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“Disfunzione cognitiva post-
operatoria e delirium” 



Postoperative 
delirium 

Emergence delirium 

Mild neurocognitive 
disorder 

Dementia 

Postoperative 
cognitive 

dysfunction 
early and late 

Subsyndromal  
delirium 

Inadequate 
recovery 

Post-traumatic stress 
disorder 

Perioperative covert 
stroke 



Neurocognitive disorders occur 
frequently in the community with 14 
to 48% aged >70 yr suffering mild 

cognitive impairment and an 
additional 10% suffering dementia 

> 30% of individuals >65yrs 
have surgery annually in 
western countries 
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Aging and coexisting diseases 
associated to cognitive decline 

and dementia  

• diabetes mellitus 
• metabolic syndrome 
• depression 
• COPD 
• heart failure 
• vascular disease 
• malnutrition 

Hospitalized older surgical patients are faced with 
many challenges during their journey through 

surgery and the recovery period 

• fasting 
• opioid analgesics 
• anesthetic agents 
• intraoperative blood loss 
• postoperative pain 
• nausea and vomiting 
• unfamiliar hospital environment 
• immobility during the perioperative period 

vulnerability 



The trajectories 

Needham MJ et al, Anaesthesia 2017; 119: 115-25 

Mild Cognitive 
Impairment 

underwent surgery 

No surgery 

Cutoff dementia 



1 week after surgery in adults >65yrs, with 
no difference in rates based on the type of 
surgery and/or anesthetic  

The burden 

at 3 months following surgery  

at 12 months following surgery  



a set of acute and fluctuating changes 
in attention, mental status, and 
level of consciousness, with lucid 

intervals, often seen after anaesthesia 
and surgery 

What is postoperative delirium? 

World Health Organization  

“an etiologically nonspecific organic cerebral syndrome characterized 
by concurrent disturbances of consciousness and attention, 

perception, thinking, memory, psychomotor behavior, emotion, and 
the sleep-wake schedule. The duration is variable and the degree of 

severity ranges from mild to very severe”  

disturbance of attention, a disturbance in 
cognition, and an acute change from 
cognitive baseline which has not been 
previously established or is not caused 
directly by another medical condition  

More frequent 
Worst 

Prognostic bad 



mental disturbance during the recovery from general 
anesthesia into the recovery room/PACU 
primarily within the first 30 minutes of recovery time 
and typically resolves within an hour of onset 

• 5% to 10% of general surgery 
patients of all  ages 

• 41% of older adults 

Hallucinations 
Confusion 
• restlessness 
• moaning 
• involuntary physical activity 
• thrashing 

Rapid 
emergence 
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Predisposing factors Precipitating factors 

Predisposing and precipitating factors 
for postoperative delirium 

lower premorbid intelligence quotient 
fewer years of education 

sleep disruption 
significant intraop blood loss 
poorly controlled pain 

Infection 

potentially reversible elements 
throughout the perioperative period 



Confusion Assessment Method CAM 
the most commonly used screening  

tool in research  
high sensitivity and specificity (between 90–100%)  

How to diagnose delirium? 

long form with 10 sections  

• acuity/fluctuation 
• attention 
• thinking 
• level of consciousness 

short form with 4 four domains 
commonly used in clinical practice  



• Delirium alone associated with adverse 
postoperative outcomes and longer LOS 

 
• MCI associated with increased risk of 

delirium after surgery and delirium severity 
 
• MCI without delirium not associated with 

risk of poor postoperative outcomes 
 
• MCI with delirium suggests synergistically 

higher risk of new cognitive impairments and 
more often discharged to a post-acute facility  

560 non-demented adults ≥70 years old 

Clinical outcomes in older surgical 
patients with mild cognitive impairment 

Racine AM et al, Alzheimers Dement 2018; 14: 590–600  

healthcare costs 
 
the 1 yr cost of care of patients 
with delirium estimated 2.5 
times the cost of care for similar 
patients without delirium 
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significant reduction in cognitive 
performance from baseline following 
surgery and anesthesia, and diagnosed as 
subtle deficits in multiple core 
neurocognitive domains 

