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For 2 decades we were blinded by various outcomes
Neurocognitive Outcomes
(Subdomain/Subprocess)

Domains Assessment Instruments

1. Global cognitive function
(IQ)

Global Cognitive
Function

1. WASI

2. Visual memory
3. Verbal memory

Memory/Learning 2. Faces, Delayed Faces (NEPSY II)
3. CVLT-C

4. Motor speed & dexterity
5. Processing speed

Motor/Processing
Speed

4. Grooved Pegboard
5. Coding (WISC-IV)

6. Visuospatial function Visuospatial 6. Block Design, Matrix Reasoning (WASI)

7. EF components
8. Working memory
9. Sustained and selective
attention, impulsivity
10. Cognitive flexibility
11. Verbal fluency

Attention/ Executive
Function

7. BRIEF
8. Digit Span (WISC-IV)
9. CPT II

10. DKEFS Trails Making
11. Word Generation (NEPSY II)

12. Expressive vocabulary
13. Verbal reasoning
14. Receptive language
15. Speeded naming

Language 12. Similarities (WASI)
13. Vocabulary (WASI)
14. Comprehension of Instructions (NEPSY II)
15. Speeded Naming (NEPSY II)

16. Internalizing behaviors
17. Externalizing behaviors
18. DSM-oriented behaviors
19. Adaptive behavior function

Behavior 16. CBCL Internalizing Scale
17. CBCL Externalizing Scale
18. CBCL. DSM-oriented Scales
19. ABAS II



Clausen NG et al. Br J Anaesth 2018: 120:1255
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The effect(s) of GA (and surgery) in young children
have been assessed by various outcome measures.
This variability in test items used reflects the
problem that the clinical presentation of a potential
damaging impact on young children’s brains
following GA/surgery is not properly defined.

Clausen NG et al. Br J Anaesth 2018: 120:1255



Association between exposure to GA and domain-specific 
neurodevelopmental outcomes in children: SR & meta-analysis 

Reighard Ch et al. JAMA Netw Open 2022; 1;5(6):e2217427.Associations diffe
r based on neurodevelopmental domain

31 studies



Neurotoxicity of anaesthetic drugs and 
neurodevelopment : an old story

• All anaesthetic agents were involved in experimental studies

• Extrapolation to clinical findings is hazardous. 

• The large clinical epidemiological studies assessing potential association between
anaesthesia before 3-4 yrs of age and language abnormalities or learning problems
are definitely reassuring

• The results of the trials: TWINS-PANDA-GAS sounded the death 
knell of the neurotoxicity of anaesthetics. 



Anaesthesia is just a marker associated with potential 
neurodevelopmental alterations

• Structural anomalies in the brain
• Severe acidosis, hypoxia & hypoxaemia, low cardiac output
• CHD: in the context of genetic syndromes (Di George, 

Down…) 

Preoperative
Factors

• Activation of inflammatory cascades (Surgery, CPB…)
• Emboli
• Hypothermia during CPB
• Hyperventilation and hypocapnia
• Hypoxaemia

Intraoperative
Factors

• Hyperthermia, Hyperglycaemia
• Decrease in oxygen delivery
• LOS in PICU/NICU
• Pain, infection

Postoperative
Factors

MULTIFACTORIAL



⬈ risk of perioperative
neurological injury Arch Dis Child. 2016; 101(7): 650-652

Anesth Analg 2019;129:1354–64

Hypotension
Hyperoxia or 

Hypoxia/Hypoxaemia 

Hypocapnia
Hypoglycemia
Hyperglycemia

Hyperthermia

Insults on organ maturation and alteration in neurocognitive development

Hyponatremia



Incidence of hypoxaemia in children

Percentage of cases with at least 1 period of hypoxemia for at least 1 min in relation to age group

De Graaff JC et al. Best Pract Res Clin Anaesthesiol 2021;35(1):27-39.



Gleich SJ et al. Paediatr Anaesth 2021; 31:282-289

Hypotension and Neurodevelopment outcomes: secondary analysis
Is there enough evidence to support the hypothesis ?



The skill and dedication of the anaesthetist is much 
more important than what drugs are being used

Weiss M et al. Curr Op Anaesthesiol 2015; 28: 302
Hansen TG et al. Acta Anaesthesiol Scand. 2016;60:280-3.



Perioperative factors affecting measured outcomes

• Perioperative physiologic disturbances: hypoxia, 
hypocapnia, hypercapnia, hypotension.

