shuaJataunamo Oscar

— o
ﬁ_‘_, B A i




CONTEMPORARY
ANAESTHETIC EQUIPMENTS.

AN AID FOR HEALTHCARE PROFESSIONALS.

ALL RIGHTS RESERVED
No part of this publication may be reproduced, stored in a
retrieval system, or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording, or
otherwise, without the prior written permission of the
copyright holder.

Copyright © Joshua Jataunamo OSCAR
(RN, RM, RNAs, RNE, BNS¢, PDGE, MSc, FWACN PhD)

First Published, 2023

ISBN: 978-1-304-99639-8

|| 7elz04 || 9963538

Noogul Digital Publishing



Table of Contents

ALL RIGHTS RESERVED

SECTION ONE:

EQUIPMENT’S USED IN ANAESTHESIOLOGY ..................
INtroduCtion.......coouiiiiiiiiriiece e 1
Medical Gas SUPPLY....cocveerierienieriiieeeeeete e 1

CYLNAETS ...ttt e 1
Pin indexX SYStem .....coouiiiiiniiiiieieeeeee e 3
Pressure in the cylinders ..........cccoeveenieniinieiiceeeceeeee, 3
Cylinder ValVe........cooviiiiiiiiiieieeciee e 3
Piped gas SuppLy ..oc.eooeeeriiniiieeee 4
Liquid OXYEEN ...eeeuviieiiieeiiieeiee ettt 5
Oxygen CONCENIIALOL .......eerveerriieeniieeeieeenieesieeeieeenreeeieees 5
ComMPIESSEA AL ....eeevrieiieeeiieeieeeieeeeeeereeeeeeeseeeeeeeeeaeees 5
Pressure Gauge........cooeeveeviiiieeiieeeeseee e 6
Pressure regulator (Reducing valve) ........cccceevevveecieennennnne. 7
FIOW T@SIIICEOT ....eeuteeiieiieieie ettt 7
FIOWMELETS....ccuviiiiiiiiiiieiiieeeee et 7
VaAPOUTIZETLS ..uvveeiiieeiieeeiteeeieeeeteeeteeeeteeebeeenreesnseesnsaeesnseesnnes 9
Ideal vapourizers characteristics .........c.ccvereereererseenenreenns 9
Boyle's bottle/glass-ether vapourizers...........coccceeeevveennnenns 10
Trichloroethylene vapourizer bottle.............ccooceevieriennns 11
Goldman halothane vapourizer .............ccceeeveeeeveencveesnneenns 11
Back bar......cooviiiiiiiiii e 13



Oxygen supply failure alarm...........ccocereieriinicenieniennenne 14

Plenum vapOUTIZers.........cccevrvieriieeiieenieeeiie e e eiee e 14
Common gas OULIEt .........cocueevieriinienieiieeeeeeeeee e 15
Bag mount.......cccooiiiiiiii e 15
Rebreathing bag .........cccoceeiiiiiiiiiiee, 16
Corrugated Rubber Tube.........ccccoiiiniiiiiniiiiiicic 17
Adjustable pressure limiting valve (Expiratory valve) ...... 18
Face mask and angle piece........cccccovevveeveneevenincienicncenne 19
Anaesthetic Breathing System ..........cccocceeveviinieeniienniennns 21
AdVANTAZES: ... veeeieriiiriieeieesie ettt ettt 23
Disadvantages: ........cevveeeeuieeriieriieeiieeeieeeireesee e 23
S0da LAME ..ot 23
Conical neutralization of COj.....covveeviirieniirieeneinicneene 23
Baralyme .......c.covieiiiiiieieet e 23
ADSOTDETS ..ottt ettt 24
Water's 'to-and-fro' SyStem.........cceeeeveeecieeerieenieeecieesieenns 25
Circle breathing SYSteM.........cceveerierieriieeieerieeneeeee e 26
Vapourizer outside the circle breathing system ................. 28
Vapourizer inside the circle breathing system................... 28
Mapleson Classification 28
Criteria for an Ideal Breathing System ........c.ccocceceevenennenne. 28
Mapleson A SYSIEM .....ccveeeerieeriieeiieeieeereeeeeesreeseeeeneneens 29
Mapleson B SyStem ........cccoevieviienienieniiniiiiececeeeeeeee 29
Mapleson C SYSteIM ....cc..cocuievuieiienienienienieeece et 30



Mapleson D SYSteM ....cc.ceeuiriiiieenienienie et 30

Mapleson E SyStem.......cccoevvieiniiiniiieenieieieeeieesiee et 31
Mapleson F System.........cocueeieiieniinieniinieeeeeeeeseeee e 32
Bain CirCUit....coceocuieiieniirieeieeeeeeecee e 33
Endotracheal Tubes and Airways

