 



59% 
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Oxygen debt during anaesthesia 
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Hypothesis: 
Intraoperative hypotension – hypovolemia, 

or anaesthesia caused vasodilatation? 







  ScvO2 (n=38) Control (n=41) p 

Number of patients with complications 10 19 0.07 

PaO2/FiO2 

     > 300 Hgmm 4 3 0.62 

200-300 Hgmm 24 15 0.02* 

100-200 Hgmm 10 22 0.01* 

    < 100 Hgmm 0 1 0.52 

28 day survival (S/NS) 37/1 33/8 0.018* 



• Otto Frank (1865-1944): 
• Physiologist (Leipzich) 
• Zur Dynamik des Herzmuskels, Z Biol 32 

(1895) 370 

• Ernest Starling (1866-1927): 
• University College London 
• Starling forces, hormones, etc.  

 

Pioneers 

Molnár ‘99 



• Otto Frank, Ernest Starling – 1914: „Law of the heart” 
– „Within physiological limits, the force of contraction is directly 

proportional to the initial length of the muscle fiber” 

Molnár ‘99 

Hemodynamics 

Starling EH. The Linacre Lecture on the Law of the Heart. London; 1918 
Starling EH. J R Army Med Corps. 1920; 34: 258-262 
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Preload 

No problem 
?? 



Osman D, et al. Crit Care Med 2007; 35: 64-8 

Cardiac filling pressures are not appropriate to predict 
hemodynamic response to volume challenge 

• CVP: 
– Sens: 62% (95% CI, 49–73%) 
– Spec: 54% (95% CI, 43–65%) 

Pre-infusion values 

• PAOP: 
– Sens: 77% (95% CI, 65–87%) 
– Spec: 51% (95% CI, 40–62%) 



CVP=3 mmHg . 

 normal heart   

  failing heart  

preload responsiveness 

   preload unresponsiveness 

 Stroke  
volume 

Ventricular preload 
 

„One size does not fit all!” 

Courtesy of Prof. Jean-Loius Teboul 

. CVP=8 mmHg 

Static parameters (CVP, PAOP, GEDV) 
cannot predict fluid responsiveness 

„Evidence based” protocols/guidelines 
based on studies utilising static 
parameters is a waste of space! 



Applying physiology at the bedside 



• Antonio Maria Valsalva (1666-1723) 
• Physician, phylosopher, artist 
• Anatomy of the ear 

 

• Valsalva maneuvre: 

Heart-lung interactions 



Molnár ‘99 PPmax PPmin 

 PPmax - PPmin 

(PPmax + PPmin) /2 
 

PPV = 

IPPV = series of Valsalva-maneuvers 



A B Ventricular preload 

Stroke volume 

preload responsiveness 

preload  
unresponsiveness 

(Courtesy of Jean-Louis Teboul) 

IPPV: 



Molnár ‘99 

Devices 





ProAQT-outcome study 
Salzwedel C, et al. Crit Care 2013; 17: R191 
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Number of patients with complications 
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Number of patients with complications 

Bowel surgery No bowel surgery
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Not every patient would benefit from 
this (i.e.: a certain) approach 





(Quote from the ESICM interview with Rupert Pearse) 

„…although could not show significant reduction in the primary 
outcome of the complication rate at 30 days in the cardiac output 
guided group, but there was a measurable treatment effect, and at 180 
days there was a non-significant reduction in mortality.” 



What are we actually using? 



59% 

43% 



Molnár ‘99 



Why don’t we use it? 



PRCTs and EBM 



Controls 
NS: 100% 

S: 0% 

PRCTs vs. the individual patient 

Treatment 
NS: 0% 
S: 100% 

This will never happen in 
medicine! 

PRCT 

– Patients are different (co-moridities, individual response, etc) 
– Disease definitions don’t mean homogenious groups 
– Practice variations between centers 



• PRCTs till 2006: 
– 72 PRCT with mortality being the primary end-point 
– 10 positive 
– 7 negative 
– 55 no difference 

(Crit Care Med 2008; 36:1311–1322) 



Small study 
(monocentric or a few centers) 

Anti-TNF, IL1ra… in severe sepsis 
Steroids in septic shock 

Tight blood sugar control 
EGDT 

High flow CRRT 
… 

Large study 
(many centers) 

Monocentric vs. multicenter 
(Courtesy of Prof. J-L Vincent) 

Unless all details (patients&care) are 
standardised – one center will „kill” 
the other, hence „non-significant” 

results are inevitable  



Good 

Pendulum effect 

Bad 

Lóránd Eötvös, 1891 



Pendulum effect 

„Critical care medicine and research to a large degree seems more and 
more like a gigantic pendulum in the center of an insane asylum. Each 
swing imagined to be something new…and we will continue to clap and 
druel at each pass of the pendulum insane as that may be…  
Reminds me of the old saying "Frequently wrong, but never in doubt"  
/Charlie Phillips, 2015/ 
 

„Sticking to the principles of pathophysiological rationale is the best 
remedy against the pendulum-induced motion sickness” 
/Azriel Perel, 2015/ 
 



Tánczos K, Németh M, Molnár Z 
Ann. Up. in Int. Care and Em. Med. 2014, pp:355 

Solving the hemodynamic puzzle 



Does it work? 



Multimodal monitoring during free-flap surgery: 
Crystalloid vs. Colloid (PRCT) 

- 29 patients (15 crystalloid vs. 14 colloid) 
- Multimodal monitoring: PPV, SV (CI), MAP - ScvO2, dCO2, lactate, 

pH, HCO3 
- Microcirculation: Laser Doppler  
 

Length of surgery (mean): 8.5 hours 
Maintenance fluid: 1 ml/kg/h 
Boluses: 
- Crystalloid group: 1600 ml (min=500, max=5000 ml) 
- Coloid group:          560 ml (min=450, max=1500 ml) 
No difference in outcome variables 
 

Restrictive FR  Restrictive FR  



P: 77/min 
ICP:17 Hgmm  
CPP: 92 Hgmm 

SpO2:99%  
etCO2: 38 Hgmm 

ScvO2: 82% 
dCO2: 5  

Lactate: 0,7 mmol/l UO: 60-90 ml/h  

GEDI: 710 ml / m2 
EVLWI: 5 ml/kg 
SVI: 62 ml /m2 
CI: 4,1 l/min/m2 

SVV: 10% 
  

Temp: 33,5 ºC 

GEDI: 730 ml / m2 
EVLWI: 7 ml/kg 
SVI: 66 ml /m2 
CI: 3,1 l/min/m2 

SVV: 9% 
  

P: 45/min 
ICP:14 Hgmm  
CPP: 89 Hgmm 

SpO2:99%  
etCO2: 39 Hgmm 

PbO2: 24 Hgmm PbO2: 14 Hgmm 

GEDI: 730 ml / m2 
EVLWI: 7 ml/kg 
SVI: 66 ml /m2 

CI: 4,81 l/min/m2 
SVV: 9% 

  

P: 83/min 
ICP:14 Hgmm  
CPP: 89 Hgmm 

SpO2:99%  
etCO2: 39 Hgmm 

PbO2: 27 Hgmm 

Dobutamine 

Multimodal monitoring on the ICU 



Instead of protocolized management: 



Thinking has no alternative! 

Auguste Rodin: The Thinker, 1880 
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Free for junior doctors (<29)! 
www.sepseast.eu 

Budapest, 9-11 November 2016 

http://www.sepseast.eu/
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