HUNDRED QUESTIONS & HUNDRED ANSWERS 


Question No. 1

How piped O2 is supplied?

Answer: -
Large O2 cylinders are kept outside the theatre. Each cylinder is connected by a coiled tube to a pipeline, which passes to a central control box. The pressure in the cylinder is 137 bars which are reduced to 10 bars. The change over valve has a pneumatic shuttle mechanism. Warning devices are also provided when cylinder pressure falls to a certain level. A second stage reducing valve brings the pressure from 10 bars to 4.1 bars which is the normal pipe line pressure.

____________(____________

Question No. 2

Define Entonox. Describe its uses, storage and effects of low temperature.

Answer: -
Entonox is the compressed gas mixture containing50% O2 and 50% N2O. It is compressed into cylinder containing gas at a pressure of 137 bar (2000 lb/in2). If a full cylinder is cooled, a liquid phase containing about 20% O2 and 80% N2O may form below the gas.

Entonox is useful in labour pain and chest physiotherapy especially because of analgesic effect of N2O. The Entonox cylinder has a demand valve (Marlin valve), which allows gas flow. The patient holds the mask herself and with each inspiration gas flows in.

Although the critical temp of N2O is 36.50C, it does not liquefy because the presence of O2 reduces its critical temp. The critical temp of Entonox is      -70C. Cooling   of    cylinder   to   a   temp  below –70C   results in separation of liquid N2O. Use of    such a   cylinder  results in O2 rich   gas being emitted initially   followed   by   hypoxic N2O rich gas. To prevent this, a dip tube in large cylinder is present, which draws off any liquid phase first. This prevents the delivered O2 conc. falling below 20% at any time.

Storage area for Entonox cylinder should be maintained above 100C. When an Entonox cylinder may have been exposed to low temp, it should be stored horizontally for a period of not less than 24 hr at a temp of 50C or above. In addition, the cylinder should be inverted several times or put into warm water before use.

Question No. 3
How compressed air is supplied. What should be the distribution pressure of the air?

Answer: -
Air from intake is drawn through a preliminary filter & a silencer into the compressor, which incorporates an after–cooler to cool the air once it has been compressed. The air then passes via a non-return valve into the large cylinder receiver which acts as reservoir to maintain a constant air pressure. The air is cleaned & dried before it is piped to the theatre & wards. 

The distribution pressure of air is higher than that for other piped gases. It is usually 6.9 bar, because piped air is commonly used to operate surgical tools & anaesthetic ventilator, etc.

____________(____________

Question No. 4
At what pressure, central vaccum system works?

Answer: -
The vacuum of not less than 0.53 bar (400 mmHg) below atmosphere (one standard atmosphere pressure 1.01 bar is 760 mmHg) is needed.

Suction units normally provide a maximum flow of over 40   litres/min at a vaccum of 0.53 bar (53 KPa).

____________(____________

Question No. 5
What is O2 concentrator? Describe its function, advantages and disadvantages.

Answer: -
Oxygen concentrator is a compressed air plants which extract oxygen from air to provide 90-95% O2. This device may be small, designed to supply oxygen to a single patient, or it can be large enough to supply oxygen for a medical gas pipeline system. It is useful for small hospitals, clinics and in remote areas lacking reliable O2 supplies.

Components

A zeolite molecular sieve is used. Zeolites are hydrated aluminum silicates of the alkaline earth metals. Many zeolite columns are used. 

Mechanism of action

1. Air is exposed to a zeolite molecular sieve column at a certain pressure.

2. The sieve selectively retains nitrogen and other unwanted components of air. These are released into the atmosphere.

3. The change-over between columns is made by a time switch which reverses the valve every half a min to give a steady flow of oxygen to the reservoir.

4. The maximum oxygen concentration achieved is 95% by volume. Argon is the main remaining constituent.

Advantages 

The O2 concentrator gives concentration of 90-95% at a flow rate of             4  litres/min & is more convenient than the use of O2 cylinder. The running cost is less than O2 cylinder or liquid O2. It contains 2-5% mixture, but has no toxic effects

Disadvantages

The O2 supply is restricted to a flow of 4   litres/min and pressure is under 70 KPa. This pressure is much low (pressure in cylinder after reducing valve is 410 KPa), so for surgical tools or ventilators this pressure is low. However, larger O2 concentrators are now available with high pressures & flow.

Problems in practice and safety features

Although the oxygen concentration achieved is sufficient for the vast majority of clinical applications, its use with the circle system leads to argon accumulation. To avoid this, higher fresh gas flows are required.

Question No. 6
What is schraeder valve?

Answer: -
All the piped supplied gases to theatre and other areas finish in special terminal units with a non-inter-changeable coupling. In UK it is normally a Schraeder valve – various sizes of collars on the schraeder probe are used. The N2O collar is larger than O2 & they are colour coded also.

____________(____________
Question No. 7
Why air should be dried in cylinder?

Answer: -
Its relative humidity will have increased on compression, so it is dried by suitable desiccant material e.g., silica gel. The humidity should be such that the dew point of the air supplied is less than – 400C. Air supply is usually bacteria free.

____________(____________

Question No. 8
What are the cylinder valves, describe their problems in practice and safety features?

Answer: -
Cylinder Valves

These valves seal the cylinder contents. The chemical formula of the particular gas is engraved on the valve.

Components

1. The valve is mounted on the top of the cylinder, screwed into the neck via a threaded connection. It is made of brass and sometimes chromium plated.

2. An on/off spindle is used to open and close the valve by opposing a plastic facing against the valve seating.

3. The exit port for supplying gas to the apparatus (e.g., anaesthetic machine).

4. Safety relief device, which allows the discharge of cylinder contents to the atmosphere if the cylinder is over pressurized.

5. The non-interchangeable safety system (pin-index system) is used on cylinders of size E or smaller. A specific pin configuration exists for each medical gas on the yoke of the anaesthetic machine. The matching configuration of holes on the valve block allows only the correct gas cylinder to be fitted in the yoke. The gas exit port will not seal against the washer of the yoke unless the pins and holes are aligned.

Mechanism of action

1. The cylinder valve acts as a mechanism for opening and closing the gas pathway.

2. A compressible yoke sealing washer (Bodok seal) must be placed between valve outlet and the apparatus to make a gastight joint.

Problems in practice and safety features

1. The plastic wrapping of the valve should be removed just before use. The valve should be slightly opened and closed (cracked) before connecting the cylinder to the anaesthetic machine. This clears particles of dust, oil and grease from the exit port, which would otherwise enter the anaesthetic machine.

2. The valve should be opened slowly when attached to the anaesthetic machine or regulator. This prevents the rapid rise in pressure and the associated rise in temperature of the gas in the machine’s pipelines. The cylinder valve should be fully open when in use.

3. The Bodok seal should be inspected for damage prior to use. Having a spare seal readily available is advisable.

Fig . Bodok seal
Fig. Disposition of holes in flush-type-outlet valve

____________(____________

Question No. 9

A N2O cylinder weighs 3kg. How much 3kg N2O cylinder contains N2O gas?
Answer: -
Volume of N2O in N2O cylinder calculated by application of Avogadro’s hypothesis “1gm molecular wt of gas contains 22.3 litres”.

1gm mol of N2O = 22.4 litres

44 gm of N2O = 22.4

1 gm = 22.4 / 44

300 gm = 22.4 / 44 x 3000


  = 1500 litres

Question No. 10

What are the components of gas cylinders, how are they tested?  What are their problems and safety features?
Answer: -
Cylinders:

Components

1. Cylinders are made of molybdenum steel in which gases and vapours are stored under pressure.

2. A plastic disc is present around the neck of the cylinder. The year when the cylinder was last examined can be identified from the shape and colour of the disc.

3. Cylinders are manufactured in different sizes (A to J). Size A and H are not used for medical gases. Cylinders attached to the anaesthetic machine are usually size E.

Oxygen is stored as a gas at a pressure of 13700 kPa whereas nitrous oxide is stored in a liquid phase with its vapour on top at a pressure of 4400 kPa. As the liquid is less compressible than the gas, this means that the cylinder should be only partially filled. The amount of filling is called the filling ratio.

The filling ratio is the weight of the fluid in the cylinder divided by the weight of water required to fill the cylinder. The filling ratio for nitrous oxide is 0.75.

Cylinder are checked and tested by manufacturers at regular intervals.

1. Flattening, bend and impact tests are carried out on at least one cylinder in every hundred.

2. Pressure test: the cylinder is subjected to high pressures.

3. Tensile test where strips of the cylinder are cut and stretched. This test is carried out on at least one cylinder in every hundred.

The marks engraved on the cylinder are:

1. Test pressure

2. Dates of test performed

3. Chemical formula of the cylinder’s content

4. Tare weight (weight of nitrous oxide cylinder when empty).

Problems in practice and safety features

1. The gases and vapours should be free of water vapour when stored in cylinders. Water vapour freezes and blocks the exit port when the temperature of the cylinder decreases on opening.

2. The cylinder valve uses the pin-index system to make it almost impossible to connect a cylinder to the wrong yoke.

3. Cylinders are colour coded to reduce accidental use of the wrong gas or vapour.

4. Cylinders should be stored in a dry, well-ventilated and fireproof room. They should not be stored near flammable materials such as oil or grease or near any source of heat. They should not be exposed to continuous dampness, corrosive chemicals or fumes. This can lead to corrosion of cylinders and their valves.

5. To avoid accident, full cylinders should be stored separately from empty ones. Cylinders are stored upright to avoid damage to the valves.

6. Over pressurized cylinders are hazardous and should be reported to the manufacturer.

Table:

Colour coding of medical gas cylinders and their pressure when full

	
	Colour
	Pressure, kPa

 (at room temperature)

	
	Body
	Shoulder
	

	Oxygen
	Black
	White
	13700

	Nitrous Oxide
	Blue
	Blue
	4400

	Carbon Dioxide
	Grey
	Grey
	5000

	Air
	Grey
	White/Black Quarters
	13700

	Entonox
	Blue
	White/Blue Quarters
	13700

	Oxygen / Helium
	Black
	White/Brown Quarters
	13700


Question No. 11
What is piped gas supply? What are its components and safety features?

Answer: -
Piped Gas Supply (Piped Medical Gas and Vacuum – PMGV)
A system where gases are delivered from central supply points to different sites in the hospital at a pressure of about 400 kPa. Special outlet valves supply the various needs throughout the hospital.

Oxygen, Nitrous Oxide, Entonox, compressed air and medical vacuum are commonly supplied through the pipeline system.

Components

1. Central supply points such as cylinder banks or liquid oxygen storage tank.

2. Pipe work made of special high quality copper with bacteriostatic properties.

3. Outlet which are identified by gas colour-coding, gas name and by shape. They accept matching quick connect/disconnect probes with an indexing collar specific for each gas (or gas mixture).

4. Outlet can be installed as flush-fitting units, surface-fitting units, on booms or pendants, suspended on a hose and gang mounted.

