THE ADE SYSTEM

THE ADE AS A SEMI-CLOSED SYSTEM 
What is required for anaesthesia is enough; any more than that is wasted and expensive. Re-cycling reduces costs but the technique requires greater experience and monitoring. Semi-closed systems that simply rely on adequate fresh gas are much easier to use and worldwide are used extensively. Without re-cycling, the efficiency of anaesthetic systems varies from about 75% to as little as 25%; in other words some run on three times less fresh gas than others and yet achieve the same effect.

A system may be efficient for spontaneously breathing patients and very in-efficient when used with a ventilator or vice-versa. Clearly the use of the most advantageous system is required to reduce costs. Table 1 below lists such advantages and disadvantages of various well known systems. 
Comparisons of Semi-closed breathing systems
Mapleson

Type 


Name 


Advantages 


Disadvantages 
A 


MAGILL 


efficient for spontaneous Respiration; FGF 6 l/min 


cannot be used with a ventilator – heavy, bulky exhaust valve at patient’s face; pollution problems. 
A 


LACK 


same as Magill but exhaust at the machine end – simple to scavenge waste gases 


cannot be used with a ventilator. 
D 


BAIN 


used for spontaneous and controlled ventilation – with exhaust at machine end – simple to scavenge. 


inefficient for spontaneous respiration – high FGFs of 8-9 l/min. 
E 


T-PIECE 


lightweight valveless for children – used for both spontaneous & controlled ventilation. 


inefficient for spontaneous respiration – high FGFs of6 l/min. – pollution at patient end and difficult to scavenge 
A(D)E 


ADE 


lightweight with special paediatric valve at machine end for easy scavenging – efficient low FGFs for both spontaneous & ventilation. 


initial higher capital cost but can be recouped by long life of reduced running costs through efficiency 
Since 1978, the design of a multipurpose system has been directed at including and improving on all the advantages of the alternative systems listed above, while avoiding all their disadvantages. After 20 years of research and development, the Humphrey ADE system has been independently confirmed to have achieved all these goals (see section "references/publications & design history" at top of page). It is efficient in all modes of use; low FGFs in both spontaneous & ventilated modes results in the greatest economy at all times with significant reductions in running costs especially in gas and vapour usage. The ADE system is equally suitable for all sizes of patient, from adult to child in whom it has particular advantages (see below). The system offers the same benefits in veterinary practice. Because of the high cost of newer anaesthetic agents, the recycling mode has been recently introduced (see "ADE as circle system" at top of this page). To date the ADE system is used in about 250 British hospitals and worldwide in an estimated 11 million anaesthetics. 
The remainder of this section describes the use of the ADE system (as a semi-closed system) in clinical practice, the principle being the same in veterinary practice. 
Use of the Humphrey ADE system in Adults 

Spontaneous & Manual ventilation: The Humphrey ADE system has a single lever which is positioned UP (in the Mapleson "A" mode) for spontaneous respiration (Fig 1a). As the Humphrey ADE system has been confirmed to be more efficient than the Magill, the fresh gas flow (FGF) is set at an average of only 50ml/kg/min i.e. only 3-4 l/min (Refs 2, 8,10,11,12). Waste gases are scavenged at the exhaust valve. For manual ventilation the lever position and FGF are the same as for spontaneous respiration. In this mode the ADE functions efficiently, again improving on the Magill (Ref 4,15). 


Controlled ventilation: The ADE lever is positioned DOWN (Fig1b) to bring the ventilator into circuit (in the Mapleson "E" mode), the FGF being set at 70ml/kg/min for normocarbia (Ref 2,11). Nothing else needs to be altered, as the reservoir bag, exhaust valve and ventilator are automatically included or excluded from the system when switched between spontaneous ("A") and ventilator ("E") modes.
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Ready for use in all modes:

As the reservoir bag and ventilator are left permanently attached, the Humphrey ADE system is ready for use in any mode at all times; this is of particular value in an emergency.
Paediatrics: 
Humphrey ADE system can be used in place of the T-piece for all children (including the new born) as it has special features which offer benefit (see below). 

