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➔ Intraoperative anesthetic management 

may affect mortality after surgery

AnesthAnalg 2005;100:4–10



Intraoperative Hypotension (IOH)



IOH and anemia were the most important 

concerns associated with the occurrence of 

postoperative myocardia ischemia and infarction



8351 patients with or at risk
of atherosclerotic disease
undergoing non-cardiac

surgery

Clinically significant
hypotension defined as 
systolic arterial pressure 

< 90 mmHg

Lancet 2008; 371: 1839–47 



Intraoperative Hypotension (IOH)



In November in Anesthesiology





AKI and MI by lowest MAP

Anesthesiology 2013; 119:507-15 

33,330 non-cardiac surgeries at the Cleveland Clinic, Ohio

65



Time spent with a MAP < 55 mmHg during noncardiac surgery is independently associated

with an increased risk of AKI & MI

Notably, any amount of time at a MAP < 55 mmHg was associated with adverse outcomes

INJURY= Minutes MAP < 55 mmHg
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Arterial Hypotension

Isolated number



(Anesthesiology  2015; 123:79-91)

30-day 
mortality

(%)

Data from 104,401 noncardiac adult patients with surgery lasting > 60 min
Overall incidence of 30-day mortality was 1,3%

Risk increases substantially when the minimum MAP is < 70mmHg for > 10 min



(Anesth Analg 2018;126:1936–45)

Secondary analysis of the Vascular Events in Noncardiac Surgery Cohort Evaluation (VISION) study

= a prospective international cohort study of noncardiac surgical patients

Intraoperative tachycardia and hypotension are 
associated with MINS 



Increased risk of postoperative stage I AKI when intraoperative

MAP was < 60 mmHg for > 11-20 min 

Incidence of AKI = 6.3% 

( Anesthesiology 2015; 123:515-23)

5,127 patients with a-lines

undergoing noncardiac

surgery from 2009-2011

Primary outcome= AKI 

during the first 2 postop

days



➢ Prospective cohort study
➢ 2211 patients > 60 years undergoing major noncardiac surgery
➢ Retrospective analysis of the occurrence of postop cardiac troponin

elevation ( HsTnT > 14 ng/ml)

Postoperative hypotension is independently 
associated with an incidence of postoperative
cardiac-troponin elevation, irrespective of pre-

and intraoperative variables



IOH, defined as a more than 50% reduction in SBP 

from baseline for > 5 min, may be an important 

risk factor associated with AKI



Summary of Studies on IOH



Several trials have shown an association 
between IOH and postoperative

complications & mortality

Less data on Hemodynamic
management and neurologic function



“In 2015, Dr. Cole proposed a new patient safety initiative:       

the Brain Health Initiative to try minimize the impact of pre-

existing cognitive deficits, and optimize the cognitive recovery 

and perioperative experience for adults > 65 years undergoing 

surgery” 



Impact of IOH on Stroke





(Anesthesiology 2018; 129:440-7)

Increased risk of perioperative stroke when intraoperative MAP fells 
below 65 mmHg for more than 10 min during CPB 



Impact of Hemodynamic on 
postoperative Delirium



April 10, 2015

Our results suggest that 

management of both 

intraoperative hypertension and 

hypotension are important in 

optimizing cognitive outcomes 

in the elderly. 



BJS 2016; 103: e21–e28





734 patients
Incidence of postoperative delirium :13%
MAP < 60 mmHg ➔ No increased risk of delirium
Deep and prolonged IOH  = trend towards delirium 
(not significant)



594 patients 
> 65 y old undergoing major non-cardiac surgery
Delirium = Confusion Assessment method in the first 2 POD 
Incidence of postoperative delirium :30%
Risk factors = female, lower preop cognitive scores, longer 
surgery



Prospective 1-year follow up study of patients > 60 years old
Hip facture
Delirium = Confusion Assessment method
Incidence of postoperative delirium :53% during the first postop week

Risk factors = 1) older, 
2) lower BMI
3) lowest MAP
4) higher delta MAP 
5) lower PP
6) higher postop pain score
7) more transfusion



➔ Hypotension is 

potentially preventable 

Anesth Analg. 2019 Nov 11







Retrospective study
Intraop hemodynamic➔ delirium after major surgery



292 high risk patients, > 50 years old

Multicenter RCT

Norepinephrine to keep
systolic BP± 10% 
(individualized)

Ephedrine for 
Systolic BP < 80 

mmHg (standard)