5. Flexible colour-coded hoses connect the outlet to the anaesthetic machine. The anaesthetic machine end should be permanently fixed using a nut and liner union where the thread is gas-specific and non-interchangeable (non-interchangeable screw thread, NIST, is the British Standard).

Problems in practice and safety features

1. A reserve bank of cylinder is available, should the primary supply fail. Low pressure alarms detect cross-connection.

2. Single hose test is performed to detect cross-connection.

3. Tug test is performed to detect misconnection.

4. Regulations for PGMV installation, repair and modification are enforced.

Source of Supply

The source of supply can be cylinder manifold(s) and, in the case of oxygen, a liquid oxygen storage tank or oxygen storage tank or oxygen concentrator.

Cylinder Manifold

Manifolds are used to supply Nitrous Oxide, Entonox and Oxygen.

Components

1. Large cylinders (e.g., size J) are usually divided into two groups, primary and secondary. The two groups alternate in supplying the pipelines.

2. All cylinders, in each group, are connected through non-return valves to a common pipe. This in turn is connected to the pipeline through pressure regulators.

Mechanism of action

1. In either group, all the cylinder valves are opened. This allows them to empty simultaneously.

2. The supply is automatically changed to the secondary group when the primary group is nearly empty. The changeover is achieved through a pressure-sensitive device that detects when the cylinders are nearly empty.

3. The changeover activates an electrical signaling system to alert staff to the need to change the cylinders.

Problems in practice and safety features

The manifold should be housed in a well-ventilated room built of fireproof material away from the main buildings of the hospital.

Fig. A remote probe and matching outlet socket (not drawn to scale).

Question No. 12  

How is liquid oxygen stored?

Answer: -
Liquid Oxygen

A vacuum insulated evaporator (VIE) is the most economical way to store and supply oxygen.

Components

1. A thermally insulated vessel in which vacuum is used as the insulation.

2. A pressure regulator allows gas to enter the pipelines and maintains the pressure through the pipelines at about 400 kPa.

3. A safety valve opens at 1700 kPa allowing the gas to escape when there is a build-up of pressure within the vessel. This can be due to underdemand for oxygen.

4. A control valve opens when there is an excessive demand on the system. This allows liquid oxygen to evaporate by passing through superheaters made of uninsulated coils of copper tubing.

Fig. Schematic diagram of a liquid oxygen supply system (reproduced with permission from Parbook GD et al; Basic Physics and Measurement in Anaesthesia, 3rd edition, Butterworth-Heinemann Ltd).
Mechanism of action

1. Liquid oxygen is stored (up to 1500 litres) at a temperature of 1500C to 1700C (lower than the critical temperature) and at a pressure of 5-10 atmospheres.

2. The temperature of the vessel is maintained by the high vacuum shell. Evaporation of the liquid oxygen requires heat (latent heat of vaporization). This heat is taken from the liquid oxygen, helping to maintain its low temperature.

3. The storage vessel rests on a weighing balance to measure the mass of the liquid. Fresh supplies of liquid oxygen are pumped from a tanker into the vessel.

4. The coil oxygen gas is warmed once outside the vessel in a coil of copper tubing. The increase in temperature causes an increase in pressure.

Problems in practice and safety features

1. Reserve banks of cylinders are kept in case of supply failure.

2. A liquid oxygen storage vessel should be housed away from main buildings due to the fire hazard.

____________(____________

Question No. 13

How pressure is being regulated in gas cylinder?

Answer: -
Pressure regulator (Reducing Valve)

Gas and vapour are stored under high pressure in cylinders. A regulator reduces the variable cylinder pressure to a constant operating pressure of about 400 kPa.

The temperature and pressure of the cylinder contents decrease with use. In order to maintain flow, constant adjustment of the flowmeter is required in the absence of regulators.

Regulators protect the components of the anaesthetic machine against pressure surges. They are positioned between the cylinders and the rest of the anaesthetic machine.

Components

1. An inlet leading to a high pressure chamber with a valve.

2. This valve leads to a low pressure chamber and outlet.

3. A diaphragm attached to a spring is situated in the low pressure chamber.

Fig. The principles of a pressure regulator (reducing valve) 

Mechanism of action

1. Gas enters the high-pressure chamber and passes into the low-pressure chamber via the valve.

2. The force exerted by the high pressure gas tries to close the valve. The opposing force of the diaphragm and spring tries to open the valve. A balance is reached between the two opposing forces. This maintains a gas flow under a constant pressure of about 400 kPa.

Problems in practice and safety features
1. Formation of ice inside the regulator can occur. If the cylinder contains water vapour, this may condense and freeze as a result of the heat lost when gas expands on entry into the low-pressure chamber.

2. The diaphragm can rupture.

3. Relief valves (usually set at 700 kPa) are fitted downstream of the regulators and allow the escape of gas, should the regulators fail.

4. A one-way valve is positioned within the cylinder supply line. This prevents backflow and loss of gas from the pipeline supplies, should a cylinder not be connected. This one-way valve may be incorporated into the design of the pressure regulator.

Question No. 14

The total saturated vapour pressure in a half-full size “Entonox” compressed-gas cylinder containing 50% O2 and 50% N2O by volume is 1100 psia. What is the partial saturated vapour pressure of N2O within this cylinder?

Answer: -
Entonox is a commercially available single-cylinder gas mixture that contains 50% O2 and 50% N2O by volume. Because the attractive forces between N2O molecules are not as strong when mixed with O2, condensation of N2O does not occur when the ambient temperature is greater than –5.50C. Therefore this gas mixture obeys the principles of Dalton’s law, which states that the total pressure exerted by the gas mixture is the sum of the individual pressure exerted by the constituents of the gas mixture. The pressure within a size “E” compressed gas cylinder completely filled with Entonox is 2200 psia (the partial pressure of N2O is 1100 psia). Thus, the partial pressure exerted by N2O in a half-full cylinder is 550 psia.

____________(____________
Question No. 15
Define breathing circuit/system and classify them. Also enumerate the desirable characteristics of a good circuit.

Answer: -
A breathing circuit is defined as that part of the anaesthetic apparatus down stream from the back bar and in which the gases are at, or not far from atmospheric pressure, and from which and into which the patient breathes.

Classification: -

Circuits can be classified as follows: -

A.

1. Open mask method

2. Semi-open or semi-closed

3. Closed circuit

4. Field circuit

B.

1. Non rebreathing systems 

2. Rebreathing is possible although not intended

3. Rebreathing systems

a. Unidirectional (circle system)

b. Bidirectional (to & fro system)

Desirable Characteristics: -

The desirable features to be found in a good anaesthetic breathing system are: -

1. Accuracy in delivering the oxygen and anaesthetic substances to the patient.

2. Low dead space.

3. Efficient elimination of CO2.

4. A low resistance to gas flow except in certain well defined circumstances, such as the application of PEEP.

5. Safety in clinical uses.

6. Conservance of body heat and moisture.

7. Convenience in use.

8. Easy to disinfect or sterilize.

____________(____________

Question No. 16
What is meant by open mask method? What are its disadvantages?

Answer: -
Open mask method was introduced by “Simpson” for use with chloroform in 1847. He used a folded handkerchief. Today the Schimmelbush mask is used which is a modification of Skinners wire frame. It is useful for giving chloroform, ethyl chloride and Halothane, ether, administered by drop method onto the mask. In open mask method, concentration of vapour delivered is unpredictable.

Disadvantages:

The disadvantages of open drop method are: -

1. It does not fit the face.

2. There is free access of air.

3. Little control over the concentration of oxygen and other gases received by the patient because air dilution is inevitable.

4. The inhaled air-anaesthetic mixture is at low temperature and respiratory passage raises the temperature to 370C and also saturates it with water vapours. There is a heat loss from the patient of about 300 calories/minute using ether.

5. Wastage of gases.

6. Condensation blockade.

7. Risk of aspiration.

8. Inability to perform IPPV.

9. Damage to skin and eyes by anaesthetic agent.

____________(____________
Question No. 17
What is the Mapleson classification? What are the other names for the Mapleson circuits?

Answer: -
In 1954 Mapleson classified anaesthetic breathing systems into five types A,B,C,D and E.

The Mapleson A circuit is known as the Magill circuit, named for Sir Ivan Whiteside Magill (1988-1986), who introduced endotracheal intubation and Magill’s forceps and first described and used circuit A. If the fresh gas flow tubing of a Mapleson D circuit travels within the corrugated tubing, the circuit becomes a Bain circuit. This design was first used by Sir Robert Macintosh (of laryngoscope fame) and E.A. Pask during the Second World War to test the buoyant qualities of life jackets with unconscious persons. Pask allowed himself to be anaesthetized using the Bain circuit and was then tossed into choppy water on several occasions. Because he did not drown, the life jacket design was deemed a success. The Mapleson E circuit is known as the Ayre’s T-piece and was used primarily for paediatric anaesthesia years ago; now it is used for weaning patients from mechanical ventilation and is often incorrectly referred to as a “T-bar”. The Mapleson F circuit is known as the Jackson-Rees modification of the Ayre’s T-piece.

Question No. 18
Which system is most satisfactory for spontaneous respiration? Why is the Magill’s attachment not suitable for controlled ventilation?

Answer: -
Mapleson A system, also called Magill attachment is the most satisfactory with spontaneous respiration. It consists of a reservoir bag, a corrugated hose of about 42 inches in length, an expiratory valve and a connection to either a face piece or an endotracheal tube.

A fresh gas flow of about 5 liters/min (in young healthy adult) or rather less than the patient’s minute volume is sufficient to prevent rebreathing of alveolar gases.
Because when the assisted ventilation is used, the expiratory valve has to be kept almost closed, at the end of inspiratory phase, the bag is still squeezed and the excess of fresh gases are blown out of the valve. At the end of inspiration, the reservoir bag may be completely empty and as soon as the anaesthetist relaxes his pressure on it, the patient exhales into the corrugated hose. On this occasion, the dead space and alveolar gases may pass back to the reservoir bag. There is natural tendency to allow no expiratory pause, so when the anaesthetist squeezes the bag again, the first gases to enter the patient’s lungs will be the exhaled alveolar gases. When the expiratory valve opens it is fresh gas, which escapes. Therefore there is considerable rebreathing.

Question No. 19
What is the Bain co-axial system? (Bain Coaxial – USA) (Penlon Coaxial – UK)? How can you detect a leakage in the inner (inspiratory) tube of the Bain system?

This system is the modification of Mapleson D system, in which the fresh gases enter the narrow – bore inflow tube which lies within the lumen of the exhalation limb to terminate close to the patient end. The system carries a single tube to the patient. It is light in weight and can be used in all age groups, and for spontaneous or IPPV. It is also useful for head and neck operations. With IPPV a fresh gas flow of 70ml/kg or 5  litres/min for a man of 70 kg is required and a flow of 3 litres per minute is required for small children and infants. For spontaneous breathing FGF required is 3 times the minute volume. 

Hazards can occur if the inner tube is broken or dislodged.


