
Monitoraggio della profondità dell’anestesia
Zaccaria Ricci 

Azienda Ospedaliero-Universitaria Meyer, Firenze











PROCESSED EEG

Proprietary (secret) algorithm gets the 
necessary EEG information and digest 
them in order to provide a single 
resuming number
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1) Avoiding oversedation
• Children undergoing general anesthesia with (and without) NMBA
• Children with Atypical Neurodevelopment or Neuropsychiatric Disorders
• Children with Altered Levels of Consciousness Before Induction of Anesthesia 
• Neonates and Infants

2) Special circumstances
• TIVA
• Hemodynamic instability
• CPB
• Brain states (i.e., ketamine vs GABAergic vs alpha2)
• [Children with locoregional anesthesia]



• There are few studies, which demonstrate better outcomes in 
paediatric anaesthesia with EEG-derived depth monitors in children and 
there is no evidence that any particular EEG-derived depth monitor is 
superior in children. 

• The EEG during anaesthesia is fundamentally different in infants and 
children. 

COA 2019

Proprietary algorithms are made on adults’ 
neurophysiology. Go back to basics
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During consciousness, there is broadband communication 
between the thalamus and the frontal cortex with beta and 
gamma activity in the electroencephalogram. 

Modeling studies suggest that during propofol-induced 
unconsciousness the spatially coherent alpha oscillations 
are highly structured rhythms in thalamocortical circuits 

We postulate that the highly organized coherent alpha 
oscillations most likely prevent normal communications 
between the thalamus and cortex, whereas the incoherent 
slow oscillations represent an impediment to normal 
intracortical communication  

GABA agonist drugs
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AVOIDING OVERSEDATION: CHILDREN UNDERGOING GA
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PSI PSI
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• Isoelectric events were observed in 63% (32/51) (95% confidence 
interval [CI], 49–76) of patients. 

• The median (interquartile range [IQR]) number of isoelectric events 
per patient was 3 (0–31), cumulative isoelectric time per patient was 
12 seconds (0–142 seconds), isoelectric time per event was 3 seconds 
(0–4 seconds), and percent of total isoelectric over anesthetic time 
was 0.1% (0%–2.2%).

• The greatest proportion of isoelectric events occurred between 
induction and incision. 

• Isoelectric events were associated with higher American Society of 
Anesthesiologists (ASA) physical status, propofol bolus, endotracheal 
tube use, and lower arterial pressure during surgical phase. 

Anesthesia and Analgesia 2019

SPECIAL CIRCUMSTANCES: AVOIDING HEMODYNAMIC INSTABILITY



Developmental stages in detail:
 From birth to 2 months: Sleep spindles appear.
 From 3 to 5 months: Parieto-occipital sinusoidal 

activity appears, announcing alpha rhythm, with 
increasing frequency: from 4–6 Hz initially to 8– 9 Hz 
by the age of 3. 

 In the normal child aged 3 years and older: The 
alpha parieto-occipital rhythm, initially discreet and 
slow (8 Hz), with high voltage and asymmetry. Theta 
rhythm is abundant, diffuse, and mixed with alpha in 
the posterior leads and predominates. Slow waves 
appear, grouped in bursts, and become rhythmic at 
2–3 Hz. 

 From 3 to 10 years: Alpha rhythm becomes more 
important and abundant

2013





BJA 2015

 EEG recorded during routine care of patients between 0 and 28 
yr of age (n=54),using power spectrum and coherence methods.

 The power spectrum quantifies the energy in the EEG at each 
frequency, while the coherence measures the frequency-
dependent correlation or synchronization between EEG signals at 
different scalp locations. 

 5 age groups: <1 yr old (n=4), 1–6 yr old (n=12), >6–14 yr old 
(n=14), >14–21 yr old (n=11), >21–28 yr old (n=13). 

 EEG power significantly increased from infancy through ∼6 yr, subsequently declining to a plateau at 
approximately 21 yr. Alpha (8–13 Hz) coherence, a prominent EEG feature associated with sevoflurane-
induced unconsciousness in adults, is absent in patients <1 yr. 
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• Total electroencephalogram power (0.1 to 40 
Hz) peaked at approximately 8 yr old and 
subsequently declined with increasing age. 

• For patients greater than 1 yr old, the 
propofol-induced electroencephalogram 
structure was qualitatively similar regardless 
of age, featuring slow and coherent alpha 
oscillations. 