It is set identically as for adults for both spontaneous and controlled ventilation. A smaller reservoir bag (1litre or 500 ml) should be used, while an appropriate paediatric ventilator should be used. The FGF should be set at 3 l/min for all patients and adjusted (usually down) if capnography is available. The main advantages over the T-piece are that in the mode for spontaneous respiration the FGFs are one third of that required with the T-piece while gases are scavenged at the exhaust valve back at the anaesthetic machine (Ref 7,14). 

Comment on the use of a valve in paediatrics: (Ref 7). The deliberate use of an exhaust valve for spontaneous breathing (Mapleson "A" mode) is a now an accepted technique even though this contrasts with the alternative rationale of using the valveless T-piece. However, contrary to previous popular belief, a valve in a paediatric system can be beneficial provided it offers the physiological advantage of positive end-expiratory pressure ("PEEP"). The latter keeps that lungs more expanded at the end of expiration and so prevents alveolar collapse and the associated reduced gas exchange. As the lungs are held open, the generalized increase in airway size also reduces airway resistance and eases the work of breathing. With these benefits in mind, the new valve on the Humphrey ADE system has been designed to open or close at a "PEEP" pressure of around 1cm of water; above this value it dumps excess gas with minimal resistance. It thus offers the advantages of "PEEP" but without increasing resistance to gas flow through the valve itself (Fig 2). 
Because of such advantages, the Humphrey ADE system is particularly used for children, especially in its "A" mode for spontaneous respiration. Effectively this allows a reduction in the fresh gas flow required by up to 60% compared to the T-piece. While lower flows reduce theatre contamination, a pollution-free environment is further ensured by the connection of a standard scavenging device back at the anaesthetic machine away from the patient. The Humphrey ADE system is therefore not only very cost-effective compared to the T-piece, but it is physiologically advantageous and environmentally friendly. 
Standard tubing for the ADE system - lightweight 15mm smooth bore tubing for all patients (Ref 5) 
The ADE system is supplied with lightweight smoothbore tubing for adults and children. Compared with corrugated tubes of the same internal diameter, the use of smooth-bore tubing results in a four-fold reduction in resistance to flow. For adults, such characteristics allow the use of smaller 15mm tubes rather than 22mm tubes. These smaller 15mm tubes even offer a lower resistance than well-known adult systems such as the Lack and the Bain. For children the lower resistance also reduces the work of breathing. 
  In conclusion the 15mm ADE smooth-bore tubing is ideal for general use with or without the soda lime canister throughout an operating list that includes both adults and children (including infants). 
ADE 15mm tubing is supplied in lengths of 1.5metres in both disposable or autoclavable forms. Two tubes may be joined together to make a total length of over 3 metres, this being especially useful in head and neck surgery and for MRI scanning. 
MRI use in the semi-closed mode: As the ADE-circle system is not made with any materials that are affected by magnets, it is MRI compatible with or without the soda-lime canister. It can be used in the scanning room right next to the patient. If no MRI compatible anaesthetic machine is available, a standard machine can be placed in the protected area away from the scanner while the ADE system is left inside clamped to a post (see information on clamp kit below). 
Clamp kit:  
The ADE system normally attaches directly to a standard 22mm fresh gas outlet on the anaesthetic machine. It is less liable to accidental damage if it is securely fixed. An lSO lock nut is available to secure it to an anaesthetic machine but, as many machines do not have the complimentary locking thread on the fresh gas outlet, a clamp allows the system to be attached to a convenient round pole, rail or square post. Fresh gas is supplied to the ADE system through a hose connected from the anaesthetic machine; the hose can be as long as required, even up to 5-6 metres (as may be needed in MRI or X-ray environments). The clamp kit includes all components required, and like the canister, it can be easily attached or removed. 
 