Leakage detection:

A leakage is detected by Pathik’s test. The system is attached to the anaesthetic apparatus. FGF is opened. The distal end of the system is occluded with the thumb till the reservoir bag is full. Then the distal end is opened and in an intact system, the reservoir bag will be emptied rapidly due to Venturi effect exerted by the jet flow at the distal end of the inner limb. In case of leakage, the gas will keep on flowing to the outer limb and the bag will remain distended.

Question No. 20
What is the Ayre’s T-Piece Technique? What are the modifications to Ayre’s T. Piece?

Answer: -
However efficient an expiratory valve may be, it is bound to have some resistance to exhalation. To avoid this resistance, the T-piece circuit may be used. The fresh gases are supplied via a small-bore tube to the side arm of an Ayer’s T-piece. The main body of the T-piece is within the breathing circuit. One end of the body is connected by the shortest possible means to the patient; the other end of the T-piece is connected to a length of tubing which acts as a reservoir. The diameter of reservoir limb must be sufficient to present no resistance to the patient. It should be not less than 0.75 cm for a neonate and not less than 2cm for an adult.

T-piece circuit is suitable for neonates and infants where an expiratory valve presents a significant resistance.


The modifications to Ayre’s T-piece are: -

1. The Cape Town attachment

These directs FGF into endotracheal tube or face mask connection and reduces the functional dead space than the apparatus dead space due to the continuous flushing action of the fresh gas flow (FGF).

2. Co-axial arrangement

Its principle is similar to Bain system but has no expiratory valve.

3. The Y-piece

Here the fresh gas entering a y-piece reduces the functional dead space by utilizing the Coanda’s effect.

4. The Bethune T-piece

In this system the FGF enters the breathing system closer to the patient than in a traditional T-piece.

5. Jackson Ree’s T-tube system

The T-piece is incorporated with in an endotracheal tube. However the increased resistance to flow across the respiratory limb has reduced the popularity of this system.

6. Stellebosch universal T-piece system

This is an anaesthesia kit which incorporates many of the above mentioned modifications.

____________(____________
Question No. 21
What is the Lack System?

Answer: -
This is the modification of Mapleson A system. There are two tubes, one inner and the other outer. The outer is inspiratory while the inner is expiratory. The valve is situated near the anaesthetic apparatus.

The inspiratory limb capacity is 500ml and resistance to breathing is acceptable. For spontaneous breathing, it is more superior to Bain and Mapleson A system. It is relatively economical in the use of fresh gases, easy scavenging facilities and provision of humidity.

The recommended fresh gas flow use with spontaneous respiration is 58 ml/kg/min.

Mapleson A – 80 ml/kg/min

Bain System – 173 ml/kg/min


____________(____________
Question No. 22
What is the Jackson Ree’s modification?

Answer: -
A great improvement in the T-piece has been made by Ree by adding to the end of the reservoir limb, a small double ended bag. During spontaneous breathing small movements of the semi-collapsed bag indicate the patient’s respiration. During the controlled ventilation the open end of the bag is partially or totally occluded by the fifth finger during the inspiratory phase while the bag is squeezed between the other fingers and the thumb. The fifth is relaxed during expiration.

This simple circuit is extremely efficient for infants and small children.

Question No. 23

Write short note on Ambu non-rebreathing valves

Answer: -
Ambu non-rebreathing valve

It has two silicone rubber flaps instead of a bobbin. The valve can be easily dismantled, cleaned and autoclaved or gas sterilized. It can be used in both spontaneous and controlled ventilation. It may be of 3 types, namely ambu E, Ambu Hess and Ambu E2.

Ambu E valve has got the dead space of 10 ml. Its resistance to gas flow ranges from 0.6 to 2.1 cm water in inspiration and 0.6 to 2.5 cm water in expiration with a flow rate 5 to 40 L per minute.

In Ambu E valve, the fresh gases pass through first elastic non return valve which is open during inspiration (either spontaneous or controlled). At that time, the valve also presses to close the expiratory limb. During expiration the first valve closes and the second non return valve opens to allow the expired gases to void in the atmosphere. During inspiration the second valve remains closed so that air from outside can not enter. During the expiratory pause excess gases may pass outside straightaway as both valves open partially. This prevents excessive build up of pressure.

Ambu Hess valve is of low resistance to gas flow, only 0.4 cm water pressure during inspiration and 0.6 cm water during expiration with flow rate of 25 L per minute. The dead space is usually 14 ml. It is the more suitable valve for use with the EMO apparatus.

Ambu E2 is more or less similar to Ambu E but it has no exhalation shutter at the end of exhalation channel, so during spontaneous ventilation, there is inhalation of air from exhalation channel along with fresh gas. But in controlled ventilation during positive pressure caused by bag squeezing, only the fresh gases are passed to the patient due to closure of exhalation port. During exhalation, the inhalation shutter closes and the exhaled gases are voided to the atmosphere.

Ambu valve

This non-rebreathing valve is commonly used with Ambu resuscitation bag. It is used only in controlled respiration. The valve may be made of metal or clear plastic material. It is highly efficient in controlled or assisted ventilation, but during spontaneous ventilation the interior disc does not move and the patient inhales atmospheric air.

Fig. Section of Ruben Valve 




Fig. Ruben Valve

A= inlet, B= outlet, C= to patient
____________(____________

Question No. 24

What are the different types of anaesthesia circuits?

Answer: -
Breathing circuits are usually classified as 

· open, 

· semi-open, 

· semi-closed, 

· Closed. 

Variable features of each type include a source of fresh gas, corrugated tubing, one-way valves, active or passive carbon dioxide scavenging and elimination, rebreathing of exhaled gases, and a pressure relief valve (pop-off).

____________(____________

Question No.  25

Give an example of an open circuit.

Answer: -
An open circuit is the method by which the first anaesthetics were given 150 years ago. The “circuit” consists simply of a bit of cloth saturated with ether or chloroform and held over the patient’s face. The patient breathes the vapours and becomes anaesthetized. The depth of anaesthesia was controlled by the amount of liquid anaesthetic on the cloth; hence, it took a great deal of trial and error to become good at the technique. Later, the cloth was placed over wire-mesh face masks designed to fit the patient’s face. Face masks of the same style are still used, but without the wire mesh.

____________(____________

Question No. 26

Give an example of a semi-open circuit.

Answer: -
The various semi-open circuits were fully described by Mapleson and are commonly known as the Mapleson A, B, C, D, E and F circuits. All have in common a source of fresh gas, corrugated tubing (corrugated tubing is more resistant to kinking), and a pop-off or adjustable pressure limiting valve. 

Differences among the circuits include the location of the pop-off valve and fresh gas input and whether or not a gas reservoir bag is present. 

Advantages of the Mapleson series are simplicity of design, ability to change the depth of anaesthesia rapidly, portability, and lack of rebreathing of exhaled gases (provided fresh gas flow is adequate). 

Disadvantages include lack of conservation of heat and moisture, limited ability to scavenge waste gases, and high requirements for fresh gas flow. The Mapleson series is the most commonly used anaesthetic delivery system in Great Britain.

____________(____________
Question No.  27

Give an example of a semi-closed circuit.

Answer: -
The prototypical semi-closed circuit is the circle system, which is found in most operating rooms in the United States. Every semi-closed system contains an inspiratory limb, expiratory limb, uni-directional valves, Carbon dioxide absorber, gas reservoir bag, and a pop-off valve on the expiratory limb.

Advantages of a circle system include conservation of heat and moisture, ability to use low flows of fresh gas (thereby conserving volatile anaesthetic and the ozone layer), and the ability to scavenge waste gases.

Disadvantages include a complex design with approximately 10 connections, each of which has the potential for failure; a large, bulky design that limits portability; and rebreathing of exhaled gases.

____________(____________

Question No. 28

Give an example of a closed circuit.

Answer: -
In closed breathing systems the inflow gas into a circle system is low enough to allow closure of the overflow valve and all carbon dioxide (CO2) is eliminated by the absorber. Closed-circuit anaesthesia is a tedious theoretical exercise that appears every year on the in-training/board examination, although few people use it on a regular basis in the operating room. A full discussion of this complex subject can be found in most standard textbooks.

Question No. 29

Draw the Mapleson A, B, C, D, E and F circuits.

Question No. 30

What are the fresh gas glow requirements for each Mapleson circuit to prevent rebreathing of CO2?

Answer: -
A:
Spontaneous breathing – equal to patient’s minute volume


Controlled ventilation – 3 x minute ventilation

B:
No common clinical use, but requires twice the patient’s minute volume

C:
No common clinical use, require but twice the patient’s minute volume

D:
Spontaneous breathing – 2 x minute ventilation


Controlled ventilation – 70-80 ml. Kg-1 . min-1 or ml/kg/min.

E:
Spontaneous breathing – 3 x minute ventilation

Controlled ventilation – unable to use this circuit for controlled ventilation

F:
Twice the minute volume is needed for both controlled and spontaneous ventilation.

____________(____________
Question No. 31

A patient was admitted in ICU with the following ABGs report F1O2 was 60% on ventilator.

ph 
=
7.37

PO2 
=
100mm Hg

PCO3 
= 
30 mm Hg

HCO3 
= 
15 meg/L

BE 
= 
- 10

5 PO2
= 
97 %

a. What is the D/D?

b. What is Alveolar gas equation?

c. Calculate P (A-a) O2.

d. Enumerate factors affecting tissue oxygenation

e. How would you assess tissue hypoxia?
Answer: -
Explanation of ABG’s Report:

1. pH => normal (7.35 – 7.4)

2. PO2 => hypoxaemia relevant to FiO2 of 0.6

3. PCO2 => 30 mmHg (pt. Hyperventilated)

4. HCO2 => 15 meg/L (Acidosis)

Report shows hypoxaemia with respiratory alkalosis and metabolic acidosis.

D/D: -

1. ARDS (Non Cardiogenic PA)

2. Pulmonary Oedema (Cardiogenic)

3. Pneumonia

4. COPD

Definite Diagnosis

Hypoxaemia unresponsive of O2 therapy characteristic of ARDS

Calculation of P (A – a) O2
PaO2 
= 100 mmHg

PAO2 
= PiO2 – PaCo2 (Alveolar gas equation)



   RQ


= FiO2 x Barometric pressure


= 0.6 x (760 – 47) – 30 / 0.8


= 390 mmHg

PAO2 – PaO2 = 390 – 100



= 290 mmHg

Factors affecting tissue oxygenation

a. FiO2
b. Respiratory effort

c. Pulmonary function

d. Cardiac output

e. Hb concentration

f. SpO2
g. Tissue utilization

Tissue hypoxia determined by mixed venous oxygen tension (PvO2) derived from pulmonary artery blood through PA catheter. Normal PvO2 is 40 mmHg. A value of < 35 mmHg indicates tissue hypoxia.

