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BMCEE Aparatul de Anestezie
(Masina de gaze)

Definitie:

Este un dispozitiv utilizat de anestezisti pentru administrarea
in mod continuu si exact de gaze medicinale ( O2 aer si N20),
amestecate intr-o concentratie corecta cu anestezice volatile
administrate pacientului la o presiune si un flux sigur pentru

acesta.

From Wikipedia, the free encyclopedia (March 2009)
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Notiuni de fizica

Unitati de masura pentru presiune:

latm. = 760mmHg = 1,01325 bar = 760 torr =101,325 Pa =14,696 PSIG

 PSIG( pounds per square inch gauge)



BMCEE Aparatul de anestezie
- componente -

Sistemul de presiune crescuta

e Sistemul cu presiune scazuta

* Circuitul anestezic

* Ventilatia
- Manuala
- Mecanica

e Sistemul de eliminare al gazelor anestezice
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O2 Forma gazoasa i

2000 psig —1.000L 02 Forma lichida
Temp de fierbere -183grade C°; 80.000 L
Pres = 729 psig
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Sistemul de presiune inalta :
1900-2200 psig ( O 2)
745 psig ( N20)

| HIGH PRESSURE LOW PRESSURE

Flowmeters
Sistemul de presiune intermediara:
. /P
55-16 psig
Sistemul de presiune scazuta : ome
. vt to vaponzer)
14-16 psig
N @— Second stage
O, pressure
$ regulator l
. . = .-
(common gas outet)
0, Apeine suppy | INTERMEDIATE PRESSURE |

European 8 ’ Works Fedarion of Socises
Socity of ‘ of

Anaesthesiolegy



®

Sistemul de presiune crescuta

Valva de oprire( check valve)
Actiune:

1. reduce cantitatea de gaz;
2. permite Tnlocuirea unui cilindru gol;
3. reduce la minimum pierderile de gaz

N,0 Cylinder
Supply

Check
Valve

Instrumente de control si alarma a presiunii

Valva regulatoare de presiune (Cylinder
pressure regulator ) Actiune:

1. reduce presiunea la care gazul era stocat
in cilindrii

2. previne afectarea echipamentului

3. mentine presiunea constanta in circuitul
subjacent

Valva de protectie ( fail-safe valve).

Actiune: opresete sau reduce presiunea altor
gaze( N20, aer, CO2, heliu) atunci cand
presunea de 02 scade.

Regulator al presiunii de 02 de nivelul doi
Actiune:

reduce presiunea de intrare a 02 la o valoar&toleiting & Miller Basics Anes.

inte 12-19 PSIG,

N;0 Pipeline Low Pressure Clrcult i
>) Pressure AnESthESia
Machine
Schematic
e—— Flow control z
— Valve i
Check Valve |
10 vaporizer) ‘
=
s , ‘;
® =
Haciine Outtet
(Common Gas Outiet)

Figure 7.)-2. Schematic diagkam of internal circuitry of an anesthesia machine

=

Valva de control al fluxului —‘

Alarma presiune scazuta 02

Wirds Fedarion of Societes
3TN ot Aromstweciognn



Fluometrele;

Vaporizoarele;

Ventilatoarele;

Valva de administrare rapida a 02
( Oxygen Flush valve);

Circuitul anestezic;

Absorbantul de CO2;

Sistemul de evacuare al gazelor

Europear
Socity of
esthesiology

Sistemul cu presiune scazuta

Concentrason-calibrated

Common gas outiet
with rataining device

LUine prassure

O; pipaine
supply

oo O patient
> breathing ciroutt

Low pressure
sysiem

O, thush vaive
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FMCEE Fluometrele

Pipe
Rotameter Flow mp

Gazele au presiune redusa ( 14-16 PSIG
pentru 02 si 26 PSIG pentru N20);

Clear, tapered

lIllllllIlllIIllllllllIllllllll

Fluxul de oxigen 150ml/min =12 L/min. Scale = glass tube
Tub de sticla ( Thorpe tube); O
Plummet, or
. . |lﬂoat"
Indicator flotant numit flotor. _
o B}
P|pe InstrumentationTools.com
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Physical Principles of Conventional
Flow Meters

The clearance between the head of the float and the flow tube is known as the annular space.
It can be considered an equivalent to a circular channel of the same cross-sectional area.