• For patients under 1 yr of age, frontal alpha 
oscillations were not coherent. 



These higher-frequency bands is elevated in children greater than 1 
yr of age at surgical concentrations of anaesthesia when compared 
with adults. 
This important difference could cause index-based depth of 

anaesthesia monitors to compute a falsely elevated index value in 
children. In such instances, these falsely elevated index values, 
could lead to increased anaesthetic drug dosing beyond what is 
required.





Therefore, delta-alpha phase-amplitude coupling cannot exist in children under the 
age of 6 months, yet a clinical state of unconsciousness is still observed in these 
patients. Together with our findings, this emphasises the complex nature of how 
anaesthetics produce a state of unconsciousness. 
Although a single unifying mechanism is unlikely, the underlying mechanisms could
involve decreased integration of neuronal signals, decreased functional
connectivity, a generalised neuronal disruption of rhythmic oscillations, or all three 





These anesthesia-induced 
oscillations are readily

visible in the 
electroencephalogram

Purdon PL et al. Anesthesiology 2015; 123:937-60

What about 
spectrogram?
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Fourier
transf.



Spectral analysis  spectrum

Purdon PL et al. Anesthesiology 2015; 123:937-60

δ - power

α - power
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Little to no power 
beyond 12 Hz.

SPECTRAL EDGE FREQUENCY 95 (SEF95) 
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Scientific Reports 2021



This prospective study enrolled infants (3-12 months) to determine: 
• the SEF95 ranges for three clinical endpoints of anesthesia (consciousness-pacifier 

placement, pain-electrical nerve stimulation, and intubation-laryngoscopy) 
• correlation between SEF95 and propofol plasma concentration at steady state.

• The SEF95 for the first infant was targeted at 20, 14, and 10 Hz for oral pacifier, electrical
stimulation, and laryngoscopy, respectively.

• If the first infant had a positive response the next infant will have SEF95 target decreased by 2 
Hz for the same stimulus. 

• The SEF95 target was achieved by adjusting propofol dose in each infant using a dosing table
as a starting guide and confirmed by steady-state SEF95.



Inclusion criteria: ASA 1 or 2, muscle relaxant not 
planned for laryngoscopy/intubation, and 
anticipated surgery duration < 2h 40min. This 
time limit was required by the IRB, citing an FDA 
warning of anesthetic neurotoxicity in children 
under 3 years for longer than 3h of anesthesia 
exposure. Exclusion criteria: infants undergoing emergency surgery, 

seizure disorder treated with anticonvulsant, congenital or 
acquired brain malformation, deformities of forehead, 
known or potential difficult airway, and allergy to propofol



PROPOFOL Ce (ED50 and ED90):
-pacifier 1.35 (0.78, 1.92), 1.85 (1.36, 2.35);
-electrical 3.46 (3.09, 3.83), 3.99 (3.60, 4.38); 
-laryngoscopy 4.45 (4.02, 4.87), 5.24 (4.72, 5.76).ED: effective dose

Between SEF95 range of 2-26 Hz and propofol 
plasma concentration range of 0.5-6 μg/mL, an 
increase in 1 Hz of SEF95 was associated with 
a decrease of 0.24 μg/mL (95% CI: 0.19, 0.29, 
p<0.001) in plasma propofol concentration
(marginal R2: 0.55).



QUESTIONS

• No fentanyl?
• No roc?
• 3->12 months?
• Burst suppression?
• Sevorane?
• Locoregional?
• Electrical stimuli?
• LMA?

 «The original dose-finding studies to determine 
median alveolar concentration used volatile anesthetic as 
the sole agent, as this was necessary to provide 
foundational knowledge. 

 Similarly, our study provides foundational 
knowledge of propofol for key clinical anesthesia 
endpoints, paving the way for future studies to determine 
responses to a combination of propofol with remifentanil 
or other drugs often during clinical care»



1. Neuromonitoring should become standard of care in pediatric 
anesthesia, at least in patients >2 yo

2. Developing ages still have many unanswered questions
3. pEEG guided anesthesia should target the lowest anesthetic 

dosages for the optimal anesthesia depth (threshold?)
4. Avoidance of BS is associated with lower hemodynamic 

instability and potentailly less postoperative neurologic 
impairment

5. Raw traces, spectrograms and SEF are useful for objective pEEG 
interpretation in different ages and with different technology

6. A lot of research is due in this field and innovation is warranted 
(monitoring of power, relative power, nociception, delirium)

CONCLUSIONS
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