
Wieviel  Blutdruck braucht der Mensch ?

Patrick Wanner 

Herbstsymposium Anästhesiologie 

Universitätsspital Basel 

25. Oktober 2025

Past ,  present,  future of  BP management



Confl icts of  interest



Co-Investigator of the  

BBB Study (Biomarkers, 

Blood pressure, BIS)

Principal Investigator of the 

AUTOREGULATE-NONCARDIAC Study

Confl icts of  interest

Collaboration with Covidien/Medtronic 

Planned subanalysis of AUTOREGULATE-

NONCARDIAC to independently evalute 

Covidien/Medtronic Cotrending algorithm 

in major noncardiac surgery



Key messages



We know less than we think about hemodynamics.

Key messages



We know less than we think about hemodynamics.

Key messages

Both pressure and f low matter.



We know less than we think about hemodynamics.

Key messages

Both pressure and f low matter.

Postop matters too.





MAP > 65 mmHg



MAP > 65 mmHg
What does this actual ly  mean ?



MAP -  a case study in a postop.  pat ient



MAP -  a case study in a postop.  pat ient



Are we happy ?

MAP -  a case study in a postop.  pat ient



MAP -  a case study in a postop.  pat ient



Noradrenaline 30 mcg/min 
Vasopressin 0.03 E/MIN 

Dobutamine 300 mcg/min

MAP -  a case study in a postop.  pat ient



Are we still happy ?

Noradrenaline 30 mcg/min 
Vasopressin 0.03 E/MIN 

Dobutamine 300 mcg/min

MAP -  a case study in a postop.  pat ient



MAP > 65 mmHg
What does this actual ly  mean ?



MAP > 65 mmHg
What does this actual ly  mean ?

And where does i t  come from ?
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MAP > 60-70 OR 80% Baseline
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4 major tr ia ls ,  no treatment effects.



Why ?

4 major tr ia ls ,  no treatment effects.

3 Quest ions.
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Of course not!
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Precis ion approach 2:

Monitor  organ perfusion

rSO2 (NIRS) as surrogate of  CBF
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Large variability of 
AR boundaries in 

noncardiac surgery



Cardiac Surgery

cAR boundaries cannot be predicted



Cardiac Surgery

Not just  the brain,  other organs too



Magnitude & duration of  
MAP < cerebral LLA associated with  

cardiovascular and renal morbidity following 
Cardiac surgery

Cardiac Surgery

Not just  the brain,  other organs too
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What does this mean for  
noncardiac surgery ?

We do not know, yet.
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Cerebral  autoregulat ion in real  l i fe :  

Individual  patients

Patients di f fer  and  

even preop BPs may be unsafe.





Cerebral  autoregulat ion in real  l i fe :  

Whole populat ions



AUTOREGULATE-NONCARDIAC

Prel im f indings in a high-r isk populat ion

Cave:  prel iminary,  not peer-reviewed.
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Prel iminary f indings on a populat ion level

Median MAPopt 80 (95% CI 79-83)
IQR 75-85

MAPopt = Optimal BP



But what does this mean for  us  

in the OR ?



Preliminary

Prel iminary f indings on a populat ion level
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Prel iminary f indings on a populat ion level

High map targets = overtreatment

Excessive bp, fluids & vasopressors



Preliminary

Prel iminary f indings on a populat ion level

High map targets = no guarantee for safety

Insufficient BP for organ perfusion



Preliminary

Prel iminary f indings on a populat ion level

MAPopt as a potential BP Target ?

Balancing risks of over- & 
undertreatment



Prel iminary f indings on a populat ion level

Time for  a paradigm shif t  ?

Monitor  target organs.
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Cerebral 
blood flow

Renal 
blood flow
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75%25% 50%

50%25%

Organ blood 
flow  
vs.  

Perfusion 
pressure

Kidney is sensitive not 
just to hypotension, 
but also to reduced 

cardiac output!

Pressure vs.  Flow
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Pressure is not 
everything

Flow matters too. 
And so does how we get there.



Pressure vs. FLOW

Noradrenaline 30 mcg/min 
Vasopressin 0.03 E/MIN 

Dobutamine 300 mcg/min

MAP -  a case study in a postop.  pat ient
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Postoperat ive hypotension



Are we still happy ?

Noradrenaline 30 mcg/min 
Vasopressin 0.03 E/MIN 

Dobutamine 300 mcg/min

MAP -  a case study in a postop.  pat ient



Septic shock, carotid stenosis

MAP -  a case study in a postop.  pat ient ,  cont inued
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We know less than we think about hemodynamics.

Key messages & future direct ions

Both pressure and f low matter.

Postop matters too.

Mult imodal  monitor ing

Precis ion care pathways

Focus on understanding & precis ion
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BP_lo BP_hi Intervention 

duration 

ACE-I & 

ARB 

Surgical 

population 

Surgical 

duration 

[min] 

Epidural 

analgesia 

BP_hi vs. 