Equivalent
channel

Annular
space




Fluometrele

At low flows:

- gas flow around the bobbin approximates to tubular flow (diameter
of channel less than length)

- gas flow is laminar so viscosity is imporiant

At high flows:
- gas is flowing around the bobbin through an orifice (diameter of

channel greater than length)
- gas flow is turbulent so density is important

Fig 8 Diagrammatic representation of a rotameter
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Tube Effect | Orifice Effect |




MCEE Notiuni de fizics

* Presiunea de-a lungul flotorului
ramane egala in orice pozitie a
acestuia si produce o forta egala cu
gravitatea ( greutatea) acestuia -
mentine flotorul in pozitia fixata;

* Pozitia flotorului in tub va depinde
numai de fluxul de gaz;

e Pozitia flotorului indica fluxul de gaze;

 Tninteriorul fluometrului presiunea
este constanta iar fluxul variabil.

Europear
Sociery of
esiokay

Rotameters

Constant taper

Read W)
from top
of bobbin

Variable taper

< Read
from
centre
of ball
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Fluometrele

* Scala gradata -fluxul de gaz ( ml sau L/min.).
e Diametrul spatiului annular creste mai repede

decat cel al diametrului intern al tubului.

Montaj:
e Serie —valva unica

* In va separata

Europear
Sociaty of
asthesiology




Fluometrele- Montaj




RMCEE Accidente posibile in utilizarea
- fluometrelor

Spargerea sau schimbarea pozitiei

fluometrelor;

Electricitatea statica- 35% eroare,
(fluxuri mici);

Particule de praf ;

Presiune retrograda (Manley) : 10% mai0; He Nz0 N0 He O3
putin;

Administrarea altui gaz decit cel selectat

= ES
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Sistemul de interblocare protectiva N,O - O,
Sistem de protectie a hipoxiei

*Mecanic, pneumatic sau electronic.

MECHANICAL
*Minimum 1:3 02/N20
N,O 0,
flow meter flow meter
A
26 PSIG 14 PSIG
NQO 02
14 28
leeth teeth
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Fluometru hibrid




Electronic Julian
Principiul de functionare

Principiul de functionare

 Producerea unui semnal de
catre scaderea presiunii de-a
lungul unui orificiu.
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THE IDEAL ANESTHETIST

Dr GANESH CHOUDHARI
M.D.(ANAE), SOLAPUR I
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Notiuni de fizica

Termometria:
0° K=-273.15"C
Vaporizarea=reducerea temperaturii lichidului volatil.

Capacitatea calorica= cantitatea de caldura necesara pentru a creste
temperatura corpului cu 1 °C ( Joules/kelvin)

Caldura de vaporizare= cantitatea de caldura necesara pentru a

converti unit de masa de lichid in vapori fara modifica temperatura
lichidului.

Temperatura de fierbere= este temperatura la care presiunea vaporilor
saturati este egala cu presiunea atmosferica.

Concentratia vaporilor saturati la o anumita temperatura = este
independenta de presiunea mediului inconjurator, dar dependenta
de temperatura.
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Vaporizoarele

Caracteristicile vaporizorului modern:

Bay-pass variabil;

* Flow over ( vaporizare la suprafata lichidului);

* Compensate termic;

* Specifice pentru un singur agent;

e Sijtuate in afara circuitului

S ES
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Concentration T Decrease
control dial Flux liber by pass