Major adbominal surgery

Anesthesia start to 4 h after surgery

VS







100 patients > 75 years old, ASA <4

Elective non-cardiac surgery vs 33 heatlhy aged-matched
controls

Personalized BP target (MAP>90% of preop values) vs no 
target group

Neuropsychologist➔ battery of tests preop & 3 months



Percentage of case time with MAP within 90% of baseline MAP 

(65% vs 49%; p <0.01)

Incidence of delirium and POCD did not differ between groups

No correlation was found between IOH and postop cognitive 
performance or delirium



Need > 80% compliance with pathways 
to see most improved outcomes



Impact of Ventilation on Delirium



Duration and severity of 
intraoperative hypocapnia was

independently associated with the 
severity of postop delirum

Maintenance of normocapnia
should be a key goal



August 7, 2018





How can we decrease
Postop delirium?

IOH & Hypocapnia?



- 3,165 patients
- Median time to return to SBP≥80mmHg  was 1 
minutes  in each group
- No difference between groups



BIS <45 MAC<0,8 MAP<75

Triple-low events 

RISK of Mortality

Anesthesiology. 2012 Jun;116(6):1195-203

https://www.ncbi.nlm.nih.gov/pubmed/22546967


Primary hypothesis

Triple-low alerts 

reduce 90-day 

mortality
Jan;130(1):72-82

✓ 7,569 of 36,670 (20%) had triple-low events and were randomized.

✓ All 7,569 were included in the primary analysis.



Alerts for triple-low events: 

1)did not reduce 30 & 90-day mortality

2)were largely ignored by clinicians



How to control variables more 
closely than today?

From Real time Decision Support system  
to Closed Loop Systems



A&A 2014





➢ > 800 critically ill patients in the ICU
➢ > 2,500 high-risk surgical patients (major surgery) 
➢ under continuous norepinephrine infusion (2014-2017)

Anaesth Crit Care Pain Med. 2019 Feb;38(1):69-71

Current Practice in 2019



OR and ICU Patients spent:

48.8% with a MAP [60- 80] mmHg

11.2% time with MAP < 60 mmHg

40% with MAP > 80 mmHg

1) Blood pressure management is suboptimal

2) There is room for improvement in the BP management

of OR and ICU patients receiving vasopressor therapy

3) There may be a need for more accurate and timely titration



Extensive Pre-clinical evaluation



20 patients

2.6 % of case time under-target (Hypotension)

2.4% of case time over-target (Hypertension) 



Aorto-Bifemoral Bypass Surgery

ERASME Hospital
Brussels BELGIUM



0% case time < 65, 1.1% case time > 75

TARGET MAP at 70mmHg ± 5 mmHg





EEG monitoring



Hemodynamic Monitor

Hemodynamic Closed Loop

BIS & ANI

Closed Loop 

Anesthesia Analgesia

Zeus -

Draeger

A&A Case Reports. 2016;7:260–5



Anesth Analg 2019;128:e88–92















Closed-loop systems (CLS), when compared to human management: 

1) Better maintains a given target within a selected range

2) Decreases overshooting or undershooting of a given target

2017

META-ANALYSIS



✓We tested the hypothesis that, in patients ≥ 60 years 

scheduled for non-cardiac surgery, automated 

management of 

1) anesthetic depth, 

2) cardiac blood flow, 

3) protective lung ventilation 

➔using three independent controllers 

➔would outperform manual control of these variables. 





Preoperative

(DAY-1) 

✓ Edmonton Frailty score

✓ QoR-15

✓ EQ-5D-5L 

✓MoCA test

✓ Episodic memory (Free and 

Cued Selective Reminding Test)

✓Working memory (Forward and 

Backward digit spans)

✓ Executive function (Stroop test)

Postoperative day 3-7          

(POD# 3-7) 

✓ QoR-15

✓MoCA test

✓ Episodic memory (Free and 

Cued Selective Reminding 

Test)

✓Working memory (Forward and 

Backward digit spans)

✓ Executive function (Stroop

test)

Surgery
T1 T2

Figure 1

Postoperative day 90

(POD# 90) 

✓ EQ-5D-5L 

✓MoCA test

✓ Episodic memory (Free and 

Cued Selective Reminding Test)

✓Working memory (Forward and 

Backward digit spans)

✓ Executive function (Stroop test)

T0















Conclusions

✓Automated anesthetic management using the

combination of 3 controllers outperforms

manual control and may have an impact on

delayed neurocognitive recovery.

✓However, given the study design, it is not

possible to determine the relative contribution

of each controller on the cognition score



Thank you