BP_lo 

Vasoactive 

Medications 

BP_hi vs. BP_lo 

[%] 

Crystalloids 

Intraop. 

BP_hi vs. BP_lo 

[ml] 

Colloids 

Intraop. 

BP_hi vs 

BP_lo 

[ml]

Blood loss 

BP_hi vs. BP_lo 

[ml] 

Transfusion 

Intraop. 

BP_hi vs. BP_lo 

[%] 

ICU postop. 

BP_hi vs. BP_lo 

[%] 

BBB MAP ≥ 60 mmHg MAP ≥ 75 mmHg Intraop. Continued

67% vascular,


12% abdominal,


10% urological

316 (249-428) 


vs.


322 (256-419)


Mean 350 

(134)

39% vs. 

37%

Noradrenaline: 


98% vs. 97%


Ephedrine:


84% vs. 68%

2800 

(2000-4000) 


vs.


3000 

(2000-4225)

0 (0-0) 


vs. 


0 (0-0)


(15% vs. 

17%)

400 (150-1000)


vs.


500 (150-1160)

3.6% vs. 3.5% 50% vs. 51%

INPRESS

SBP > 80 mmHg, 

within 40% 

resting BP


+


ephedrine


(Standard)

SBP within 10% 

resting BP


+


noradrenaline


(Individualized)

Intraop. + 


4h postop.
Withheld 95% abdominal

260 (170-365) 


vs. 


280 (200-375)

45% vs. 

45%

Noradrenaline: 


95% vs. 26%


Ephedrine 


0.7% vs. 84%

1500 

(1000-2000) 


vs.


2000 

(1500-2500)

875 

(500-1500)


vs.


1000 

(500-1500)

500 (200-925)


vs.


500 (200-837)

26.5% vs. 

23.4%

12% vs. 14% 

(planned)

POISE-3

MAP ≥ 60 mmHg


(Hypertension 

avoidance)

MAP ≥ 80 mmHg


(Hypotension 

avoidance)

Intraop.

Hypotension

-avoidance: 

withheld


Hypertensio

n-

avoidance: 

continued

36% general,


24% orthopedic,


14% vascular

mean 170 n/a n/a n/a n/a n/a n/a n/a

# unpublished data - calculated for purposes of presentation

# # # ## # # #

Summary of  3 tr ia ls :  Management & populat ion
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#
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4h postop.
Withheld 95% abdominal

Noradrenaline:  

95% vs. 26% 

Ephedrine  
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p<0.001 

875 (500-1500)


vs.


1000 (500-1500)


26.5% 


vs. 


23.4%

Renal 

dysfunction 


(RIFLE RISK 

or higher)

292
71 

(49%)

48 

(33%)

RR 0.67  
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- - - - - - - - -
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-
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0 (0-0)


(15% vs. 17%)

3.6% 


vs. 


3.5%
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(AKIN I or 

higher)
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104 
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RR 0.93  

(0.75 to 1.14) 

MAP 75 vs 60

INPRESS

SBP > 80 

mmHg, within 

40% resting BP


+


ephedrine


(Standard)

SBP within 

10% resting 

BP


+


noradrenaline


(Individualized)

Intraop. + 


4h postop.
Withheld 95% abdominal

Noradrenaline:  

95% vs. 26% 

Ephedrine  

0.7% vs. 84%

1500 (1000-2000)  

vs. 

2000 (1500-2500 

p<0.001 

875 (500-1500)
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1000 (500-1500)
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23.4%

Renal 

dysfunction 


(RIFLE RISK 

or higher)

292
71 

(49%)

48 

(33%)
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(0.50 to 0.89) 

Individualized vs. 
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POISE-3
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Intraop.

Hypotension-
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withheld


Hypertension

avoidance: 

continued
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24% orthopedic,


14% vascular

- - - -
AKI 


(within 2 -7 

days)

7307
505 

(14%)

530 

(15%)
-
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BBBINPRESS POISE-3

Potential ly  improved  

renal  and neurological   

outcomes

No dif ferences in 

cardiovasc.  or  renal  

outcomes

No dif ferences in 

cardiovasc.  or  renal  

outcomes

MAP > 75 MAP > 80MAP > 80% “basel ine”

3 tr ia ls  on BP management in noncardiac surgery



Pressure vs. Flow
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Cerebral blood flow
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Possible explanat ions for  RCTs without relevant Tx effects ?

Pitfal ls :  Reduct ionism



Residual  confounding in observat ional  studies

Possible explanat ions for  RCTs without relevant Tx effects ?

Associat ion does not imply causat ion!

Pitfal ls :  Reduct ionism



Residual  confounding in observat ional  studies

Complex causal  networks

Possible explanat ions for  RCTs without relevant Tx effects ?

