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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:
	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 lb/inch2 and nitrous oxide is stored in a liquid phase with vapour on the top at a pressure of 760 lb/inch2. It 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 lb/inch2
-Nitrous oxide: About 750 lb/inch2
-Cyclopropane: 751b/inch2 [stored in light alloy cylinders as a liquid]
-Carbon dioxide: 720 lb/inch2.
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.

￼[image: Picture 1]
 
 
 
 
 
 
 
 
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

￼[image: Picture 4]
 
 
 
 
 
 
 
 
                                                           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

	Oxygen should be the last to be added in mixture

	Calibration done at room temperature and atmospheric pressure, accuracy with an error margin ±2%

	It contains: A flow control valve, a tapered (wider at the top) transparent glass or plastic tube, a light weight rotating bobbin. Bobbin stops at either end of the tube

	Flow control (needle) valves:

-Controls the flow through the flow meters by manual adjustment
-Positioned at the base of flow meter
-Control knobs are labelled and colour coded, blue for nitrous oxides, white for oxygen and grey for carbon dioxide.
￼[image: Picture 7]
 
 
 
 
 
 
 
 
 
 
                                                              Figure 3: Rotameter Unit
	When the gas flows, with the help of flutes the bobbin spins clears of the walls of the tube and thus avoids the errors of friction. Bobbins should be made antistatic 

	The viscosity and density of the gases can influence the gas flow in the flow meter. Each flow meter is calibrated for each gas

	Flow meter should be set in vertical position, otherwise may give incorrect reading 

	Malfunction: Broken, cracked, bobbin stuck, wrong gas, improper alignment, back pressure, etc. 

	Other types:

-Heidbrink flow meter: Metal tapered tube with inverted black float 
-Connell flow meter: Provides round float, reading from its center.
Vapourizers
To administer a controlled amount of an inhalational agent after changing a liquid to vapour to fresh gas flow.
Ideal vapourizers characteristics
	Performance not affected by changes in fresh gas flow, liquid volume, ambient temperature, land pressure, decrease in temperature due to vaporization and pressure fluctuation due to |mode of respiration 

	Low resistance to flow

	Light weight with small liquid requirement

	Economy, safety, minimum servicing

	Corrosion and solvent resistant

	Quality control by authorized institution.

Boyle anaesthetic machine provides two vaporizing bottles one for diethyl ether and the other \ for trichlorethylene. These vapourizers are of variable bypass, flow over or bubble through type. These are neither properly calibrated nor temperature compensated. (Bodman R, Gillies D. Harold Griffith. , 1992)
The concentration of vapour depends on the rate of gas flow, liquid surface area, the way the gas impinges on the liquid and the temperature of liquid.
Boyle's bottle/glass-ether vapourizers
	Contains diethyl ether which vaporizes to an extent governed by its saturated vapour pressure; at room temperature

	The amount of gas entering the vapourizer can be altered by moving the lever

	Gas enters the vapourizer above the anaesthetic liquid to vaporize and its concentration c be altered by depressing the plunger

	Vapourization needs latent heat of Vapourization. Larger amount of heat is needed to vaporize ether. The concentration from the vapourizer usually falls significantly as the temperature are vapour pressure of ether fall. So the total gas flow may need to pass through the vapourize) and even bubbled through it.

	Sealing washer of the Boyle's bottle should be of good order

	 

￼[image: Picture 10]                                  Figure 4: Boyles Ether  / Isofluorane Vaporiser
	Dark brown-coloured bottles are used as ether can be decomposed by light

	Metal parts of U tube and hood of plunger should be made of copper as it is anticatalyst and can prevent decomposition of ether.

Trichloroethylene vapourizer bottle
It is similar to ether bottle but it is smaller in size and the inlet U tube and the hood of plunger are entirely chrome plated.
Goldman halothane vapourizer 
	Simple vapourizer, flow-over type, no wicks 

	Neither temperature compensated, not accurately calibrated 

	Can be used inside or outside the breathing circuit

	Control device on the top which can be rotated to alter the vapourizer output 

	Low resistance to gas flow  

	Maximum concentration never exceeds 3%

	Vapour concentration can be increased by

-Splashing 
-Incorporating wicks 
-Employing 2 vapourizers in series.
￼[image: Picture 13]
 
 
 