• executive function 
• attention 
• verbal memory 
• psychomotor speed 
• visuospatial abstraction 

in the short (7 days) and medium (1 to 3 
months) term after anaesthesia and 
surgery, not fluctuating with lucid intervals 

What is postoperative 
cognitive dysfunction? 



lack of well-defined 
baseline status 

methodological limitations of 
current literature 

significant heterogeneity in the type and 
number of tests administered 

criteria or definition 
for change 

timing of administration 
of the tests 

subjective complaints 
rarely sought (ADLs) 

A problem of proper 
definition 



Erzigkeit’s Short Cognitive Performance Test 

Digit Span Test  Stroop Test 

Trail Making Test, Part A and B 

Dementia, POCD (?)  
about five minutes 

POD 

Typical design of a study examining POCD with a 
profile of normal recovery and incomplete recovery 

across multiple postoperative time points 

Comparison A—change from baseline to 
postoperative time point 1 (incomplete) 

Comparison B—change from baseline 
to postoperative time point 2 (normal) 



The diagnostic criteria for the perioperative cognitive 
changes should not be differentiated from 

neurocognitive disorders in the general population 

The three DSM-5 pillars of diagnosis 
for neurocognitive disorders 



Anesthesiology 2018; 129: 872-9 

anaesthesiology 

neurology neuropsychology 

surgery 

geriatrics psychiatry 

Recommendations for Perioperative NCD 

cognitive impairment or change identified in 
the preoperative or postoperative period 

 

• cognitive impairment diagnosed before 
operation  

• any form of acute event (such as delirium) 
• cognitive decline diagnosed up to 30 days 

after the procedure (delayed neurocognitive 
recovery) and up to 12 months 

Recommendations for Pre-existing 
Cognitive Impairment 

objectively measurable subtle cognitive impairment at baseline (usually 
by comparison with population norms) 

 
not related to the imminent anaesthesia and surgery  

 
coincidentally identified 

in the community as mild NCD or major NCD (dementia) 

Recommendations for Delirium 

‘Postoperative delirium’ should be recognised as a specific 
category occurring during the hospitalisation period up to 

1 week after anaesthesia and surgery, in cases when 
other identifiable causes have been excluded 

postoperative  
specific and known precipitating event (i.e., 
anaesthesia and surgery), occurring annually in 
approximately one-third of individuals >65 yr 

>65yr individuals after operation  

Intensive Care 

Factors to consider when diagnosing 
postoperative delirium 
 
• Unmasked pre-existing vulnerabilities 

(drugs/alcohol/dementia/previous delirium) 

• Persistent drug effects 
• Other physiological perturbations (metabolic 

abnormalities, hypoxia, electrolyte imbalance, 
infection, etc) 

• Lucid interval (not mandatory, but should be 
documented) 

Recommendations for POCD 

impairment in, or change in, cognition 
temporally associated with anaesthesia and 
surgery  
changed from POCD to  
• ‘delayed neurocognitive recovery’  
• mild or major NCD (DSM-5) 
depending on timing and magnitude 

modest (mild-NCD) or significant (major-
NCD) cognitive decline from a previous 

level of performance in one or more 
cognitive domains up to 12 months 

• complex attention 
• executive function 
• learning and memory 
• language 
• perceptual-motor 
• social cognition 