Pitfal ls :  Reduct ionism



Residual  confounding in observat ional  studies

Complex causal  networks

Possible explanat ions for  RCTs without relevant Tx effects ?

Pitfal ls :  Reduct ionism

And many more factors…



Residual  confounding in observat ional  studies

Heterogeneity of  populat ions and treatment effect

Complex causal  networks

Possible explanat ions for  RCTs without relevant Tx effects ?

Pitfal ls :  Reduct ionism



LLA = lowest safe BP ULA = Highest safe BP

Preliminary

Heterogeneity in hemodynamic needs



High map targets = overtreatment

Excessive bp, fluids & vasopressors

Preliminary

Heterogeneity in hemodynamic needs



High map targets = no guarantee for safety

Insufficient BP for organ perfusion

Preliminary

Heterogeneity in hemodynamic needs



Residual  confounding in observat ional  studies

Heterogeneity of  populat ions and treatment effect

Complex causal  networks

Mult i factor ial  /  syndrome outcomes

Possible explanat ions for  RCTs without relevant Tx effects ?

Pitfal ls :  Reduct ionism



BBB Suppl.



Limitations









Control Intervention

Duration MAP < 65 

mmHg  [min]
23 [8-50] 9 [3-24]

Percentage time 

MAP < 65 mmHg
8% [3-14%] 3% [1-7%]

TWA MAP < 65 

mmHg

0.35 

[0.128-0.765]

0.153 

[0.049-0.41]

NOT PUBLISHED



AKI



AKI as an endpoint



BP targets



Rationale for BP targets I

MAP > 75 - WHY ?

Sessler DI et al. Hospital stay and mortality are increased in patients having a 
"triple low" of low blood pressure, low bispectral index, and low minimum 
alveolar concentration of volatile anesthesia. Anesthesiology 
2012;116(6):1195-203.

Wesselink EM et al. Intraoperative hypotension and the risk of postoperative 
adverse outcomes: a systematic review. Br J Anaesth 2018;121(4):706-721.

2015 2022



MAP > 60 - WHY ?

Kristensen SD et al. 2014 ESC/ESA Guidelines on non-cardiac surgery: 
cardiovascular assessment and management: The Joint Task Force on non-
cardiac surgery: cardiovascular assessment and management of the European 
Society of Cardiology (ESC) and the European Society of Anaesthesiology 
(ESA). Eur Heart J 2014;35(35):2383-431.

Halvorsen S, Mehilli J, Cassese S, et al. 2022 ESC Guidelines on 
cardiovascular assessment and management of patients undergoing non-
cardiac surgery. Eur Heart J 2022.

2015 2022

Rationale for BP targets II



Heterogeneity in autoregulatory ranges = heterogeneity in treatment effects ?

Heterogeneity in treatment effects



AUTOREGULATION



AR-Guided BP management is viable



Need for autoregulation monitoring: safe BP ranges variable I



Need for autoregulation monitoring: safe BP ranges variable II



Need for autoregulation: safe BP ranges not predictable



Phenotypes



Hypotension is not hypotension - towards phenotypes ?



Prognostic relevance of postoperative hypotension



Consensus 
statements



Consensus statements - intraoperative management



Consensus statements - postoperative management



Wesselink



Limitations of observational evidence - populations I



Limitations of observational evidence - populations II



Limitations of observational evidence - populations III



Limitations of observational evidence - definitions of 
hypotension I



Limitations of observational evidence - definitions of 
hypotension II



Limitations of observational evidence - definitions of 
hypotension III



Inpress





































The BBB-Study



Research Question

≥ 45 years, cardiovascular risk, major noncardiac surgeryPopulation

Targeting intraoperative MAP ≥ 75 mmHgIntervention

Targeting intraoperative MAP ≥ 60 mmHg (2014 ESC/ESA Guidelines)1Comparator

Composite acute myocardial injury POD0-3 and/or 30-day major adverse 
cardiovascular events (MACE) / acute kidney injury (AKI)

Outcome

1: 2014 ESC/ESA Guidelines on non-cardiac surgery: cardiovascular assessment and management: The Joint Task Force on non-cardiac surgery: cardiovascular assessment 
and management of the European Society of Cardiology (ESC) and the European Society of Anaesthesiology (ESA)



Intervention

R



Non-pharmacologic 
Interventions

R

Intervention



Fluids

Intervention



Vasopressors

R

Intervention



Outcomes

Acute myocardial injury postoperative days 0-3 (hs-cTnI > 40 ng/L [99th percentile of 
the upper reference limit] and relative increase ≥ 35% compared with the preoperative value) 

and/or 

30-day MACE/AKI (acute coronary syndrome, new or worsening congestive heart failure, 
coronary revascularization, stroke, AKI, all-cause mortality)

Primary



Results



Results - Enrolment



Results - Baseline characteristics

67% Vascular surgery

12% Abdominal surgery

10% Urological surgery



Results - Hemodynamic intervention I

60% reduction of 
duration with  

MAP < 65 



Results - Hemodynamic intervention II

Episodes shorter & less pronounced



Results - Hemodynamic management

More Ephedrine in 
intervention 

Group

Few Colloids/ 
Blood prod.



