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Gestion Périopératoire du patient à risque :

Vers une stratégie intégrée



European Surgical Outcomes Study (EuSOS)

• International multicenter observational 7 
day cohort study (April 2011) - 498 
hospitals (28 European nations)

• N= 46 539 patients undergoing elective or 
non-elective inpatient surgery

• Primary endpoint: In-hospital mortality



(adjusted for age, ASA score, urgency of surgery, grade of surgery (minor, intermediate, major), 
surgical specialty, and the presence of either metastatic disease or cirrhosis)





ISOS study

Br J Anaesth 2016,117(5):601–9

Global patient outcomes after elective surgery: 
prospective cohort study in 27 low-, middle- and high-
income countries
The International Surgical Outcomes Study group

• A prospective international 7-day cohort study of outcomes in >44 000 patients 
following elective adult inpatient surgery from 27 countries (474 hospitals) 
between April and August 2014

• Primary outcome measure: In-hospital postoperative complications

 − 1 in 6 patients experienced a complication before hospital discharge

 − 1 in 35 patients subsequently died without leaving the hospital 
    (mortality 2.8%) 



Br J Anaesth 2016,117(5):601–9

Adjusted risk (odds ratio) of complications and in-hospital mortality



Br J Anaesth 2016,117(5):601–9



(Adjustment for age, gender, current smoker, ASA score, severity of surgery (minor, intermediate, major 
surgical procedure), presence of ischaemic heart disease, heart failure, diabetes mellitus, COPD/asthma, 
cirrhosis, and stroke)

• Risk adjusted OR for mortality 3.01 (95% CI 2.10–5.21; p < 0.001)

• No significant effect of critical care measure in the high-risk (ASA III or IV and undergoing 
major surgery) subgroup of patients



Lancet 2008; 371: 1839–47

POISE study 
• N=8351 patients with, or at risk of, atherosclerotic disease undergoing non-cardiac surgery
• Clinically significant hypotension defined as systolic arterial pressure (SAP) < 90 mmHg



Daniel I. Sessler et al. Anesthesiology 2018  [Epub ahead of print]

N= 9,765 of 10,010 patients, 42% experienced hypotension
• Clinically important hypotension defined as SBP < 90 mmHg requiring treatment
• Primary endpoint: composite of 30-day myocardial infarction and death

1. Intraoperative period
(10-min increase in 

hypotension)
2. Remaining day-of-surgery

(10-min increase in 
hypotension)

3. POD 1 to 4
(Hypotension vs.  

non-hypotension)

Odds Ratio (98.3% CI)



Cecconi M et al.
Crit Care 2013,17:209

• Mortality <5%

• Mortality 5-20%

• Mortality >20%

Goal-Directed Therapy versus Standard of care
Effect on different patient risk groups

• 27 RCTs
• Postoperative Morbidity
(OR 0.45, 95% CI 0.34 to 0.60; P<0.00001)



Goal-Directed Therapy versus Standard of care

Cecconi M et al.
Crit Care 2013,17:209

• Mortality <5%

• Mortality 5-20%

• Mortality >20%

• 32 RCTs
• Postoperative Mortality
(OR 0.52, 95% CI 0.36 to 0.74; P =0.003)

Effect on different patient risk groups
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Role of Oxygen Debt in the Development of
Organ Failure Sepsis, and Death in High-
Risk Surgical Patients
William C. Shoemaker, M.D.; Paul L. Appel, M.P.A.; and 
Harry B. Kram, M.D.

Chest 1992; 102:208-15



VO2
Oxygen consumption

DO2
Oxygen delivery

DO2 crit

Oxygen Supply-Demand Relationship

Tissue hypoxia
Organ dysfunction/failure



CO
Cardiac output

HR
(Heart rate)

=✕

PAM
Blood Pressure

RVS
✕

=

SV
Stroke volume

 Venous Return = Pmsf - Pra
Rv

Afterload
Contractility

Preload

✕

=

DO2
Oxygen delivery

CaO2

Hemodynamic Optimization in High-Risk Surgical Patients
A multimodal Treatment Strategy

VO2
Oxygen consumption



DO2
Oxygen delivery

CO
(Cardiac Output)

✕ CaO2
(Oxygen Content)

=



CaO2
(Oxygen Content)

= Hb
(Hemoglobin)

✕ SaO2
(O2 Saturation)

✕ 1.34



N Engl J Med 1999;340:409-17

Outcome

RESTRICTIVE- 
TRANSFUSION

STRATEGY 
(N=418)