THE ADE SYSTEM AS A CIRCLE SYSTEM 
Attachment of the soda lime canister: the canister is easily attached to the main body of the ADE system in a matter of seconds by the use of two lock nuts on the inspiratory and expiratory limbs (see Fig 3 below).
The instructions for use of the ADE-circle system with the soda lime canister are the same as the ADE system without the canister.
The ADE-Circle for Adults 
Spontaneous & Manual ventilation: 

The Humphrey ADE system has a single lever which is positioned UP for spontaneous respiration (Fig 3). For manual ventilation the lever position is the same as for spontaneous respiration. In both modes, waste gases are scavenged at the exhaust valve. 
  
Controlled ventilation: The ADE lever is positioned DOWN to bring the ventilator into circuit. Nothing else needs to be altered, as the reservoir bag, exhaust valve and ventilator are automatically included or excluded from the system when switched between spontaneous and ventilator modes. 
In either mode, the reservoir bag and ventilator are left permanently attached, the Humphrey ADE-circle system being ready for use in any mode at all times; this is of particular value in an emergency. 
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Fresh gas flow (FGF) in the Humphrey ADE-circle system: 
*
Induction: Because at higher FGFs gases automatically pass over and not through the soda lime in the canister, the ADE behaves more like a semi-closed system. Consequently the FGF during the induction phase can be set at lower flows than with other circle systems. 4 l/min is now recommended for all patients for routine surgery.
*
Maintenance: Induction flows can be reduced once an acceptable anaesthetic vapour tension has been achieved in the patient's tissues. This varies with the vapour used, but is generally after about 5 minutes with sevoflurane and desflurane, 10 minutes with isoflurane, 15 minutes with enflurane and 20 minutes with halothane. The FGF can be reduced to a flow with which the anaesthetist feels comfortable, but one litre/min achieves economy and is safe, provided the gas contains 50% oxygen. 