____________(____________

Question No. 32

What method could you adopt to prepare a 4% concentration in air of a volatile anaesthetic whose molecular weight is 119, liquid density 1.5, and saturated vapour pressure at 200C of 160 mmHg?
Answer: -
This agent is chloroform and it may earn to point this out, providing the rest of the answer is up to the examiners’ requirements. 

Two basic approaches can be adopted, i.e., preparation of a static mixture, e.g., in a Douglas bag; preparation of a continuous flow mixture from an efficient vapouriser. In both cases, 4 cc of  CHCL3 vapor with 96 cc of air (or multiples thereof) have to be obtained at 200 (i.e., room temperature).

1. Preparation of a static mixture in a Douglas Bag

The gram molecular weight at NTP occupies 22.4 litre (Avogadro)

Assume PBAR = 760 mmHg

GMW at NP and 200C occupies 22.4 x 293 / 273 = 24 litres

119 g of CHCL3 will give 24 litres of vapour

Equivalent volume of CHCL3 liquid = 119 / 115 = 80 cc

i.e., 80 cc CHCL3 give 24 litres CHCL3 vapour.

Air dilution:

if 24 litres
=
4%




     6 litres
=
1%




600 litres
=
100%

Air required = 600 – 24 litres = 576 litres

80 ml of liquid CHCL3 with 576 litres of air will give 4% vapour

e.g., to make 60 litres of 4% CHCL3 vapour at 200C in a Douglas bag – pass air through a measuring device, such as a gas meter, until there is 57.6 litres in the bag. Then inject 8cc of liquid CHCL3.

2. Preparation of a continuous flow mixture

Air is passed to a vapouriser and, by arrangement of a suitable splitting ration, one stream passes through the vapouriser and another bypasses it. When the two streams are re-mixed the 4% mixture can be obtained.

Saturation concentration at 200C = 160 / 760 x 100% = 20% approx

80cc air passing through and efficient vapourizer maintained at 200C 

would be emerging as 100 cc of air-vapour mixture. This would have to be diluted by a by-pass air stream of 20/4 x 80 = 400 cc

To give 20cc of vapour in 500 cc, i.e., 4%

Splitting ratio of air streams = 80 to 400






Or  1 to 5.

____________(____________

Question No. 33

A mechanical ventilator is set to deliver a VT of 500 mL at a rate of 10 breaths/min and an inspiratory-to-expiratory (I:E) ratio of 1:2. The fresh-gas flow into the breathing circuit is 6 L/min. in a patient with normal total pulmonary compliance, what would be the actual VT delivered to the patient?

Answer: -
The contribution of the fresh-gas flow from the anaesthesia machine to the patient’s VT should be considered when setting the VT of a mechanical ventilator. Because the ventilator pressure-relief valve is closed during inspiration, both the gas from the ventilator bellows and the fresh gas flow will be delivered to the patient breathing circuit.

In this question the fresh gas flow is 6 L/min or 100 mL/sec (6000mL/60sec). Each breath lasts 6 sec (60 sec/10 breaths) with inspiration lasting two second (I:E ratio = 1:2). Under these conditions, the VT delivered to the patient by the mechanical ventilator will be augmented by approximately 200 mL to a VT of 700 mL.

Question No. 34
High-pressure endotracheal tube cuffs must be inflated to what pressure to produce an adequate seal between the cuff and the wall of the tracheal?

Answer: -
Inflation of endotracheal tube cuffs with air will create a seal against the underlying tracheal mucosa, which will facilitate positive pressure ventilation of the lungs and reduce the likelihood of aspiration of pharyngeal or gastric secretions. High-pressure endotracheal tube cuffs must be inflated to an intraluminal cuff pressure of approx 180 mmHg to 250 mmHg to create an adequate seal between the cuff and the tracheal mucosa. Because this high cuff pressure is partially transmitted to the underlying tracheal mucosa, ischemia of tracheal mucosa can occur whenever the pressure on the tracheal wall exceeds intracapillary pressure (approx 32 mmHg). If the ischemia of tracheal wall is persistent, destruction of the cartilaginous tracheal rings and tracheomalacia can occur.

____________(____________
Question No. 35

Draw a circle system.

Answer: -
From Andrew JJ: Inhaled anaesthetic delivery system. In Miller RD (ed): Anaesthesia, 4th ed. New York. Churchill Livingstone, 1994, pp 185-228, with permission.

Question No. 36

How is CO2 eliminated from a circle system?

Answer: -
The exhaled gases pass through a canister containing a CO2 absorbent such as Soda lime or Bara-lyme. Soda lime consists of calcium hydroxide [Ca(OH)2] with lesser quantities of sodium hydroxide (NaOH) and potassium hydroxide (KOH), along with an amount of water necessary for proper activity. Bara-lyme consists of barium hydroxide [Ba(OH)2], calcium hydroxide, and water of crystallization. Both Soda lime and Bara-lyme react with CO2 to form heat, water and calcium carbonate (CaCO3). For the chemically inclined, the soda lime reactions are as follows:

CO2 + H2O ( H2CO3
H2CO3 + 2NaOH ( Na2CO3 + 2H2O + Heat

Na2CO3 + Ca(OH)2 ( CaCO3 + 2NaOH

____________(____________

Question No. 37

How much CO2 can the absorbent neutralize? What factors affect its efficiency?

Answer: -
Soda lime is the most common absorber and at most can absorb 23 L of CO2 per 100 gm of absorbent. However, the average absorber eliminates 10-15 L of CO2 per 100 gm absorbent in single-chamber system and 18-20L of CO2 in a dual-chamber system. Factors affecting efficiency include the size of the absorber canister (the patient’s tidal volume should be accommodated entirely within the void space of the canister), the size of the absorbent granule (optimal size is 2.5 mm or between 4 and 8 mesh), and the presence or absence of channeling (loose packing allowing exhaled gases to bypass absorber granules in the canister).

Question No. 38
Give out line of Boyle’s Machine.

Answer: -
Cylinders: are manufactured and tested and information conveyed by them are, i.e. colour, markings or engravings – nitrous oxide, carbon dioxide, ethylene and cyclopropane, are in the liquid state – the pressure inside each cylinder at room temperature must be common.

Reducing valves or regulators

A fine adjustment valve merely consists of a screw control and a conical spindle or ball in a seating, through which the gas is allowed to escape.

A diaphragm with a stiff spring regulates the outlet pressure from the regulating compartment. Various arrangements are used so that displacement of the diaphragm controls the flow into this compartment from the cylinder. A rise in pressure distends the diaphragm which, by a rocking lever, toggle-lever (lazy tongs) or some other system restricts the inlet orifice to the regulating compartment. The output pressure is determined by the load of the spring. The output pressure of modern regulators is 60 psi to bring them in line with piped sources. Before copper tubing was used on anaesthetic machines, the regulator output was kept down to about 7 psi so that rubber connections were not blown off.

Regulators may be one or two-stage. The Merlin valve on the “Entonox” apparatus is a two-stage regulator of great and topical interest. The first-stage reduction is achieved by a conventional regulator, i.e. a spring-loaded diaphragm which pulls a spindle carrying a conical piston-like valve into the seating through which the gas escapes from the cylinder. The second-stage reduction is unconventional. The area of the diaphragm is relatively enormous and it has no spring. In fact, this diaphragm is open to the atmosphere via holes at the bottom of the apparatus. A spindle and lever system permits exhaust of gas from the first-stage compartment. The activation for this must be a pressure lower than that on the outside of the diaphragm, i.e. a subatmospheric activating pressure – in other words this is a demand valve activated by an inspiratory effort of the mother. 

A Bourdon pressure gauge is fitted to the oxygen coupling. The gas from the cylinder is permitted to enter a blind-ended, hollow, curled up metal tube. The uncurling of this tube is proportional to the pressure within it. A suitable gear chain drives a lever which may be calibrated directly in volume since Boyle’s Law applies to compressed oxygen in a cylinder. As the other gases, i.e. CO2, N2O and Cyclopropane are liquids; they are usually fitted with one of these gauges as the later would measure the S.V.P. and not the state of “Fullness” of the cylinders.

Flowmetres Look up the development and evolution of these into the modern rotameter. This is a constant pressure device i.e. the rotameter.  Flowmetres have two elements, viz, the float and a conical glass tube (wider at the top). At the bottom of the tube, the gap between the head of the float and the side walls is much longer than it is wide. Flow is thus laminar, and the pressure supporting the float, and hence the volume flow past it, is 

α        1             (Poiseuille).

      
   Viscosity

At the top of the tube the gap between the head of the float and the sidewalls becomes relatively large. Flow thus becomes turbulent, and the pressure supporting the float and hence the volume flow past it, is 


α 
   1


      density 

(Graham). 

This explains firstly why the calibration on the tube are non-linear, and secondly, why each flowmeter is unique to each gas.

Helium has a similar viscosity to air, but about one-third the density therefore, in respiratory obstruction i.e. where gas flow is turbulent, an oxygen/helium mixture will reduce the resistance to flow by 67% - this can be a life-saving maneuver in cases of glottic oedema, etc. Try speaking after a few breaths of 21% oxygen in helium and note the effect on phonation.

The injector principle is used in the Ventimask for oxygen therapy, in the air-mix control, or for creating a negative phase in certain ventilators.

Question No. 39

What is a vaporiser? Classify and give example of each. How is an appropriate concentration of anaesthetic vapour provided by a vaporizer?

Answer: -

A vaporizer is a device for adding clinically calculated concentration of anaesthetic vapour to a stream of carrier gas.

Classification

Vaporizers are classified as: -

1. Plenum vaporiser:
In this type a positive pressure is developed up stream of vaporiser e.g. by gas from the flow meter.

2. Draw over vaporiser:
In this type a negative pressure is developed in the gas stream distal to the vaporiser. This –ve pressure is generated by the patients respiratory effort or by mechanical means. e. g.  Goldman’s    halothane  vaporizer.

Examples:

Plenum vaporiser:  Boyle’s bottle, Abingdon, Drager, Fluotec, Copper kettle, Tecota and Cardiff inhalers.

Draw – over vaporiser: EMO (Oxford miniature vaporiser), PAC (Cyprane) 

The saturated vapour pressure of volatile anaesthetic agents at room temperature is many times greater than that required to produce anaesthesia, so vaporiser mixes gas passing through a vaporizing chamber with gas containing no vapour to produce a final mixture with the appropriate concentration.

Question No. 40
Which one is the earliest type of plenum vaporiser and how it works?

Answer: -
Boyle’s bottle is the earliest and simplest type of plenum vaporizer. The liquid anaesthetic is contained in a glass bottle and the proportion of gas flowing through the chamber relative to that flowing through the bypass is controlled by a rotatory valve. If control lever of this valve is in full – on position, then all the gas flows directly over the surface of the anaesthetic agent. If lever is rotated to downwards position then part of gas flows is diverted through the bypass channel.

____________(____________

Question No. 41
What are the disadvantages of Boyle’s bottle and the measures adapted to overcome them? Also describe the anaesthetic agents used in Boyle’s bottle.