Endotracheal tubes..........cocoeviiiiiiiiniiniiiceeceeeee 34

Length of the tube: .......ooviiiiiiiiiiiieeeeeee e 35

Type of Cuff: ..o 35
Oxford endotracheal tube...........ccccceveerieniiniiiniiniieeeeee, 36
Armoured endotracheal tube...........cccccoveeriiiiiiiiinienice 37
RAE (Ring, Adair and Elwyn) endotracheal tube.................. 37
Laser resistant endotracheal tube ............ccoccoeveiiiinienennne 38
Micro laryngeal endotracheal tube............ccceeevvveiieencieennnens 38
TracheoStomy tUDES .........eevvvieriiieniiiieieenieceee e 38
Metal Tracheostomy Tubes.........ccccceviiriiniiiiiiineenieeieee, 41
Double Lumen Endobronchial Tubes ..........cccccooeeneenicnnnne 42
Oropharyngeal AIrway.........ccceceeveeneenienieeie e 44
Nasopharyngeal AITWay........cccccveeveieeerieeniieeerieesieescieesneeens 46
Laryngeal Mask Airway ........ccccceveeriiniinieeieeeeseeeeeeee 47

AdVaANTAZES:....evieeiiieeiieeieeeteeete ettt e ee e eree e 48

Disadvantages: ........ccocuervvervieenienienieeeeeeeeee e 48
LaryngoSCOPES ...evveierieriiieeiieerreeeieeeeeeesseeseeeessseesseesnseenns 48
Endotracheal Tube Connections ...........ccoecveervveeeneeeneeeeneeene 51
Catheter MOUNE ......ccceiiiiiiiiiiieeeiee ettt 52



60

Laryngeal Spray ........cccooceeviieiiiieniiieieceeeeeeese et 54
Gum Elastic BOUZIE ......cccceriiiiiiiiiiiiiieicccececeeeeeeen 54
SEYIEL ettt 54
VENUIAtOrS. ....eeiiiiiiieiieiee ettt 55
OPLIONS: .ttt ettt sttt et et 56

SUMIMATY ...eeeiviieeiiieeiie ettt e et ee e e sbeesbeeeebeesaeeenes 57

Bibliography

SECTION TWO:

ANAESTHETIC MACHINE
Components of Anaesthetic Machine: ...........ccceeeveeecvennnens 61

Safety Devices incorporated in the anaesthetic machine...61
Explain uses of O in the Anaesthetic machine.................. 62
Temperature Compensated Vaporizer .............ccceceeeveennee. 62

Temperature uncompensated vapourizer (Not temperature
COMPENSALEA) ...veeveeeeieeeieeecieeeceeeeve e reeeeiae e eveeesaree s 63

Modern — Plenum Vapourizer Temperature compensated. 64

Signs of Electrolyte Imbalance ...........cccccocvvevevirniieencieniens 64
Peri Operative EmbolisSm..........cccocceeriiniiniiiiiiieeneeeiee 65
Management: - Vasopressors, iNOtOPES ........ccveerveeeeveernveenns 65
ISOFTUIANE ...t 65

U SS: ittt 66
Adverse Effect ..o 66
Physical Properties: Molecular weight 184.5glmol ........... 66

\"



Premedication .........ccoceevieeiienienieniceieeeeeee e 67
Specific Indications:..........cceoueereereeneenienieeeeee e 67
Factors that Reduces Sedative Premedication.................... 67
SUMMATY ..ttt 68
References 69

Vi



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:

List of Figures

Cylinder Valve Flush Type .......ccccooevevvniiiniiieiiiiiens 4
Pressure Gauge .........coeveeeeeieeieenienieeeeeeeee e 6
Rotameter Unit ..........ccccoiviiiininiiniiiiiiiciciceen, 9
Boyles Ether / Isofluorane Vaporiser ...........cccccceu.e.. 11
Goldman Vaporizer .........ccceeveerveeceeneenecneeneeneeee 12
Trilene Interlock Unit.......cccoovceeerieiiniienieiniieenieeee 13
A Bag Mount......ccocoveiriiiiiieeeceeeeeee e 16
Rebreathing / Reservoir Bag ........cccccocveeviinieneenncne 17
Corrugated Rubber Tube..........cc.ccoevvrveiiiinienice 18

Expiratory Valve ......ccccovveeiiininiinceeeeeeeeee, 19
Anaesthesia Face Masks.......ccocceveerviriinninnecnccnnen. 20
Face Mask Angle Piece Adaptor ..........ccccceevveenueennen. 21
Schimmelbusch Mask..........ccccooveeieinininiinieeiene 21
Dr. Ralph Waters To and Fro System Canister ....... 25
Circle Carbon dioxide Absorber........c.cccoccveerieneennen. 27
Mapleson A CirCuit ......eeeeereereenieniensieesieeseeneeneees 29