 
 
 
 
 
 
 
                                        Figure 5: Goldman Vaporizer
Back bar
	Part of the Boyle machine on which rota meter (containing flow meters), vapourizers (ether and trichloroethylene) and other accessories are fitted

	Trilene safety interlock' is placed at the end of back bar 

	Provides an angled outlet with a non return valve to prevent a back pressure during positive pressure ventilation       

	At extreme right there is an emergency by pass which can deliver high flow of Oxygen (O2) directly, by passing the rota meter

￼[image: Picture 16]
                                       Figure 6: Trilene Interlock Unit
	Some machines may have an emergency press button unit to supply plentiful oxygen (oxygen flush). Risk of accidental activation includes barotrauma, dilution of anaesthetic gas awareness.

Oxygen supply failure alarm
	Various designs are available

	Activates on the pressure of oxygen

	No need of battery or mains power

	Gives audible signal sufficient to draw attention

	Should have pressure linked control which interrupt the flow of other gases when they come into operation.

Plenum vapourizers
	Designed to maintain a constant output of volatile anaesthetic agent

	The case is made of copper which is a good heat sink

	Provides a bypass channel and vapourizing chamber which contains wicks to increase surface area available for Vapourization

	Has a temperature-compensation device. Bimetallic strip inside to compensate for the cooling of the liquid anaesthetic. When cooling takes place due to latent heat of vaporization, the string made of two different metals with different coefficients of expansion bend to permit a greater fraction of the total flow to enter the vapourizing chamber (Brockwell RC, Andrews GG. , 2002)

	The gas coming out of the vapourizing chamber is fully saturated

	The effect of back pressure is compensated

	The calibration of each vapourizer is agent specific

	Vapourizer filling devices are agent specific. These are geometrically coded to fit the safety filling port of the correct vapourizer and anaesthetic bottle. The fillers are also colour coded, red halothane, orange for enflurane and purple for isoflurane.

	Caution:

-The liquid anaesthetic should not enter the bypass channel 
-The effect of back pressure must be compensated 
-Preservative like thymol (in halothane) can deposit on wicks and interfere the efficacy of vapourizer. Enflurane and isoflurane do not contain preservative 
-A pressure relief valve can prevent the damage of flow meter/vapourizer 
-Corrosion of bimetallic strip can occur.
Common gas outlet
	Receives all gases and vapours from the machine

	Attached to the delivery hose

	Leak /disconnection can occur. Adequate care is needed

	A check valve can be provided just proximal to outlet to prevent retrograde gas flow from flush valve or breathing system.

Bag mount 
	Made of metal or Plastic  tube. One end connected with machine outflow and the other end to the angle piece adaptor to connect corrugated rubber hose. Rebreathing bag is attached from the under surface

	May have a valve. By turning a lever to one side, the rebreathing bag is cut out of the circuit 

	In intermittent flow machine the bag and bag mount should be removed from the machine.

￼[image: Picture 19]
                                           Figure 7: A Bag Mount
Rebreathing bag 
	Made of antistatic rubber, ellipsoidal in shape

	Capacity may vary from 2L to 0.5L, capacity of bag must exceed patient's tidal volume. Accommodates fresh gas flow

	Bag movement is important in assessing or controlling the ventilation

	Limits pressure build up in the system

	Must be comfortable for use.

￼[image: Picture 22]
 
 
 
 
 
 
 
 
 
 
                                       Figure 8: Rebreathing / Reservoir Bag
Corrugated Rubber Tube 
	Flexible, light weight breathing tube. Made of antistatic rubber. Usual length about 1 meter

	Corrugation helps acute angulation without kinking

	Can act as reservoir in certain systems

	Can be used to connect the ventilator to the breathing circuit

	Tube diameter should be such to present low resistance to gas flow and to promote a laminar flow

	Irregular walls of the tube may cause some turbulence and allow some dirt or infective material into it.

