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Whatis
Anesthesia?

 Temporary, controlled and reversible
depression of sensation
consciousness

* Targets (“triad”): hypnosis, analgesia,
akinesia (t autonomic cantrol)

* Achievedwith siiigle or coinbinea
techniques (balanced anesthesia)

* Always paired with physiological
monitoring and support
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A Short History

* 1846: Morton’s public ether derno;
rapid global adoption

* Chloroform era > toxicity lessons >
safer agents

* |Introduction of muscle relaxants
(curare) & chioiGs

* Modern era: halogenated volatiles,
propofol, regional anesthesia,
ultrasound, safety culture
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@ inhaled Agents

() IV Agents

@ Muscle Relaxants
Endotracheal Intubation

Q and Laryngoscopes

@ Local Anaesthetic

() Anaesthesia in Australia

First spinal
anaesthesia

/lrst attempt at \V First ever ETT used Jackson
\ anaesthesia using J for Anaesthesia Laryngoscope
\ Choral Hydrate /

First successful GA by
William Morton

Halogenation
leading to synthesis
of Fluroxene

N20O discovered

™
T Halothane f Ketamine |
/

'I tom\date @

—@ @ @
1800 1850 1900 / pmpofo. 2000
Cocaine used for local | Barbituates \and TIVA f‘
anaesthesia and nerve A -~ . )
K (o) (o) (SRR (oo ) (T7T)
Desflurane and Sevoflurane bronchoscope
* 1846 Ether (Morton): first public surgical anesthesia > surgery becomes planned,
humane
o ~1R47 Chioofurmi(Simysun);potent but toxic > early safety lessons
* 1884-1898 Local & Spinat: cocaine nerve blocks; Bier’s spinal > anesthesia without
unconsciousness
}- I‘O E "] er '| ) *~1200-193CsAirway & Machires: Magill intubation; Boyle machine - controlled
[ ] »

de.iverv & ventilation

Ba l_a nced AneStheS|a * 1934 Thiopental: reliable IV induction

* 1942 Curare: true muscle relaxation independent of depth > enables “balanced”
(1 846_1 9803) anesthesia

* 1950s-70s Volatiles & Opioids: halothane > isoflurane; fentanyl family > smoother
maintenance, better control
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* Safety Monitoring: pulse oximetry + capnography
become standards; ASA/Harvard guidelines > major
mortality drop

Monitoring,

* 1986 Propofol: rapid-on/off, antiemetic > cornerstone of

Safety, and TIVA and fast recovery
Precision

. Depth & Neuiroriuscular Monitoring: processed EEG
(BIS/PSI), TOF - titration to effect, fewer complications

(1 9803—T0day) » dltrasound-Cuided-Regicnal: visualized nerves, fewer
failures/complications > wider adoption of blocks

* Perioperative Medicine: ERAS, multimodal analgesia,

P O f opioic-sparing pathways

* Precision Delivery: target-controlled infusions,
advanced hemodynamics, POCUS, checklists, emerging
Al/closed-loop systems
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The Four Pillars
Of M Odern Triad of general anaesthesia
An eStheS ia perioperative monitoring

: IQGESIA

1. Hypnosis (loss of awareness) Surgical Pleth
Index Monitoring

2. Analgesia (blunting
nociception)

3. Muscle relaxation (surgical

conditions) HYP '
4. Autonomic stabilitv (cantrol A Entro Q
of reflexes & stress response) Monitoring

Delivered via balanced or TIVA
strategies
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Hypnosis (Loss of
awareness & amnesia)

Goal: suppress cortical/thalamocortical coinnectivity 1o av/are hioss/reca

Main agents: prqpofol'\Sfast on/off), seve/das/ies’(voiatites), cornidate (SV
stability), ketamine* (NMDA)

Dosing approach: titrate to effect; reduce doses in frail/elderly/hypovolemic
patients

Monitoring: clinical signs + processed EEG (BIS/PS! targew~40-60.in GA): MAC
0.8-1.2 forvolatiles

Common pitfalls: hypotension (propofol/volatiles), delayed emergence,
awareness if under-dosed

Rescue: treat cause —flu.ds/yascpressors fo- B, adjust debth, check
infusion/ratesuine patency

Note: Ketamine preserves airway reflexes & BP; pair with midazolam if dysphoria
is aconcern.

Delivery context: hypnosis via balanced anesthesia (volatile or V) or TIVA
(propofol = adjuncts)

HYPN©-
ANESTHESIA

REDISCOVERING THE POWER OF
THE MIND TO ELIMINATE PAIN

gnuZz

©

Antonio Jaimez
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Analgesia (blunting nociception & stress
response)

Physiology/target: block peripheral/central transmission and spinal
wind-up.

* Main levers: opioids (fentanyl/remifentanil), multimodal
(acetaminophen, NSAIDs, ketamine low-dose, lidocaine infusion,
dexmedetomidine), regional/neurax atbtocks:

* Monitoring/proxies: hemodynamic responses (HR/BP), surgical
pleth index, NOL index (if available), patient report post-op.

* Endpoint: mininjatautonomic responses 1o surgical stimialus; low
post-op pain scores with opioid sparing.

* Pitfalls: respiratory depression (opioids), bleeding/renal risk N E ST H E S | A
(NSAIDs).

* Rescue: titrate short-acting opioid (remi), add regional, non-opioids, N A LG E S I A
adjust volatile
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Muscle relaxation
(optimal surgical
conditions, immobility)

Sugammadex
Rocuronium

Physiology/target: neuromuscular junction
blockade.

* Main levers: depolarizing (succinylcholine) for
rapid sequence; non-depolarizing (rocuronium,
cisatracurium) for maintenance.

* Monitoring: quantitative TOF (ulnar
nerve/adductor pollicis); aim TOF 1-2 twitches
intraop when needed.

* Endpoint: still field; no diaphragmatic/bucking
during critical steps.

* Pitfalls: residual paralysis > airway risk.

* Reversal: sugammadex (for aminosteroids) or
neostigmine + anticholinergic; extubate only if
TOF ratio 0.9 (ideally 21.0).



Q u a ntltatlve TO F Why quantitative? Objective block assessment;
M t r Ul_ r visual “fade” is unreliable.
Onl O Ing na * Site & muscle: Stimulate ulnar nerve at the
ist; dduct Wicis (thumb).
Nerve /AddLlCtOI’ wrist; measure adductor pollicis (thumb)

* Device: Acceleromyography or EMG preferred.

Pollicis « Calibration: Establish baseline (TOF ratio ~
1.0), ensure supramaximal current, good
electrode contact.

* Conditions: Maintain normothermia, avoid
arm compression/edema; secure
hand/accelerometer.

4 D

TOF RATIO

0
""'“ 92 % * Protocol: Deliver Train-of-Four (TOF) = 4

P &“f stimuli at 2 Hz (every 0.5 s), repeat every 12-20

* When to use PTC: If TOF =0/4 and you need

depth info, use post-tetanic count (profound
TwitchView’ ) | block).

esma P o020

* Onsetvs recovery: Facial nerve/orbicularis
oculi tracks laryngeal onset; adductor pollicis
best for recovery decisions.



Erik Roman-Pognuz
documento riservato
Prof Roman-Pognuz


* Induction/intubation: Target TOF 0/4 (consider PTC 1-2 for
profound block).

* Intraoperative relaxation: Aim TOF 1-2/4 twitches when

paralysis is required; titrate to surgical need.
Targets,

* Recovery/extubation: Require TOF ratio =0.9 (ideally =1.0) plus

I nte rpretatio n & clinical readiness (ventilation, airway reflexes).

» _Pitfalls: Hypothermiza, pocr electrodes, tucked arms; drug

1 1 ® interactions (e g.. magnesium, aminoglycosides); residual
Actions (Aim: s
. Actions.
TWItc h es * Inadequate relaxation » check TOF, then top up NMBA

juciciousty.
I nt raop) * Excess block > hold dosing, vertilate, plan reversal.

* Reversal: Sugammadex for aminosteroids (dose by
depth/TOF/PTC) or neostigmine 0.04-0.07 mg/kg +
glycopyrrolate.
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Autonomic stability
(control of reflexes &
stress response)

Physiology/target: temper sympathetic/parasympathetic swings;
maintain perfusion.

* Main levers: adequate depth/analgesia; vasopressors
(phenylephrine, norepinephrine), anticholinergics, beta-blockers;
regional techniques reduce afferentinput.

*  Monitoring: continuous ECG, NIBP/arterial line, EtCO,,
temperature; consider advanced CO/PPV/echo in high-risk
cases.

* Endpoint: MAP within target (often 285 mmlHg: individualized),
stable HR, normocasiiia, normothermia.

* Pitfalls: hypotension from volatiles/propofol or high neuraxial;
hypertension/tachycardia from inadequate analgesia.

* Rescue: treat cause first (depth/analgesia/fluids), then
vasoactive drugs.

Common approaches to perioperative autonomic nervous system activity rebalance

4 Q@
0Q?
@ .. (%)
Reduced N Increased
PSNS activity SNS activity
Drug intervention Non-pharmacological interventions
|. Dexmedetomidine Il. B-blockers lll. Electroacupuncture IV. Temperature V. Exercise
. management
S == e )
olty) (=t (28 4 BN . *
DEX Beta 1
-\ L B
AN Ep '
Clinical effects: Clinical effects: Clinical effects: Clinical effects: Clinical effects:

1. Organo-protective 1. Reduction in 1. Reduce 1. Reduce rates of 1. Maintain
effects cardiovascular postoperative infection cardiovascular

2. Preventior. of PNDs events stress responses 2. Improve surgical stability and‘

3. Anclgesic ttect 2. t'ood pressure 2. Decrease the outcomes reduce the risk of
ar reduci on in | an 1 haemodynamic requirement for arrhythmia
orid use s*ability opioid analgesics 2. Improve surgical

4. May cause 3. Long-term benefits | | 3. Restore the outcomes and
hypotension and 4. Carefully functhn of lhe recovery
bradycardia monitored to avoid gastrointestinal tract outcomes

adverse effects 4. Prevention of PNDs
Norn al A o Normal
PUNS a tivity ALA 000 / sNs activity
C e O, Ty -

: :

Balanced autonomic nervous system activity
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Nociception Pathway:
From Stimulus to
Perception

Transduction (periphery): Nociceptors (free endings) convert
thermal/mechanical/chemical stimuli via TRPV1/2, ASiCs, Nav charine's.
Primary afferents:

* Abd fibers (thin, myelinated) > fast, sharp pain.

e Cfibers (unmyelinated) > slow, burning/aching pain.
First synapse (spinal cord): Dorsal horn laminae I/1l (¢substantia gzlat'ncsa)
&V.

* Neurotransmitters: glutamate (AMPA/NMDA), substance P, CGRP.

Ascending tracts:
* Spinothalamic (latcral): lecationfintensiy~{> thalamis VRLALM
> $1/S2).

* Spinoreticular/spinomesencephalic: arousal/affect
(» insula, ACC, amygdala).

Perception (brain): Sensory-discriminative (S1/S2), affective-motivational
(ACClinsula), cognitive-evaluative (PFC).

Sensory cortex

Limbic nucleei

Thalamus

PAG

Reticular formation

Transmission

Pain # nociception alone—cortical networks shape what the patient “feels.”
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Modulation,
Sensitizatio
WHGRC

Anesthetics/Agt o
Prof Ro

Segmental modulation (spinal “gate”):

* Inhibitory interneurons (GABA, glycine, enkephalins) dampen
input in dorsal horn.

Descending control: PAG > RVM > dorsolateral funiculus;
transmit 5-HT, NE (a2), endogenous opioids.

 Can be inhibitory or facilitatory (context-, stress-, and
disease-dependent).

Peripheral sensitization: Inflammatory soup (PGE,, bradykinin,
histamine. TNF-a/lIL-1, NGF) lowers nociceptor thresholds
> primary hyperalgesia.

CentralsenS|t|zat|on(“wmd up”): Repetitive C-fiber input > NMDA
activation, Ca** influx, microglial BDNF/cytokines, disinhibition
>sacendary I‘,,.err,..gesm/allodynla

Tnerapeutic taigets imultimodal):

* Peripheral: NSAIDs/COX-2, steroids (vinflammation); local
anestheiics block Nav.

e Spinal: Epidural/spinal LA, opnicids (4 pre/post-synaptic), a2-
agonists (dex/clonldlr.e) ketamine(NMDA), Mg2+ (NMDA), gab
apentinoids (025 Ca*").

* Supraspinal: Propofol/volatiles (*GABAergic
tone), acetaminophen (central), opioids.

Clinical implications: Prevent/treat sensitization with pre-
emptive and multimodal analgesia; watch for opioid-induced
hyperalgesia in high-dose remifentanil contexts.
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Spinal gate (Control theory)

A functional inhibitory “checkpoint” inthe dorsal horn of the spinal cord (mainly lamina Il, substantia
gelatinosa) that regulates how much nociceptive (A8/C) input is allowed to reach projection
neurons (lamina I/V “wide-dynamic-range” cells) and ascend to the brain.

How it works (circuit logic)

Closes the gate (v pain transmission): Low-threshold AB touch fibers activate inhibitory
interneurons (GABA, glycine, enkephalin) > pre-synap.ic ir hibition of Ad/C terminals (v

glutamate/Substance P release) and post-synaptic inhibition of projectior-neurens_(hypemcelarization),

Opens the gate (* pain transmission): Strong or persistent A5/C nociceptive activity and descending

facilitatory signals suppress these inhibitory interneurons > more excitatory drive to projection neurons.