1 Increase -
1 IR /-I Flux + anestezic

- ? i
= } ( e \ Flux liber camera de
Bypass vaporizare

chamber
Decrease Increase
-« >
Vaporizing = Concentration
chamber inlet ——+ — control
dial
{ Vaporizing
chamber outlet
Vaporizing
chamber ——+ ’ Filler
—>> O - cap
Liquid

agent



Temperatura

Vapour pressure < Vo
(kPal ImmHG) Bojing point e 3§ S £ & &

. 760+
‘: | 700- 'éL - ‘ i :o
B0 800+ g/_i “/’s f
70-
e / 1{5

$

* Compensarea temperaturii i ” i

pentru o larga varietate de " g

temperaturi = iesirile sunt i Loy s
acelasi %

-20-10 O 10 20 30 40 50 60 70 80 90 100
Temperature (°C)

When the temp. of the vaporizing chamber drops, the
bimetallic strip bends and moves away. This reduces
the resistance to flow and thus more flow occurs into
the vaporizing chamber




FMCEE Factorii care influenteaza vaporizarea

 Compozitia gazului caraus:

N20 scade concentratia de iesire . Aceasta deoarece N20 este
mai solubil in halogenatele lichide.



E Marimea fluxului de gaze proaspete
BCEE gaze proasp

5 &

Vaporizoarelor cu bypass variabil 3 ;
52 2 @
* Flux scazut ( sub 250ml/min.). = . B
concentratie anestezicd mai micd decat S —
cea scontata — turbulenta redusa P

5

‘g

. 3 E

* Flux foarte mare (peste 15L/min.) = 3

Dial

concentratie anestezica mai mica decat
cea setata. - insuficientei amestecari si
saturari a gazului proaspat cu vaporii de
anestezic.

0.5

0 2 4 [ & 10
il

o

4
3
2 2
1
0

Output (%)
[ )

Dial setting (%)

A

1
L I B EL e e e s s e B

0 2 4 & 8 10
Flow {limin}
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Vaporizoare

Incidente:
* G@Greseli de umplere;

 Modificari de pozitie;
 Administrarea simultana a doua gaze;

 Scurgeri de anestezic

Europear
Sociery of
Arasthesiology



MCEE Presiunea pozitiva retrograda
intermitenta

Efect de pompa accentuat la:
* Fluxuri reduse;

e Setari de iesire mici, PUMPING EFFECT

e Nivel scazut de lichid Tn camera N s e e e e
vaporizorului,

additional. When this 'by pass' vapor flows across to
the exit, it meets the vapor from the vaporising
chamber. The addition of the 'by pass' vapor to the

vapor from the vaporising chamber raises the final
concentration of anaesthetic delivered. i.e. The
'pumping effect' increases the delivered
concentration of anaesthetic agent.

* Frecventa respiratorie crescuta,

A /

* Cresterea presiunii inspiratorii
urmata de scaderea rapida a
presiunii in timpul expiratiei.

www, fresh gas flow .com
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CEE Rolul presiunii atmosferice asupra concentratiei de
- anestezic

* Presiunea atmosferica scazuta: Presiunea in camera de
vaporizare va scadea usor, va creste vaporizarea, concentratia
vaporilor este crescuta. Ventilatoarele cu by pass reglabil —
dereglarea fluxului de gaz proaspat ce intra in camera de by-
pass/cel de intra Tn camera de vaporizare.

* Presiunea atmosferica crescuta: creste densitatea gazului,
creste rezistenta la scurgere prin camera de vaporizare si
scade vaporizarea. La 2 atm. concentratia exprimata in volum
este ).
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BICEE  Vaporizoare incalzite electric si presurizate
(TEC6)

|al and Control Valve
I R2 —+ Variable Restrictor

'
1 a t m. }» — Gas Outlet
T j R1 Fixed Restrictor

De

° Presi 1 atm. Er:ssh ~ 5 | .—Gas Inlet Pressure
L] Y U . Iniet e fm————y
MAS _reu slva, racire l +—— Pressure Monitor
excesliva | g g =
N N i’" Transducer
A \ | J
Fu nctiona re: e : L Desflurane Pressure
. h L @ Pressure Regulating Valve
* Circuitul de F) ale
e Circuitul va an /| Shutoff Valve
* Presiunead porilor/ pres.
* FGF =const iX | Sumpat39C |
e & atm.