Figure 17: Mapleson B Circuit.........ccccceevvveeenieeniieeenieeniieennnnenn 30
Figure 18: Mapleson C CirCUuit........ccceereereeriennienneeneeneeneeane 30
Figure 19: Mapleson D Circuit .......c.ceeeveeveneneeneneeneneneenne, 31
Figure 20: Mapleson E CirCuit........cccevcveervieeenieeniieeenieenieesnnenn 32
Figure 21: Mapleson F Circuit........ccccceveenieriienienneeneenienee 32
Figure 22: Bain CirCUit .......cocueevveeieeneenienienieeieesee e 33
Figure 23: Plain and Curved Endotracheal Tube....................... 35
Figure 24: Oxford Non-kinking Endotracheal Tube.................. 36
Figure 25: Latex Armoured Endotracheal Tube ........................ 37
Figure 26: Tracheostomy Tubes Cuffed and Uncuffed.............. 40
Figure 27: Metal Tracheostomy Tubes .......cccceevcveerierenieennneen. 42
Figure 28: Double Lumen Endobronchial Tube ........................ 43
Figure 29: Phillips AIrway ......cccccevvieinieensieeinieenieeenieesiee e 45

vii



Figure 30: Water's AIrWay .......ccceveereeneereenireenieeneeneesee e 45

Figure 31: Guedel AITWay ......cccceeveeneeneenienieeieeseesee e 45
Figure 32: Nasopharyngeal Alrway ........ccccceeveeveeneeneeneennenn 46
Figure 33: Laryngeal Mask Airway ........ccocceeevvrveeneeneeneennenn 48
Figure 34: LaryngoSCOPE ......cceevveevreenieeneenienieeieenieesieesiee e 49
Figure 35: Straight Bladed Magill Laryngoscope.........c...c........ 50
Figure 36: Macintosh Laryngoscope Blades.........c..cccccevvenenee. 51
Figure 37: Magill Connection Nasal and Oral.............cceeenneeee 52
Figure 38: Cobb's Suction Union and Nosworthy Endotracheal

CONNECHION ...ttt ettt 52
Figure 39: Catheter Mount........ccccovveevininsenineencneeeneeeeen 53
Figure 40: Magill FOrceps.......cccceveereinineriieecneeneeseceeee 54
Figure 41: Anaesthesia Gas Machine Ventilator ....................... 56

viii



SECTION ONE:
EQUIPMENT’S USED IN
ANAESTHESIOLOGY

Introduction

The anaesthetic machine enables to deliver gas and vapour mixtures
to the patient accurately and continuously. The Boyle anaesthetic

machine is designed by HEG. Boyle in 1915. Modern machine
differs greatly in detail and modified time-to-time, but the basic
principles remain the same. It consists of:

1.
ii.
ii.
1v.
V.
Vi.
vii.

Oxygen and anaesthetic gas supply
Pressure gauges

Reducing valves

Flow meters

Vapourizers

Common gas outlet

Certain other features:

High flow oxygen flush, pressure relief valve, oxygen supply failure

alarm, suction apparatus! Monitoring devices.

Medical Gas Supply

Cylinders

Made of molybdenum steel to withstand high pressures

Made of different sizes (A to J). Size E cylinders are used in the
anaesthetic machine

Oxygen is stored as gas at about 2000 Ib/inch? and nitrous oxide
is stored in a liquid phase with vapour on the top at a pressure
of 760 Ib/inch?. 1t is 75% filled with liquid nitrous oxide Note:



Filling ratio is the weight of fluid in the cylinder divided by the
weight of water need to fill the cylinder.
Cylinders are colour coded.
- Oxygen: Black with white shoulders, green in some

countries.
- Nitrous oxide: Blue
- Carbon dioxide: Grey
- Entonox: Blue with white /bluequarters shoulder
- Air: Grey with white/black quarters shoulder.
Some markings engraved on the cylinders: Test pressure,
chemical formula, Tare weight, dates of test performed, etc.
Checking and testing by manufacturers at regular intervals:

- Flattening test

- Bending test

- Impact test

- Pressure test

- Tensile test.
Gases and vapour must be free from water vapour as it may
freeze and block the exit port at a decreased temperature
particularly when opening
Cylinder valve provides pin index- system as a safety feature to
make it almost impossible to connect a cylinder to a wrong yoke
Should be stored in a dry, well-ventilated and fire proof room.
Avoid dampness, corrosives and fumes nearby. No oil or grease
or any other flammable materials or any source of heat ; should
be allowed
Full cylinders should be kept separately and should not be
mixed with empty ones
Avoid over pressurized full cylinders..