Modulators

Descending inhibitory pathways (PAG > RVM; noradrenergic a,, serotonergic) help close the gate.

Inflammation/central sensitizatizn (NMIDA activation, microg ial-BDMNF/cytoxir es, disinnhibition)terd
to open it > hyperalgesia/allodynic .

Clinical corollaries
Rubbing the skin/TENS activates A input - closes the gate (less pain).

Spinal/epidural local anesthetics, spinal opioids, a,-agonists enhance dorsalhorn inhibition - close
the gate.

Neuropathic pain often reflects gate failure (loss of inhibition/disinhibition).
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DRUGS
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* Physiologic effects
M * Propofol: Y{SVR/contractility > hypotension;
HypnOtlcs respiratory depression; antiemetic

e Etomidate: h d [
(Pal’t 2: EfoCts, USG CaSGS, st:tTil:ty?;yoirl];%uysr;?cp;fsient adrenal
suppression

Pitfal.'.s, Monitoring)  Ketamine: "BP/HR, bronchodilation;

preserves airway reflexes/resp drive;
salivation; emergence phenomena

» Use ceases

* Propofol: TIVA, neuro (VCMRO,/CBF), day
surgery

« Etomidate: tenuous cardiac function,
sheck
 Ketamine: trauma/hypovolemia,
nronchosnasm. onioid-sparing
e Pitfalls & monitoring
* Treat hypotension (fluids/vasopressors),
capnography for hypoventilation

* Context-sensitive half-time: propofol short
(good for TIVA); ketamine intermediate;
etomidate for bolus use

* Depth: clinical signs + processed
EEG (BIS/PSI target ~40-60 in GA)
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o rus from strongest to weakest
Opioids
(Part 1: Mechanls!“’ . Fentanyl rotent
Agents, Dosing, Kinetics)

Buprenorphine ___
e Levorphanol

Mechanism: pg-receptor agonists > Ynocice ptive [ ] t‘ @wmorphone _

transmission (spinal & supraspinal) el :
Key agents & adult dosing * fydromorpnone

« Fentanyl: bolus 1-2 pg/kg; infusion 1<5 pg/kg/h a tofbenazocine
* Remifentanil: 0.05-0.2 pg/kg/min (1Ci ~1-6 Methadone
e

ng/mL); ultra-short (esterase metabolism)
mg/kg, Hydromorphone 9.01-0.02 mg/k?3) = P@/ THH%

 (PACU context: Morphine £.95-:1

Pharmacokinetics » Mor
* Remifentanil: context half-time ~3-5 min (constant even o Hydrocodone
after longinfusions)

 Fentanyl: context half-time increases with duration » Tapentadol
(tissue accumulation)

» Dihydrocodeine___ |
hypnotic/volatile dose  Tramadol

Role intraop: Blunt stress response (HR/BP), allow lower
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Class & mechanism: synthetic p-opioid receptor
agonist; 50-100x morphine potency - profound analgesia,
rapid CNS penetration.

* Formulations (medical): IV bolus/infusion, transdermal
patch (chronic pain), transmucosal (breakthrough cancer
pain).

* Typical intra-op dosing (adults): bolus 1-2 pg/kg;
infusion 1-5 pg/kg/h (titrate to effect).

* PK/PD pearls: very lipophilic - fast onset; redistribution
determines offset after bolus; context-sensitive half-time
increases with longinfusions (plan emergence

Fe nta nyl accordingly).

[ ] [ ]
(C ll |1 ICa l Pros: potent analgesia; blunts sympathetic responses;
hemodynamically steole at mocest doses.

essentials)

Adverse effects: respiratorv depression, chest wall rigidity
Japia/higndosz), bradycardia, pruritt's, FONV,

* Interactions/risks: synergy with sedatives/hypnotics;
caution in OSA/obesity; naloxone reverses but may require
infusion for renarcotization.

* Contrast with remifentanil: remi has ultrashort, infusion-
independent context half-time (~3-5 min) > exquisite
moment-to-moment control but no residual
analgesia (plan postop meds).
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Why fentanyl dominates
the U.S. drug crisis

* Extreme potency - easy trafficking: micro-doses deliver effects; tiny
shipments supply large markets; low cost to produce synthetically (vs.
swant asicids) Tentany! ®100x morphine; ®50% heroin (analgesic
potency). DEA

* Counterfeit pill & contamination market: illicitly manufactured
fentanyls (IMFs) are pressed to look like oxycodone/benzodiazepines;
also mixed into heroin, cocaine, meth, driving unintentional
eXjgosuie: DEL 7

» Sheerccale ofcuppiy+>60 million fentanyl-laced fake pills and ~8,000
lb powder seized by DEA in 2024 (380 million “potentially lethal
doses”). DEA

* -Cverdose toll (receri):~105i<2.S. cverdoscdenthn in 2023;
~7€% involvec opioids. £bbut70% of 2023 overdose deaths
involved IMFs . <(Provisicnal 2524 aata-showa deciiise, but levels remain
very high.) CDC+2CDC+2

*  Why people keep using despite
risk: high reinforcement (potency), unpredictable dose inillicit
pills/powders, tolerance & withdrawal cycles; barriers to treatment

access. National Institute on Drug Abuse
Public-health responses (what works):

*  MOUD (buprenorphine/methadone), naloxone distribution, fentanyl test
strips, safer-supply strategies, and settlement-
funded prevention/recovery—expansions linked with recent mortality
improvements but require sustained investment



https://www.dea.gov/factsheets/fentanyl?utm_source=chatgpt.com
https://www.dea.gov/resources/facts-about-fentanyl?utm_source=chatgpt.com
https://www.dea.gov/onepill?utm_source=chatgpt.com
https://www.cdc.gov/overdose-prevention/about/understanding-the-opioid-overdose-epidemic.html?utm_source=chatgpt.com
https://nida.nih.gov/research-topics/opioids?utm_source=chatgpt.com
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* Adverse effects

* Respiratory depression, chest wall rigidity (rapid/high dose),
bradycardia

* PONV, pruritus; opioid-induced hyperalgesia (OIH) with high-
dose remifentanil

* Reversal & mitigation

* Naloxcne z0-4C g IV increments: consider infusion to prevent
renarcotization

* Multimodal analgesia (acetaminophen, NSAIDs/COX-2,
ketaimiiig, licocaine, aexmeuetomidine, regional)
e Clinical pearls
* Remifentanil: superb moment-to-moment control but no
resicqual eénalgesia > clan 2AC!/vierd analgesia
* FentanylV/Hydromorphone: usetul when
some postop analgesiais desired

* Reduce opioid load in OSA/elderly; anticipate PONV prophylaxis
perrisk(e.g., Apfel)
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NMBAs
(Part 1: Classes,
Dosing, Indications, == =

Neuromuscular blocking agents (NMBAs) are a class of drugs
Contra) used primarily in anesthesia to induce muscle relaxation,
facilitating procedures such as endotracheal intubation,
surgery, or mechanical ventilation.

NOND
Purpose: paralysis for intubation/surgical conditions INTU
(not hypnosis/analgesia)

- m Act as competitive antagonists at nicotinic acetylcholine receptors
* Depolarizing : - . . .
(VY] (nAChRs) A common side effect is hypotension, typically due to

* Succinylcholine 1-1.5 mg/kg (onset 30-60s; dura*ion 5-10 mir) . .
histaimine release.

* Pros: fastest RSI; Cons: *K* 0.5-1.0 mEq/L, myalgia, masscter
spasm, MOP/ICP, MH trigger

* Contraindications: burns/SCl/denervation/immobilization 224-
48 h, neuromusculardise:ase/e:g., Ducheniic), hyperkalemii, Rocurcnium Tubocurarine
pseudocholinesterase deficiency

Atracurium Vecuronium Pancuronium

* Non-depolarizing (NDMRs)

* Rocuronium: 0.6-1.0 mg/kg (RSI 1.2 mg/kg); 30—-60 min; , 2 ) )
biliary/renal; sugammadex reversible Depolarizes the sarcolemma of the skeletal muscle fiber. Persistent

depolarization makes the muscle fiber resistant to further stimulation
by ACh. Adverse effects include hyperkalemia, malignant
hyperthermia, and muscle pain.

* Cisatracurium: 0.1-0.2 mg/kg; Hofmann/ester (organ-
independent) > good in renal/hepatic failure

&

* Indications

* Tracheal intubation, abdominal/thoracic/laparoscopic surgery, Succinylcholine
motionless field for microsurgery

© PharmaFactz.com. All Rights Reserved.
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NMBAs (Part 2:
Monitoring, Targets,
Reversal, Pitfalls)

Monitoring

* Quantitative TOF (ulnar/adductor pollicis): when relaxation/neeced; airn. TCF 1--

Ve &
2/4twitches V r' -~
* Extubation only if TOF ratio =20.9 (ideally 21.0) B b U GAM MAD EX
V.
z D

100 mg/mL
t. Tm. __:  Init.

Reversal
e Sugammadex (for rocuronium/vecuronium):

e 2mg/kg (TOF 2/4), 4 mg/kg (deep block PTC 1=2);16 ivig/kg (irmiviediate
reversal/RSlI)

* Neostigmine 0.04-0.07 mg/kg + glycopyrrolate (when TOF 22/4) for others

Interactions & pitfalls
e Potentiation: Mg2+, aminoglycusides, CCBs, hiypouthermia, acidosis, riiyastiieriia
* Residual paralysis > airway risk; anaphylaxis (rare; more reports with
rocuronium)
Strategy
* Choose agent by speed, organ function, need for rapid reversal

* Dose by objective TOF, not clock time; pair paralysis with
adequate hypnosis/analgesia to prevent awareness
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Monitoring
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Monitoring Standards (ASA/International)

* Basic: ECG, NIBP, Sp0O,, EtCO,, temperature
* Ventilation: capnography mandatory with airway devices
* Depth: clinical signs + processed EEG (BIS/PSI)

* Neuromuscular: TCF for NMBAs
* Advanced: A-line; central access, cardiac,output, ultrasound

“You can’t manage what you don’t monitor.”
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Core aims: continuous evaluation of oxygenation, ventilation,
circulation, temperature during anesthesia.

What you put on every patient under GA (and most under
RA/sedation):

ECG (lead Il for rhythm; add V5 for ischemia).
* Watch for ST-trends, QRS widening (electrolytes), arrhythmias
during induction/emergence.
NIBP (q 3-5 min) or invasive BP if indicated.

e ~ Trznas >singleniumisers; enieck cuff size/position (too small >
falszly high).

SpO, (pulse oximetry)

* Reads oxygenation, not ventilation. Pleth waveform helps
detect hypoperft sio1/vasoconstriction.

* Artifacts: motion, dyes (methylene blue), poor perfusion,
ambient light.

EiCO. (capnographv) — sze nextslide icr azpth; mandaiory with
advanced zirways.

Temperature (core when GA/long cases): esophageal,
nasopharyngeal, bladder, rectal, or tympanic-membrane probes.

* Aim normothermia; active warming (forced-air, warmed
fluids). Hypothermia > coagulopathy, delayed recovery,
shivering.

Basic Monitoring
(ASA/International
Standards)

I

O
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What it measures: Exhaled CO, concentration vs time >
confirms ventilation and airway integrity.
- : Normalvalues: EtCO, ~ 35-45 mmHg; typically 2-5 mmHg
- - lower than PaCO, (V/Q effects).

ETC02
e e « Waveform anatomy (use it diagnostically):

Phase | (baseline): inspired CO, = 0.

* Phase Il (upstroke): mixing of dead space + alveolar gas.

Expired CarbonDioxide

* Phase lll (plateau): alveolar emptying (slope ™ with V/Q
o e mismatch).

— I .

] . Phaize (\(downstroke): inspiration starts.
Time
, : ,/___ N Key patteins & causes:
Don’t Forget 0 [ 2022 . . o
The Bubbles - Owen Hibberd \___ _~ * Suddenioss to zero - circuit disconnect, apnea, esophageal
intubation, cardiac arrest.

Progres;sive risa - riynoventilatiocn, CC, absorption (laparoscopy),
malignant hyoermeatabolism.

Ventilation Monitoring:  Low EtCO, > hyperventilation, pulmonary embolism, low cardiac

output.

Ca pnogl'a phy (Ma ndatO I"y * Elevatedinspiratory CO, / “shark fin” > rebreathing (faulty valve,
. o o exhausted soda lime) / bronchospasm.
with Airway Devices)

e Curare cleft on plateau > spontaneous breaths/insufficient
paralysis.
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Depth of Anesthesia: Clinical
Signhs * Processed EEG

Why monitor depth? Avoid awareness and overdose-related hypetension; tailor to surgical stimulus & patient risk.

Clinical & gas proxies:

Volatiles: monitor MAC (age-adjusted); typical maintenance 0.8-1.2 MAC.

Signs: movement, tearing, tachycardia/HTN (also reflect pain/autononics). Drugs (heta -blo .kers) car blunt s gns

Processed EEG (BIS/PSI):

Target range in GA: ~40-60 (de /ic<-spe cific).
Benefits: titration in TIVA/low-gas states; reduces drug use/recovery time in some settings.

Limitations/confounders: EMG activity (tight facial muscles), ketamine, N,O, electrocautery, hypothermia, poorsensor
contact.

Plain EEG (pattern awareness):
Light anesthesia: high-frequency/low-amplitude;
Adequate: delta/spindle dominance;

Too deep: burst suppression/isoelectric (avoid unless neuro strategy).