i Desflurane |
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RICEE Ventilatoare

Clasificare:
 Tipul fortei motrice ( aer comprimat, oxigen, electric, sau ambele);

 Modul de ciclare al ventilatiei -in functie de timpul setat de
anestezist ( electronic, timpul de scurgere al gazului);

* Tipul de miscare al burdufului in expir ( ascendent sau
descendent). Majoritatea au burduful ascendent-mai sigur.
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Modul de functionare

Aparatele de anestezie au doua circuite

e Gaz proasat pentru pacient - interiorul burdufului ventilatorului;

 Gazde lucru aer comprimat /(02) - exteriorul burdufului
ventilatorului



Inspiration Ventilator Expiration Ventilator
driving gas | “ ¥ ¥ A driving gas |

Rubber membrane
and metal lid

¥

Rubber membrane
and metal lid

|

Spill valve Spill valve

To EVAC

To EVAC
<

<

J

To patient circuit l From patient circuit d
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Source: Longnecker DE, Brown DL, Newman MF, Zapol WM: Anesthesiolegy, 2nd Edition:
www.accessanesthesiology.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

ADADA

Fresh gas flow
Release of excess

gas through ventilator-
relief valve after
bellows fully expands

Expiration

= Air/O, mixture—no longer under pressure

= Anesthesia gas

Works Fedardion of Socistes
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Accidente in functionare

Discontinuitatile sau fisurilor din circuit, sau dela nivelul piesei in ”Y”
Fisurile si rupturile burdufului — barotrauma;

Insuficienta inchidere a valvei de eliminare a gazului anestezic care
ramane:

— deschisa in inspir-hipoventilatie.

— Tnchisa - barotrauma.

Intreruperea curentului sau o intrerupere a gazului de lucru.

Eyropesr Works Fedarion o Socises
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Montorizare

Umana — anestezistul
Monitor al presiunii de insuflare.

Breathing
Pressure cm HOH

! | | I I

Alarm limit set correctly to within T
A 5 cm H,0 of peak pressure. Partial disconnection

Breathing
Pressure cm HOH

Alarm limit set incorrectly >5 cm T
B H, O below peak pressure. Partial disconnection

) Works Fedarion o Socses
J of Aromstweciogies




35-75 L/min
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Oxygen Flush Valve

&DRE -

Call: 1.800.462.8195 - Visit: www.dremed.com
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Sistemul de evacuare
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Sistemul de evacuare

Sistem de colectare al gazului;
e Sistem de transmitere al gazului spre interfata;

* Interfata = dispozitivul care realizeaza presiune pozitiva sau
negativa in sistem;

e Sistem de tuburi = conduce gazul de la interfata spre locul de
eliminare cat mai departe de activitatea umana;

e Sistemul care acumuleaza gazul = eliminat in siguranta;

* Uneori se poate atasa un filtru de carbune activ care poate sa
absoarba o cantitate limitata de anestezice volatile.

Eyropear Works Fedarion of Socites
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Standardele Canadiene actuale:

 Trebuie sa fie suficient de largi ca sa inlature
99L/min.
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Sistem deschis de eliminare al gazelor

: : : : SRS N
* Presiunea de la nivelul interfetei: \\\I/// (LL‘%

-0.5 +10 cm H20

) ¢——o
[ 4
=
.iv.\,\,\ PR NN
l’ - -
‘I\‘Z/\/\l\/\'\/\.f\.’\/\ll\/\/\f\/

e Fluxul vacuumului/min.> minut vol. de

gaz exhalat. L
e (Capacitatea rezervorului > Vol.expirat ""ﬁ\(//

e Evitarea scurgerii turbulente in rezervor
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Waste
Gas ~———p