￼[image: Picture 24]
                             Figure 9: Corrugated Rubber Tube
Adjustable pressure limiting valve (Expiratory valve) 
	Allows the exhaled gas and excess fresh gas flow out of the breathing system   

	One way spring loaded valves with three ports: Inlet, patient and exhaust ports. The exhaust port can be open to atmosphere       

	The spring adjusts the pressure required to open the valve

	During spontaneous ventilation, a positive pressure in the system during expiration can cause the valve to open

	During positive pressure ventilation an intentional leak is produced by adjusting the valve dial during inspiration 

￼[image: Picture 28]
                                                                      
 
 
 
 
 
 
 
 
 
                                               Figure 10: Expiratory Valve
	Malfunction:

-May remain opened/closed.
-If closed, a pressure relief safety mechanism should be there which is activated at a pressure of about 60 cm H2O
-Condensation of water vapour can damage the valve.
Face mask and angle piece 
	Made of antistatic rubber or transparent plastic designed to fit the contour of face anatomically

	Air filled cuff ensures the snug fit over the face

	Proximal end connects to the angle piece

	May have some clamps for the harness to be attached

	It should have a minimum dead space. Dead space may increase by up to 200 ml in adults

	Problems:

-Difficult to achieve airtight seal over the face particularly in edentulous patients 
-Excessive pressure by mask can damage branches of trigeminal or facial nerve.
￼[image: Picture 26]
                                Figure 11: Anaesthesia Face Masks
￼[image: Picture 27]
                                   Figure 12: Face Mask Angle Piece Adaptor
 
￼[image: Picture 34]
                                        Figure 13: Schimmelbusch Mask
Anaesthetic Breathing System
Formerly classified as open, semi open, semi closed and closed systems.
	Open system (open drop inhalation method):

-Volatile anaesthetic is administered to the patient with atmospheric air. Respiratory tract has access to atmosphere all the time during both inspiration and expiration
-No reservoir/rebreathing bag
-Schimmelbusch mask is used for open drop anaesthesia. It consists of a simple wire frame over which 8 to 12 layers of gauge are stretched and kept in position. Mask provides one effective surface for volatile anaesthetics and some space for confining the anaesthetic vapour.
	Semi open system: Here also the anaesthetic is administered with air and respiratory tract is open to atmosphere during inspiration and expiration. But some reservoir is made over the mask (by a folded towel over the mask), but it is mostly open to the atmosphere

	Semi closed system:

-Patient inhales from the continuous flow of gases/vapours from anaesthetic machine and, it includes one reservoir/rebreathing bag                                                                    
-When all the expired gases escape to the atmosphere through non rebreathing valve, then , it is non-rebreathing type of semi closed system
-If part of exhaled gases escape through expiratory valve and part passes through rebreathing bag then it is partial rebreathing type of semi closed system.
	Closed system:

-Anaesthetic gases and vapours are not voided in atmosphere. The same gases are continuously recycled after absorption of carbon dioxide by soda lime.
-Oxygen utilized in metabolism and gases/vapours utilized in the body or lost are to be supplemented
-Some intentional leak is always kept in expiratory valve.
Advantages:
	Economy 

	Retention of body heat and moisture

	Less pollution 

	Less chance of explosion.

Disadvantages:
	Circuit should be leak proof 

	Cumbersome and heavy equipment 

	CO2 absorption may not be adequate 

	Resistance to breathing and dead space may be high 

	Heat from soda lime may affect the body 

	Alkaline dust from soda lime may also affect the body 

	Cross infection 

	Dilution of fresh gas mixture possible.

Soda Lime 
Composition:     Sodium hydroxide 4%
Potassium hydroxide 1% Water 14 to 19%
Silica (to prevent powdering calcium hydroxide) 95% 
4 to 8 mesh 
Conical neutralization of CO2
CO2 + H2O -> H2CO3
H2CO3 + 2NaOH -» Na2CO3 + 2H2O + heat 
H2CO3 + Ca(OH)2   -^ CaCO3 + 2H2O + heat 
	Soda lime is pink coloured and it turns white when it becomes ineffective. There is gain in weight, when it is exhausted. Some regeneration can occur, when it is rested for 2 to 3 hours

	Trichloroethylene should never be used in a closed circuit with soda lime, otherwise toxic products dichloroacetylene may be formed. It can produce paralysis of cranial nerves particularly 5th and 7th cranial nerve.

Baralyme
Composition:     Barium hydroxide 20%
			Calcium hydroxide 80%
			Water bound crystallization
			No silica is needed, 
Chemical neutralization of CO2
				CO2 + H2O -» H2CO3
				H2CO3 + Ba(OH)2 -» BaCO3 + 2H2O + heat
				H2CO3 + Ca(OH)2 -» CaCO3 + 2H2O 
	Produces less heat than soda lime 

	Less caustic than soda lime.