LIBERAL-
TRANSFUSION

STRATEGY
(N=420)

No. of organs failing — 
no. (%)

0 100 (23.9) 82 (19.5)
1 136 (32.5) 149 (35.5)
2 109 (26.1) 108 (26.0)
3 51 (12.2) 63 (15.0)
>3 22 (5.3) 18 (4.3)

7-9 g/dl 10-12 g/dl



N=2006 patients

7.5 g/dl  versus  9 g/dl

 TITRe2 trial



Mazer C.D. et al. N Engl J Med 2017;377:2133-44

TRICS III study
• International, open-label, randomized, controlled, noninferiority trial
• N= 5243 adults undergoing cardiac surgery with an EuroSCORE I of 6 or more
• Liberal (Hb <9.5 g/dl) vs restrictive (Hb <7.5 g/dl) transfusion strategy intraoperatively or postoperatively
• Primary outcome:  composite of death from any cause, nonfatal myocardial infarction, stroke, or new-

onset renal failure with dialysis  from the start of surgery until either hospital discharge or 28 days after 
surgery



Liberal versus Restrictive Transfusion Strategy 
in the Perioperative Setting

Fominskiy E et al. Br J Anaesth 2015,115 (4): 511–19

Fig 2. Forest plot of all-cause mortality in the perioperative setting

All-cause mortality was reduced in patients randomized to receive a liberal transfusion 
strategy: OR 0.81; 95% CI 0.66‒1.00; P for effect=0.05; NNT=97





DO2
Oxygen delivery

CO
(Cardiac Output)

✕ CaO2
(Oxygen Content)

=



DO2
Oxygen delivery

SV
(Stroke Volume)

✕ CaO2
(Oxygen Content)

= ✕ HR
(Heart Rate)

( )

Fluid challenge



Cardiac output optimization

SV

Preload

CO = SV × HR



55 ml

70 ml

Fluid bolus

+27%

Cardiac output optimization

Response to fluid 
bolus: POSITIVE
(increase in SV> 10-15%)

SV

Preload

Fluid Titration

CO = SV × HR



70 ml
75 ml

Fluid bolus

SV

Preload

+7%

Response to fluid 
bolus: NEGATIVE

Cardiac output optimization
Fluid Titration

CO = SV × HR



Stratégie du remplissage vasculaire périopératoire

Guidelines for perioperative haemodynamic
optimization
B. Vallet a,*, Y. Blanloeil b, B. Cholley c, G. Orliaguet d, S. Pierre e, B. Tavernier a

RFE SFAR-ADARPEF
Ann Fr Anesth Reanim. 2013; 32:e151-8

• Chez les patients chirurgicaux considérés « à haut risque », il est recommandé 
de titrer le remplissage vasculaire peropératoire en se guidant sur une 
mesure du volume d’éjection systolique (VES) dans le but de réduire la 
morbidité postopératoire, la durée de séjour hospitalier, et le délai de reprise d’une 
alimentation orale des patients de chirurgie digestive (GRADE 1+).

• Par patients « à haut risque », nous entendons les patients qui, de par leur terrain 
ou la nature même de leur intervention, sont exposés à un risque accru de 
complications postopératoires.

4.1. Recommandation 1



Intraoperative fluids:  
how much is too MUCH? 
M. Doherty1* and D.J. Buggy1,2

Doherty M et al. Br J Anaesth 2012; 109(1):69-79 

Hypovolemia
Organ dysfunction

Tissue Oedema
Glycocalyx dysfunction
Hypoxemia
Organ dysfunctionPe
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Hypoperfusion
Fluid excess



• Data from 92,094 adult patients undergoing noncardiac surgery with endotracheal intubation
• Primary exposure variable: Total intraoperative volume of crystalloid and colloid
• Primary outcome: 30-day survival. 
• Secondary outcomes: Respiratory complications within 3 postoperative days 
• (pulmonary edema, reintubation, pneumonia, or respiratory failure) and AKI

Effects of Intraoperative Fluid Management on
Postoperative Outcomes
Christina H. Shin, Dustin R. Long, Duncan McLean, Stephanie D. Grabitz, Cand. Med, Karim Ladha, MD, MSc,z Fanny P. 
Timm, Cand. Med, Tharusan Thevathasan, Alberto Pieretti, Cristina Ferrone, Andreas Hoeft, Thomas W. L. Scheeren, 
Boyd Taylor Thompson, Tobias Kurth and Matthias Eikermann, MD, PhD