• Inflammation
• Psychologic stresses associated with surgery
• Underlying conditions necessitating surgery (i.e. 

confounding by indication). 

Ing C. et al. Anesthesiology; 2022: 500–512



Which outcomes should we be looking for ?



- Risk factors for the occurrence of severe critical events
- Outcomes of the critical events and 30-day in-hospital mortality

Secondary Outcomes

Morbidity and mortality at 30 and 90 days
Risk factors for interventions, morbidity and mortality



Outcome at 30 days

Ø 96% discharged home
Ø 2.2% still in hospital
Ø 1.7% transferred to another center

Postoperative Pediatric mortality at 30 days :
1 in 1000 

0·097% (95% CI 0.066-0.139)



Incidence of severe critical events
Number Incidence 95%CI

Laryngospasm 368 1.2% 1.1 – 1.3

Bronchospasm 371 1.2% 1.1 – 1.3

Bronchial aspiration 29 0.1% 0.06 – 0.13

Postanaesthetic Stridor 208 1.1% 0.9– 1.3

Anaphylaxis 3 0.01% 0.002 – 0.025

Cardiovascular instability 549 1.9% 1.7 – 2.0

Cardiac arrest 10 0.03% 0.01 – 0.05

Neurological damage 5 0.02% 0.002 – 0.03

Drug error 49 0.2% 0.1 – 0.2

Overall (any of them) 1637 5.3% 5.0 – 5.5



30-Day Morbidity 30- & 90-day Mortality

Entire Cohort 17% (16 - 18) 3.2% (2.7-3.7)
Surgeries (non-cardiac) 0.14 (0.13 - 0.15) 0.024 (0.02 - 0.029)
Cardiac surgery 0.52 (0.46 - 0.57) 0.095 (0.06 - 0.13)
Non-surgical procedure 
(excluding cardiac cath)

0.18 (0.15 - 0.20) 0.042 (0.03 - 0.06)

Cardiac catheterism 0.15 (0.07 - 0.27) 0.06 (0.01 - 0.16)

Incidence morbidity and mortality

Incidence and 95% Confidence Interval



Overall incidence of critical events 
requiring intervention 

35.3% (95%CI: 34.1-36.4) 



Hypotension, Hypoxaemia and Anaemia

Impact of composite adverse event

 Morbidity (RR 3.56 [95%CI: 1.64-7.71]) 
 Mortality (RR 19.80 [95% CI 5.87-66.73])



OUTCOMES
Secondary endpoints



Outcomes n %

Laryngospasm Uneventful 
Prolonged intubation 
Pulmonary oedema 

358
9
1

97·1
2·4
0·3

Bronchospasm Uneventful 
Hypoxemia (< 90%) 
Prolonged intubation/ICU admission

216 
145 
13 

57·1
38·4
3.5

Bronchial 
aspiration

Uneventful 
Prolonged intubation 
Hypoxaemia / Pneumonia

18 
4

10 / 1

54·6
12·1

30·3 / 3·0

Stridor Uneventful 
Intubation /Tracheostomy

198 
9 / 1 

95·2
4·3 / 0·5

Severe cardio-
vascular events

Uneventful 
Cardiac arrest 
Coagulopathy 
Other: (ECMO - Myocardial ischemia 
ICU admission - Reoperation for haemostasis 

560 
8 

19 
9 

94
1·3
3·2
1·5

Drug errors No sequelae
Minor sequelae
Major sequelae-Admission ICU

15
32 
1

31·2
66·7
2·1
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RR 95% CI
Weight at inclusion 0.84 0.79 - 0.90

Neonatal medical history 1.56 1.19 - 2.05

Preoperative intensive support
(Cardio-vasc support, admission from ICU, ASA III-V)

2.55 2.02 - 3.23

Current comorbidities 1.52 1.27 - 1.80

Unplanned intraoperative interventions 1.19 1.06 - 1.35

Length of surgery 1.12 1.08 - 1.18

Multivariable analysis (n = 6072), controlling for cardiac surgery and multiple procedures 
with the participating center as a random factor 

Risk factors for complications at 30 days



Causes of mortality at 30/90 days
n
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RR 95% CI
Weight at inclusion 0.74 0.62 - 0.88

Preoperative intensive support
(Cardio-vasc support, admission from ICU, ASA III-V)

6.83 3.08 – 15.03

Current comorbidities 2.29 1.33 – 3.95

Surgical plan
(urgent/emergency or after hours or location of procedure: ICU)

2.09 1.32 – 3.29

Surgical revision for postoperative 
bleeding

7.71 4.51 – 13.18

Multivariable analysis (n = 6072), controlling for cardiac surgery and multiple procedures 
with the participating center as a random factor 

Risk factors associated with
mortality at 30 & 90 days



Serious adverse events from Wake Up Safe initiative

Haché M et al. Paediatr Anaesth. 2020;30(12):1348-1354.