• objective impairment of 1-2 
SDs below controls/norms 

• subjective complaint 
• preserved ADL 

mild-NCD 
• objective impairment of ≥2 

SDs below controls/norms 
• subjective complaint 
• impaired ADL 

major-NCD 





Anesthesiology 2018; 129:389-91 

• syndromes measured in different 
ways 

• don’t necessarily include deficits in 
the same cognitive domains 

• occur at different times 
• no human studies demonstrating 

the same pathophysiologic 
mechanisms 

many patients with delirium develop POCD, 
and many patients with POCD also had POD 

delirium simply a marker for other 
factors that may contribute to 
POCD risk, such as lower 
preoperative cognitive status  
 
 
delirium itself actually contributes 
to longer-term POCD in high risk 
patients 

Inouye S et al, Alz Dementia, 2016  



postoperative delirium is poorly 
predictive of postoperative cognitive 
dysfunction after 1 month of recovery 
and beyond, suggesting that POD and 

POCD are separate clinical conditions, 
rather than shared conditions reflecting 

two sides of the same coin 



Potential theories on the development 
of delirium 

Neuroendocrine 
activation 

Neuro-
inflammation  

Neuronal aging Neurotransmitter 
imbalance 

Brain network 
connectivity change 

most complementary rather than competing 



peripheral surgical trauma  

Pathogenesis of POCD 

disruption of the blood-brain barrier 

CNS inflammation  

Oxidative stress in the CNS 
Glial activation 

functional disruption in neural activity 

POCD 
Potential contributions 
of anaesthetic agents 

subclinical preop inflammatory 
states prime CNS by chronically 

activating neuronal tissue 

release of a cascade of 
inflammatory cytokines 

and mediators 

The four hypotheses 

synaptic impairment in susceptible 
patients, such as older adults or 

patients with previous head injury 

alterations of synaptic 
densities  

altered proteins in 
the brain 

• amyloid beta 
• Tau protein 
• Brain-derived 

neurotrophic factor 

enzymatic activation 
receptor activity 

Caspase 
GABAa Rs 

interruption of central cholinergic 
neurotransmission due to surgical stress 

and/or direct effect of anesthesia 

brain region-specific 
vulnerability  

neurotransmitter imbalance  
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Alzheimer’s Disease Pathology as a 
risk factor for POD, POCD  

Evered et al, Anesthesiology, 2016  



Primary outcome- correlation between 
perioperative change in CSF AD biomarker (tau) 
and continuous cognitive change index (from 
preop to 6 weeks-1 year post-op)  

110 surgical patients  



Accepted for publication March 11, 2019 

Flow cytometry panel to profile cerebrospinal 
fluid samples collected before and after major 
noncardiac surgery in 5 patients ≥60 years of 
age who developed POCD and 5 matched 
controls who did not 

Patients who developed POCD  
 
• increased CSF monocyte/lymphocyte ratio 
• monocyte chemoattractant protein 1 receptor 

downregulation on CSF monocytes  
 
24 hours after surgery 



Where can we be active? 



Brain protection 

Preoperative recognition   

Tailored anesthesia 

Environmental  

Monitoring  

Postoperative comprehensive 

rehabilitation  

Follow-up 



JAMA 2017; 152: 292-8 

The journey 

Medical 
optimization 

Early 

Pain 

Short acting 
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Multimodal anesthesia 

Multimodal analgesia 

Depth of anesthesia 
monitoring Recovery Rooom 

A combined strategy 

Active body 
warming 
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British Journal of Anaesthesia 2017; 119 (S1): i44–i52  

Anaesthetic neurotoxicity 

Emergence delirium 

Anaesthesia and cancer 

Cognitive impairment, dementia and 
anaesthesia 



Brain protection 

attenuated excitotoxicity  
 

• Inhibition of glutamate sensitive NMDA 
receptors 

• Inhibition of postsynaptic glutamate receptor 
responses 

• Activation of GABA A receptors 

reducing sympathetic tone 

Handbook of Clinical Neurology, Vol. 121 
Neurologic Aspects of Systemic Disease Part III 
Jose Biller and Jose M. Ferro, Editors 
© 2014 Elsevier B.V. All rights reserved 