Inlel
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To Passive
A Disposal Assembly

+5cmH0

Waste
g— Gas
Inlet

Waste Gas
Exhaust

Sistem inchis de eliminare al gazelor

-0.5cm H;0
Negative Pressure l l Positi
live Pressure
Relief Valves r_1l_r‘{ Relief Valve

T Ly =
-1.8cm H,o——-bc_l_‘ﬂw [“[}W%";S cm H,0

Waste Gas . g Waste Gas
Inlet Inlet

_ry

To Central Vacuum <@—— Vacuum Control

Valve

5 liter 'B
Reservoir Bag
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Complicatii

* Transmiterea unei presiuni excesive in circuitul anestezic;
* Transmiterea unei presiuni negative in circuitul anestezic;

* Poluarea salii de anestezie. 2 ppm (parts per million)
concentratie admisa.

Eyropear Works Fedarion of Societes
Socuty of of Aromsheeiclogies
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Mehr Cartoons unter:
www.rippenspreizer.com
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Absorbtia CO2



BMCEE Absorbtia de CO,

Absorbtia de CO, este un proces chimic
Canistre de plastic transparent
Cartuse de plastic( prepacks)

Absorbantul:

— Soda lime
— Baralyme
— Calcium hydroxide lime ( Amsorb)

N ES




BCEE Absorbtia de CO,

Soda lime : Ca(OH)2 80% + Na (OH) 4% + KOH 1% + H20 15% +
siliciu

Baralyme: Ba(OH) 20% + Ca (OH)2 80%
Ca(OH)2 ( nou): Ca(OH)2+calciu clorid Ca (Cl)2
CO2 absorbit =26 L /100 g absorbant

 Marimea granulelor:
— prea mica- creste suprafata de absorbtie,
— prea mare -creste rezistenta in circuit
— La soda lime si baralyme (4-8 mesh)

Indicatori: etil violet - indicator de pH.< 10.3
I Lumina fluorescenta dezactiveaza culoarea

ok Fedarion of Soc
Drsheeciogs
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FACEE Interactiunea anestezicelor inhalatorii cu

absorbantul

e Sevofluranul- trifluorometilvinileter( compusul A) apare in
conditii de low flow sau circuit inchis, baralyme, concentratia
crescuta de sevofluran,cresterea temperaturii in absorbant,
absorbantul uscat.

* Soda lime si baralyme desicate degradeaza anestezicele
contemporane la concentratii clinice si produc monoxid de
carbon care produce carboxihemoglobina pana la 30% sau mai
mult.

Bery PD, Sessler DI, Larson MDAnesthesiology 1999: 613.
Woehlick HJ, Dunning M, Connolly LA. Anesthesiology 87;1997:228.

* Aprinderea amestecului gazos din circuit cand se utilizeaza
sevofluran Abbott Laboratories, North Chicago si FDA. referinta 58-7208)

Eyropesr Works Fedarion o Socises
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BMCEE Factori care cresc productia de monoxid de

T ES

carbon ( CO) si carboxihemoglobina

Anestezicul utilizat
— desfluran = enfluran > izofluran>> halotan = sevofluran

Tipul de absorbant - baralym /soda lime;
Gradul de desicare crescut al absorbantului;
Temperatura crescuta

Concentratia de agent anestezic

Fluxul redus de gaz proaspat



BCEE Factori care reduc producerea de CO

» Educarea personalului;
o 1Inchiderea aparatului de anestezie la sfarsitul zilei;

* Schimbarea absorbantului daca fluxul de gaze este gasit deschis
dimineata;

* Rehidratarea absorbantului prin adaugarea de apa;

* Schimbarea compozitiei sodei lime pentru a reduce elimnarea de
Na(OH), adaugare de Dragersorb 800 plus, Sofnolime etc.);

« Utilizarea absorbantului Ca(OH), lime.