*ADULT [ =5 88 & ¢) 12:551PM
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Neuromuscutar 1)

Monitoring:

Quantitativ
Pro

mée
Rome

Goal: ensure adequate paralysis when needed and full
reversal before extubation (patient safety).

Howtodoit:

Site: ulnar nerve at wrist; record at adductor
pollicis (acceleromyography/EMG preferred).

Setup: baseline calibration (TOF ratio = 1.0), supramaximal
current, good electrode contact, normothermia.

Frorocol: detiver Train-of-Four (4 stimuli at 2 Hz) g 12-20 s.
Use post-tetanic count (PTC) if TOF=0/4 to gauge deep block.

Target; & decisions:

Intubation: TOF 0/4 (or PTC 1-2 if needed).
Intraor relaxation: TOF 1-2/4 twitches when paralysis is required.

Extubation: TOJ: ratic 2().9 [id 2ally 24.0) plus clinical readiness
(ventilation, airway reilexes).

Common pitfalls: residual blockade (airway risk), hypothermia,
magnesium/aminoglycosides potentiation, facial nerve for onset vs
ulnar for recovery.

Reversal: Sugammadex for rocuronium/vecuronium (dose by
depth/TOF/PTC); Neostigmine + glycopyrrolate when TOF 22/4 for
other agents.
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Arterial Line & Central
Venous Access

Arterial line (A-line) Femoral vein

catheter

~,

© Indications: beat-to-beat BP (major surgery/shock), frequent AZCs, vaso~itve drusc.
J Site & setup: radial (Allen/Barbeau if needed) > transducer zeroed. leveled a”. phlbost~tic axis / Ith [CS micdl-a.illary)

. Quality check: Fast-flush/square-wave test > avoids over/under-damping (misleading SBP/PP).

J Waveform pearls: dicrotic notch = aortic valve closure; low amplitude = hy potension/over-damping; PP ™ with vasodilation. . i
Arterial line

. Complications (minimize with ultrasound & asepsis): thromt osis/ischeria, henatoma, i ifectio, ner e injury.

. Troubleshooting: check tubing for bubbles/kinks, transducer height, clot in catheter; correlate with NIBP.

Central venous access (C VC)
J Indications: vasoactive infusions, limite 1 perip aeral : ccess, hemodialy:is, fi 2:que ntblor.d samlin 3.
. Approach: Ultrasound-guided |J/subclavian/femoral; full sterile bundle (cap, mask, gown, drape, chlorhexidine).

. Tip confirmation: waveform + CXRor POCUS (saline “swirl”); ECG-guided methods where available.

U Complications: arterial puncture, pneumothorax (subclavian), air embolism, malposition, infection, thrombosis.

. Prevention: smallestlumens needed, securement, CHG dressing, daily necessity review, remove early.
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HP1 34 i= =

Dynamic Indices &

Perioperative
Ultrasound ClOCumen

Cardiac output (CO) monitoring

* Techniques: pulse-contour analysis (FloTrac/PiCCO/LiDCO), esophageal Doppler, PAC (thermodilution),
TEE/TTE estimates.

* Use: trend CO/SV, guide fluids/pressors/inctrepes; validate trends against clinical picture & labs. € —- 50—
* Dynamic preload indices (predict fluid responsiveness)

*  PPV/SVV valid only if: controlled ventilation, regular rhythm, TV = ~8 mL/kg, closed chest, no large
inspiratory efforts.

* Typical cutoffs: PPV >12-13% or SVV >10-12% - likely fluid responsive (context-dependent).

* Whenunreliable: AF/ectopy, spontaneous breathing, low TV, high PEEP, open chest, severe RV failure.
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Perioperative ultrasound
(POCUS/TEE/TTE)

Cardiac: LV/RV size & function, pericardial
effusion, LVOT VTI for SV/CO, dynamic LvUT
obstruction, tamponade signs.

Lung: B-lines (edema), consolidation, p!eural
effusion, pneumothorax (absent sliding,Barcode
sign).

Vascular: IVC size/collapsibility (suenortive, hot
definitive), DVT scrzeiiiiig, real-tinie vascular
access.

Airway & gastric: confirm ETT depth, gastric
content/volume to assess aspiration risk.

Integration: combine CO trends + dynamic indices
+ POCUS to choose fluids vs vasopressor vs
inotrope; reassess after each intervention.

Transducer
type

Linear

Curvilinear

Phased array

Testicles/hernia
Eyes
Breast

Abdominal free fluid
Uterus/ovaries

Frequency 5-10 MHz 2-5 MHz 1-5 MHz
range
Imaging 9cm 30 cm 35cm
depth
' ||
[ ' "ll
Image
Applications Arteries/veins Gallbladder Heart
Procedures Liver Inferior vena cava
Pleura Kidney Lungs
Skin/soft tissues Bladder Pleura
Musculoskeletal Abdominal aorta Abdomen
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Classification of Anesthesia

General anesthesia (GA)

Regional anesthesiia (RA): neuraxial & peripheral nerve blocks

Local anesthesia (infiltration/topical)

Secatiocn {imin mal > moderate > decp; continuum)
\ bk

Notes: Same patient may receive combinations (e.g., GA + block).
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Regional Anesthesia

General Anesthesia:

Anesthesia SpinalEpicurel Peripheral Nerve Block

Definition, Safety Checks
& Pre-oxygenation

Definition & goals
. Controlled, reversible unconsciousness with amnesia, immobility’ analgesia, and autonomic control.

* Delivered as Balanced GA (volatile/IV + opioid + NMBA = regionel) or 1IViA (probo ol + shoit-ac:ing opio/d)

Pre-induction safety bundle (2-3 min)
. . . . . . Lewvels of{;edatiop
* Verifyfasting, consent, allergies, OSA/MH history, last anticoagilant/an iplate'et dos=.

Drocedural Sedation

i General
. . Moderate Sedation/ :
: q .
* Prep &labeldrugs: induction agznt..opio 2, NM5A, vasopressor (phenyl 2phrine/iorenir cp'irine), Minimal Seeutior “Coriscidus S<dation” Dgaayedation Anesthesia

ephedrine, atropine, bronchodilator.
& l 22 l 2222 l 2222

* Place monitors: ECG, NIBP q3-5 min, Sp0O,, capnography ready, temperature for GA/long cases.

* Airway plan A-B-C: mask > SGA - ETT; video laryngoscope available; cric kit visible.

* Equipment: suction, oxygen source, circuit check, ambu-bag, working capnograph; IV access x1-2;
patient positioning/ramping as needed.

* PONV prophylaxis strategy considered (risk-based).

Pre-oxygenation (denitrogenation)
* Tight mask, 100% O,: 3-5 min tidal breathing or 8 vital-capacity breaths.

* Aim EtO, 20.8; consider apneic oxygenation via nasal cannula 10-15 L/min in expected difficult/RSI cases.

* Rationale: prolongs safe apnea time, reduces desaturation during airway manipulation.
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Induction, RSI, Airway
Securement & Initial
Ventilation

IVinduction (typical adult—titrate to effect)

Propofol 1.5-2.5 mg/kg (VSVR); Etomidate 0.2-0.3 mg/kg (CV stability); Ketam ne 1-2 mg/kg (*BP/HR,
bronchodilation).

Analgesic blunting: Fentanyl 1-2 pg/kg (or start remifentanil).

Paralysis (if ETT planned): Rocuronium 0.6-1.0 mg/kg (RSI 1.2 mg/kg) or Succinylcholine 1-1.5 mg/kg(observe
contraindications).

Rapid Sequence Induction (aspiration risk)
No maskventilation (or gentle =10-12 cmH,0 if desaturation).
Induction agent > immediate NMBA > laryngoscopy at optimaltiming; cricoid per local policy.

Confirm trachealintubation by ETCQ, (suitained waveform), bilateral chest rise, guscL'tation.

Airway securement & verification

ETT depth ~21-23 cm at teeth in adults; cuff pressure 20-30 cmH,0.

If difficulty: switch to video laryngoscopy, use bougie/SGA; oxygenation first; escalate per difficult-airway
algorithm.

Initial ventilation & hemodynamics
Vt 6-8 mL/kg PBW, PEEP 5 cmH,0, adjust RR to EtCO, 35-45 mmHg; FiO, 0.5-1.0 then titrate to SpO, 294-96%.

Induction hypotension: treat quickly (phenylephrine 50-100 pg or norepinephrine 5-10 pg IV bolus) + 250-500
mL balanced crystalloid.

Begin active warming early.

e

O

~

ntg
.
—Pég
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Maintenance: Strategy,
Depth, Analgesia &
Neuromuscular Block

Maintenance strategies

Balanced GA: sevo/des/iso at ~0.8-1.2 MAC + opioid + NMBA = regional.

TIVA: Propofol 50-2( 0 pug/kg/min + Remifentanil 0.05-0.2 pg/kg/min (or TCIl). Choose by patient factors
(2.£.. PONV 1sk, neuro cases, MR risk).

Depth of anesthesia

Track clinicalsigns + processed EEG (BIS/PSI~40-60); understand confounders (EMG, ketamine, N,O,
cautery).

Avoid! anvareiiess; and over-c eep ¢ nesthesia (hypotension, burst suppression).

Analgesia (multimodal, intraop)

Acetam nopiicl g IV/PO; NSAID/GOX- if e ppropriate.

Ketamine low-dose: 0.1-0.3 mg/kg bolus > 0.1-0.2 mg/kg/h infusion.

Lidocaine infusion 1-1.5 mg/kg/h (avoid in significant conduction disease).
Dexmedetomidine 0.2-0.7 pg/kg/h (bradycardia risk).

Regional/neuraxial when feasible to blunt afferent input and reduce opioids.
Neuromuscularblock (when required)

Quantitative TOF (ulnar/adductor pollicis): target 1-2/4 twitches for surgical relaxation.

Re-dose by TOF, not clock; plan reversal strategy early (sugammadex vs neostigmine).
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Autonomic
Management,
Ventilation,
Emergence &

PACU
Handover

Autonomics & physiology

MAP goal 265 mmHg (individualize for CAD/CKD/elderly).

Hypotension: treat cause (depth/analgesia/bleeding) »> fluids if responsive
> phenylephrine (vasodilation), norepinephrine (vasodilatory
hypotension); ephedrine if low HR + low BP.

Hypertension/tachycardia: increase analgesia/depth; consider esmolol/nitroglycerin.

Ventilation: maintain EtCO, 35-45, treat bronchospasm (deepen anesthesia, inhaled
B,-agonist; severe > epinephrine).

Temperature: forced-air warming, warmed fluids; target 36-37 °C.

Fluids: aim euvolemia; use goal-directed indices when valid. Check labs (glucose, Hb,
ABG/electrolytes) as indicated.

Emergence & extubation

Wean volatile/propofol; stop,remifentanil; ensure residual
analgesiz (opoid "NSAID/ac::taminopinen/regional).

Reversc1«MB: Sugaminiiadex{2-4-15mg/kg per depth) or Neostigmine 0.04-0.07
mg/ kg + Glycopyrrolatewhen TOF 22/4.

Extubate only when: TOF ratin=0.9-1.0, follows commands, adequate ventilation (Vt >5
mildg, accepiaue EtCO,), stable cxygenatien/hiriniodynaimics; iiwrmothermia.

High-ricleairway (ENT, prone,-2SA, edecma):-cons.der-awake ordetayed extubation
(PACU/ICU).

PACU handover (SBAR) & early priorities

Surgery & key intraop events; Baseline

risks/comorbidities; Anesthetics/analgesics/NMBA doses &

reversal, fluids/EBL/vasoactives/blocks; Recommendations (pain plan, PONV meds,
O,, monitoring, labs).

PACU focus: airway patency, pain control, PONV treatment, temperature, bleeding,
urinary retention, early complications.
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Goal: rapid, controllable loss of consciousness with airway/hemodynamic safety.
Agents & typical adult doses (titrate to effect):

* Propofol 1.5-2.5 mg/kg > very fast onset; YSVR/contractility > hypotension,
apnea; antiemetic.

IV Induction

- e/ Ketamine 1--2 mig/lg -> sympathcmirnetic (*BP/HR), bronchodilation;
Eto m I d ate / gieservesespirateiy arive/rericxes;-salivation, emergence phenomena (mitigate

with midazolam).

When |V is preferred: full stomach/RSlI, aspiration risk, predicted difficult airway
(videu scopeieauy), hemodyiiamicability (etomidate/ketamine),
bronchospeasm (katamine).

 Etomidate 0.2-0.3 mg/kg > hemodynamic stability; myoclonus; transient
adrenal suppression (avoid prolonged use).

Ketamine)

* Technique essentials: preoxygenate (EtO, =0.8), blunten response (fentanyl 1-2
P r O f Hg/ks orremitenianil), give NMBA itintubating (rocuronium (0.6-1.0 mg/kg; RSI
1.2 rag/kg arcuczinycholine 1-1.5mg/Kkg i nc contraindications), confirm ETT
by capnography.

* Pitfalls & fixes: hypotension (phenylephrine 50-100 pg / norepinephrine 5-10 pg
+ fluids), apnea (bag—mask/SGA), jaw stiffness (succinylcholine-related),
awareness risk if under-dosed (watch signs/EEG).



Erik Roman-Pognuz
documento riservato
Prof Roman-Pognuz


Inhalational Induction

Who/why: Pediatrics (needle-free, conperative), needle-averse adults without aspiration risk; reactive airways
(bronchodilation).
Why sevo? Non-pungent, rapid alveclarwash-in, favoratle bioncnodilator, profite.