85% preventable



Incidence of 30-day mortality in children 

EU, Nectarine, Disma

De Graaff JC et al. Best Pract Res Clin Anaesthesiol 2021;35(1):27-39.

Neonates



Prediction of mortality in the paediatric population
systematic review of risk assessment tools

Tangel VE et al. Anesthesiology Ahead of Print Sept 9

Predictors for 30-day mortality

9 of the 10 studies describe risk scores of 30-day mortality
None addressed risk score for intra-operative mortality
One single study focused on external validation



Development of a Paediatric Risk Assessment score to 
predict perioperative mortality in children 

undergoing noncardiac surgery

Nasr V et al. Anesth Analg 2017; 124(5):1514-1519



PRAm score: a simple and objective tool that predicts 
30-day mortality in paediatric patients

Valencia E. Anesth Analg 2019; 129(4):1014-1020

7% of patients score 4/5
with Sens & Spec < 90%

Incidence of 30-day mortality: 
0.21% (29/13,530). 



What about the most important Outcome ?
Quality



Setting a universal standard: Should we benchmark 
quality outcomes for pediatric anesthesia care?

The time has come to move beyond mortality and establish universally 
accepted minimum outcome standards in pediatric anesthesia. We believe 
this will ultimately improve confidence in the quality of pediatric anesthesia 
care offered to children, no matter where they are receiving that care.

Olbrecht VA et al. Paediatr Anaesth 2022;32(8):892-898



A systematic review of outcomes reported in pediatric 
perioperative research: A report from the PPOG

Systematic review of pediatric perioperative controlled trials published 
over a recent 11-year period

724 articles reporting 3192 outcome measures

Outcomes identified to be evaluated as candidates for inclusion in age-specific core 
outcome sets in subsequent phases of the pediatric perioperative outcome project
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Patient-centered outcomes, healthcare utilization, and 
bleeding/transfusion-related outcomes were less often reported.



Potential metrics for quality outcomes in paediatric anaesthesia

Olbrecht VA et al. Paediatr Anaesth 2022;32(8):892-898
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Population:
Inclusion:
All patients ≤ 18 years of age undergoing noncardiac surgery or procedures 
under anesthesia between April 2013 and January 2018 were considered 
eligible for inclusion if they had at least 1 preoperative serum creatinine 
(SCr) measurement within 1 year before the procedure.

Exclusion:
• Patients with end-stage renal disease (ESRD), 
• preoperative need for renal replacement therapy (RRT), 
• those undergoing central venous catheter placement specifically for the 

purpose of RRT

RETROSPECTIVE OBSERVATIONAL 



Primary Outcome
• AKI defined by KDIGO group:

– SCr the first 7 days postoperatively
• KDIGO stages of AKI:

– SCr increase 1.5–1.9 times baseline or a ≥ 0.3 mg/ dL absolute 
increase (KDIGO stage 1), 

– SCr increase 2.0–2.9 times baseline (KDIGO stage 2),
– SCr increase 3 times baseline or greater (KDIGO stage 3). 

• Patients were also considered to have KDIGO stage 3 if Cr reached 
4.0 mg/dL, estimated glomerular filtration rate (GFR) dropped <35 
mL/ min/1.73 m2 , or new hemodialysis or new continuous RRT was 
initiated. 





Prevalence: 3.2% of kids 95% CI (2.9-3.6) 

• KDIGO stage 1:  prevalence of 1.8%
• KDIGO stage 2: prevalence of 1.2%
• KDIGO stage 3: prevalence of 0.2%







Let’s start by implementing measures 
aiming at quality improvement

• Implementation of Good or Evidence Based best practice
• Development of evidence-based protocols for management of 

serious critical events 
• Development of specific training in the management of severe 

perioperative critical events
• Development and rational use of paediatric perioperative risk 

assessment scores
• Implementation of systems for ensuring maintenance of skills
• Reporting patient-centered outcomes 
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