(Russel JG, Peter S ,Glass A, et al. Miller RD. 2005)
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S n'\. £ ! ot Arowshseciogies
) Ri0kay



&

TABLE 32-1

Verificarea aparatului de anestezie

Summary Recommendations of the 2008 Preanesthesia Checkout Procedures28

Item

Task

Responsible Parties

To Be Completed Daily

1

O WN

(+]

9

10
1
12
13

14
15

Verify auxiliary oxygen cylinder and self-inflating manual ventilation device are available
and functioning

Verify patient suction is adequate to clear the airway
Turn on anesthesia delivery system and confirm that AC power is available.
Verify availability of required monitors, including alarms

Verify that pressure is adequate on the spare oxygen cylinder mounted on the anesthesia
machine

Verify that the piped gas pressures are =50 psig

Verify that vaporizers are adequately filled and, if applicable, that the filler ports are tightly
closed

Verify that there are no leaks in the gas supply lines between the flowmeters and the
common gas outlet

Test scavenging system function

Calibrate, or verify calibration of, the oxygen monitor and check the low-oxygen alarm
Verify carbon dioxide absorbent is not exhausted

Perform breathing system pressure and leak testing

Verify that gas flows properly through the breathing circuit during both inspiration and
exhalation

Document completion of checkout procedures

Confirm ventilator settings and evaluate readiness to deliver anesthesia care (anesthesia
time out)

To Be Completed Before Each Procedure

1
2
3

o A

~

Verify patient suction is adequate to clear the airway
Verify availability of required monitors, including alarms

Verify that vaporizers are adequately filled and, if applicable, that the filler ports are tightly
closed

Verify carbon dioxide absorbent is not exhausted
Perform breathing system pressure and leak testing

Verify that gas flows properly through the breathing circuit during both inspiration and
exhalation

Document completion of checkout procedures

Confirm ventilator settings and evaluate readiness to deliver anesthesia care (anesthesia
time out)

Provider and technician

Provider and technician
Provider or technician
Provider or technician
Provider and technician

Provider and technician
Provider only

Provider or technician

Provider or technician
Provider or technician
Provider or technician
Provider and technician
Provider and technician

Provider and technician
Provider only

Provider and technician
Provider or technician
Provider

Provider or technician
Provider and technician
Provider and technician

Provider and technician
Provider

Socmtey
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. Verificarea functionalitatii aparatului de
ACEE .
anestezie

 Verificare automata

Vulnerable Area

|
|

|

Y s :
R |

|

|

|

|

 Verificare manuala — OBLIGATORIE

* Analizorul de oxigen

* Testul de eroare in circuitul de joasa
presiune

—— i —— ————— ———— —— — — — — — )

1. ”The traditional oxygen positive pressure '
leak test” ( fara check valve); A‘rwga?ge; - R o
2. "Universal negative pressure leak test” (cu g
check valve); -y

3. Testarea circuitului respirator circular

Reservoir Bag

11l Partea de circuit dintre "check valve” si
rotametre, nu este verificata prin acest test

si poate duce la erori de evaluare grave.
D ES




gen e Y LD Fraan G Oxygen Analysers
Scuarz /Intlow Site
- /! The standards for basic anaesthesia monitoring of the ASA and
™ Unidirectienal COz Absorber AANA state that the concentration of oxygen in the patient

Pop-off or APL valve| Dre€athing system shall be measured by an oxygen analyzer
/ for Excess Gas with a low oxygen concentration alarm in use.

Ratient Measured by using electrochemical or paramagnetic
Side technology.
\f) Electrochemical analysis provides only mean concentrations.
Y- piece Paramagnetic technology has a sufficiently rapid response time
to measure both inspired and end-tidal levels.
Umidirectional
Expiratory




Do this only if you
question unidirectional
valve function

* Disconnect insp
corrugated hose and
cover with your palm.
Try to inhale (top).

Disconnect expiratory
hose and cover. Try to
exhale (bottom)

7/19/2012
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