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Table 6 Anesthesia-related mortality vs anesthesia monitoring and training of anesthesiologists

Anesthesia monitoring® Anesthesiologists’ training®

Anesthesia mortality®

(per million, 95% CI)
% of total

Period
Number of new

% of total
board certificates

(11,292) (47,053)

1% 6,859 15%
12,780 27%

Contributory Number of

mortality new articles

684 (642-729) | 28¢
234 (200-275) 2,024 |8%
85 (75-96) 9,140 81% 27414 58%

ross a mixed surgical population who had undergone general anesthesia.?

Sole
mortality
357 (324-394)
52 (42-64)
34 (29-39)

Pre-1970s
[970s=1980s

1990s-2000s
Notes: *Mortality in developed countries solely attributable to anesthesia ac
published during the indicated periods. “Number of American Board of Anesthesiology diplomas awarded during the indicated periods, data from American Board of Medical

"Number of articles

Specialties.” *1960-1969 period.*1940-1969 period. Bold values indicate the most important changes

Abbreviation: Cl, confidence interval.
Abgtract: The aim of this study was to assess progress in the field of anesthesia

itoring over the past 40 years using scientometric analysis

Me u%est that rapid ér&wth in the field of anesthetic
t@/compensate for the intrinsically low margins‘of safety of

anethetlc agents.
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scopul de arealiza relax Wy
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CLASIFICARE: .
® Mecanism de actiune : i
e Depolarizante (BN na -
* Non depolrizante (B ium =
® Structura chimica
e Metonium: Suxamet in in:
e Steroidiene: Pancuror | :
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e Benzilquinolme: Atracur , Cl! curiu
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De CE? ,
> Variabilitate individuala la ifva 5
> Relaxare musculara adecvata

> Reversia BNM \&

> Complicatii postoperatorii

> Curarizare reziduala
> Recurarizare
> Bloc de faza ll




Monitorizarea bIGEG

Abllltat ?.f’




Newton’s
Second Law
of Motion

A Low-frequency long-pulse stimulus: 6/12 cpm with a pulse width range of 0-650 ms

6mA
4mA
2mA
1mA
[ 1

High-frequency short-pulse stimulus: 14 Hz, 4 mA, 330 ps, 0.1 s on, 5 s off.

|

— g — | I

High-frequency short-pulse stimulus: 40 Hz, 10 mA, 330 ps, 2 s on, 3 s off.
2s




ACh-H

Spinal cord

exchanger |

Node of
Ranvier

Prasynaptic axon

- Basal

lamina

Muscle cell

Postjunctional
folds

Synaptic
vesicles

Active zone

Acetylcholine
(released from
vesicles

Presynaptic
membrane

Acetyicholin-
esterase

Acetylcholine —; '
receptors

Postjunctional =
folds

Postsynaptic
membrane

= ]

Concentration of
AChHh 1s 150 mM.

@© Elsevier Ltd. Boron & Boulpaep: Medical Physiology, Updated Edition www.studentconsult.com
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Monitorizarea bIGEG

Cand 7?77




Monitorizarea bIOE




nu adevarul. Ceea ce
vezi e o perspectiva,
nu realitatea.

Marcus Aurelius
TN

» tonusul muscular

» miscarilor cutiel toracice
» TV, ETCO, , Pmax, FC
» urmarirea sondei 10T

» observarea plagii operatorii, camera de lucru ‘ﬁ

» comunicarea cu echipa chirurgicala




Test:.

Nerelevante S

Deschiderea ochilor
»Scoaterea limbii”
Ridicarea mainii
Volume curente norm
Capacitate vitala norm:
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Stimuli

/" ELECTRICI

» utilizati clinic

.....

non invaziv

> stimulare dureroasa

variabila

.;.
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| | > putin dureros

» usor de aplicat
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Stimulul
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Principiu

Fibra musculara |
”TOtUI Sau nimiC” $ e Na‘? K

& Tetrodotoxin
& Saxitoxin

Raspunsul muscular o
Ca“ channel

» funct. de nr de fibre implicate B

» descreste paralel cu nr.de fibre
blocate

gradul de BNM dependent de
RAch

Muscle Na*

| channel
& Tetrodotoxin e
_ ; B Saxioxin [AChR channel
Stimul supramaximal B 1-Conotos | &3 Acotcholne
Nicotine
(25-30%) | = d-lﬁt;ocurarme

| B o-Bungarotoxin

© Elsevier Ltd. Boron & Boulpaep: Medical Physiology, Updated Edition
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| Tetanus toxin

Acetylcholinesterase

& Physostigmine
= DFP

www.studentconsult.com




Tipuri de

Im]llluilli‘h

i
4

> Smgle

.
> Traln om:u Ir
[ 1] Ei‘

ll




ST — Stimulare unicasces

im

* stimul electric supramaximal

1al, my
o

* frecventa de 0,1 Hz (la fiecare 10 S&¢ Action potential

pana la 1 Hz (fiecare sec.)