Pin index system

A specific pin configuration for each medical gas on the yoke of the
anaesthetic machine. The pin will match the holes on the valve
block. It permits only the correct gas cylinder to be fitted in the

yoke.

Oxygen: 2 and 5
Nitrous oxide: 3 and 5
Cyclopropane: 3 and 6
Entonox: 7

Air: 1 and 5

Carbon dioxide: 1 and 6

Pressure in the cylinders

Oxygen: About 2000 Ib/inch?

Nitrous oxide: About 750 1b/inch?

Cyclopropane: 751b/inch? [stored in light alloy cylinders as
a liquid]

Carbon dioxide: 720 Ib/inch?.

Cylinder valve

Mounted on the neck of the cylinder, screwed with threaded
connection

The valve can be opened or closed by an off/on spindle for
gas pathway

Non inter changeable safety device (pin index system)
prevents wrong cylinder assembly

Bodok seal is placed between the valve outlet and yoke of
the machine to make the gas tight joint.



Figure 1: Cylinder Valve Flush Type

The cylinder valve should be fully open during use. Check the
Bodok seal before use to detect any damage.

Piped gas supply

Gas delivered from a central supply to different locations at a

pressure of about 400 kPa;

Oxygen, nitrous oxide, entonox, compressed air and medical

vacuum can be used through the pipe line system

Components:

- Central supply (cylinder bank/liquid oxygen storage bank
or oxygen concentrator)

- Pipe work (made of copper), flexible and colour coded

- Outlets (identified by gas colour coding, gas name and by
shape) accept matching quid connect or disconnect probes
with an indexing colour specific for each gas.



- The cylinders of each group are connected through non
return valve to a common pipe. Then in turn is connected to
the pipe line through pressure regulators

- The cylinders should be well-housed in a well-ventilated
room (fire proof) in a suitable place in hospital.

Liquid oxygen

Oxygen can be stored and supplied in a vacuum thermally
insulated evaporator at a temperature of - 150°C to - 170°C and
at a pressure of 5 to 10 atmospheres.

A pressure regulator permits gas to enter the pipelines and
maintains it at about 400 kpa

It also provides a safety valve to release the buildup high
pressure, if occurs

A control valve is also there to meet the extra demands on the
system

Cold oxygen gas is warmed outside the vessel in copper tubing
coil. The increase in temperature increases the pressure.

Oxygen Concentrator

Extracts oxygen from air when exposed a zeolite molecular
sieve column at certain pressure.

The zeolite sieve selectively retains nitrogen and other
unwanted constituents of air and releases them to atmosphere
Maximum oxygen concentration can be-achieved is nearly 95%
by volume. Argon may be main of the other constituents.

Compressed Air

Can be used either clinically at a pressure of 400 kPa or to drive
power tools at a pressure of about 700 kPa

Can be supplied from cylinders or from a compressor

For clinical use air should be cleaned by filters and separators
and then dried.



Pressure Gauge

Measures the pressure in the cylinder mounted in the front
facing panel on the anaesthetic machine

High pressure gas acts to straighten a coiled tube (Bourdon
gauge). Movement of the tube causes the needle pointer to
move on a calibrated dial to indicate the pressure

Figure 2: Pressure Gauge

Colour coded and calibrated for a particular gas or vapour
Indicates the contents of gas available in the cylinder

Nitrous oxide cylinder does not provide pressure gauge as it is
stored as a liquid and vapour

Pressure gauge meant for pipeline is not for cylinder and vice
versa. May lead to inaccuracies and/or damage

Misassemble is possible.



Pressure regulator (Reducing valve)

Reduces the variable gas pressure from cylinders to about 400
kpa

Positioned between the cylinders and the rest of anaesthesia
machine

Provides fine control of gas flow and protects the parts of
machine against high pressure

Prevents the pressure from increasing above a predetermined
limit

Contents of the cylinder should be free from water, otherwise
ice can form inside the valve

Earlier models are with 'fins' to augment acquisition of heat
from the environment

Mechanism of action: The gas from the cylinder enters into the
chamber of reducing valve where it distorts a diaphragm to
which a toggle mechanism is connected and a balance between
two opposing forces maintains a constant predetermined
operating pressure (60 psi)

Diaphragm can rupture

Relief valve is fitted downstream of the regulator. It helps to
escape the gas, if regulator fails.

Flow restrictor

Pipeline pressure increase can be controlled by using a pressure
regulator on a flow restrictor

Flow restrictor provides a constriction between the pipeline
supply and the remaining part of the anaesthetic machine. The
constriction causes a significant pressure drop in presence of a
high gas flow rate.

Flowmeters

Measures flow rate of a gas per minute
Each gas is individually calibrated
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