Results - Anesthetic management

100% GA (38% +eDA), 96% propofol/remifentanil TCI

No relevant differences in anesthetic Management



Results - Outcomes



Results - Outcomes



Results - Outcomes



Conclusion

Results do not support universally targeting higher BPs 

to prevent myocardial injury or 30-day MACE/AKI.



Results do not support universally targeting higher BPs 

to prevent myocardial injury or 30-day MACE/AKI.

Future research: larger studies,  

focus on personalized BP management

Conclusion



What about 
other trials ?



Inpress



Findings of other trials - INPRESS



Findings of other trials - INPRESS

French Multicenter RCT



Findings of other trials - INPRESS

Patients > 50y, major surgery > 2h, at risk of AKI

French Multicenter RCT



Findings of other trials - INPRESS

Individualized vs. Standard BP therapy

Patients > 50y, major surgery > 2h, at risk of AKI

French Multicenter RCT



Findings of other trials - INPRESS



Findings of other trials - INPRESS

Control:  
SBP > 80, within 40% resting BP 
Ephedrine



Findings of other trials - INPRESS

Intervention:  
SBP within 10% resting BP 
Noradrenaline



Findings of other trials - INPRESS

Resting BP ~ values surgical 
ward day before surgery



Findings of other trials - INPRESS

Individualized vs. Standard BP therapy

Primary outcome: Posoperative organ dysfunction (SIRS + any organ 
failure: renal, CV, resp, neuro, coagulation)

Patients > 50y, major surgery > 2h, at risk of AKI

French Multicenter RCT



Findings of other trials - INPRESS

95% abdominal  
surgery



Findings of other trials - INPRESS

Primary composite outcome  
RR 0.74 (0.57 to 0.95)



Findings of other trials - INPRESS
Primary 

composite 
outcome  
RR 0.74  

(0.57 to 0.95)



Findings of other trials - INPRESS

Altered 
Consc. 
RR 0.34  

(0.16 to 0.74)



Findings of other trials - INPRESS

AKI RR 0.67  
(0.50 to 0.89)



POISE-3



Findings of other trials - POISE-3 (ACC 2022)



Findings of other trials - POISE-3 (ACC 2022)

Multinational Partial 2x2 factorial RCT



Patients > 45y at risk of Cardiovasc. Events, chron. Antihypertensive tx

Findings of other trials - POISE-3 (ACC 2022)

Multinational Partial 2x2 factorial RCT



Patients > 45y at risk of Cardiovasc. Events, chron. Antihypertensive tx

Hypotension vs. Hypertension-avoidance strategy

Findings of other trials - POISE-3 (ACC 2022)

Multinational Partial 2x2 factorial RCT



HYPOtension-avoidance



HYPOtension-avoidance

ACE-I/ARB held preop and for 2d postop,  
algorithm for other antihypertensives



Intraop. MAP target >= 80 mmHg

HYPOtension-avoidance

ACE-I/ARB held preop and for 2d postop,  
algorithm for other antihypertensives



HYPERtension-avoidance



HYPERtension-avoidance

Periop. Continuation of all chronic antihypertensive meds



Intraop. MAP target >= 60 mmHg

HYPERtension-avoidance

Periop. Continuation of all chronic antihypertensive meds



Patients > 45y at risk of Cardiovasc. Events, chron. Antihypertensive tx

Hypotension vs. Hypertension-avoidance strategy

Findings of other trials - POISE-3 (ACC 2022)

Multinational Partial 2x2 factorial RCT



Patients > 45y at risk of Cardiovasc. Events, chron. Antihypertensive tx

Hypotension vs. Hypertension-avoidance strategy

Primary outcome: major vascular complication (vasc. Death, non-fatal 
MINS, stroke, cardiac arrest at 30 days)

Findings of other trials - POISE-3 (ACC 2022)

Multinational Partial 2x2 factorial RCT



Findings of other trials - POISE-3 (ACC 2022)



36% general surgery 
24% orthopedic surgery 

14% Vascular surgery

Findings of other trials - POISE-3 (ACC 2022)



HR 0.99 (0.88 to 1.12) for major vascular complications with 
Hypotension vs. Hypertension-avoidance

Findings of other trials - POISE-3 (ACC 2022)



Results - Baseline characteristics

67% Vascular surgery

12% Abdominal surgery

10% Urological surgery