Less effective 

Less tau proteins and 
caspase activation 



MAC decline by ≈6% per decade after 30 years of 
age 

avoiding volatile anesthetic overdose by closely 
monitoring the age-adjusted MAC fraction 

adjust end-tidal volatile anesthetic 
concentration during surgery 



The shortcoming 

major surgery and general anesthesia are unlikely to 
cause persistent POCD or incident dementia 



J Neurosurg Anesthesiol 2014;26:369–376 

• Small sample size 
• Different testing 
• Variable follow-up 
• Different types of surgery  

no substantial differences in cognitive 
outcomes between regional and general 

anesthetic techniques 
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“Intravenous versus inhalational maintenance of 
anaesthesia for postoperative cognitive outcomes 
in elderly people undergoing non-cardiac surgery” 

Miller D et al, Cochrane Database Syst Rev. 2018 Aug 21;8:CD012317 

28 RCTs 4507 randomized participants 

different types of surgery  

• Cardiovascular 

• Laparoscopic 

• Abdominal 

• Orthopaedic 

• Ophthalmic  

Inhalational maintenance agents  

• Sevoflurane 19 studies 

• Isoflurane 8 studies 

• Desflurane 3 studies  

no evidence of a difference in incidences of 

postoperative delirium according to type of 

anaesthetic maintenance agents (OR 0.59) 

uncertain whether maintenance with propofol-

based TIVA or with inhalational agents affect 

incidences of postoperative delirium, mortality, 

or length of hospital stay because certainty of 

the evidence was very  low 



Association of excessive depth of 
anesthesia with poor outcomes especially 

in high-risk patients 

fivefold variation in propofol requirements to 
maintain BIS in the 40 to 60 range  in a series 

of 103 high-risk, elderly patients 

many patients being too 
deeply anesthetized whilst 
others too light without 
monitoring 



Eight observational 
including 40317 patients 

Forest plot for overall comparison (using adjusted 
data) of the association between the depth of 

anesthesia and mortality 

30 days 

>1year 



J Neurosurg Anesthesiol 2013; 25 

BIS between 
40 and 60 

• reduced propofol delivery by 21% and for 
volatile anesthetics by 30% 

• fewer patients with delirium compared 
with routine care (15.6% vs 24.1%, 
P=0.01) 

• lower rate of POCD at 3 months compared 
with routine care (10.2% vs 14.7%, 
P=0.025) 

23 cases POCD prevented every 1000 elderly 
pts undergoing major surgery 

Cochrane Database of Systematic Reviews 2018, Issue 5. Art. No.: CD011283 

using the processed EEG to help deliver the optimal 
depth of anaesthesia could reduce the incidence of 
POD from 21.3% to 15.2%.  
 
results from three studies (2051 participants) 
indicate that this could also reduce the incidence of 
POCD at three months from 9.1% to 6.4%. 



Adult  aged patient 

Pediatric patient 



Stress–diathesis model for 
postoperative delirium  

away from the hypothesis that anesthetic toxicity is 
largely responsible for negative cognitive effects  

intraoperative anesthetic 
and surgical course  

El-Gabalawy R et al, Front Aging Neurosci (2018) 9:274 

• depression 
• anxiety disorders  

a very high risk group for POD with readily 
identified diathesis markers, at risk irrespective of 
the anesthetic course, but potentially worsened by 
a poorly conducted anesthetic  
 
 
a low risk group with no or few diathesis markers 
who do not manifest POD irrespective of 
anesthetic exposure or duration of procedure 
 
 
an intermediate risk group with evidence of 
premorbid diatheses placed at risk by an unstable 
anesthetic course 
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Proposed treatments for POCD 

blocking inflammation by inhibiting 
inflammatory mediators 

preventing the oxidative 
component of inflammation 

protecting neurons during and 
promoting neuronal health 

before surgery 



Evidence From Human Studies 

Promising results in animal studies, more 
modest results when applied to 

human populations 



Novel therapies for POCD 

Parecoxib/COX-II Inhibitors 

Statins 

Pregabalin Dexmedetomidine 

Lidocaine  

Ketamine Minocycline 

N-acetylcysteine 

Preoperative cognitive exercises 

pharmacological and behavioural 

• Hospital Elder Life Program HELP 
• Awakening and Breathing Coordination, Choice of drugs, 