Answer: 
In this vaporizer the degree of saturation of the gas leaving the chamber is very dependent on the flow rate; the final concentration is greater at low flow rates.

In order to overcome this problem the vaporizer is filled with a plunger and cowl, which can direct the gas stream closer to the surface of the liquid or to be bubbled through the liquid.

This vaporizer has the inconvenience of requiring a second control to operate it, especially during induction to achieve an adequate concentration of an anaesthetic agent.

Mostly ether and sometimes trilene are used. These vaporizers are normally specifically designed and calibrated for use with one anaesthetic agent only.

Question No. 42
Other than the flow rate what is the other problem of Boyle's bottle?

Answer: -
As the anaesthetic agent vaporizes, it draws latent heat of vaporization from the remaining liquid anaesthetic and from the walls of vaporiser. The temperature and the saturated vapour pressure of the agent therefore falls, and the concentration of anaesthetic agent from the vaporiser than decreases. 

____________(____________
Question No. 43

At what rate is flow dependence worst and how is it overcome? 

Answer: -
The flow dependence is usually worst at flow rates below one litre per minute.

The problem of flow dependence is overcome if it can be arranged that all the gas emerging from the vaporizing chamber is fully saturated at all flow rates so that the final percentage of anaesthetic vapour delivered from the vaporiser is controlled by adjustment of the splitting ratio and is independent of the flow.

____________(____________
Question No. 44
To achieve full saturation a large surface area must be available for vaporization with in the vaporizing chamber, how it is provided in a vaporiser? What is the alternative method to achieve full saturation?

Answer: -
One method of achieving this is to place in the vaporizing chamber metallic or fabric wicks, one end of which dips into the anaesthetic liquid while the other end projects up into the chamber. The surface tension between the liquid anaesthetic and the capillary channels in the wicks draws up the anaesthetic and provides a large surface area of anaesthetic, which assists efficient vaporization. This method is used in Fluotec, Drager & Abingdon vaporiser.

An alternative method is to bubble the gas through the liquid anaesthetic by means of a sintered disc of glass or metal. This produces large numbers of minute bubbles which have a large total surface area. Copper Kettle vaporiser uses   this system.

____________(____________
Question No. 45-A

How the temperature is controlled in a vaporizer? Describe methods of temperature compensation in a vaporizer.

Answer: -
The glass in the wall of Boyle’s bottle is a poor conductor of heat & prevents effective conduction of heat from the surroundings. More advanced types of vaporizers are made of metal which has a good thermal conductivity and allows heat to be transferred from the surroundings to the vaporizing chamber. In addition, metal itself acts as a reservoir of heat to delay & reduce temperature fluctuations, as the heat capacity of metal will be added to that of anaesthetic in the vaporizer.

Temperature compensation is produced by temperature controlled valve, consisting of:
1. Bimetallic strip consists of 2 metals which have different coefficients of thermal expansion and which are jointed together. It bends or straightens. This type of strip is used in Fluotec and PAC vaporizers, and also in the Tekota and Cardiff inhalers.

2. Flexible bellows containing some fluid that has high coefficient of expansion are also used for temperature compensation. As the temperature changes, the bellows expands or contract and thus open or close the valve. This method is used in EMO, Abingdon and Ohio vaporizers. 

3. Metal rod is used in Drager vaporiser.

Question No. 45-B


What is the specific heat capacity of water when it is used as a heat reservoir in a vaporiser?

It is 1150 kJ, while the heat capacity of copper is 2250 JK-1 

Question No. 46


What are the effects of pressure on the vaporiser? How is pumping effect overcome?

Answer: -
During I.P.P.V. gas is supplied to the vaporizer at a constant rate, which is set on the flow meters but intermittent back pressure from the ventilator can occur at the out let of vaporizer. If the volume of vaporizing chamber is large than the bypass channel, gas may expand out of inlet and outlet of vaporizing chamber when the back pressure from the ventilator falls. This gas containing anaesthetic agent will flow into the bypass channel and increase the output concentration of vaporiser,

The pumping effect may be over come in a number of ways;

1. A pressurizing valve can be inducted down stream of the vaporiser to ensure that the pressure within the vaporiser is constant and greater than the pressure at the ventilator.

2. The vaporiser may be designed so that the volume of bypass channel and vaporizing chamber are equal.

3. A long inlet tube or outlet tube to the vaporizing chamber can be provided so that retrograde flow from the vaporizing chamber never reaches the bypass channel. 

4. A non return valve at the end of back bar.

____________(____________

Question No. 47
What is the ideal position of the vaporiser on the anaesthetic machine? What is meant by vaporizer in tandem?

Answer: -
The vaporizer should be placed between the flowmeter block and emergency oxygen flush control so that there is no risk that that the high flow of oxygen from the later can be delivered through it.

Vaporizer in tandem means vaporizers side by side. If two vaporizers are situated in tandem, the second one could become contaminated with vapours from the first. To solve this problem a simple vaporizers such as a Boyle’s bottle may be placed in a second position because this can be readily cleaned.

Question No. 48-A
Why draw over vaporizers are ideal for use outside hospital?

Answer: -
Because they are used in portable anaesthetic apparatus, they do not require cylinder gas supplies, they can be used in major disasters or in remote areas.

Question No. 48-B

How do you take care of vaporiser?

Answer: -
1. Annual servicing of vaporiser along with the calibration of vaporiser which can be checked with the refractometer.

2. Vaporiser is drained and refilled at regular intervals, usually weekly to prevent accumulation of preservatives such as Thymol.

3. Vaporizers are filled only with appropriate anaesthetic. To prevent accidental filling of vaporiser with the wrong liquid, a safety system is available using filler tubes & caps which only fit the appropriate vaporizers & bottles of anaesthetic.

____________(____________

Question No. 49


Why a temperature compensated, variable – bypass vaporizer can’t be used with Desflurane? Describe the working of Tec-6 vaporizer.

Answer: -

Contemporary variable- bypass, temperature – compensated vaporizer divide the fresh gas flow between bypass channel and vaporizing chamber. The majority of the fresh gas flows through the bypass channel; relatively little flows through the vaporizing chamber. The portion emerging from the vaporizing chamber is assumed to be fully saturated with anesthetic gas. For example, with a fresh gas flow of  5 L. min-1 and with the isoflurane vaporizer set to deliver 1 %, approximately 4900 ml-min-1 of fresh gas flow passes through the bypass channel and 100 ml min-1 into the vaporizing chamber, which picks up approximately 50 ml-min-1 of isoflurane vapor to give the desired output concentration of 1 %. The temperature compensating mechanism ensures that an increased portion of the total fresh gas flow is diverted into the vaporizing chamber as the liquid anesthetic in the vaporizing chamber cools during vaporization.

The unsuitability of contemporary vaporizers to deliver desflurane has been reviewed by Andrews.

1. Because of its high vapour pressure, large volumes of desflurane would be vaporized by a variable-bypass vaporizer. For example, 100 ml-min-1 of oxygen would pick up 862 ml – min-1 of desflurane in a traditional vaporizer (compared to 50 ml-min-1 of isoflurane). Thus, over 86 L min-1 of fresh gas flow would be needed to attain an output of 1 % desflurane.

2. Above 23.5 Co, desflurane boils, producing vast amounts of desflurane vapor dependent only on the heat energy available to the vaporizer.

3. Because the minimum alveolar concentration (MAC) of desflurane is many times greater than that of current volatile anesthetic, vaporization of desflurane in clinically useful concentrations will result in significant cooling of the liquid desflurane. The mechanical devices used in current variable-bypass vaporizers would be ineffective in providing temperature compensation because of the steep slope of the desflurane vaporization curve.

Tec-6 vaporizer is used for Desflurane. It’s BP 2238o C and VP is 669 (at 200 C). Tec-6 desflurane vaporizer mixes desflurane vapour into fresh gas just before the latter exits the vaporizer. The fixed resistor creates back pressure which pushes pressure transducer. A heated sump (39oC) creates desflurane vapour under pressure (1500 mmHg). A pressure regulating valve controls the release of vapour from the sump into vaporizer. There is electronic control and has auditory alarm with five indicator light; operational, no output, low agent, warm up and alarm battery low.

Remember it is the anaesthetic partial pressure (expressed in mmHg) and not concentration (expressed in Vol/Vol percent) that causes anaesthesia, Tec-6 vaporizer maintains constant output but variable partial pressure output. Thus the conc. dial must be adjusted.

Question No. 50

What is different about the desflurane vaporizer?

Answer: -
The Tec 6 vaporizer is a unique vaporizer designed for desflurane, which has a vapor pressure of 664 torr at 200C. This vaporizer actively heats the liquid agent to 390C. It was deemed necessary to provide active heating to consistently vaporizing desflurane since it boils near room temperature, and small changes in the vaporizer temperature would cause large changes in saturated vapour pressure. Desflurane is less potent than other common agents and up to 18% volumes percent may be delivered. There are electron alarms for low agent level, no agent output, and low battery. Desflurane boils at room temperature, and the bottles interlock with the vaporizer to prevent loss of agent while filling. 

____________(____________

Question No. 51

Halothane is administered from a Vernitrol vaporizer to a patient in a submarine cabin (pressurized to 1,200 mmHg). The carrier-gas flow through the vaporizing chamber is 200 mL/min. what diluent fresh-gas flow is required to deliver 2% halothane to the patient?

Answer: -
The amount of volatile anaesthetic vapour leaving the vaporizer chamber will constitute a fractional volume of the total gas leaving the chamber. This fractional volume is proportional to the saturated vapour pressure of the volatile anaesthetic relative to the atmospheric pressure. Therefore, the percent of vapour concentration in the effluent gas from the vaporizing chamber is directly proportional to the ratio of saturated vapour pressure of the volatile anaesthetic and barometric pressure. This relation is mathematically expressed by the following equation: -

VCanes (%) = SVPanes * 100





Pb
Where VCanes is the vapour concentration (%) of the effluent anaesthetic gas from the vaporizing chamber, SVPanes is the saturated vapour pressure (mmHg) of the volatile anaesthetic at 220C, and Pb is the barometric pressure (mmHg). Under steady state conditions of temperature and pressure, the saturated vapour pressure is the only determinant of the concentration of volatile anaesthetic leaving the vaporizing chamber. In this example, 20% of the carrier-gas flow leaving the vaporizing chamber will be halothane vapour (240 mmHg/1200 mmHg x 100 = 20%). Since the carrier gas flow is 200 mL/min, 50 mL of halothane vapour plus the 200 mL of carrier gas will exit the vaporizing chamber (i.e., 250 mL of 20% halothane). A diluent-gas flow of approximately 2250 mL/min will be required to mix with the 250 mL of 20% halothane emerging from the vaporizing chamber to produce a delivered concentration of 2% halothane.

____________(____________

Question No. 52

A volatile anaesthetic has a saturated vapour pressure of 360 mmHg at room temperature. At what flow would this agent be delivered from a bubble-through vaporizer, if the carrier-gas flow through the vaporizing chamber is 100 mL/min?