 
Absorbers
	Absorber of to-and-fro system is made of metal, but that of circle system is usually glass or transparent plastic. Metals conduct and dissipate heat better and more resistant to corrosive effects of alkali. Plastic is light and enables to observe -colour changes

	Shape cylindrical. Wide and short canister preferred

	Granular space: Space occupied by the absorbent. Measure by the bulk density. It is 0.9 gm/ cc for soda lime and 1 gm/cc for baralyme

	Air space: Usually 45 to 75% of the volume of canister. It includes inter granular (void) space and intra granular (pore) space

	Inter granular space: Usually about 45%, depends of size of granules and type of packaging

	Intra granular space: Space within the pores of granules. Vary directly with the weight of absorbent but inversely with its moisture content. Usually about 25ml/100gm of absorbent.

	Exhaustion time depends on exhaled CO2, type of ventilation, tidal volume, and absorbent capacity, degree of channeling, fresh gas flow, position and accuracy of the canister.

Water's 'to-and-fro' system 
	Introduced by Ralph Waters in 1923

	A soda lime canister is place between the face mask and rebreathing bag. Both inspiration and expiration take place through the canister. Fresh gas should be very near to face mask.

￼[image: Picture 37]
                   Figure 14: Dr. Ralph Waters  To and Fro System Canister
	Canister: 8x13 cm, capacity 1 Ib soda lime. Air space about 400 ml, inter granular space should be nearly the tidal volume of the patient

	Resistance of this circuit may be more than 2 to 3 cm H2O during spontaneous ventilation 

	Mechanical dead space: About 200 ml (from wire gauge of canister to face) 

	Channeling can occur. Canister needs adequate proper filling 

	Disadvantages: Heat production, alkaline dust, channeling, reduced efficiency 

	Advantages: Cheap, simple, easy to operate and sterilize, low resistance, conservation of moisture and heat.

Circle breathing system
	Soda lime is used to absorb the patient's exhaled CO2- Fresh gas flow requirement is low 

	Soda lime canister is positioned vertically. It provides an inlet delivering fresh gas flow from machine and 2 ports — one to deliver fresh gas flow to patients and the other to receive exhaled gases from the patient. These 2 ports incorporate unidirectional valve. An expiratory valve connected to a rebreathing bag.

	Inspiratory and expiratory tubing’s are connected to the canister

	A vapourizer can be incorporated in the back bar of the anaesthetic machine (outside circle) or on the expiratory limb within the circle (VIC) 

 
￼[image: Picture 29]
 
                                            Figure 15: Circle Carbon dioxide Absorber
	Exhaled gases are circled back to the soda lime canister. After CO2 absorption the gas joins the fresh gas flow to be delivered to patient

	The system can be used for both spontaneous or controlled ventilation

	Mechanical dead space includes the space between the face piece and the beginning of double corrugated tubing. Resistance to gases is within 2 to 3 cm H2O pressure

	Canister usually large, capacity 41b soda lime, divided in two halves and this is reversible 

	Advantages: Efficient

	Disadvantages: Bulkiness, more resistance, more difficulty in recharging, chance of cross infection

	Malfunction: Expiratory valve stuck closed, inspiratory valve stuck closed, circle system valve stuck open, misassembled valve components, foreign body in valve assembly

	Adequate monitoring of inspired oxygen, end tidal CO2 and inhalation anaesthetic needed.

Vapourizer outside the circle breathing system
	Positioned on the back bar

	Can deliver high output concentration at low flow rates

	Have high resistance to gas flow

	Vapourizers should be efficient enough to deliver proper concentration of vapour with both high and low fresh gas flows.

Vapourizer inside the circle breathing system
	Minimal resistance to gas flow

	Positioned in the expiratory limb

	Here vapour-free fresh gas flow dilutes the inspired vapour concentration

	During spontaneous ventilation, deep anaesthesia depresses respiration and thus anaesthetic uptake is reduced and overdose of anaesthetic is prevented. This mechanism is absent in controlled ventilation.                                                                                                    


Mapleson Classification
Mapleson classified the breathing system as Mapleson A, B, C, D, E and F. Nodaway’s only A D, E and F and some of their modifications are in common use.
Criteria for an Ideal Breathing System
	Simple and easy to use

	Safe and efficient

	Can be used in all age groups

	Can be used in either spontaneous or controlled ventilation

	Satisfactory with low fresh gas flow

	No complications like barotrauma

	Compact, lightweight, cheap, minimum running cost, easy to maintain

	Can be easily sterilized

	Easy removal of exhaled gas possible.