Membrane
on

Force, Newlons potent
L

Isometric
twitch

* raspunsul la ST influentat de
» temperatura musculara
» Intensitatea stimululul
» pozitia segm. stimulat

*» calibrarea inainte de relaxare
utilizare ocazionala

o

[

100 200 300
Time, msec




0.1—-1.0 Hz.

Stimulation: | 'i Il il “_ i i
ot IOt
Response:
Non-dep.
block:
t 1 2 3 25 26

block:
A
1‘ 1 > 3 7 a8 9

rmin.




TOF = Train of four

| _ : _ Stimulation: *-
» 4 stimuli supramaximali la HH”H MMLJWLMM
0,5 sec. (2 Hz)

1 5 sec 12 Sec

» continuu - se repeta la 10 — IS
20 sec. Non-dep. J“L

> fen. de oboseala
musculara - “fade”

T .. MMMMMM

— =TOF ratio

>TT1 '0,1 1




TOF = Train of fOous

% receptors 1 % 4% T4
blocked normal normal ratio
100
95
| T1 lost |
90 T2 lost

T3 lost

[ 80 T4 lost | Onset of fade at 30 Hz
) 0607
0.7-0.75
0.75-1
0.9-1 Onset of fade at 50 Hz
Onset of fade at 100 Hz
Onset of fade at 200 Hz




PTC — Post Tetanié CE

e ———

TETANUS 1 Hz STIMULATION
3 sec

TOF=0 ) e ST — PTC

1Hz ﬂ

l/\ f /\/—Repetare la.6'min. - antagonizare bloc |




PTC — Post Tetanie =

S
=
=

=2
Py

=

=

=

b=

Chart 1 - Levels of Neuromuscular Blockade After Administration of Non-Depolarizing NMB at a Single Intubation Dose #(D).
NMB: neuromuscular blockade, TOF: T4/T1 ratio; PTC: post-tetanic counting

NMB injection

H iy — TOF =0 Ly h-*th hu /

I I
1, . ! Ak .
Meuromuscular MﬂdErEtE T4
blockade blockade Onset
Start TOF = Recovery
T1to T3

era-HMPH




STe — Tetanic

- stimularea electrica foarte rapida
- la 20 milisec
Stimulati
- frecventa 50 Hz (30-100) en ﬂNH].JﬂHﬂNHHm

-timp de 5 sec.
Te (50 Hz)

Response: I_l
BNMDep. — contractie sustinuta H“I ' HH” l “I“
Control Moderate non-dep.
BNM nonD - oboseala block

Bloc dual - oboseala []

| [

‘ / \ Control Moderate dep. block |




Stimulation:

Te (50 Hz)

Response:

A%

Control

¥

Il

Cohtrol

i

Moderate non-dep.

block

LI

TETANUS = contractie
sustinuta la stimulari repetate

durata = 5sec
frecventa = 50Hz

" i Fused tetanus
9
(/]
§ 2r Unfused tetanus
2 | Tuith
] S SREERREETEN A TR (5 TS SO T A o
]
i
0 I | | | | | | | | |
S S S S S S §55555555555555S8SS

10 200 300 400 500 600 700 800 900 1000

Time (ms)

] | | | l ” | | I ntractions produced by multiple stimuli at 10 stimuli per second (unfused tetanus) and 100 stimuli per second

Moderate dep. block 1s), as compared with a single twitch.




STe — Tetanic £

Dupa aplicarea unei stit

BNM nonD partial
3

‘ rarii 1 de rea

Facilitare posttet
- rezultat al mobilizat
receptorilor postsinapti

L L — 1=

| I |

- dispare la 60 S

i c.:

Mobilizarea A
pa incetarea sti ( :
| Acegiyfenome: te T n
——y monitoriz




STe — Tetani. |

“mll.dl\l.l.h

Utilitate

- evaluareak

' II!.
- monltorlz

f
al
1

- evaluarea blo m{;!lﬂl
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—F=

'. ls s
-durﬁ§~
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DBS — Bouble BUlSH

e 2 stimulari tetanice scurte
de 50 Hz, separate de 750
milisec.