How to do it: Fresh gas flow 6-8 L/min (O./air), sevo 8% “vital-capacity” or steép-up technique; maintain spontaneous
breathing; obtain IV after loss of cornisciousness;then-cccure airviay (mack/SSA/EINT).

Adjuncts: N,O may speed onset/MAC-sparing; avoid in closed-space pathology (pneumothorax, bowel obstruction).

Cautions/linvits: rotfor fudl stsimach/RS:; slowercontrocin-adulis; carly hypastensicii poss ble; risk efainvay obstruction—
use jaw thrust, CPAP, oral/nasal airway.

Troubleshooting waveform: rising EtCO, with poor chest excursion > obstruction; “shark-fin” > bronchospasm (deepen
anesthesia, B,-agonist).


Erik Roman-Pognuz
documento riservato
Prof Roman-Pognuz


Volatile Maintenance (Sevo / Des / |Iso)

 Dose target: age-adjusted ~0.8-1.2 MAC; consider low-flow once stable.
Pros: simple titration via vaporizer; seve bronchodilation; minimal equipment dependence.

« Cons: M"PONV, dose-dependent hypotension (VSVR), respiratory depression; MH trigger; OR pollution.
Agent nuances:

* Sevoflurane: smooth, non-pungent; gieat with masks/broncnospasm: fcllow local guidance for very low flows.
* Desflurane: fastest titration; airway irritant at high % (tachycardia/cough).

* Isoflurane: cogt-effective; slowei kinetics;good for long cases if hemodynamiics tolerate.
Physiology & maragement: anticipate YBP —oplimize depth/analgesia-tiist, then vasopressor; raintain EXCO, 35-45; active
warming to 36=37 °C.

 When volatiles shine: reactive airways, straightforward logistics, limited infusion pump availability, cost constraints.

* Risknotes: avoid in MH-susceptible patients; plan PONV prophylaxis (Apfel-based).
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TIVA Maintenance
(Propofol +

+

Remifentani
Adjunf;gs)

Typical dosing: Propofol 50-200 pg/kg/min + Remifentanil 0.05-0.2 pg/kg/min (or
TCI). Consider adjuncts: low-dose ketamine, lidocaine, dexmedetomidine.

Pros: low PONV, excellent neuro profile (VICP/clean EEG), no MH trigger, no OR gas
pollution, ideal for shared airway surgery and when rapid, smooth wake-up desired.

Cons: hypotension (propofol), needs reliable IV access & pumps/TCl expertise; line
dislodgement risk; remifentanilleaves no residual analgesia—plan PACU pain
control.

Monitoring: favor processed EEG (BIS/PSI = 40-60) to reduce awareness risk; secure
lines; clearly label infusions.

WhandIVA 5hines. high P2M / risk, MH susceptibility, neurosurgery (ICP/evoked
potentials), ENT/shared cinvey, situatione.nzceding minimalmovement and fast wake-
up.

Chaiccalgerithmiguick):

PONUYAS pleyio geals / MH risk £ €hared 2l way="11V/.

Bronchodilation need / Simpler logistics / Cost concerns - Volatile.

Always integrate regional blocks to reduce opioids and improve autonomic stability.
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AIRWAY MANAGEMENT

F) &

riserva:
»Prof Roman—Pogr
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The Mallampati Score

Airway Management in
GA

Preop assessment: Mallampati, mouth
opening, TMD, neck mobility

Devices: Class 1 Class 2
mask, supraglottic (LMA), ETT (cral/nasal)

Strategies: standard vs RSI (aspiration
risk)

Rescue: adjuncts;videctaryngosccepy,
bougie, surgical airway (rare)

Notes: Always have a plan B (and C).

Class 3 Class 4
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* History &risks: prior difficult airway, OSA (STOP-
BANG), reflux/full stomach, facial/neck radiation,
tumors, pregnancy, trauma.

Pre-op Airway
Assessment & ‘ 15 IDIREIETOI
o Mallamipati i~V (tongue vs pillars)

Setu p * Mouth opening (inter-incisor)= 3 cm (= 2-3
fingerbreadths)

Look & measure (predictors):

(Plan A—-B—C)

o . Tayrecmantal distance (TMD) = 6.5-7 cm; Sterno-
mental =12-13cm

P r O f * Upper-iin bite test (mvandikularprotrusion)

* Neck: flexion/extension limitation; circumference > 40
cm (obesity)
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Pre-op Airway Assessment & Setup
(Plan A-B-C)

Dentition: loose/capped teeth; beard, micro/retrognathia

DIEFICULT ARWAY ASSESSMENT
» Difficult mask ventilation (DMV) clues: Obesity, Beard, Edentulous, OSA, Age>55, :
Snoring, Limited jaw protrusion.

L o0k EXTERNALLY
* Scales: LEMON (Look-Evaluate-Mallampati-Obstruction-Neck), MACOCIHA (ICUj: \
EVALUATE
* Optimization: head-elevated/ramped position (tragus * sternal notch
horizontal), suction ready, two IVs.if high-risk, bite block, 2y2 protection M ALLAMPA"T! SCORE /
*  Preoxygenation: 100% O, (3-5 rintidal..r VChredths), aim EtO, 20.8; Q BSTRUCT:D A:RWA“’
consider apneic oxygenation (nasal 10-15 L/min). \/

Neck MORILITY

* Kit out (labelled): mask/OPAs/NPAs, SGA (2nd-gen), ETTs (female 7.0-7.5,
male 7.5-8.5), bougie, video laryngoscope, suction, eFONA set; vasopressor,
bronchodilator.

* Declare plans: Plan A (primary), Plan B (SGA or alt device), Plan C (wake/awake
FOI), Plan D (eFONA).
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History red flags

* Priordifficult mask/intubation, OSA (STOP-BANG =3), reflux/full stomach,
pregnancy, trauma/burns/airway tumors, cervical spine disease, neck radiation.

* Look & measure (predictors of difficulty)

AI rway Mallampati I-IV: tongue vs faucial pillars/uvula (llI-IV * difficulty).
. tho or): ;E fingerbreadths) desirable.

* Thyromental distance (TMD): 26.5-7 cm; Sterno-mental=12-13 cm.

& RiS k IUWS“%‘;EE{ IR? al:ﬁtrg ): Class | easiest - |l hardest.
X—esen sion M difficulty.

i1fi I * Dentition & facial feat | teeth, micro/ret thia, beard, | k
St ratlflcatl On ng i |?n 2%:861 u;(.as_oonma]gee micro/retrognathia, beard, large nec
1 &= Pognuz

* Obesity, Beard, Edentulous, Age>55, Snoring/OSA, poor jaw protrusion.

/
7
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Pre-op Airwa
Assessment & aéﬁc

Stratificatigh2 o
Prof RO

Risk tools

LEMON (Look-Evaluate—Mallampati-
Obstruction—Neck).

MACOCHA (ICU): Mallampati lll/1V, Apnea
(OSA), Cervical limitation, Opening mouth
<3 cm, Coma, Hypoxia, Non-
anesthesiologist.

Prerara:ion & nositioning

Plan A--B-C-D declared (primary, backup,
wake/awake FOI, eFONA).

Riamped/head-elevated (external auditory
meatus eligned with sternal notch).

Two Vs if high-risk; suction; video
laryngoscope available; cric kit visible.

Pieoxygenatic n denitrogeration)
100% O, via tight mask 3-5 min (or 8 vital-
capacity breaths); aim EtO, =0.8.

Consider apneic oxygenation (nasal O, 10—
15 L/min) for RSI/difficult airway.
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I-gel

Training & Guidance
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Endotracheal
tube (ETT)

* Oral (standard) or nasal (smallerID by 0.5--1.0 mm; luke +
vasoconstrictor; beware epistaxis).

* Sizing (typical adults): women 7.0-7.5, men 7.5-8,5.

* Depth: ~21-23 cm at teeth (confirm with
auscultation/POCUS + continuous capnography).

e Cuff pressure: 20-30 cmH,0.

Visualization & aids

* Video laryngoscopy (often first-line): better glottic view,
especially in predicted difficulty.

* Bougie/stylet: “bougie-first” for grade 2-3 views; feel
tracheal clicks/hold-up.

* Flexible bronchoscope: awake or asleep; ideal through
SGA or for distorted airways.

Cuff inflating tube

Endotracheal
tube

Inflated cuff

Trachea

Esonhaous & SN,
D N UL Z
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Strategies: Standard
Sequence vs Rapid
Seqguence Induction (RSI)

Standard sequence (low aspiration risk)

Prebxygenate (EtO, =0.8).

IV analges.c + hypnotic (e.g., fentanyl +
propotol/etomidate/ketamine).

Ensure mask ventilation is possible.
Give NMBA (e.g., rocuronium 0.6-1.0 mg/kg).

Laryrigoscopy (video preferred), ETT/SGA, capnography
confirmation.

RE&!faeniration risk: full stomach, ileus, pregnancy >20 w, severe
GERD, Gl bleed, trauinz)

Precixygenatetnorougnly;<onsidernasalagncic O,.

Rapid hypnotic + full-dose NMBA (rocuronium 1.2 mg/kg or
succinylcholine 1-1.5 mg/kg if no contraindications).

No mask ventilation (or very gentle <10-12 cmH,0 if
desaturating).

Intubate at optimal relaxation; confirm with sustained ETCO,
waveform.

Cricoid pressure only if your institution mandates it and trained
staff apply it correctly (may worsen view—be ready to release).
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Tracheostomy

* Awake options (when losing the airway is
dangerous)

* Awake video/fiberoptic intubation with
topicalization (2-4% lidocaine), possible:
superior laryngeal + transtracheal blocks; light
sedation (dexmedetomidine/remifentanil).

* Consider awake t-achersioniy in exireme
distortion/obstruction

e https://www t m/watch?v=YBZFIclIDh
Qw

a4



https://www.youtube.com/watch?v=YBZFIcIDhQw
https://www.youtube.com/watch?v=YBZFIcIDhQw
https://www.youtube.com/watch?v=YBZFIcIDhQw
https://www.youtube.com/watch?v=njE3Qlkh044
https://www.youtube.com/watch?v=njE3Qlkh044
https://www.youtube.com/watch?v=njE3Qlkh044
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Rescue & “Can’t Intubate /
Can’t Oxygenate” (CICO)
Algorithm

If laryngoscopy view poor (can ventilate)

Optimize position; external laryngeal manipulation; switch to
video; smaller tube; bougie-first; alternate blade; call help early.

If cannot intubate but can ventilate

Insert 2nd-gen SGA for oxygenation/ventilation; consider
fiberoptic-guided intubation through SGA.

If cannot intubate, cannot oxygenate (CICO) > EMERGENCY

Callfor help; 100% O,; move to eFONA (Front-of-Neck Access):

Scalpel-bougie-tube: vertical skin incision > horizontal
cricothyroid membrane stab > bougie > 6.0 ETT over bougie >
confirm with capnography.

Torbay and Southern Devon INHS|
Health and Care

NHS Trust

The SWEAT CICO Course

CICO

Can't Intubate Can't Oxygenate

SUCCESS
alomb|elneck
airway anatomy?
Oxygenate and stabilise Oxygenate and stabilise spressoansessesietasesnesons Oxygenate and stabilise

4 - ~—
Melker 5.0 Cuffed
Seldinger Technique

For any queries relating to CICO training or clinical episodes of CICO please contact a member of the SWEAT faculty via the anaesthetic department (A. Baker, R Hughes, A. Revill. A. Varvinski. J. Ingham)

Algorithm derived from work by Dr. Andy Heard and colleagues, Perth, WA. Ref: A M 6 rears Rt 3 Groen wa P Estrs T Fermdtion and roucson of & Cant inksate, Can Varsiate” Aigosthvn o Cinal Practice. Araesesia. 2009, 64,9
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Common]_tnEaO i

op airway events
& fixes

B

riserva

Laryngospasm: jaw thrust + 100% O, + CPAP > deepen anesthesia (propofol) > succinylcholine
0.1-0.5 mg/kg IV (or 4 mg/kg IM) if persistent.

Rmﬁ nes.thetlcp p@kﬂ unlzféd B,-agonist, consider

Mainstem intubation: withdraw ETT 1-2 cm; re-auscultate/POCUS.

* Aspiration suspected: suction oropharynx, head-down/right side, oxygenate, apply PEEP as
appropriate; manage hypoxemia; bronchoscopy if obstruction.

» Cuff leak/high cuff pressure: adjust to 20-30 cmH,0O; replace tube if persistent leak
threatens ventilation.
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What Regional Anesthesia

I S (a n d Wh e re it fitS) Rlegional Anesthesielz

Local

Anesthesia Spinal/Epidural
Anesthesia

Peripheral Nerve Block

Definition: Targeted, reversible interruption of nerve conduction using ¢
local anesthetics (LAs) at neuraxial (spinal/epidur2!/CSE). or perinheral
(plexus/single nerve/fascial plane) sites.

* Goals: Analgesia * surgical anesthesia; reduce stress response;
enable ERAS pathways.

Levels of Sedation

* Taxonomy (with examples): Procedural Sedation

* Neuraxial: spinal (subarachnoid), epidural, combined spinal- Mini 1 Sedation  Moderate Sedation/ e General
epld ural. “Conscious Sedation” eep sedatio Anesthesia

[~ — =
* Upper limb: inte rscalen 2, supraclevicu lar, infraclavicutar, axillary. ‘ a / G
[ A /
* Lower limb: femoral/adductor canal, sciatic (popliteal), IPACK.
* Truncal/Chest: paravertebral, PECS I/Il, serratus plane, ESP, TAP.
When to choose RA: Ortho, thoracic, abdominal, breast, rib fractures;

high opioid-risk pts (OSA/frail), when early mobilization is desired.