Answer: -
The amount of anaesthetic vapour (mL) in effluent gas from a vaporizing chamber can be calculated using the following equation: -



VO = CG x SVPanes


         Pb – SVPanes 
Where VO is the vapour output (mL) of effluent gas from the vaporizer, CG is the carrier gas flow (mL/min) into the vaporizing chamber, SVPanes is the saturated vapour pressure (mmHg) of the anaesthetic gas at room temperature, and Pb is the barometric pressure (mmHg). In this question,

VO = 100 x 360



        760 – 360



VO = 36000



 400



VO = 90 mL

Question No. 53


How resistance to flow of fluids is offered? Differentiate laminar to turbulent flow.

Answer: -
Resistance to flow of liquids gases 

Whenever liquids or gases are allowed to pass through a tube, there is an opposition to flow due to internal friction of liquid or gas flow. This opposition to flow is said to be resistance. The pressure gradient between the inlet and outlet points is a measure of the resistance to the passage of liquid or gas flow along the tube. This resistance depends on the volume of the gas/liquid passing through per unit time. So a specific resistance should always be expressed alongwith. Specified flow of the gas or liquid through the tube depends on the volume of fluid flowing in a given time, length of the tube and the internal diameter of the tube.

Flow of fluids
The rate of flow of fluid through a tube or orifice depends on its density, its viscosity and the pressure difference across the tube or orifice. A tube has its length greater than its diameter and an orifice has its diameter greater than its length.

The viscosity of a fluid is a measure of its resistance to flow. It is usually measured as the coefficient of viscosity as compared with water. Temperature affects both the viscosity and density of fluids.

Nature of gas or liquid flow

The flow may be laminar or turbulent.

Laminar flow

It is always smooth and orderly. The lines of flow are moving parallel to the walls of the tube. The flow is usually slow near the sides of the tube due to resistance caused by friction with the sides of the tube. The shape of the flow head is parabolic. In laminar flow, the Hagen-Poiseuille law is applicable. When the flow is laminar or streamlined, the flow rate is directly proportional to the pressure gradient. It is also directly proportional to the fourth power of the diameter of the tube but inversely proportional to the viscosity of the fluid. In other words, the Hagen-Poiseuille law states that the pressure loss across the tube varies with 

Length of tube

( viscosity ( volume flow rate


Diameter 

Fig. Laminar Flow

Turbulent flow

Here the lines of flow are not at all parallel to the walls of tube. The turbulent flow is always rough and disorderly. Eddies containing fluid or gas particles may move across or opposite the general direction of flow. The velocity distribution tends to be uniform across the diameter of the tube. Turbulent flow is directly proportional to the volume flow squared and is dependent on the density of gas or liquid

Fig. Turbulent flow (generalized)

Turbulent flow may be either generalized or localized. Generalized turbulent flow usually occurs when the flow rate of the gas through the tube exceeds certain limits. The critical flow rate is directly proportional with the internal diameter of the tube. The ratio between the density and viscosity of the gas flowing through the tube also influences the generalized turbulent flow

Fig. Turbulent flow (localized)

Localized turbulent flow usually occurs when the gas changes direction or passes through constrictions. Roughness of the conduit or fluid bed also causes turbulent flow. In breathing system, constrictions, obstructions, sharp curves, valves, etc. are the factors of causing localized turbulence and thus increasing the resistance. The increase in resistance depends on the type and number of obstructions in the breathing system. Thus to minimize the apparatus resistance, the length of the breathing tube should be short as far as practicable, the diameter of the tube should be wide and there should not be any sharp bends or sudden variations in diameter.

Question No. 54


Describe flow of gases in tubes.
Answer: -
Flow of gases or liquids in tubes with varying diameter

When gases or liquids are allowed to flow in a tube which is tapped smoothly to a constriction and widened again to its original bore, the pressure of the substance at the side of the constriction becomes significantly lower than on either side. The pressure at the constriction depends on the speed of the liquid through it.

Fig. Flow of gases of liquids in tubes with varying diameter

Bernoulli Effect postulates that lateral pressure of the fluid is least where its velocity is greatest. By the volume flow rate through the tube of varying diameter, the lateral pressure in the region of constriction may be significantly reduced and even a marked negative pressure can be created. In such circumstances due to negative pressure, air may be sucked into the tube through a side tube, if present. This decrease in pressure is due to the conversion of pressure energy to kinetic energy.

Venturi effect

Venturi principle postulates that when fluid flows from a region of constriction to a region of wider area, the speed gradually decreases and the lateral pressure gradually increases. To regain the pressure on the downstream side of the constriction similar to that on up stream side, the Venturi tube must open out gradually. If the angle of the cone exceeds 15 degrees, the pressure will not be regained maximally. The Bernoulli theory and Venturi principal have got practical consideration in the evolution of the various injector devices with entertainment port. When the gas flows through a constriction in a tube, the pressure which was positive before constricted part becomes negative at the site of constriction. If the entertainment tube is provided at the area of constriction, air will be sucked in due to pressure of subatmospheric pressure at the region. If one jet is replaced and the constriction and entertainment tube is kept closer to the jet then the downstream part of the tube becomes a modified Venturi tube and it is then better called diffuser (fig).

Fig. Entrainment

Fig. Diffuser

Question No. 55
If the diameter of an intravenous catheter is doubled, what will happen to the flow through the catheter?

Answer: -
Factors that influence the rate of laminar flow of a substance through a tube are described by the Hagen-Poiseuille law of friction. The mathematical expression of the Hagen-Poiseuille law of friction is as follow: -

V = πr4 (ΔP)

8Lμ

Where V is the flow of substance, r is the radius of the tube, ΔP is the pressure gradient down the tube, L is the length of the tube, and μ is the viscosity of the substance. Note that the rate of laminar flow is proportional to the radius of the tube to the fourth power. If the diameter of an intravenous catheter is doubled, flow would increased by a factor of 2 raised to the fourth power (i.e., a factor of 16).

____________(____________
Question No. 56

What is Baricity?

Answer: -
Density is the weight in grams of 1 mL of a solution at a specific temperature. The ratio of the density of a solution at a specific temperature to the density of cerebrospinal fluid at that same temperature is called Baricity. Local anaesthetics used for spinal anaesthesia can be defined as hypobaric, isobaric, or hyperbaric. Hypobaric local anaesthetic solutions are less dense than CSF, isobaric local anaesthetic solutions are equally dense as CSF, and hyperbaric solutions are denser with CSF. The density of normal human CSF at 370C is 1.0001 to 1.0005 (95% confidence limits). Local anaesthetic solutions can be made hyperbaric by adding glucose in sufficient quantities to increase the baricity > 1.0008.

Question No. 57-A
Define Exponential Function.
Answer: -
One of the most important non-linear functions in nature is the exponential function. This refers to a change by constant proportions. The negative exponential function is the decay curve, i.e., decline of radioactivity, emptying gas from a cylinder through a needle valve or passive deflation of the lung. The positive exponential function, the build-up curve, would be inflation of the lung or build-up of an anaesthetic gas in the alveoli at the beginning of anaesthesia. The decay curve never reaches zero and the build-up curve never reaches a maximum.

An important feature of an exponential curve is that the common log plot of the quantity against time gives a straight line.


Decay Curve





Build-up Curve

The mathematical formulae, which describe exponential functions, make use of the exponential e. The constant, which we met earlier, is as fundamental to the exponential circle as             is to the circle.

For a decay curve the quantity present at any time, t, = Q0e-t/T
For a build-up curve, the quantity to be added at any time, t, = Qmax (1-e-t/T)

T is the time constant.

Question No.  57-B
Explain Time Constant (half life).

Answer: -
The time constant is the time the process would have taken had the initial rate of change been maintained. Since it is a fixed value for a given exponential process, it is known as the time constant.

For a decay curve, it can be shown that the quantity remaining: -

After 1 time constant is 37% of Q0
After 2 times constant is 13.5% of Q0 

After 3 times constant is 5% of Q0 

After 4 time constant is 1.8% of Q0    etc., because each value is 37% of the previous one.

Similarly for a build-up curve:

After 1 time constant 63% of the process is complete

After 2 times constant 86.5% of the process is complete

After 3 time constant 95% of the process is complete etc
It is accepted that there is not much point in continuing processes beyond three time constants. Thus, for normal lungs, (time constant 0.3 sec) the time at which the lungs would be nearly fully inflated, if the initial pressure were maintained, would be three time constants, i.e., 0.9 sec.

The build-up of an electrical signal in measuring instruments is exponential. Their response times are often stated in the manufacturers’ handbook as the 95% response time, i.e., 3 time constants.

The half-life is used to describe processes, which have an indefinite starting point, e.g., radio-activity decay. It is the time it takes the quantity at a given time to decay to half its value. The half-life can be shown to be 0.693 of the time constant.

Question No. 58

What is flow restrictor?

Answer: -
Flow Restrictors

The control of pipeline pressure surges can be achieved either by using a pressure regulator or a flow restrictor – a constriction between the pipeline supply and the rest of the anaesthetic machine. If there are no regulators in the pipeline supply, only flow restrictors, adjustment of the flowmeter controls is usually necessary when there is change in pipeline pressure.

Flow restrictors may also be used downstream of vaporizers to prevent backpressure effects.

Fig. A flow Restrictor. The constriction causes a significant pressure drop when there is a high gas flow rate.

Flow Control (needle) Valve

These valves control the flow through the flowmeters by manual adjustment. They are positioned at the base of the associated flowmeter tube. Increasing the flow of a gas is achieved by turning the valve in an anticlockwise direction.

Components

1. The body made of brass, screws into the base of the flowmeter.

2. The stem screws into the body and ends in a needle. It has screw threads allowing fine adjustment.

3. The control knobs are labeled and colour-coded.

Fig. A flow control (needle) valve and flowmeter.

Question No. 59

What is the mechanism of action of flow meters?

Answer: -
Flow Meters

Flowmeters measure the flow rate of a gas passing through them. They are individually calibrated for each gas. Calibration occurs at room temperature and atmospheric pressure (sea level). They have an accuracy of about +/-2%. For flows above 1 litre per minute, the units are litre/min and for flows below that, the units are 100ml/min.

Components

1. A flow control (needle) valve.

2. A tapered (wider at the top), transparent plastic or glass tube.

3. A lightweight rotating bobbin or ball. Bobbin-stops at either end of the tube ensure that it is always visible to the operator at extremes of flow.

Mechanism of action

1. When the needle valve is opened, gas is free to enter the tapered tube.

2. The bobbin is held floating within the tube by the gas flow passing around it. The higher the flow rate, the higher the bobbin rises within the tube.

3. The effect of gravity on the bobbin is counteracted by the gas flow. A constant pressure difference across the bobbin exists as it floats.

4. The clearance between the bobbin and the tube wall widens as the gas flow increases.

Fig.  Mechanism of action of  the flowmeter. As the bobbin rises from a  to b, the clearance increases (from x to y).