Ann Surg. 2017 Mar 10 [Epub ahead of print]



RELIEF trial
N Engl J Med. 2018 May 9



RELIEF trial N Engl J Med. 2018 May 9



Objectives of IV fluid therapy

Preload
Cardiac output

O2 delivery (DO2)

Tissue hypoperfusion



Retour veineux — Débit cardiaque

DC (l/min)

POD (mmHg)POD (mmHg) Psm POD (mmHg)

DC (l/min)

Le débit cardiaque est déterminé par :
Retour Veineux Fonction Cardiaqueet
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Retour veineux — Débit cardiaque



Unstressed

Stressed
Pra

Stressed vs Unstressed Volume

Unstressed

Stressed
Pra

Pra
Unstressed

Stressed

Fluid load Vasopressor



Anesthesiology 2004; 100:434–9                  © 2004 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc. 

Catecholamine-induced Changes in the Splanchnic 
Circulation Affecting Systemic Hemodynamics 
Simon Gelman, M.D., Ph.D.*, Phillip S. Mushlin, M.D., Ph.D.†

α2α1 β2

α2α1 β2α2α1

α2α1

α1

α2α1

α2α1 β2

+ 800 ml 
(Mobilizable from splanchnic 

system to systemic circulation)



Cardiac Output Response to Norepinephrine in 
Postoperative Cardiac Surgery Patients: Interpretation 
With Venous Return and Cardiac Function Curves*
Jacinta J. Maas, MD; Michael R. Pinsky, MD, MCCM; Rob B. de Wilde, PhD; Evert de Jonge, MD, 
PhD; Jos R. Jansen, MS, PhD

Crit Care Med 2013; 41:143–150

CO

Rv =
Rrv

(Psm - POD)



Cardiac Output Response to Norepinephrine in 
Postoperative Cardiac Surgery Patients: Interpretation 
With Venous Return and Cardiac Function Curves*
Jacinta J. Maas, MD; Michael R. Pinsky, MD, MCCM; Rob B. de Wilde, PhD; Evert de Jonge, MD, 
PhD; Jos R. Jansen, MS, PhD

Crit Care Med 2013; 41:143–150

CO 

Rv =
Rrv

(Psm - POD)



PAMPAM
Blood Pressure

CO
(Cardiac Output)

= SVR
(Vascular resistance)

CVP
(Central Venous Pressure)

✕ +( )



Tissue Perfusion

Mean perfusion pressure (MPP)
MPP = MAP - CVP

Grobost T et al. Curr Opin Crit Care 2018, 24:554–559



Kato R. Ann. Intensive Care (2015) 5:41

Perfusion pressure for different organs



Anesthesiology 2013; 119:507-15

Data from 33,330 patients who underwent non-cardiac surgery (Cleveland, Ohio)

AKI
 (serum creatinine >1.5-fold or 0.3 mg/dl from baseline)

Myocardial injury
 (serum troponin T ≥ 0.04 μg/l)

Relationship between Intraoperative Mean Arterial Pressure 
and Clinical Outcomes after Noncardiac Surgery
Toward an Empirical Definition of Hypotension
Michael Walsh, M.D.,* Philip J. Devereaux, M.D., Ph.D.,† Amit X. G arg, M.D., Ph.D.,‡ Andrea Kurz, M.D.,§ Alparslan Turan, M.D.,║ Reitze N . 
Rodseth, M.D.,# Jacek Cywinski, M.D.,** Lehana Thabane, Ph.D.,†† Daniel I . S essler, M.D.‡‡

PERIOPERATIVE MEDICINE



Anesthesiology 2013; 119:507-15

Data from 33,330 patients who underwent non-cardiac surgery (Cleveland, Ohio)

PERIOPERATIVE MEDICINE

Relationship between Intraoperative Mean Arterial Pressure 
and Clinical Outcomes after Noncardiac Surgery
Toward an Empirical Definition of Hypotension
Michael Walsh, M.D.,* Philip J. Devereaux, M.D., Ph.D.,† Amit X. G arg, M.D., Ph.D.,‡ Andrea Kurz, M.D.,§ Alparslan Turan, M.D.,║ Reitze N . 
Rodseth, M.D.,# Jacek Cywinski, M.D.,** Lehana Thabane, Ph.D.,†† Daniel I . S essler, M.D.‡‡