* 1 stimulare tetanica are 3
Impulsuri

* 1 undade impuls este 0,2
milisec, apoi pauza de 0,75
sec.

* seaplicaDBScu 3
A impulsuri la fiecare
stimulare — DB,

-
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T Vi N/ |

TOF DBSs 3

Response:
TOF and
DBS; 5 ratios 1.0 0.2 0.4 0.7 0.9

Control Recovery

2 raspunsuri de amplitudini diferite — fade

Evaluare tagtila

DBS# =R,/ R,

Equivalent to...




DISPOZITIV
de stimulare
nervoasa
periferica




Caracteristicl |

> Portabilitate

>»Produce unda m

> Curent constant E

>»Emita curent pejJ“, :

»Sistem de averil;z. |

»>Capacitate de 8

= b

_cutanata

—
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i
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ELECTROZI
de
stimulare




* De suprafata

- adezivitate buna
- Ag/AgCl
- 7-8mm djam.

- subcutanat

- evita impedanta cutanata
(200 Ohmi)




LOC de
stimulare
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MUSCHI
Vocal cord

Diaphragm

Abdominal rectus

Adductor pollicis

Masseter
Pharyngeal

Extraocular

SENSIBILITATE LA BNM

Foarte rezistent

Foarte sensibili |




NERV ULNAR

v’ Cel mai frecvent utiliza iféé : Zare

perioada perloperatorte— =

v’ Inerveaza adductor pollicis, abductor digiti mimimi,
abductor pollicis brevis si dorsal interosseous .

v Electrodul negru 2cm proximal de plica de flexie ’
palmei deasupra olecranului ‘v
v' Electrodul alb (inregistrare) aproprierea muschiului

R S
v' Raspuns : flexia policelui gy




Ulnar nerve
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NERVUL FACIA ,?
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Nervul tibial post

v electrodul negative (negru)
deasupra de maleola
mediala

v’ electrodul pozitiv (rosu) 2-

3cm proximal de cel negativ

v Raspuns: flexie plantara a
degetului mare

. £a
.




Tetany

Train of Four (TOF)

Double-burst
stimulation (DBS)

Post-tetanic
potentiation

Depolarizing®

[
I

Neuromuscular Blockade

No Block Non-Depolarizing

TOF ratie = B/A

i

*Phase | depolarizing block. Phase || blockade behaves like a non-depolarizing block.

JoO%

Common Monitoring Sites
Ulnar nerve

Adductor pollicis

+ Adducts thumb

Facial nerve (CN VII)
Orbicularis occuli

+ Closes eye|ic|
Corrugator superecilii

N FLlI‘ FoOWsS bI'DW

Posterior tibial nerve
Flexor hallucis brevis

+ Flexes big toe

Buder T. 2010. Neuromuscular monitoring in clinical practice and«esearch. Springer.




Inductie
» monitorizaree
> reflecta rezist
> ST, TOF |

Intra

B

A W

I .

- _fragm -
pare raspuns la TDF S
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EVALUARE

raspuns
motor




Metode evaluare =

! =

1. Masurarea raspunsul

(mecanomiografie -

2. Masurarea raspuns :

.......

(acceleromlografle AMG)

‘:Qt_.—4

4. Masurarea raspunsulul muscular evocat eleﬁ
SECoas f




Forta

musculara




ELECTROMIOGRAFIAS

Potentiale de actiune
Osciloscop
Nv.Median si ulnar

Diafragmul — plasarea de electrozi T1-T2 dreapé"

LLLLL , — e




ACCELEROMIOGRAFIES

e el

Newton’s

Second Law
F=ma of Motion

=

THE MORE FORCE..
THE MORE ACCELERATION
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MONITOR PIEZOEEEGSS

The ParaGraph
Neuromuscular Blockade

Monitor (Vital Signs,
Totowa, NJ)

M-NMT MechanoSensort.
which is a part of the Datex

AS/3 monitoring system
(Datex-Ohmeda, Helsmkl

Finland)




FONOMIOGRAFIA

Microphone
at AP muscle

Diafragm, laringe, ochi

Stimulation at the
ulnar nerve |

......

yograph
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Bloc profund (foartesiss
Chart 1 - Levels of Neuromuscular Blockade After Administration of Non-Depolarizing NMB at a Single Intubation Dose #(D).