Monitoring of inspired vapour tension is recommended as re-cycled gases dilute the vapour delivered from the vapourizer. With sevoflurane and desflurane the inspired tension may only be 10% less than that set on the vapourizer, but with isoflurane the difference may be 2-3 times less, while with enflurane and halothane it is even greater and unpredictable. 
Ventilator settings: 
As inspired gas contains no carbon dioxide, ventilation volumes must be carefully controlled to avoid over or under-ventilation. For normal arterial carbon dioxide tensions in adults, ventilation volumes should be set around 70 ml/kg/min (ref 9), increased by about 10-20% for younger male patients aged below 35years. For children capnograph monitors are recommended as ventilation volumes are difficult to predict. 
The ADE-circle in paediatrics: 
The ADE system as a semi-closed system without an absorber has become an accepted low flow system. It uses as little as one third of the FGF compared to the T-piece and providing a means of scavenging (see menu at the top of this page in the section "The ADE system as a semi-closed system - paediatrics). Thus FGF can be reduced to 3 litre/min or less. However, for children weighing 15kg or more, greater savings can be achieved by re-cycling vapours and reducing FGFs to just one litre/min. Sevoflurane is particularly suited to this technique but adequate monitoring must be available. The canister offers low resistance, but for children below15kg the ADE without the canister is recommended. 
Humphrey ADE system is set identically as for adults for both spontaneous and controlled ventilation (see Fig 3 above). A smaller reservoir bag (1litre or 500 ml) should be used, while an appropriate paediatric ventilator should be used. 
The FGF should be set at 4 l/min during the induction phase for all patients and reduced for maintenance once an equilibrium is reached. In children this is achieved earlier than in adults. As for adults, the FGF can be reduced to any flow with which the anaesthetist feels comfortable, but one litre/min achieves economy and is safe, provided the gas contains 50% oxygen. Monitoring of inspired vapour tension and oxygen is even more important in children. 
Comment on valve in paediatric use (Ref 7): The deliberate use of an exhaust valve in the spontaneous breathing is a now an accepted technique even though this contrasts with the alternative rationale of using the valveless T-piece. However, contrary to previous popular belief, a valve in a paediatric system can be beneficial provided it offers the physiological advantage of positive end-expiratory pressure ("PEEP"). The latter keeps that lungs more expanded at the end of expiration and so prevents alveolar collapse and the associated reduced gas exchange. As the lungs are held open, the generalized increase in airway size also reduces airway resistance and eases the work of breathing. With these benefits in mind, the new valve on the Humphrey ADE-circle system has been designed to open or close at a "PEEP" pressure of around 1cm of water; above this value it dumps excess flow with minimal resistance. It thus offers the advantages of "PEEP" but without increasing resistance to gas flow through the valve itself (Fig 2). 
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Standard tubing for the ADE-circle system - lightweight 15mm smooth bore tubing for all patients (Ref 5) 
The ADE-circle system is supplied with lightweight smoothbore tubing for adults and children. Compared with corrugated tubes of the same internal diameter, the use of smooth-bore tubing results in a four-fold reduction in resistance to flow. For adults, such characteristics allow the use of smaller 15mm tubes rather than 22mm tubes. These smaller 15mm tubes even offer a lower resistance than adult systems such as the Lack and the Bain. For children the lower resistance also reduces the work of breathing. 
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In conclusion the 15mm ADE smooth-bore tubing is ideal for general use with or without the soda lime canister throughout an operating list that includes both adults and children. 
ADE 15mm tubing is supplied in lengths of 1.5metres in both disposable or autoclavable forms. Two tubes may be joined together to make a total length of over 3 metres, this being especially useful in head and neck surgery and for MRI scanning. 
MRI use with the ADE-circle system: As the ADE-circle unit has no materials in it that are affected by magnets, it is MRI compatible with or without the soda-lime canister. It can be used in the scanning room right next to the patient. If no MRI compatible anaesthetic machine is available, a standard machine can be placed outside the magnetic are and the ADE system left inside clamped to a post (see information on clamp kit below). 
Clamp kit for ADE-circle system: The ADE-circle system normally attaches directly to a standard 22mm fresh gas outlet on the anaesthetic machine. When the soda lime canister is used, it may be less liable to accidental damage if it is securely fixed or placed in a less vulnerable position. An lSO lock nut is available to secure it to an anaesthetic machine but, as many machines do not have the complimentary locking thread on the fresh gas outlet, a clamp allows the system to be attached to a convenient round pole, rail or square post. The fresh gas is supplied through a hose connected from the anaesthetic machine to the fresh gas inlet on the ADE-circle system; this hose can be as long as required, even up to 5-6 metres as may be needed in MRI or X-ray environments. The clamp kit includes all components required, and like the canister, it can be easily attached or removed. 