Delirium monitoring and management, Early mobility, and 
Family engagement (ABCDEF) bundle  

Dexamethasone  
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Behavioural and Nonpharmacological Strategies 
for Prevention of Delirium 

American Geriatrics Society Expert Panel on Postoperative Delirium in Older 
Adults. Postoperative delirium in older adults: best practice statement 
from the American Geriatric Society. J Am Coll Surg. 2015;220:136-148 

Perioperative cognitive 
protection 

avoidance or reduction of 
benzodiazepines and anticholinergics 

Pre-habilitation Re-habilitation 



Anesth Analg 2018;127:1406–13 

Consensus Statement 
“All patients over age 65 should be informed of 
the risks of PND including confusion, inattention, 
and memory problems after having an operation” 

Consensus Statement 
“Baseline cognition should be objectively 
evaluated with a brief screening tool during 
preoperative evaluation in all patients over the 
age of 65 and in any patient with risk factors 
for preexisting cognitive impairment” 

Consensus Statement 
“Anesthesiologists should monitor age-adjusted 
end-tidal MAC fraction, strive to optimize 
cerebral perfusion, and perform EEG-based 
anesthetic management in older adults” 

Consensus Statement 
“More studies are needed to evaluate the efficacy, 
feasibility, and cost-effectiveness of various strategies to 
assess short and long-term cognitive outcomes after 
hospital discharge, to optimally manage these disorders, 
and to clarify who should follow patients after surgery 
for these disorders and what patients should be told 
about the current understanding regarding recovery 
from these disorders” 



Valutazione del rischio di insorgenza del delirium 
post-operatorio (POD) nei pazienti sottoposti a 

chirurgia per hip fracture   

Una complicanza maggiore dell’hip fracture nell’anziano è il delirium post operatorio 
(POD) con un’incidenza variabile, a seconda delle stime, tra il 13 e il 70%.  

Endpoints 
 
• L’endpoint primario dello studio è la comparsa di POD entro i 

primi 7gg. 
• Gli endpoints secondari sono lo sviluppo di POCD, demenza di 

qualunque tipo di nuova insorgenza a 12 mesi, mortalità a 30gg, 
tempo di degenza postoperatoria (comprendente la riabilitazione 
eseguita all’interno del Policlinico). 



• RASS: La Richmond Agitation-Sedation Scale misura il livello di agitazione o 
sedazione di un paziente; ottenere un RASS score risulta il primo punto per 
somministrare il Confusion Assessment Method (CAM). Lo score va da +4 
(combattivo o violento), passando per 0 (calmo e vigile, presta attenzione al 
caregiver) a -5 (non risvegliabile alla voce né alla stimolazione fisica) 
 
  
• CAM-ICU: il Confusion Assessment Method – intensive care unit è uno 
strumento neuropsicologico che valuta la presenza di Delirium nei pazienti critici 
 
 
• MoCA: il Montreal Cognitive Assessment è un test rapido di screening del 
deterioramento cognitivo lieve. Permette di verificare diverse aree funzionali: 
attenzione, concentrazione, funzioni esecutive, memoria, linguaggio, abilità visuo-
costruttive, astrazione, calcolo, orientamento.  

Test neuropsicologi e scale usate 
nello studio  
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The tailoring 

rigorous and routine preoperative 
cognitive screening 

identifying preexisting cognitive impairment 
determining if the patient has a history of 
previous postoperative confusion or delirium 
documenting other episodes of delirium or 
confusion 
assessing for low education 

ERAS postoperative protocols 

use of specific anesthetic regimens 

• general versus regional anesthesia 
• specific anesthetic agents 
• blood transfusions 
• systemic arterial pressure monitoring 
• depth of anesthesia 
• normothermia 
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