2222
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Why Regional?

GEREIE youcéc%)ncu
explain to patients < !
& surgeons)t Rom:

Superior analgesia vs systemic opioids > lower
pain scores, improved patient satisfaction.

Opioid sparing > ¥ PONYV, pruritus, ileus,
respiratory depression—especially valuable in
OSA/elderly.

Improved physiology: less catecholamine surge,
petter pulrmonary mechanics (rib fractures /
thoracoiomy), ¥ ileus (abdomen).

Faster milestones: earlier mobilization,
peruicipationin PT, potential ¥ LOS and
complications in ERAS.

Procedural-advantages: smcather emergence,
lower cnesthetic requirernents, better
hemodynamic stability in selected cases.

Caveat: Benefit is technique- and execution-
dependent; use the right block, dose, and

catheter plan.


Erik Roman-Pognuz
documento riservato
Prof Roman-Pognuz


How to Do |t
(setup, imaéﬂﬂ@,c

injection safgety) o
Prof RO

Asepsis & monitoring: full skin prep (chlorhexidine), sterile
probe cover/gel, mask/cap/gloves; standard monitors; IV
access; resuscitation drugs + lipid emulsion in room.

Patient communication: explain benefits/risks; maintain light
sedation so the patient can report paresthesias/pain.

Ultrasound (first-line):

Probe choice: linear (10-15 MHz) for superficial; curvilinear (2-5
MHZz) for deep.

Technigue: n-plane (see shaft + tip) or out-of-plane (track the
tip carefully); hydrodissection to open fascial planes; seek
circumferential spread.

Needlz: echogenic (80-100 mm for deep blocks).

Nerve stimulation (adjunct): 0.3-0.5 mA motor response is
acceptable; <0.2 mA raises intraneural concern—withdraw.

injection pressure monttoring: keep openinginjection pressure <
15 psi (If high = stop, reposition).

Fractionated injection: aspirate every 3-5 mL, inject
incrementally, reassess spread and patient symptoms
continuously.

Test dose (neuraxial/epidural): low-dose lidocaine + epinephrine
to detect intrathecal/intravascular placement (per institutional

policy).
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Common LAs & profiles

Local * Lidocaine 1-2%: fast onset, short-intermediate duration
(infiltration/IVRA/short blocks).
Anesthetics:  Bupivacaine 0.25-0.5%: slower onset, long duration (dense
. sensory; caution cardiotoxicity).
ChOICGS, » Rcpivaceine 0.2-9.5%: long duration, motor-sparing at

lower % (good for analgesic infusions).

doses,

* Merivacaine 1-1.5%: fast onset, intermediate duration

) (di c el r:. ro-n .i IrQs \.
adJ uvants (the (diagnastic/short pro~ediires)

. * Typical single-shot concentrations (examples; tailor to
practicabtabt

blocik & patient):
- * |Interscalene: 0.5% ropi 10-15 mt (or 0.25% 15-20 mL '
N prose) 1 analgesic-biased).

* Adductor canal: 0.2-0.375% ropi 15-20 mL (motor—sparing]

o
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Local Anesthetics:

choices, dosesp

adjuvants (th% i
practical table In

proseff O

Cu
S S

Romz:¢

TAP/ESP: 0.25-0.375% ropi or bupi 20-30 mL per side/level.
Maximum dose guides (approx., adults):

Lidocaine: 4.5 mg/kg (max ~300 mg); with epi up to 7 mg/kg
(max~500 mg).

Bupivacaine: 2.5 mg/kg (max ~175 mg); with epi~3 mg/kg
(max~225 mg).

Ropivacaine: ~3 mg/kg (commonly max 200-250 mg).
(Always carrect for frailty, pregnancy, blocks with high
vasc uler uptake, ana cumulative mixtures.)

Adjuvants:

Epinephrine (1:200k-1:400k) ¥ systemic uptake, marker for
intravascular injecton.

Dexmedetomidine (perineural 25-50 pg) or clonidine (30-
150 pg) may prolong block (watch for
bradycardia/hypotension).

C examethasone 4-8 m g IV (or 2—1 i g pzringural, off-label)
extends duration; consider glycemic impact.

Continuous catheters: securement + sterile dressing;
ropivacaine 0.1-0.2% at 5-8 mL/h (bolus 3-5 mL PRN); daily
site checks.
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Safety: complications you must name (and

how to handle them)

Local Anesthetic Systemic Toxicity (LAST)

o Early signs: circumoral numbness, tinnitus, metallic taste, agitation; then
seizures, YLOC; CV: arrhythmias, hypotansion, cardiac arrest.

o Immediate actions: STOP injection, call hep, airnvay/oyyg:en ventilation,
treat seizures (benzodiazepine), avoid lzrge propofol doses if L natable.

o Lipidrescue (20%): Bolus 1.5 mL/kg, then 0.25 mL/kg/min infusion; repeat
bolus x2 for persistent instability; increase infusion to 0.5 mL/kg/min if
needed; continue ~10 min after stability; max= 1012 mL/kg.

* Nerveinjury: avoid intraneural injection (monitor pressure, US tip visualization,
paresthesia/pain on injection); document baseline neuro exam; most deficits are
transient—arrange follow t'g.

* Hematoma/bleedinrg: comvipressibie siwcs safer; avoiu accp wlccks in
coagulopathy.

* Infection: strict asepsis; higher risk with catheters > daily inspection, remove if
erythema/fever/pus.

* Neuraxial specific: hypotension/bradycardia (treat with vasopressor/fluids),
high/total spinal (support airway/ventilation, vasopressors), PDPH after dural
puncture (epidural blood patch if symptomatic).

* Phrenic nerve paresis (interscalene): counsel dyspneic/resp-limited patients;
consider suprascapular + axillary or low-volume/more distal approaches.

LAST

CLASSIC PRESENTATION

000

PROuxrOMAL PHASE ONSET OF SYMPTOMS CV COLLAPSE
Dysarthria Immediately after In extreme cases of
Perioral Numbness injection systemic toxicity:
Confusion
Dizziness HD instability
Seizures CV collapse
Coma
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Contraindications,
Anticoagulation &
Must-do Checks

Absolute contraindications (most RA): patient refusal, active infection at site, true LA
allergy.

Neuraxial specific absolute: raised ICP with mass lesion, uncorrected
hypovolemia/shock, untreated coagulopathy.

Relative contraindications: bacteremia/sepsis (individual risk), severe aortic/mitral

stenosis (sympathetic block risk), pre-existing neuro deficits (document), distorted
anatomy.

Anticoagulation/antiplatelets (principles; follow latest ASRA/ESAIC + local policy):

Aspirin/NSAIDs: usually not a contraindication to single-shot peripheral blocks or
neuraxial alone, but combine therapies raise risk.

Clopidogrel/Prasugrel/Ticagrelor: hold 5-7 days before neuraxial; avoid catheters

until drug off; peripheral deep blocks often treated as neuraxial-equivalent risk in
many centers.

LMWH: prophylactic > wait 212 h (therapeutic 224 h) before neuraxial; after catheter
removal, delay next dose (usually 24 h).

DOACSs (apixaban, rivaroxaban, dabigatran): hold 2-4+ days depending on dose &
renal function before neuraxial/deep block; resume =24 h after needle/catheter
removal.

(Times vary—check current guideline tables and institutional rules.)

Non-negotiables: Informed consent (benefits/risks/alternatives), anticoagulation
review, baseline neuro exam, timeout and side marking, full resus kit + lipid 20%
available.







What itis: Injection of local anesthetic (LA) into CSF at L2—-
L3/L3-L4/L4-L5 > rapid, dense sensory + motor block with a
finite duration.

" *Core Concept,
" Indications &

Primary goals: Surgical anesthesia (below umbilicus) and/or
superior postoperative analgesia (with intrathecal opioids).

* Common indications (with typical target dermatome)

«.Lowerabdomihal (e.g., hernia, pelvic) > T6-T8

B lO C k H e I%‘g C - Cesarean section > T4 (nipples)
Targets

« Urology (TURP/TURBT) > T10

* Hip/knee/foot & ankle > T10-L1 (hip often higher than
Knee/ioot)

- rils Soille)
S p I n a I_ * Perineal/hemorrhoids > $2-S4

° ‘ 2 O Absgolute advantages
A n e I a * Fastonset, dense block, minimal drug quantities, less

PONV/opioids, excellent operating conditions.

S b h 'd « Key dermatomes to remember
u a ra C n O I * T4 nipples, T6 xiphoid, T10 umbilicus, L1 inguinal, S2-S5

perineum.

https://www.youtube.com/shorts/PowhNibzN9I
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Quincke

Anatomy,
Equipment & Step-
by-Step Technique

Anatumy checkpaints

* Adultcord ends at~L1~> aim below L2 (L3-4 or L4-5;
Tuffier’s line = L4).

*( Layers (micline): skin » subcut > supraspinous -
interspinous > ligamentum flavum - epidural space >
dura/arachnoid > CSF.

Equipmeint
» Sterile prep (chlorhexidine), drape, mask/cap/gloves.

* Pencil-point needle (Whitacre/Sprotte) 25-27G +
introducer (VPDPH vs Quincke).

* LA syringes; optionalintrathecal adjuvants (opioids).

e Standard monitors; IV access; resuscitation drugs + 20%
lipid in the room.
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Technique (midline;
sitting or lateral)

* Position sitting (flexed, “angry cat”) or lateral (knees to

chest). \
* Identify interspace; localinfiltration. N

* Advance introducer 2 spinal needle through intreiucer;
feel “pops” (ligamentum flavum, dura).

* CSF flow confirmation -> aspirate gently (clear, free- ﬂ
flowing) = inject slowly (ng'pai 1/paresthesia). j,y’
\

* Remove needle, lay patient immediately; position to
direct spread (see Slide 4).

e Start hemodynamic vigilance (q1-2 min for first 10 min).

* Paramedian approach helpfulin elderly/calcified
ligaments: 1-2 cm lateral, aim medially/cephalad.

Spine

Epidurai
space
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Drugs, Doses,
Baricity & Adjuvants
(Intrathecal)

r Local anesthetics

Esters Amides Quineli::
——— I e — n . - =
falems o
| N ' St .
I b';".i:.'k ‘ Clllilullk‘l'l‘:oh' Articaine g cembucridine
S ackd Bupivacalnce
g g Nbucaine
k
Hutacaine .l '::'"."‘ e
. 2 Ly
Cocaine Chloroprocaine | sephvacaine
Benzocaine Procaine prilocaine
Hedylcaine propoxyeaine
Piperocaline

Local anesthetics (common)

Bupivacaine 0.5% hyperbaric (“heavy,” in
dextrose) orisobaric (“plain”)

Doseranges (adults, single-shot):
Cesarean: 10-12.5 mg (often with opioids)
Lower abd/T6-T8: 12-15 mg

T30 taigets (TURP/LL ortho): 7.5-12 mg (elderly
often.need lower dose)

D Jration:~90-150 min surgical anesthesia
(ongeisersory than motor).

Chloroprocaine (preservative-free) 2-3%: 30-
60 mg forsnortcases (36-60 niiiz).

Tetracaine 0.5% [heavy): 5-15 mg for very long
cases (less common now).

Lidocaine (intrathecal): historical (TNS risk with
5% heavy); modern practice largely avoids.
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-
»
-
)
|
-
-»
-

Baricity (drives spread
with gravity)

Hyperbaric (heavier than CSF; in dextrose): settles dependent; you can “steer” with tilt

Isobarief~ CSF): more soaition indepiéndent spreed; stower cephe lad spread.

Hypobaric (lighter): rare elective use (e.g., perianaiin jackknife).

Intrathecal adjuvants

Fentanyl 10-25 pg - faster onset, betterintra-op comfort.

Morphine 100-200 pg > 12-24 h analgesia (watch delayed respiratory depression—monitor for 212 h per local
policy).

Clonidine 15-45 pg (off-label) > prolongs block; risks hypotension/sedation.
(Avoid preservatives; use spinal-approved ampoules only.)
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Factors Affecting

- Block Height &
Practical Positioning

ura

chnoid—

Ceterminants of spread

* Dose (mg), baricity, volume, injection speed,
CSFvolume.

* atient factors: pregnancy (v CSF volume -
hizher spread > use lower dose), elderly
(VCSF), obesity (compression), height
(minor effect).

Peositioning:

* Hyperbaric: cephalad with Trendelenburg,
caudad with reverse Trendelenburg.

* |sobaric: less position-sensitive; slower
cephalad spread.

* Unilateral block: lateral position with
operative side down during/after injection of
hyperbaric solution.
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N\

\

H e m O dyn a m I C *  Why hypotension/bradycardia happen
° * Sympathetic block (T1-L2) > venodilation & ¥SVR; high thoracic spread
Physiology,

may block cardioaccelerator (T1-T4) and trigger Bezold-Jarisch reflex

Prophylaxis & AO CTHIETILY

. Co load crystall0|ds e.g., 500-1000 mL) attime of spinal; pre-load alone

Treatment | o popeen, o o o

* Phenylephrine infusion 25-50 pg/min (or bolus 50-100 pg) titrated
to MAP 265 mmHg (or SBP within 10% of baseline).