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ADVANTAGEOUS FEATURES 
ECONOMICAL
The Humphrey ADE-circle system - a remarkable achievement in cost-effectiveness. 
What is required for anaesthesia is enough; any more than that is wasted and expensive. This section looks at the economies to be gained by using the Humphrey ADE-circle system since in every mode of use the system uses the anaesthetic gas with maximum efficiency. Some research results were originally controversial but all observations have now been independently verified by well-known academic institutions such as the Royal Postgraduate Medical School, Hammersmith London and the Hospital for Sick Children, Great Ormond Street, London. 
The Humphrey ADE system reduces running costs of inhalational anaesthesia 
The most expensive part of the anaesthetic is the vapour, with nitrous oxide next, followed by oxygen.Costs can vary greatly in different environments since in developing countries everything including oxygen can be expensive. 
Three main factors determine actual costs; 
*
patient age and weight 
*
the anaesthetic breathing system used 
*
the mode of ventilation 
When gases are not recycled, the general principle is that the heavier the patient the more fresh gas is required. Younger patients require a greater flow per kilogram body weight than older patients. Once flows exceed 3-4 l/min the only fresh gas saving principle is to re-cycle gases through a soda lime canister, in which case a FGF of 1 litre/min is safe and economical provided adequate monitoring is available and the mixture contains 50% oxygen. The Humphrey ADE offers both techniques and always functions with the lowest flow necessary. (For more details see the section The ADE as a semi-closed system and The ADE as a circle system).
In summary the Humphrey ADE system without the circle requires an average fresh gas flow (FGF) of only 3-4litres/min for adults, 2-3 litres/min for children; with the absorber flows can be reduced to as low as the anaesthetist feels comfortable but 1 litre/min is generally a safe flow. No other system offers these combined benefits. 
Cost savings with other systems compared. 
The HUMPHREY ADE as a semi-closed system: Without re-cycling, the general efficiency of other anaesthetic systems varies from about 70% to as little as 25%; in other words some function on three times less fresh gas than others and yet achieve the same effect. In all modes of use the Humphrey ADE system uses the lowest fresh gas flow. The Humphrey ADE system has already proved itself worldwide where it has been used in an estimated 10 million anaesthetics by 1999. In this mode of use, the Humphrey ADE is simple to use and is safe because it provides a gas mixture with known inspired gas and vapour tensions which are as set on the anaesthetic machine. This reduces the need for monitors or user expertize as are required for the re-cycling technique. (For more detail see ADE as a semi-closed system). 
Low fresh gas flows are required at all times such that, for the first half hour of anaesthesia, there is little to gain financially from re-cycling except with the very insoluble vapours such as sevoflurane and desflurane (see Figs 4a, 4b). Because of the efficiency within the system itself, the average fresh gas flow with the HUMPHREY ADE system is only 3-4 l/min for adults and 2-3 l/min for children, significantly lower than 6-8 l/min used for other systems such as the Bain, Magill and T-piece. Based on costs in the UK in pounds sterling, up to £16/hour can be saved with sevoflurane, saving many thousands of pounds per year. For longer operations significant savings can be made with other vapours. Fig 4a and 4b 
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Local cost savings in other countries can be calculated as a ratio of the costs shown in the bottom right corner in Figs 4a and 4b. 
The HUMPHREY ADE-CIRCLE as a circle system: In this mode the soda lime canister is attached such that it is possible to re-cycle anaesthetic gases. For longer operations further significant savings can be achieved compared with the semi-closed mode, especially with flows reduced to 1 l/min (Fig 4a, 4b). At these low flows, the cost expensive vapours such as sevoflurane, desflurane and isoflurane are reduced to levels that are even more easily afforded. (For more detail see ADE as a circle system).
Because the ADE canister has innovative design features and has a small volume, it offers significant economic advantages over larger "jumbo" canisters. 
*
lower fresh gas flow for induction and nitrogen wash-out can be used; 4 l/min (compared to 6-8 l/min for jumbo canisters) is recommended. 
*
maximum efficient use of soda lime, waste gases being eliminated on the expiratory side. The anaesthetist thus has a choice of technique as a semi-closed system without the soda lime canister or as a circle system with the canister.
*