Mapleson A System 
	Mostly popular and widely used

	Contains a fresh gas inlet connected to a reservoir bag, then attached to a corrugated tube and then connected with face mask or endotracheal tube

￼[image: Picture 43]
                                    Figure 16: Mapleson A Circuit
	Not ideal for controlled/assisted ventilation. Can be used for spontaneous ventilation. Fresh: gas flow should be equal to alveolar minute volume (about 10 ml/kg/min) 

	Rebreathing occurs and not suitable for Intermittent Positive Pressure Ventilation (IPPV) unless large fresh gas flow is used 

	Most commonly used version of Mapleson A is Magill system 

	Not ideal for Paediatric anaesthesia. (Aridi M, Hussein B, Hajj-Hassan M, Khachfe HM. , 2016) 

Mapleson B System 
	Fresh gas inlet is towards patient end in between the expiratory valve and corrugated tube. Contains a reservoir bag at one end of tubing and face mask/endotracheal tube as usual 

	Less efficient during spontaneous ventilation, but more efficient in controlled ventilation 

	Not used commonly

 
￼[image: Picture 46]
                                      Figure 17: Mapleson B Circuit
Mapleson C System 
	Mostly similar to Mapleson B system

	Here corrugated tube is absent. Reservoir bag is attached to fresh gas inlet. Expiratory valve is in between face mask/endotracheal tube and fresh gas inlet

	Not much used.

￼[image: Picture 49]
                                   Figure 18: Mapleson C Circuit 
Mapleson D System 
	Consists of face mask/endotracheal tube, fresh gas inlet nearer face mask, corrugated tube and connected with expiratory valve and reservoir bag

	Efficient for controlled/assisted ventilation. Can be used in spontaneous ventilation

	Bain coaxial system is the modification of Mapleson D system.

 
￼[image: Picture 30]
                                      Figure 19: Mapleson D Circuit
Mapleson E System 
	Identical with Ayre's T piece system

	Fresh gas flow is nearer to face mask/endotracheal tube, then connected to corrugated tube

	No reservoir bag is used. No expiratory valve is there

	It is a T-piece with 3 ports, Fresh gas flow in one port, second port to face mask, third port is meant for tubing

	Widely used in Paediatric anaesthesia (up to 25 kg body weight)

	Needs high fresh gas flow to prevent rebreathing

	As there is no expiratory valve in this system, scavenging is a problem.

￼[image: Picture 55]
                                          Figure 20: Mapleson E Circuit
 
 
Mapleson F System
	Modified version of Mapleson E system

	Here in T-piece system a double ended bag is attached to the end of the tubing

	Suitable for spontaneous/controlled ventilation Widely used in Paediatric anaesthesia (up to 25 kg)

	Needs high fresh gas flow (2.5 to 3 times minute ventilation) to prevent rebreathing

	Volume of reservoir bag should approximate tidal volume.

￼[image: Picture 449]
                               Figure 21: Mapleson F Circuit
Bain Circuit 
	Coaxial version of Mapleson D system

	Fresh gas flow through inner tube, exhaled gas through outer tube. The reservoir bag and expiratory valve mounted at the machine end

	Internal tube should have swivel mount at patient end to avoid kinking

	Tubes are transparent to detect inside, and kinking, or disconnection

	Efficient in controlled ventilation. Fresh gas flow rate should be 70 to 100 ml/kg/min

	Not much efficient for spontaneous ventilation. Fresh gas flow should be 200 to 300 ml/kg to prevent rebreathing

 
￼[image: Picture 450]
                                                      Figure 22: Bain Circuit
	Use of ventilator is possible in this system

	Usual length 180 cm

	Advantages: Simple, light weight and easy to handle, safe and reliable. Can be easily sterilized, disposable tubing available

	Disadvantages: Unrecognized disconnection, kinking, etc.
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