Prorf Romeéamse: ST

V1~
/A‘ﬂ\\\\ l/

o
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MAP low, HR low ~>
Ephedrine 5-10 mg IV or
norepinephire >=1C pg
V; cchisicaer atiopine

Assess level (is it MAP low, HR

rising?) + normal/high >
airway/oxygen; place A- Phenylephrine H0-12C
line if pg IV (repeat/titrate,.
unstable/prolonged.

0.5 mgif vagal.

Fluids: small balanced
boluses (250 mL) if
hypovolzmia
suspccted; avoid
overload.

Reassess every 1-2 min
initially; adjust table tilt
(reduce Trendelenburg
if block is creeping too
high).

" § oy A g Ny i e — I+ i 23 1 J | /7 —— )

Treatment algorithm
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Complications,
Contraindications
& High/Total Spinal

Rescue

Common/important complications

PDPH (post-dural puncture headache): orthostatic, occipital/neck;
with young women, large cutting needles; ¥ with 25-27G pencil-point.

Tx: hydration, caffeine/acetaminophen/NSAIDs, sphenopalatine
ganglion block (optional), epidural blood patch (15-20 mL) if
persistent/severe.

Hig1/:0:a. seinal rare): rapidly rising numbness/weak arms - dyspnea
> apnea, proiound hypoiensiun/bradycardia.

Rescue: Call help; 100% O,; bag-mask/ventilate > intubate if needed;
Vasopi2636+s (phenylepirine/norepinephrine), ephedrine if
aradycardic; rnaintain until block regresses.

Nausea/vomiting: often hypotension-mediated - treat BP; give
antiemetics.

Jiinayy ratention: monitor; catheterif nacessary

Rare: infection (meningitis), hematoma (neurologic emergency), nerve
injury, TNS (historically with intrathecal lidocaine).
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Contraindications
Absolute: patient refusal, infection at puncture site, true LA allergy,

(C heCkUSt) uncorrected hypovolemia/shock, increased ICP from mass lesion, major
coagulopathy/therapeutic anticoagulation (follow current ASRA/ESAIC &
institutional timing tables).

* Relative: bacteremia/sepsis, severe aortic/mitral stenosis
(sympathectomy risk), pre-existin3 neuro deficits (document), spinal
deformity/pravious saigery.

* Obstetric specifics

e Dcsereducticn (VCSFvolume/pregnancy), routine vasopressor
proohy'axis, lert tilt for eortacaval conmpbression; intrathecal morphine
100-200 pg > monitor 12-24 h for late respiratory depression.

* Documentation (hon-negotiable)

e Consentliicke/benchite/a ternativas), anticoagulation revievy,
approach/space/needle size, drug names/doses/baricity, achieved level,
hemodynamics/vasopressors, complications and management.
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EPIDURAL
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Definition

* Injection of local anesthetic (+ adjuvants) into the epidural

° space, usually via catheter, enabling continuous titration of
Wh at a n E p I d u ra l I s segmental sensory £ motor block.
* Where it helps (examples)
& When to Use It

Thoracic: thoracotomy, sternotomy, rib fractures (improves
ventilation & cough).

* Abdominal: open/laparoscopic major bowel, AAA, upper
abdominal cancer surgery (attenuates ileus & stress).

< Obstetrics: labor anclgesia, cesarean (as surgical anesthesia

ERIHIS: Catieates with adequate dosing).

: ]
& ; .mu;é | i‘{ " ) * Majororthopedics: bilateral TKAs/hip revisions (analgesia;
T - = no.e: meny centers now prefer peripheral catheters for motor-
e (7! snaring).
&il" P Spinal injection Wiy chonse ar eridura!
el le \S 1 TR
e VAR \/ i . * Adjustable level & duratiori, excellent analgesia, opioid sparing
\G. i o~ | , K 3 (VPONV, ileus, resp depression), ERAS-friendly.
- y - * Enables hemodynamic modulation (thoracic epidural blunts
: sympathetic response).

* https://www.youtube.com/watch?v=_mE-rTnb3qE



https://www.youtube.com/watch?v=_mE-rTnb3qE
https://www.youtube.com/watch?v=_mE-rTnb3qE
https://www.youtube.com/watch?v=_mE-rTnb3qE
https://www.youtube.com/watch?v=_mE-rTnb3qE
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Key anatomy

* Space runsfrom foramen magnum to sacral hiatus; bordered by
ligamentum flavum posteriorly & dura anteriorly.

* Thoracic epiduralis narrower; paramedian approach often easier than
midline.

Anatomy, . it

* Full monitors, IV access, resuscitation drugs + lipid 20% present.

[ ]

E q u I p I I I e nt » Sterile prep: chlorhexidine (allow to dry), mask/cap/sterile gloves, drape.
* Juoiyneedle 17-18G, eriduretcatheter (multi-orifice preferred), sterile

& Te C h n i q u e salinefcr losc-sf-resictance (LOR) (saline > air).
lecanique (wmb»ar/thoracic)

Ste — b — * Position: sitting (flexed) or lateral decubitus; identify interspace (US pre-
scan helpful).

« Advance Tucny until LOR to seune (orten 4 -o o lumbar; shallower

Ste p) NS

* Thread catheter 3-6 cm into space (thoracic often 3-4 cm; lumbar 4-6 cm).
* Negative aspiration; test dose (see Slide 5).

* Incremental dosing with frequent aspiration & communication.
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N\

\

Local anesthetics (typical choices)

D rugs DOseS & * Bupivacaine 0.0625-0.25% (denser motor at higher %).
AdJ uva ntS I n |t§ * Ropivacaine 0.1-0.5% (slightly less motor block - good

& TOp‘Up roamge m;:gonset shorter duration; surgical

top-ups).
r :I_ S @ KFW@SA) s@surglcalcases rapid

— Rule of thumb ( segm lspread

Pror Romala= Tl ctions

spread more cepllalad caud er mL than lumbar.
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Drugs

Example initial doses (titrate to effect, in 3-5 mL
increments)

Thoracic analgesia (rib/upper abd): ropi 0.1-0.2% 5-10
mL > then assess; add opioid (e.g., fentanyl 2-5 pyg/mL).

Lumbar analgesia (hip/knee): ropi 0.1-0.2% 5-10 mL.

Surgical anesthesia through epidural: bupi 0.5% 10-20
mL. slov/ly {orrooi 1.5% s'milar) — check BP closely.

OB labor loading: ropi 0.1-0.2% 8-10 mL + fentanyl 2
pg/mlL (or sufentanil 0.5-1 pg/mL).

Adjuvants (per mfusion;
Opioids: fentanyl 1-5 pg/mL, sufentanil 0.5-1 pg/mL >
mprevs analgesia, vLA dcse,

Epinephrine: 1:200,000 (5 pg/mL) ¥ systemic uptake
(use case-by-case).

Clonidine low-dose can prolong block
(sedation/hypotension risk).
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Maintenance
Strategies
PCEA

CEl, PIEB &

»
O

Continuous epiduralinfusion (CEl)

Typical rates: 6-10 mL/h (analgesia concentrations).

Pros: simple; Cons: risk of ropivacaine/bupivacaine creep > motor
block.

Programmed Intermittent Epidural Bolus (PIEB)
e.g., 3-6 mL every 20-40 min (smart pump), often + PCEA.

Pros: better spread, lower LAuse & less motor block vs CEl in labor;
oftensuperigrpatient zatisiactiori.

Patient-Controlled Epidural Analgesia (PCEA)

2elus-2-5 mL, lockout4€-20 min, background CEl 0-6 mL/h or PIEB.

Titrate to sensory goal (dermatomes) with motor sparing (especially in
ERAS/OB).

1ypicalOB meintenancarec ne (exampley)

Ropi 0.1-0.125% + fentanyl 2 pg/mL; PIER'4 mL 30 min + PCEA 5 mL,
lockout 15 min.

Aim: pain =3/10, Bromage 0-1 (can straight-leg raise).
Post-op thoracic epidural

Ropi 0.1-0.2% + fentanyl 2-5 pg/mL at 6-10 mL/h; wean day 2-3 as
ileus/pain improve.
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Test dose (after negative aspiration)

e Common: 3 mL lidocaine 1.5% + epinephrine 1:200,000 (=45 mg
lido + 15 pg epi).

* Intravascular > HR rise 220 bpm within 30-60 s (caution in
labor/preeclampsia/beta-blockers).

* Intrathecal » rapid motor block of legs within a few minutes.

* OB variant: some avoid epinephrine; use fractionated dosing +
careful observation.

TeSt Dose * Patchy or unilateral block — fixes
Safety Checkd &C

< Cetnetermanipuiation. withdraw 1 cm (or advance 1 cm), then re-
bolus 5 rnl.

* Positioning: place patient on the non-blocked side down for 10-15
min; use PIEB.

Tro u b l-e S h O Om S « Volurne &level switch to larger volume, lower concentration for

better spread; use multi-orifice catheter.

PatC ?y B lO%l(S R * If persistent failure: replace catheter at a different level.

Subdural block (important mimic)

* Clues: delayed onset, extensive sensory spread with minimal motor
& relative hemodynamic stability; respiratory compromise if very
high.

* Action: stop dosing; support airway; convert plan if surgery
imminent; document.
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Hemodynamics

* Sympathetic block > YSVR & venous pooling (more with higher
thoracic volumes).

* Prevention: preload/co-load judiciously, vasopressor ready
(phenylephrine bolus 50-100 pg or infusion; norepinephrine bolus 5-
10 pg if bradycardic/vasodilated).

* Treatment: identify cause (depth/bleeding/level), adjust table, small
fluid bolus (250 mL) if needed, vasopressor first mindset in high-risk.

Complications

Hemodynamics; O SRtz R it e
Complications &
Red Flags

* Inadvertent dural puncture (“wet tap”) > PDPH risk; consider

tr | ot a ement per policy vs remove & epidural
» @03 ;atgsﬂ1 lif tym atic.

* High neuraxial block (if large dose intrathecal): dyspnea 2> apnea,
hypotensmn/bradyfédla > oxygenate/ventllate vasopressors,

shuii-falmcioTef oY
 Epidural hematoma/abscess re,butcrltl

Red flags: new or progressive motor block, nhew severe back pain, fever,
radicular pain, bowel/bladder dysfunction.

* Action: STOP infusion, urgent MRI and neurosurgery consult;
decompression ideally <8-12 h from neuro deficit onset.
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Contraindications,
Anticoagulation

Timing & OB Notes

Protf

Absolute contraindications

Refusal, infection at site, true LA allergy, uncorrected hypovolemia/shock,
severe coagulopathy/anticoagulation not appropriately held.

Relative

Bacteremia/sepsis, severe aortic/mitral stenosis (sympathectomy risk), raised
ICP from mass lesion (for epidural bolus caution), pre-existing neuro disease
(document baseline), anatomic distortion/spinal surgery.

Anticoa3ulaticn/antiplate ets (prir ciples — follow current ASRA/ESAIC + local
policy)

LMWH prophylactic: wait =212 h before insert/remove; next dose 24 h after
removal.

cMWiitnerapeutic: wait=24 ivoefore insert/remove.

DOACs (apixaban/rivaroxaban/dabigatran): hold 2-4+ days (depend on renal
function/dess).

Clopicogret/prasugiel/ticagrewr: hetd 5-7cays beforerieuraxial; avoid catheter
with active therapy.

Warfarin: INR 1.4 for placement; verify daily if catheter in situ.

UFH IV: stop 4-6 h, verify normal aPTT. (Prophylactic SQ heparin: coordinate
timing with insertion/removal.)
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BLOCKS
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O

B
S

'PNBs:
Concept

it C
enerti SrlS

atety, = o

uardrails

What: Targeted, reversible blockade of peripheral
nerves/plexuses with local anesthetic (LA); single-shot or
continuous catheter.

Why: Superior analgesia, opioid-sparing (VPONV/resp
depression), better rehab/early mobilization, smoother
emergence.

Core safety bundle:

Standard monitors, IV access, resus drugs + 20% lipid in
room.

ltiasound gitiaance first-line; nerve stim as adjunct.

Incremental injections (3-5 mL), frequent aspiration, low
injection pressure (<15 psi), stop if pain/paresthesia/high
resiste nce.

Dose calculations (mg/kg) — consider cumulative LA dose
across blocks/planes.

Anticoagu .atinon:ceep. non-comprassible cites (e.g.,
paravertebral, infraclavict lar) > stricte - timing (treat like
neuraxial-equivalent per local policy).

Adjuvants (off-label per local policy): perineural
dexamethasone 2-4 mg (tduration), dexmedetomidine 25-50
pg (Mduration, bradycardia risk).

Catheters: securement + sterile dressing; ropivacaine 0.1-
0.2% at 5-8 mL/h, patient-bolus 3-5 mL, lockout 30-60 min.
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Upper Limb: Interscalene (Roots C5-7)

* Surgery/analgesia: shoulder/upper humerus; best analgesia but phrenic nerve
paresis common.

* Sono-anatomy: C5-7 root “stop-light” between anterior & middle sralene at
cricoid (C6).

* Technique: patient supine/semi-sitting, head turned contralateral; in-plane
lateral>medial; target spread around C5-C6 roots

* Volume/concentration (adult): 10-15 mL ropi 0.5% (surgical cr0.2-0.37%%
(analgesic); low-volume (5-7 mL) can reduce but ot edivithate phreiic paiesis.

Anterior Scalene

* Pearls: keep needle superficial to prevertebral fascia; avoid medial/pleural Scalene
trajectory.