The Anaesthetist's Choice
Humphrey ADE system (without absorption)
Humphrey ADE-circle system
*
halothane
*
enflurane
*
isoflurane - short cases
*
paediatrics (sevoflurane)
*
FGF 2-3 l/min adults
*
monitors useful
*
sevoflurane
*


desflurane
*
isoflurane - larger cases
*
FGF 500ml - 2 l/min (after high induction flow of 4 l/min)
*
accurate low flow equipment
*
monitors essential
SIMPLE AND SAFE 
GENERAL SAFETY FEATURES: The prime concern for safe use of the Humphrey ADE system has resulted in a design which includes all the following qualities. 
*
A single versatile system for adults and children - no need to change systems from one patient to the next. 
*
Simple to use in both semi-closed or circle modes - same basic controls but offering the choice of both techniques. 
*
Efficient is all modes of use - gas & vapour usage kept to minimum at all times. 
*
Instantly switchable between modes - avoids risks associated with changeover of equipment and is always ready for use in any mode. 
*
Pressure-limiting device always in circuit - potentially dangerous excess pressure is released when limit is exceeded. 
*
Innovative paediatric exhaust valve - gives "peep" to prevent lung collapse but without compromising ease of breathing. 
*
Visual function of exhaust valve - a useful signal that alerts the anaesthetist to any problems. 
*
Single size 15mm smoth bore tubing for adults and children - no change for different size of patients and less resistance than conventional tubing. Easy to clean. 
*
Effective pollution control - exhaust valve at the main ADE body allows easy scavenging even in paediatrics. 
*
Simple and robust construction - designed to survive constant use. Easy to service even in remote environments. 
*
Suitable for consultant or non-specialist anaesthetists - safe for all users in both developed and developing countries. 
EQUIPMENT SAFETY - Safety is incorporated into the equipment with or without the soda lime canister by special features listed below:- 
*
Visible exhaust valve function - see below for further comment 
*
Pressure-limiting device - 60 cms H20 - always in line 
*
Engraved instructions - on main body of ADE unit 
*
Easy scavenging - always at the exhaust valve even for children 
*
Secure attachment - a lock nut made to ISO or Penlon standards secures the system to the anaesthetic machine thus preventing accidental dropping. A clamp kit is also available. 
*
Airway pressure monitoring port on expiratory limb.
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The new ADE valve incorporates a unique design that allows the anaesthetist to see its function. When open during expiration, an extended valve-seat stem lifts into a recess on the top of the valve. With each breath the reflected orange stem is easily seen as a flashing image. Valve function can be checked at any time by squeezing the reservoir bag. For temporary ventilation by hand without having to screw down the valve, the reservoir bag is squeezed during inspiration while at the same time depressing the exposed valve stem to close the valve.
Pollution Control 

Pollution has become more important as recognition of its detrimental effects on the theatre environment is acknowledged. In the UK, COSH regulations are now mandatory and only systems that allow scavenging and effective pollution control are recommended. 
The Humphrey ADE system provides effective solutions to pollution by: 
*
a reduction at source as low fresh gas flows are used in all modes of use. An average of only 3-4 litres/min is required for adults, 2-3 l/min for children and when recycling through soda lime flows of about 1 litre/min.
*


placing the exhaust valve back at the anaesthetic machine which allows for simple scavenging of waste gases away from the operating theatre.
*


enabling scavenging to also be used in paediatric operations by inclusion of the specially designed exhaust valve.
*


closing the exhaust valve on the front of a dental mask and directing waste gases to the ADE expiratory tubing connected to the side of the mask. Gases are then scavenged at the ADE system valve. 
Low-Flow Pollution-Free Dental Anaesthesia 
High fresh gas flows and theatre pollution around the mouth can be much reduced by use of the Humphrey ADE system.
The lightweight ADE tubing can be connected directly to the dental mask as shown in the diagram.

Low FGFs of only 3-4 l/min are required. Expired gases are scavenged at the exhaust valve and are not allowed to escape at the valve on the mask which is closed. 
MRI COMPATIBLE 
With the increasing use of MRI scanners, the strong magnets within these scanners prevent the use of standard anaesthetic machines near the unit, necessitating the purchase of expensive MRI compatible machines. The HUMPHREY ADE-CIRCLE system can circumvent this problem such that standard anaesthetic machines can be used. 
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As the HUMPHREY ADE system with or without the soda lime canister is made of non-magnetic metals, it is MRI compatible and can be safely placed near the scanner without loss of function (Fig 7).

With a fresh gas hose from the anaesthetic machine placed up to 6 metres away, anaesthetic gases can be fed to the ADE unit from an anaesthetic machine placed outside the magnetic zone. At the ADE-CIRCLE system normal tubing is used to supply anaesthetic gas to and from the patient; conveniently two standard 15mm ADE tubes connected together provide a 3 metre length from the patient to the ADE unit. The set up is simple and cheap; all that is required is the additional purchase of an ADE MRI clamp kit which includes a 6 metre fresh gas connection. 
  