Fig. Reading a  flowmeter (top). Different types of bobbins: 1. ball; 2. non-rotating H float; 3. skirted; 4. non-skirted.

5. At low flow rates, the clearance is longer and narrower, thus acting as a tube. Under these circumstances, the flow is laminar and a function of gas viscosity (Poiseuille law).

6. At high flow rates, the clearance is shorter and wider, thus acting as an orifice. Here, the flow is turbulent and a function of gas density.

7. The top of the bobbin has slits (flutes) cut into its side. As gas flows past it, the slits cause the bobbin to rotate. A dot on the bobbin indicates to the operator that the bobbin is rotating and not stuck.

8. The reading of the flowmeter is taken form the top of the bobbin. When a ball is used the reading is generally taken from the midpoint of the ball.

Question No. 60

What are the problems & safety failure of flowmeters?

Answer: -
Problems in  practice and safety failure.

1. The flow control knobs are colour-coded for their respective gases. The oxygen control knob is situated to the left and, in some designs, is larger and has a longer stem than the other control knobs, making it easily recognizable.

2. Some designs make it impossible for nitrous oxide to be delivered without the addition of a fixed percentage of oxygen. This is achieved by using interactive oxygen and nitrous oxide controls. This help to prevent the possible of delivering a hypoxic mixture to the patient.

3. A crack in a flowmeter may result in a hypoxic mixture. To avoid this, oxygen is the last gas to be at the back bar.

4. Flow measurements can become inaccurate if the bobbin sticks to the inside wall of the flowmeter. The commonest causes are:

a. Dirt. This is a problem at low flow rates when the clearance is narrow. The source of the dirt is usually a contaminated gas supply. Filters, acting before gas enters the flowmeters, will remove the dirt;

b. Static electricity. The charge usually builds over a period of time. Using antistatic materials in flowmeter construction helps to eliminate any build-up of charge. Application of an antistatic spray removes any charge present.

5. Flowmeters are designed to be read in a vertical position.

6. Pressure rises at the common gas outlet are transmitted back to the gas above the ribbon. This results in a drop in the level of the ribbon with an inaccurate reading. Minute volume divider ventilators exert back pressure as they cycle. A flow restrictor is fitted downstream of the flowmeters to prevent this occurring.

Fig.   (a) A broken CO2 flowmeter allows oxygen to escape and a hypoxic to be delivered from the back bar.(b) A possible design measure to prevent this.

7. If facilities for the use of carbon dioxide are fitted to the machine, the flowmeter is designed to allow a maximum of 500ml/min to be added to the fresh gas flow. This ensures that dangerous levels of hypercarbia are avoided.

8. Highly accurate computer controlled gas mixers are available.

Flowmeter

· Measures pressure in cylinder or pipeline.

· Both laminar and turbulent flows are encountered, making both the viscosity and density of the gas relevant.

· The bobbin should not stick to the tapered tube.

· Oxygen is the last to be added to the mixture.

· It is very accurate with an error margin of +/-2%. 

Question No. 61
What is Bernoulli’s law?

Answer: -
Bernoulli’s law states that the total energy of a substance flowing through a tube is equal to the sum of the internal potential energy of the substance, its gravitational potential, and the energy of its motion. The flow of gas through a tube of varying cross-sectional diameter (e.g., a Venturi tube) is one application of this principle. Since the total energy of the gas remains constant, the velocity of the gas (kinetic energy) within the narrow region or “throat” of the Venturi tube is increased; this increase is matched by a drop in the pressure within this region of the tube (internal potential energy). This drop in pressure is known as the Venturi effect, which is responsible for the function of Venturi masks for measure O2 delivery. The flow of O2 through the Venturi apparatus pulls air into the Venturi throat by the force of negative pressure gradient produced at the throat.
____________(____________
Question No. 62

What maximum Fio2 can be delivered by a nasal cannula?

Answer: -
The Fio2 delivered to patients from low-flow systems (e.g., nasal cannula) is determined by the size of O2 reservoir, the O2 flow, and the patients breathing pattern. As a rule of thumb assuming the normal breathing pattern, the Fio2 delivered by nasal prongs increases by approximately 0.04 for each liter per minute increase in O2 flow up to a maximum Fio2 of approximately 0.45 (at an O2 flow of 6 l/min.). In general the larger the patient’s VT or faster the respiratory rate, the lower the Fio2 for a given O2 flow.
Question No. 63
Describe methods of measurement of blood gases?

Answer: -
The measurement of blood gases

“Blood gases” is a loose term used to on compass, Pco2, standard bicarbonate, actual bicarbonate, base excess and Po2 

Methods:

Direct


gas generation of                                                                                                                     

(On blood)

displacement methods


Chemical and




Volumetric 





gas equilibration

Saturation measurements

End-tidal sampling

Electrochemical

Indirect








(On lung gas)








Lung as tonometer


Only the electrochemical methods will be described in detail. 

Chemical and volumetric (direct, on blood). N2 appears as O2 in older methods 

____________(____________
Question No. 64
What are the common instruments used for lung function tests? How lung function tests are measured?

Answer: -
Instrumentation for lung function tests:

Lung function tests vary in their specialization. Besides many of the gas analysis instruments, measurements in this field involve the measurement of volume, flow and pressure.

Volume

Volume is measured mostly with spirometers which are usually wet. Dry spirometers may be of piston or wedge type, e.g., Vitalograph, and sometimes have an electrical output.

Wright respirometer (anemometer) is very useful in routine anaesthetic practice. This is a miniature air turbine. Volume is inferred from pressure developed as the gas drives a rotor. It tends to under-read at low flows and over-read at high flows.

Flow

Spirometers with electrical outputs may be equipped with electronic circuitry to differentiate volume with respect to time, i.e., 

   



dv/dt = flow.

The pneumotachograph consists of a head which is a double cone with a very low resistance in the middle provided by a metal screen or parallel metal fibres.


Flow through the pneumotachograph head is proportional to the pressure drop. The latter is sensed through side tubes on either side of the screen which are connected to either side of the diaphragm of a differential pressure transducer. This is exactly similar to the electronic pressure transducers, with the exception that the two pressures of opposing sides are connected to either side of the diaphragm to produce a differential pressure. Since the pressure drop is extremely small, the necessary sensitivity is obtained by having a relatively slack diaphragm for a large area. Volume can be obtained from flow by electrical integration of flow respect to time, i.e.


∫ f. dt. = volume

Pressure

Respiratory pressures are measured with sensitive electronic transducers. If a differential manometer is used, the other side is left open to air.

Peak Flow Meter

The patient blows into the meter and peak flow is registered by a pointer on a circular scale. At the start of expiration, a rotating vane obstructs the outflow which is an annular slot. The vane is balanced by a watch-spring. During expiration, the pressure built up by the gas flow rotates the vane and thus enlarges the annular vent, when the area of the vent uncovered is such that the pressure behind the vane is balanced by the reaction of the spring, the area of the vent is proportional to flow, and the vane comes to rest because it is on a ratchet. The peak flow is then read directly off the calibrated scale by means of a pointer carried by the vane.

The lung function tests are measured as follows: -

1. Mechanical Tests

Lung volumes   – vital capacity and its subdivisions – spirometry. Residual volume – nitrogen washout – spirometry and N2 discharge meter. Helium dilution   – spirometry and katharometer.

Ventilatory mechanics: 
compliance – flow and pressure;

Airway resistance – flow and pressure;

Forced vital capacity and FEV – spirometry

Peak flow – peak flow meter

2. Ventilation – Perfusion Inequality

You must understand VA/Q ratio and the O2 – CO2 diagram (west JB “Ventilation/Blood flow and Gas Exchange”, Blackwell, is well worth reading on this subject).

Dead Spaces you should be able to define physiological, anatomical and alveolar dead space, and make sure that you understand the Bohr equation for dead space. Dead spaces are usually calculated on CO2 concentrations and therefore spirometry and Haldane (or I/R analyzer) may be used. Anatomical dead space can also be determined using a nitrogen discharge meter and a single breath of oxygen.


Venour Admixture involves measurement of CaO2, Cvo2 and determination of PAO2 and hence Cco2 and by use of the shunt equation –





Qs = Cco2 – CaO2




Qt    Cco2 – Cvo2 

CaO2:
Van Slyke or gas chromatograph or via saturation and PO2 measurements.

C vo2:
should strictly be measured on a sample of blood from the pulmonary artery; however an a – v content difference is often assumed.

PAO2: 
application of the Nunn equation to measurements of PaCO2 by directs electrode or interpolation, and expired O2 and CO2 measured by paramagnetism and infra-red or Haldane, etc.

Uneven Ventilation may be assessed by the use of radio-xenon. This is highly insoluble and therefore if breathed in, it will delineate the better ventilated areas of the lungs when they are scanned with a scintillation counter. Similarly, if dissolved in saline and injected it will rapidly appear in the better perfused alveoli.

Diffusion The diffusing capacity for carbon monoxide (DCO) is probably a measure of the distribution of ventilation and perfusion though it was formerly thought to be a true measurement of diffusing capacity. Nevertheless, it is a very useful measurement. The measurement is made by spirometry and an infra-red carbon monoxide analyzer. The inspired mixture used should not exceed 0.2% CO.

Question No. 65
Define physiological, alveolar and anatomical dead space. How might you measure their ratios to expired tidal volume?

Answer: -
The physiological dead space is that part of the expired tidal volume which has played no part in respiratory gas exchange.

The alveolar dead space is that part of the physiological dead space which results from the ventilation of non-perfused alveoli.

The anatomical dead space is that part of the physiological dead space due to the ventilation of the conducting air passages.

VD (ALV)
+VD (ANAT)
=VD (PHYS)
The remainder of VE (expired tidal volume) is the alveolar ventilation (VA).

VD   (PHYS)       +   VA
    =VE.
Measurement

The following measurements are required: -

PaCO2 - using a direct electrode or interpolation from pH. PECO2- (mixed expired CO2 tension) measured on expired gas (collected through a one-way valve into a Douglas bag) with an electrode or infra-red analyzer or Haldane. PETCO2 (end-tidal CO2 tension) measured during expiration using the write-out from an infra-red analyzer for accuracy. (CO2 %) is converted to tension by multiplying by   (PB  -47)
   100

Calculation 
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In the O2 – CO2 diagram the line AI is the gas R line.
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The calculations can be made on the basis of similar triangles as shown in the figure (Leigh and Tyrrel, Brit. J. Anaesth., Vol.40, page 430) (1968)

VD
=
PaCO2   - PECO2

(Bohr equation)
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____________(____________
Question No. 66
Uptake of enflurane from the lungs during the first minute of general anaesthesia is 200 mL. How much enflurane would be taken up from the lungs between the 16th and 36th minutes?

Answer: -

The amount of volatile anaesthetic taken up by the patient in the first minute is equal to that amount taken up between the squares of any 2 consecutive minutes. Accordingly, 200, mL would be taken up between the 16th (4x4) and 25th (5x5) minute, and another 200 mL would be taken up between the 25th and 36th (6x6) minute.
Question No. 67
How blood volume is measured?