* Complications: heniidiapiiragn: garesis (~virtuaty att at standard velumcs),
Horner’s syndrome, RLN hoarseness, intravascular (vertebral), neuraxialinjection
(rare).

* Avoidin: severe pulmonary disease/one-lung dependence—consider .
suprascapular + axillary nerve combo instead. Brachial Plexus

(Interscalene Groove)
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/ Trunks
\ “"'"““\ Divisions

Cords

_ /
:/ mqﬂ-
/ \ Radial n.
| o 3 a2
- }Ipiglavcular(Trun 's(DVLsms) i Qualo thearm’ ' ) &:mn&uum)

Musculocutaneous n. . Indicm*.*dislalbymerus = hand; rapid, dense.

Axidlary n * Sono-anatomy: “Grapes” (plexus) lateral & superficial to subclavian artery on the first rib; pl*ura

*  Volume: "5=25 nl_roni 0.5% (surgical’ or 0.2=(.375% (ana\gesic).

* Risk: pneumothorax (v with US); keep needle on rib, avoid medial passes.

[ ]
l ' p pe r LI I I l b: Infraclavicular (Cords) — long-acting, catheter-friendly
e Indicatiosis: €'bo v 1o hana; when cathzter desired.
noul

Supraclavicular,
Infraclavicul

ntraclavicular,

Q e ll Axillary (Terminal branches) — motor-sparing options

XI a ry * Indications: forearm/hand; good when pneumothorax risk must be nil.

* Sono-anatomy: radial/median/ulnar around axillary artery; musculocutaneous in coracobrachialis (must inject separately).

Suno-anatsiny: axiliaryarwery witii corus around it{uiten posterior > uee p tuarteiy).

* Volume: 20-30 mL; deeper target > consider longer needle & pressure monitoring.

Risks: vascular puncture/hematoma; pectoral discomfort during needle passage.

*  Volume: 20-30 mL total, split 3-5 mL per nerve for completeness.

* Pearl: abductarm; compressible field = saferin anticoagulated pts (local policy dependent).
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Lower Limb: Femoral / Adductor
Canal (Saphenous) / Fascia lliaca

Femoral nerve (inguinal crease)

*  Anuigesia: anterorkr ee, feraur fractures; quadriceps weakness (fall risk).

e Sono-anatomy: nerve lateral to femoral artery, under fascia iliaca.

*  Volume: 10-20 mL ropi 0.2-0.375% (analgesia).

*  Peail:ensure suip-fasciailiaca sp -ead (watch hydrodissection).

Adductor canal (saphenous nerve + vastus medialis branch)

* Analgesia: knee with motor-sparing (quadriceps preserved vs femoral).

* Sonyz-ar atomv:femcral 2itey unidersariorius mid-th gh;iervz ar.cerolateralto artery.
< Votume. 10-15 mL rupi 0.2-0.375%. Cathete: ieasible.

Fasciailiaca compartment (FICB)

* Analgesia: hip fracture, lateral thigh; easier, broad spread to femoral/LFCN/+obturator.
* Sono-anatomy: lateral to artery; inject under fascia iliaca (large volume).

* Volume: 30-40 mL dilute ropi 0.1-0.2%.
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Lower Limb: Sciatic
(Subgluteal) &
Popliteal

Sciatic—Subgluteal/Proximal

* Indications: posterior knee, tibia/ankle, Achilles; dense
analgesia.

* Sono-anatomy: sciatic deep to gluteus maximus, between
quadratus femoris & adductor magnus (variable).

*  Volume: 15-25 mL ropi 0.5% (surgical) or 0.2-0.375% (analgesic).

* Pearls: depth requires longer needle, optimize image; co 1sider
catheter for amputation analgesia.

Popliteal (sciatic bifurcation region)

* Indications: foot/ankle surgery; prescives hiainstiings (more
distal).

* Sono-anatomy: identify tibial & common peroneal nerves
proximalto bifurcation, posterior to artery/vein.

*  Volume: 15-25 mL around the common sheath (or 10-12 mL
each division).

* Complications: foot drop (expected while active), vascular
puncture; anticoagulation caution per local policy.
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PECS |-l / Serratus /
ESP

Longt }
Serratus anterior m.

Latissimus dorsi m. Anterior branches of

PECS | (between Pec Major/Minor) & PECS Il (between Pec Minor/Serratus) lateral cutaneous n.

* Analgesia: breast/axillary surgery, pacemaker pockets. d— O C u
*  Volumes: PECS|~10 mL, PECS Il ~15-20 mL (dilute ropi 0.2-0 m@m niches
* Pearl: deposit both planes for axillary coverage. lateral cutaneou :

|
Serratus Anterior Plane (SAP) r l S e r \/ a- N

* Analgesia: lateral thoracotomy, chest drains, rib fractures (mid-axillary line). a‘Mz__‘
— me

. Volume: 20-30 mLsuperficialor tf‘atb :: R O m a. n P O

ESP (Erector Spinae Plane)

needle and
* Analgesia: thoracic/abdominal/hip fractures; wide spread via dorsal rami = paravertebral injection site -
connections.

° Sono-anatomy: transverse FOCESS; inject deep to erector spinae. n.it%% .
y P J P P Latissimus dorsi m.

*  Volume: 20-30 mL; catheter friendly.

» Pearl: easier, safer alternative to paravertebral in anticoagulated pts only if local policy Long thoracic n.
allows (still consider depth/compressibility). Serratus anterior m.
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Paravertebral Block
(PVB) & Thoracic

Wall Analgesia

Why PVB: Unilateral thoracic/upper abdominal

anesthesia/analgesia approximating epidura! but

unilateral (breast, thoracotomy, rib fractures;j.

Sono-anatomy: transverse process, superior

costotransverse ligament (SCTL), parietal nleure;

inject in paravertebral space just deep to SCTL
without pleural puncture.

Volume: 10-20 mL peitevel (often 2-3ievels);
ropi 0.375-0.5% for stigica,, 0.2-0.3% for
analgesia.

Risks: pneumothorax, hypotension (sympathetic
block), vascular puncture; treat as deep/non-
compressible for anticoagulation.

ESP vs PVB: ESP easier/safer but less dense,
more variable visceral block; PVB denser, higher
risk profile

Left Ly

Viscergl pleura
- Panetal pleura

Endoihoracic fascia

a B etal. Anesth Analg 2010;110:1735-3
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Typical single-shot durations (adult, ropivacaine):

* 0.5%: ~8-14 h sensory (site-dependent). 0.2-0.375%: ~6-10 h
analgesia with less motor block.

“Surgical vs analgesic” recipe:

e Surgical: higher % (0.5) & moderate mL > dense but more motor

block.
Pra CtiC al DOSi ng  Analgesic: lower % (0.2-:0.3) & adequate mL > better spread,
4 motor-spering.
D U I‘atl on & Common misses & fixes:
Trou b leS hOOti ng * (Axiltavy: forgot rmusculocutansous > add 5 mLin

coracobrachialis.

e Supraclavicular: inadequate corner-pocket (inferolateral plexus)
>reaiirectandcomnolete U-shahed spicad.

Protf

* Adductor canal: inject anterolateral to artery under sartorius;
avoid too proximal (becomes femoral).

* TAP: wrong plane (between EO/IO) > reposition; confirm |IO-TA
plane with hydrodissection.
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Complications overview:

 LAST - follow lipid protocol (bolus 1.5
mL/kg, infusion 0.25 mL/kg/min, repeat
bolus up to total 10-12 mL/kg).

* Nerve injury (rare): avoid intraneural (no
high opening pressure, no severe pain on
“jection).

Practical Dosi
d&c

Durati
Troubleshooting o

* Hematomal/infection: asepsis;
compressible sites safer if
aiticoagulated.

* Documentation: block type/side, LA

P f R drugiconc/velume/total mg, adjuvants,
r O O US images/(if wolicy), darmatomal/motor
checks, complications, discharge

instructions (falls risk after femoral; foot
drop after sciatic until resolution).
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PACU

L _____§ — _§] \ 7 ] e\ \ /7 | | [ \ 4]
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PACU
Priorities &
Discharge
Scoring

Immediate priorities (ABCTs):

Airway patency (look/listen/feel; OPA/NPA/positioning).

Breathing: RR, work of breathing, SpO,, EtCO, if on supplemental
O, or high risk.

Circulation: HR,NIBP, rhyvthm, cap refill, drain outputs.

Teniperature: preveiit/ticat hypothermia (forced-air warmer;
warmed IV fluids).

Manitoring frequiancy: n5-15 min initially, then titrate by stability;
continuous 3L 0,; add capnography for high OIRD risk (OSA, high
opioids).

Discharge scoring (to Phase Il/ward):

Aulrete/Mouanied Audrete ‘activ ty, respitation, circulation,
corisciousness, SpO,) » =9/10 (or baseling) ana ciinician
judgment.

Ambulatory add-ons: PADS (pain, N/V controlled, oral intake,

ambulation, void if indicated, escort arranged).
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Assessment &

Multimodal Plan

Pain

Pro

Assessment tools:

NRS 0-10 or VAS; POSS/RASS for sedation; CPOT/BPS for non-verbal.

Set a goal (e.g., NRS =3 at rest, =5 with movement). Reassess 15-30 min after
interventions.

Multimodal foundation (unless contraindicated):
Acetaminophen 1 g PO/IV g6h (max 3-4 g/day; reduce with liver disease/low weight).

NSAID/COX-2 (e.g., ketorolac 15-30 mg 1V q6h, max 60-120 mg/day): avoid if AKI risk,
Gl bleed, bleeding risk, third-trimester pregnancy.

Re zion al/acaraxiat: coniiimblock tunctiony/catheter site; document dermatomal
level & motcr exem (Bronmage).

Opioid rescue (titrate slowly, monitor sedation/0,):

Fentanyl 25-50 pg IV q5-10 min FRN (short-acting).

Hyaromorg hone €.2-0.4'mg IV q10-15min FRN (longer tail).
Morphine 1-2 mg 1V q10-15 min PRN.

Avoid basal infusions in opioid-r=iva and OSA.

PCA [if necded, typical starts):

Morphine 1 mg demand, lockout 6-10 min, no basal (OSA/naive).
Hydromorphone 0.2 mg demand, lockout 6-10 min.

Opioid adverse effects: pruritus, respiratory depression, ileus, urinary retention—
treat/prevent (see Slide 5).
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PONV: Risk,
Prophylaxis &
Rescus

Risk stratification (Apfel): female, non-smoker, PONV
history/motion sickness, postop opioids (0—4 points).

Prophylaxis (choose =2 classes if moderate/high risk):
Dexamethasone 4-8 mg IV at induction.
Ondansetron4 mg IV near end of case.

Cansizcr droperidol 0.625-1.25 mg IV (QT caution),
haloperidcl 0.5-1 mg IV, scopolamine patch, aprepitant
40 mg PO preop for very high risk.

Rescue (use a different class than prophylaxis):

Ondaisetion 4 mg IV (if not already used) or granisetron 1
mgIV.

Droperidol 0.625-1.25 mg IV or haloperidol 0.5-1 mgIV.
Metoctlopramide 10 m3 I\ as acjunct,

Rehydrate; treat pain/anxiety; avoid emetogenic opioids
when possible.

Disposition: sustained vomiting, intractable symptoms ->
observe longer, consider alternative analgesia (regional,
ketamine low-dose, acetaminophen/NSAID).
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Early Complication
Detection & Management

* Airway/Respiratory

Healthy airww*f'_' _
* Obstruction/hypoventilation: iaw thrust, i . P .

OPA/NPA, head-elevated; conaidzrresidual NME ”
(TOF 20.9-1.0 before extubation).

* Laryngospasm: 100% O, + CPAP, dcepen

: . | Relaxed muscle
anesthesia (propofol), succinylchol ne:0.7]-0.5 [Re:axed muscles

mg/kg IV if persistent.

* Bronchospasm:2;-agcnistneb, deeren
anesthesia (zeve/nropoiol/ketaming), epinephririe
if severe.

« Hypoxemia: verify airway, atelectasis (incentive *ed muscles Narrow airway

spirometry), aspiration, pneumothorax (post asm
block/line) > POCUS/CXR. &

o
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Early Complication
Detection & Management

Hemodynamics

Hypotension: r/o bleeding (surgical site/drains),
residual anesthetic effect, sepsig;<mall balanced
fluid bolus (250 mL) if responsive; phenylephrine 50--
100 pg IV or norepinephrine 5—16{.;g v for

\é%so Ilation; ephedrine 5-10 mg IV if low HR + low

Hypertension/tachycardia: pair, blaclder
distension, hypoxia, withdrawal, thyroid issues; treat
cause = esmolol/nitro.

Temperature/Shivering

Active warm.ng tc 36-37 °C; meperidine 12.8-25
mg IV for shivering (or clonidine/ondansetron
adjuncts).

Bleeding

Check wound/hematoma; drain outputs; serial vitals;
labs (Hb, coagulation) if concern; notify surgeon early.
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OIRD, Urinary Retention

* Opioid-Induced Respiratory Depression (OIRD) Ur_ina retained
in bladder

Urine drains
through catheter

* High-risk: OSA, elderly, renal/hepatic impairment, high cumulative
opioids, concurrent sedatives.

* Prevention: smallest effective opioid dose, avoid be salPCA,
continuous pulse oximetry = capnography.

* Treatment: stimulate, O,, supportventilation; naloxone 20-40 pg IV
g2-3 min to effect; consider infusion 0.04-0.4 mg/h if long-acting
opioids used (avoid abrupt withdrawal).