MAP = (  DC     ×           ) + CVP CO
Cardiac output

SVR
Vascular resistance

Arterial Hypotension: different mechanisms

Loss of 
vascular tone

Abnormal
vascular tone

Cardiac
Dysfunction

Acute
Hypovolemia

Sedation
Anesthetic drugs

Inflammation
Spinal anesthesia

Associated treatments

Age
Diabetes

Anesthetic drugs
Inflammation

Associated treatments

RV dysfunction
Pulmonary hypertension

Chronic LV failure
Arrhytmia

Cardiodepressive agents 

Acute bleeding
Vascular leak

Surgical clamping
Excessive fluid loss

Decrease in SVR and/or CO



MAP = (  DC     ×           ) + CVP CO
Cardiac output

SVR
Vascular resistance

Arterial Hypotension: different treatments

Fluid challenge Vasoactive drug

AND/ORAND/OR

IV or inhaled



Intraoperative Hypotension and Patient 
Outcome
Does “One Size Fit All?”

Anesthesiology 2013; 119:495-7

EDITORIAL VIEWS

Kenneth Brady, M.D.,* Charles W. Hogue, M.D.†



Organ Pressure-Flow Autoregulation
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Blood pressure (mmHg)

Hypertension
(rightward shift in pressure-flow 
autoregulation curve)

Normal

Organs may be more susceptible to ischemia at low BP in patients with 
preexisting hypertension



PPC=PAM-PIC

Jones SC et al. Anesthesiology 2002; 97:488–96



• Individualized treatment strategy 
• Continuous IV norepinephrine to 

maintain SBP within ±10% of the 
reference value

• Standard treatment strategy
• IV ephedrine administered for any 

drop in SBP below 80 mm Hg or 
lower than 40% from the reference 
value

JAMA. 2017 Oct 10;318(14):1346-1357

INPRESS study



JAMA. 2017 Oct 10;318(14):1346-1357

INPRESS study
• Prospective multicenter randomized clinical trial
• N=298 patients at increased risk of 

postoperative complications undergoing major 
abdominal surgery

• Individualized vs standard BP treatment 
strategy

• Primary endpoint: composite of SIRS and organ 
dysfunction by day 7 after surgery



JAMA. 2017 Oct 10;318(14):1346-1357

Renal dysfunction (RIFLE stage of Risk or higher):
48 patients (32.7%) in the individualized treatment group and 71 patients (49.0%) in the 
standard treatment group (absolute risk difference, −16%; 95% CI, −27% to −5%; adjusted 
relative risk, 0.70; 95% CI, 0.53 to 0.92; P = .01).



JAMA. 2017 Oct 10;318(14):1346-1357

Additional fluids (6% 130/0.4 HES) using a protocolized hemodynamic algorithm



Conclusion
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Stratégie de monitorage en fonction du niveau de risque

Faible Modéré Élevé

Faible Rien

VES/DC 

• Non-invasif :

Clearsight, CNAP

Doppler oesophagien

• Semi-invasif :

Vigileo, Pulsioflex, Most-Care


VES/DC 

• Non-invasif :

Doppler oesophagien

• Semi-invasif :

Vigileo, Pulsioflex, Most-Care

Modéré

VES/DC 

• Non-invasif :

Clearsight, CNAP

Doppler oesophagien

• Semi-invasif :

Vigileo, Pulsioflex, Most-Care

VES/DC 

• Non-invasif :

Doppler oesophagien

• Semi-invasif :

Pulse contour

Vigileo, Pulsioflex, Most-Care

VES/DC, PVC 

• Non-invasif :

Doppler oesophagien

• Semi-invasif :

Pulse contour

Vigileo, Pulsioflex, Most-Care

Élevé

VES/DC 

• Semi-invasif :

Vigileo, Pulsioflex, Most-Care

VES/DC, PVC, ScvO2 

• Semi-invasif :

Vigileo, Pulsioflex, Most-Care)

• Invasif :

Thermodilution Transpulmonaire 
(VolumeView, Picco2)

VES/DC, PVC, SvO2/ScvO2 

• Invasif : 

•

• Thermodilution

    - Transpulmonaire     

       (VolumeView, Picco2)

    - Pulmonaire (Swan Ganz)

Risque lié à la chirurgie
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Non-invasif

Semi-invasif

Non-invasif

Non-invasif Non-invasif Non-invasif

Semi-invasif

Semi-invasif
Semi-invasif Semi-invasif

Semi-invasif Semi-invasif

Invasif

Invasif
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Merci pour votre attention