NMB: neuromuscular blockade, TOF: T4/T1 ratio; PTC: post-tetanic counting

NMB injection
T H f"."J'l'I"'fr O il M ‘l Ly |'II|'III i |I ff ‘l':{."h“-,{*"h,’? /|
. ! Y 'Y \ AL . g
T4

Deen Moderate
Blockade blockade Onset
TOF = Recovery

L

/i
Intense
TOF=0: PTC 21
T1to T3

Meuromuscular
blockade Blockade
TOF=0:PTC=0

Start




»Permite apreci
viitoare adm. BN
66 Perioad&.

>Durata depinde

de doza

\r

»Reversie fé

i == ———————— -i
] | —ry




Bloc moderat (Chirties :;

Injection of
non-depolarizing
relaxant

TOF 1 = bloc a recept. 90-95% 1

TOF 4 = bloc a recept. 65-80%

TOF 1-2 = BNM adecvat

chirurgical
Interse biockade Moderate Recovery
of of
n »Period of no responsex | Surgical blockade

Dragram of the changes in response to TOF nerve stunulation dwnng nondepolanzing newromuscular
blockade




Bloc superficial.'

Prezenta a 4 stiml

TOFr < 0.4: incar
refl

TOFr 0,4 - 06 ndnt%aJ ,

Ilml%)‘“
TOFr 0.7 -0, 75'r|'6IH

TOFr > 0,8: v It
TOFr > 0,9 : P
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Neuromuscular Blockade
No Block Depolarizing* Non-Depolarizing

TOF ratio = B/A
‘ \ ‘ } } |T Common Monitoring Sites

Ulnar nerve

Irain of Four (TOF)

Adductor pollicis
» Adducts thumb

Orbicularis ecculi

stimulation (DBS)

Double-burst ‘ ‘ ‘ ‘ ‘ Facial nerve (CNVII)

+ Closes eyelid
Corrugator supercilii

| | » Furrows brow

Posterior tibial nerve

‘ m H ‘ ‘ ‘“ Flexor hallucis brevis
|||| « Flexes big toe

*Phase | depolarizing block. Phase || blockade behaves like a non-depolarizing block.

Post-tetanic
potentiation




» Anticolinesterazic
amplifica blocul




No Drug

Train-of-four

TOF-R
1.0

Double burst

Posttetanic
potentiation

Nondepolarizing

Block

. 4

Depolarizing Block

I

Phase |

Phase |l




FAZELE BNM DE_
raza |

rd
Ry,
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» nu apare oboseala a raspunsului (fade)
la TOF, TS

ccccccccc
|||||||

eeeeeeeeeee

ttttttt
uuuuuuuuuuu

» nu exista facilitarea posttetanica

Nondepolarizing | Depolanz.mg Block
Block Phase | Phase Il

» recuperare rapida

Train-of-four

{ No Drug
|
|

Fade Constant but Fade

diminished

TOF-R = , TOF-R = TOF-R = TOF-R =| §

» fasciculatii
ATENTIE

la adm BNM nonD

P




FAZELE BNM

(dual,mixt)

v membrana postsinaptica se repolarizeaza, dar

e PERZRRBIMGH PENRERE
wekpbeatie pretlifigaredconformationals %
a RAch PHASE I
v/ reversie cu inhibitorii colinesterazei ol S

to effect of acetylcholine

v’ pare ”fade” la TOF, STe
v' apare facilitare posttetanica

N




Depolarizing Block
(Succinylcholine)

Normal Responses Nondepolarizing Block Phase | Phase I
(No drugs present)

1
{l It |
|I| |||| |I|

ﬁll- = TOF ratio TOF <0.3

Train of four
Constant but
Fade Fade
at (2 HZ) diminished

Common TOF Guidelines:

TOF 0.15-0.25: indicates adequate surgical relaxation
TOF >0.9: needed for safe extubation & recovery after surgery

Sloan, Tod B.; Heyer, Eric J. Anesthesia for Intraoperative Neurophysiologic Maonitoring oﬁ =
the Spinal CordJournaI of Clinical Neurophysiology: =
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