* Urinaryretention

* Risk: neuraxial opioids, pelvic/hernia surgery, anticholinergics, high
opioid load.

* Bladderscanif novoid and discomfort; typical threshold >400-600
mL - intermittent catheterization.

* Optimize analgesia, mobilize; review meds.
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OIRD, Delirium & Glycemia

* Delirium/Emergence agitatien

* Screen (CAM-ICU), correct pain,
hypoxia, urinary retention; minimize
deliriogenic meds; dexmedeteiniaine
low-dose or low-dose antipsychoticif
needed (QT/age caution).

* Glycemic cornitrcit

* Target 140-180 mg/dL (7.8-10 mmol/L);
treat hypo-/hyperglycemia per protocol,;
resume home insulin strategy when
eating.

Severity of
Mechanical lllness
Ventilation S

Neuro-
Inflammation

‘Diliiiul

: Post-intensive
Care Cognitive
Dysfunction

A ; -
Disrupted
Neurotransmission _ \

¢ Anticholinergic
\ Stress
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Handover, Ward
Transfer & Orders

e Structured handoff (SBAR)
* Surgery & key intraop events.

* Baseline comorbidities/risk (OSA,
CAD, anticoagulation).

* Anesthetics/analgesics (last opioid
time/dose; regional catheters details
& checks; antiemetics: fluias/EBL;
vasoactives; antibiotics;.

* Recommendations: pain plan, PONV
PRNs, oxygen strategy, monitoring
level (e.g., continuous oximetry for
OSA/high-risk), labs/targets.

Koom & Loae:

WILE

Allergies:

Safety: OConfused OFdll ORestraints O Alorm O Suicde

111112 solotion: ONone OContact CDroplet OAibone ONeutro. | =1 1= - o1

TODO LIST

Rl COMMENDATION

Hemodyn [ A-lLine QCVP
NOCT-Max Doy T-Mox RASS CAM + ER Echo Date: OPAC  ONICOM
] Rhythrm;
GCs _
Resplrotory 0O Clear |VentSettings ORT Gl cu
aEr OARDS | QNG QOGPEG OLWS_____ | OFokey OBSC OAwic [lDilysis
0O Trach Vo
OchT |MODE FiG2 COiff - + LostBM:
oS = L PEEP Diet Heme
2/F Rau = FATE
Musiaiosieietal Sidn Draing IV Sites
OCear [ODsng: 0PN
':_‘1'wnds: OCentral:
| ONT & itrer s Ulom Srop’gicnay | I nuny Systm grice:
. Ar [Need [IRe wived
| IPT |  [iSpeddBed | jpeoain Diovens 115008 |pia et DR ived
JBorte  T1Ambulkating (=i Lincionix rrSALJAGMIt e 7 LIOYS 11 i OCther:
Gts Sepss [infection OSergwe OSevere  |LcbDrows [k |Porameters
1 @ Loctote___ CVPL_____ Scvo2: OMg
2} ) O] Ak Given @ OPh
3 ) O Alec; Given @ Oca
. @ o Civen @ PRNs Given
5 @ 0 Al Given @ Acou-Check  [5S
8 2. Cultwes [1Aoodx2 Clliine [ Ogtt
k) @ e OSputum
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Handover, Ward v

* HELPS DETERMINE DISCHARGE READINESS of

Tra n Sf e r & O r d e r S INDIVIDUALS RECOVERING $rom ANESTHESIA £

e Before transfer — must confirm L

o

* Aldrete 29, hemodynamically stable, SpO, at
or near baseline on planned O,, pain | |

iti AEILITY to MOVE
controlled on oral/IV t:a nsition pla n, N.'Y 1L Gl I o " 2
controlled, temp =36 °C, no active bleeding,
mental status acceptable for destination. _J
P €)_acrivity cvive MR MEAL
* Regional: document dermatomes, motcr
exam, catheter depth/rate; provide LAST a RESPIKATION APNEIC LMITED, | EREATHE DEEPLY.
instructions & lipid availability on the ward if BLOOD PRESSURE PYSPHER
catheterinfusing: Q CIRCULATISN - > 20% 20-49% > 49%
* Respiratory risk/QSA: encourage CPAP (use a X L " ROUSABLE
K . R ! = “NON-RESFONSIVE & FULLY AWAKE
patient’s device); no basal PCA; continuous CONSCIOUSNESS @ g ' ’ GALLIDS
oximetry. L0, b
y Q OXYGEN SATURATION S0t S0, Rl | 9% m ROOMAR

SCORE 219 = SAFE DISCHARGE from PACV
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Handover, Ward v

* HELPS DETERMINE DISCHARGE READINESS of

Tra n Sf e r & O r d e r S INDIVIDUALS RECOVERING $rom ANESTHESIA £

. A (’—\
Postop orders & counseling
* Analgesia: scheduled acetaminophen = \
NSAID/COX-2; opioid PRNs with clear holdl » lLlTj({ - ,é
parameters (sedation score, RR); bowel ERTREMITIES ch-COMMAND 0 1 a
regimen. J
. ggglxyll?alj(gs from a different class than g ACTIVITY CANT MOVE e mes [ e
« Early mobilization, DVT prophylaxis per a RESPIRATION it E‘\':'ESEE’LNG COUGH FREELY
protocol, incentive spirometry, diet BLOOD PRESSURE
advancement plaii. 9 CIRCULATION ——/ > 20% 20-49% > 49%
* Red flags educat on (tc nurzes/pa‘ient): a - S o Lo eebonsife— ROUSABLE on
escalating pain/swelling at wound, fever/chills, CONSCIOUSNESS @ %ﬁf e G PR
increasing somnolence with shallow ' P N
breathing, inability to void, intractable N/V, e OXYGEN SATURATION S 90% with SUPP. O, \inTain a0y 2% on ROOM AIR

chest pain/shortness of breath.

SCORE 219 = SAFE DISCHARGE from PACV
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Future

Pro:

B ,,‘;6 A
374

4.,, 137 651443 w:IV!
V=7

/&v‘b‘ S x J‘[ .c(’-===

‘ . : -
0y / > C(" cx -Cy =25

c N
7X -fZ’;Z_.‘é.z = 7
do cume,mf’ ' ’LJ..L

rlservatg‘4 “0“:’ Cx% $Gx
N 2 ’/‘&(/,/ ,____QXQ,‘.
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Precision Anesthesia

& Individualized
Dosing

P RECISION
ANAESTHESIA

What it means: tailoring hypnotic/analgesic/NMBA
plans to a patient’s genotype, phenotype, and
physiology (age, frailty, comorbidities, EHR data).

Pharmacogenomics (examples you can teach):

 BCHE variants - prolonged
succinylcholine/mivacurium effect (plan: avoid
or dose-test; consider rocuronium +
sugammadex).

 CYP2B6/UGT1A9 variability - differences in
propofol clearance (watch hypotension/slow
wake in slow metabolizers).

* CYP2D6 ultra/poor metabolizers > altered
response to tramadol/codeine (prefer direct-
acting opioids or non-opioids).

* OPRM1 A118G ~ reduced opioid sensitivity in
some patients (anticipate higher opioid
requirement or use multimodal/regional).

* MZCIR (rea nair) associations - 1 inhalational
ariastnetic -ecuiramenr’, M nain sensitivity
(anticipatc dosing & analgesia adjustments).
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* Phenotype-driven titration:

* Frailty index, sarcopenia, OSA risk,
hepatic/renal function,
hemodynamic reactivity during
induction.

ol £ * lse processed EEG to titrate
I N d VI d ua l% C hypnosis; quantitative TOF to titrate
DO = -g NMBAs instead of fixed schedules.
JS—"]— S  Decisionsupport now/near-term:
EHR-based risk scores (PONYV,
P f R hypctension), smartoume libraries,
]f O O “suggesied deseranges”ihat adjust to

age/BMl/comorbidity.
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Ultrasound-First: Regional &
Vascular Access (with
Emerging Tech)

docu

Standard of care trend: US guidance for peripheral
nerve blocks and central/peripheral vascular access (™
success, ¥ complications).

Block quality mechanics:
* In-plane needle visualization; deliberate

hydrodis ion; aim for cir ferentio! LA
spread a?ﬁ rz: ia panes.
Low injec p ure (<1 i) +inc

3-5 mL injections with frequent aspiration to
reduce intraneural/intravascular risk.

Vascular access: dynamic US for
lJ/subclavian/axillary; long-axis cannulation, confirm
with saline swirl/POCUS; use microintroducers.
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What’s next:

* Needle-tip tracking (magnetic/reflective), Al nerve
segmentation, auto-measurements (depth,
distance).

 3D/Matrix probes for paraverteb-a/ESF/paraspinal
mapping; handheld battery proves at bedsiae arna
in ambulatory centers.

* AR overlays and haptic feedbz ck systems te-guide
trainees.

C
* Long-acting local analgesia evolution: perineural \
catheters witiiropiveacane 0.1-0.25¢ srnart-bolus /
algorithms; newer depot formulations \
(liposomal/combination) for infiltration—know
institutional policies on mixing/compatibility.
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Al-Assisted
Monitoring &
Closed-Loop
Delivery

;
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* Al ‘orpreaictica-&<cete stion:

Arterial-waveform-based models that predict hypotension minutes ahead > pre-emptive vasopressor/fluids.

Automated alarm filtration and artifact rejection; early detection of bronchospasm, apnea, circuit
disconnects.

* (lozed loop coniro. (huiiian-in-th e-loop):

Hypnosis loop: propofol TCl adjusted to EEG index targe.. (e.g., BIS/PS140-60).

Analgesia loop: remifentanil adjusted to nociception surrogates (HR/BP/NOL/SPI) while minimizing opioid
exposure.

Vasoactive loop: phenylephrine/norepinephrine titrated to MAP setpoint; fluid-responsiveness logic
(PPV/SWV validity checks).

NMB loop: rocuronium guided by quantitative TOF to maintain 1-2 twitches intraop and TOF ratio 20.9-1.0 for
reversal.
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 Pathway design (ERAS mindset):

* Preop education + acetaminophen/NSAID/COX-2 baseline;
regional/neuraxial prioritized; intraop ketamine low-dose,
lidocaine infusion, dexmedetomidine where appropriate;
postop scheduled non-opioids with rescue opioid only.

* Newer/adjunctive drugs & devices:

e Oiliceridine biased J-agonist) —- potential less respiratory
depression (still opioid stewardship needed).

* Liposomal bupivacaine/bupivacaine+meloxicam
infiltration products —exi.endeu local effect (efficacy varies
by proceduie; follow your inistitution’s guidance).

* S-ketamine low-dose infusions for hyperalgesia/OlH
reauction; IV lidocaine fcr visceral/neurcpathic
cemporents,

NaV1.7/1.8-selective blockers and other non-opioid
pipelines (under study).
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"] New/Next-Gen Analgesics

* Non-pharmacologic adjuncts witn evidence signats:

* VR distraction, music therapy, acupuncture, TENS, guided hypnosis > lower
pain/anxiety and opioid use.

* Prehab/sleep optimization and CBT-l approaches decrease perioperative pain
catastrophizing.
 Stewardship & safety:
* Standardized discharge opioid quantities, PDMP checks, naloxone co-

prescribing for high-risk patients, and buprenorphine-informed perioperative
plans.
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Beyond the OR: Perioperative “Command
Center,” Wearables

e Preop risk stratification - intraop precision > remote
PACU/ward monitoring (wireless pulse ox, intermittent
capnogre chy mobility trackers).

e Early warning scores integrated with EHR to catch
sepsis, bleeding, OIRD sooner.

Continuous d
periop loop:

18

WearablesyAt-

home
monitoring:

* Post-discharge SpO,/HR/steps, pain e-diaries, photo
wound checks; automated flags to acute pain service.
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& Green Anesthesia

Green anesthesia (sustainability as'a cliniczgl
quality metric):

* Retire desflurane/minimize N,O; low-flow
volatile techniques with scavenging;expand
TIVA where appropriate.

* Device re-use pathways (where safe), anesthetic
gas capture, ard ORenergy.opiimization.

Education & equity:

* Simulation for crisis/airway/regional; tele-
mentoring for low-resource settings; bias
checks in algorithms to avoid exacerbating
disparities.
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How
Students
Can Plug Into
Innovation

(Actionable

“Next P10
Steps™)

* Read & follow: anesthesia journals’
technology/QA sections; join quality
improvement and ERAS committees as a
student observer.

e Skills to learn early:

» Point-of-care ultrasound basics (lung, IVC,
gastric, vascular).

« BasicicEG patterns and MAC/age-
adjustment; quantitative TOF use and
documentation.

o Data'literacy: interpreting ROC curves,
calibration, and bias/variance in clinical Al

papers.
/
> 4

I
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* Build a PONV/analgesia order set that
defaults to multimodal and tracks
outcomes.

* Audit hypotension minutes < MAP 65 vs
complications; propose a vasopressor
bundle.

*_Pilot a VR/music protocol in PACU with
pair/PCNV outcomes.

PrOJeCtS yOU can * Mindset: stay curious; ask “Will this change

Sta rt. management?” for every monitor, algorithm, or
° arug. fyss, design fail-safes and measure
outcomes, not just adoption.

o Rottom ling: the future.is natient-specific
dosing, ultrascund-first procedures, Al-
supported & closed-loop physiology control,
and opioid-sparing, multimodal care—all
delivered sustainably and safely with clinicians
firmly inthe loop.
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