Answer: -
Blood volume

Revise the methods of assessment which are some of the oldest techniques in clinical measurement. 

The volume of circulating blood in the body is not a static quantity because it is continuously subjected to variations depending upon such inestimable factors as local needs, metabolic rate, fluid and electrolyte balance, and volume the level of osmotically active substances. Under normal conditions the blood volume is approximately 80 cc/kg body weight.

The usual technique is a dilution method so that the blood volume is derived from the General formula
Dose injected       =
blood or plasma, or red cell volume (depending

Final concentration 
 upon  the   tracer   substance and on the analysis technique).

____________(____________

Question No. 68

A patient has to go major surgery. His pre-operative haematocrit is 35%. When you   are     going to  transfuse him. Weight is 70 Kg

a. What is transfusion pt?

b. How would you calculate allowable blood loss?

c. What are the effects of storage on blood?

d. What are the immune complications of blood transfusion?

Answer: -
Transfusion point is the point up to which blood loss is allowed. It should be tailored with patient’s medical condition and extent of surgery. Blood should be transfused only when risks of transfusion outweigh the risks of anemia.

Calculation of transfusion patient

Patient blood vol 
= 70 x 70




= 4900 ml

RBC vol. at 35 % haematocrit 
= 4900 x 35 / 100






= 1715 ml

RBC vol. at 30 % haematocrit 
= 4900 x 30 / 100





= 1470

Loss 



= 1715 – 1470 





= 245 ml

Allowable blood loss
= 245 x 3





= 735 ml

Effects of storage

Depends upon time of storage

a. Acidosis (pH 7.1 – 6.9)

b. Hyperkalemia (11 meg/L/24hrs

c. Decreased coagulation factors (especially factor V & VIII)

d. Thrombocytopenia

Immune complications:

a. Haemolytic

b. Non-haemolytic

a. Haemolytic:

· Acute haemolytic reaction due to incompatibility 

· Delayed

b. Non-haemolytic

· Urticorial reactions

· Febrile reactions

· Anaphylactic reactions

· Non-cardiogenic pulmonary oedema

· Graft-versus host section

· Post transfusion purpuration

Question No. 69
 A man 70 kg underwent 30% burn in a compartment

b. What are the immediate complications, how would you calculate fluid for the patient?

c. What is CO poisoning? How it is treated?
Answer: -
1.

a. Airway and ventilation

b. Hypovolemia

c. pain

2. 

Parked formula for calculating fluid requirement = 4 ml/kg body wt/% burn








      = 4 x 70 x 30








      = 8.4 litres

· 50% in first 8 hrs

· 25% in next 8 hrs

· 25% in remaining 8 hrs

3.

CO is the leading cause of hypoxaemia in burn patients. CO has 200 times more affinity for Hb than 20 U O2. Hence O2 is displaced from Hb resulting in hypoxaemia.

Fortunately the reaction is a competitive and reversible one. Hence 100% O2 should be given immediately that would reduce half life of CO from 4 hrs to 45 minutes. Indication for hyperbaric O2 therapy is HbCO > 40% calculated by co-oximetry.

Question No. 70
Define (a) critical pressure


  (b) Critical temperature

Of what importance are these in relation to the handling of anaesthetic gases?

Answer: -
Critical pressure is the pressure required to liquefy a gas at its critical temperature.

Critical temperature is the temperature to which a gas must be cooled before it can be liquefied by pressure, i.e. above this temperature it can only exist as gas.

Importance in relation to the handling of anaesthetic gases. Consider these examples: -

Boiling point
   Critical temperature
Pressure in cylinder


      C0


C0

(or container) at 20C0 


Ethyl chloride 12.5


190


1.3 Atoms

Cyclopropane   -33


125


6.3 Atoms

Nitrous oxide  -89


 36


51 Atoms


Oxygen 
  -183


-116


132 Atoms

N2O/O2



 -7


132 Atoms

Gases are easier to store, transport and use if they are compressed into smaller volumes or preferably liquefied. All the examples given above are gaseous at room temperature, being above their boiling points. The lower the ambient temperature relative to critical temperature, than the less pressure is required to keep the gas liquefied. 

The critical temperature of the first three examples is all above ambient (say 20C0) therefore they can be liquefied by pressure without further cooling.

The high critical temperature of ethyl chloride means that only a low pressure of 1.3 atmosphere is required to keep it liquid therefore it can be kept in a glass container. 

Liquid cyclopropane at 20C0 exerts a pressure of 6.3 atmosphere and therefore requires a stronger container. It is in fact stored in a light alloy cylinder. 

Nitrous oxide requires even a stronger container because more pressure is exerted by its liquid at ambient temperature therefore it is kept in a reinforced steel cylinder. 

Liquification of oxygen cannot occur at room temperature and it must therefore be refrigerated for storage or transport in liquid form. If the liquid was placed in a cylinder it would boil as the temperature rose above –116C0. This would lead to an enormous rise in pressure and it is not practical or feasible to manufacture cylinders to withstand these pressures. Gaseous oxygen is thus presented at 132 atmospheres in cylinders similar to nitrous oxide. 

N2O/O2 mixtures. A 50/50 mixture is put up by B.O.C. as “Entonox”. This mixture is made by bubbling oxygen into liquid nitrous oxide. After a certain proportion is reached the nitrous oxide reverts to the phase. There is an attendant change in critical temperature for the gas mixture, i.e. it becomes -7C0. The air temperature in Great Britain can drop below this, in which event the nitrous oxide condenses out and the oxygen remains in the gas phase. If the cylinder is used, without first being agitated above –7C0 oxygen will come off first, followed by increasingly hypoxic mixtures of nitrous oxide.

____________(____________

Question No. 71

Define Graham’s Law and Avogadro’s Law?

Answer: -
Graham’s Law

Diffusion of gases also depends on molecular activity. The rate of diffusion of gas is inversely proportional to the square roots of their molecular weights and thus the densities. This is Graham’s law of diffusion of gases. The direction of diffusion depends on differences in partial pressure of gas and the molecular weight. It is not dependent on difference in volumes of gases.

The diffusion of a particular gas into a liquid is also inversely proportional to the square root of the densities, but it is directly proportional to the pressure gradient and to the solubility of the gas in the liquid.

Avogadro’s Law

It states that equal volumes of all gases always contain equal number of molecules under the same temperature and pressure. One gram molecule (mol) of a substance is the molecular weight expressed in grams. The number of molecules contained in one gram molecular weight of any element or compound is taken as 6.02 x 1023 and it is known as Avogadro number.

One gram molecule of a gas occupies 22.4 litres at normal temperature and pressure. This helps to calculate the amount of volatile liquid needed to make a known percentage of vapour in air. One ml of liquid will occupy 



22.4 x liquid density
x 
1000 ml



molecular weight

From this, the percentage of vapour in air can be determined. But it should be noted that a concentration greater than saturated vapour pressure cannot occur.

____________(____________
Question No. 72


Describe kinetic theory of gases, define: - Boyle’s law, Charles’s law, The Poynting effect, Gay-Lussac’s law, Henry’s law, and Fick’s law?

Answer: -
Kinetic theory of gases

This theory postulates that the molecules of gases are in constant motion in an enclosed space. As the gases have got no binding forces and the cohesive tendency is practically absent, molecules are constantly bumping with each other and on the walls of the container. These bombardments give rise to the pressure or tension exerted by the gas on each unit area in unit time. If the number of molecules is increased within the container, the tension will also increase. If the volume of the container is increased, the number of molecules which impacts on a specific area is decreased in a given time and thus the pressure decreases. Temperature increases the movement of molecules and thus increases the pressure or tension of the gas.

Boyle’s law

According to this law, at any constant temperature the volume of a gas is inversely proportional to the pressure. Thus if the pressure exerted on a given volume is increased, the volume decreases proportionately. The law can also be expressed in other way. The product of the specific volume and pressure of a gas is constant when kept at constant temperature.

Charles’ law

This law states that at constant pressure the volume of a gas is directly proportional to its absolute temperature. Heating causes expansion of gas volume and equal volumes of a gas at constant pressure expand by equal increments of volume for each degree centigrade rise in temperature. 

Normally the patient is allowed to exhale at atmospheric pressure. Negative or subatmospheric pressure, if used, may cause bronchospasm or air trapping.

The Poynting effect

It is the overpressure effect. The critical temperature and critical pressure may sometimes be affected while mixing with each other, in a cylinder when liquid nitrous oxide is mixed with high pressure source of oxygen. The volume of liquid nitrous oxide diminishes as it evaporates and mixes with oxygen. Ultimately the cylinder will contain NO2 and O2 both in the gaseous state at a pressure of about 2000 lb/in2. Gases separate at –70C, which is the new critical temperature, known as pseudocritical temperature of nitrous oxide. The usual critical temperature of N2O is 36.5oC 

Gay –Lussac’s law

This law states that the pressure of a gas is directly proportional to its absolute temperature when the specific volume is kept constant.

Dalton’s law

This law postulates that in a physical mixture of gases, each gas exerts the same pressure which it would exert if it alone occupied the volume of the container and the pressure of the mixed gases equals the sum of the partial pressures of the individual constituents. Thus in other words, in a mixture of gases, each constituent gas exerts the partial pressure proportionally to its percentage by volume in the mixture.

Henry’s law

The amount of a given gas which dissolves in a given liquid is directly proportional to the partial pressure of a gas at a constant temperature. The amount of the gas in a given liquid varies with the temperature of the liquid. If the temperature of the solution is allowed to rise, the less amount of gas will go into solution.

Fick’s law 

It states that the rate of diffusion in gases and liquids is proportional to the gradient of concentration. Whenever there is difference in concentration of a particular substance in solution between two layers, the diffusion occurs from the higher to lower concentration. The diffusion rate of a gas in a mixture is proportional to the difference in partial pressure of the gas between two adjacent mixture areas. This also applies to a gas diffusing through a liquid substance. The gas concentration in the liquid is usually expressed by its tension.

____________(____________
Question No. 73

What is Laplace law?

Answer: -
The relationship between intra-alveolar pressure, surface tension, and the radius of alveoli is described by Laplace’s law for a sphere, which states that the surface tension of the sphere is directly proportional to the radius of the sphere and intra-alveolar pressure. With regard to pulmonary alveoli, the mathematical expression of Laplace’s law is as follows: -

T = ½ PR, 

Where T is the surface tension, P is the intra-alveolar pressure, and R is the radius of the alveolus. In pulmonary alveoli, surface tension is produced by a liquid film lining the alveoli. This occurs because the attractive forces between the molecules of the liquid film are much greater than the attractive forces between the liquid film and gas. Thus, the surface area of the liquid tends to become as small as possible, which collapses the alveoli.

Question No. 74
What do you understand by Ionizing Radiations?

Answer: -
Ionizing Radiations:

These are electromagnetic radiations which are capable of producing ionization in the tissues they strike. Two mechanisms are thought to act when cells are injured by ionizing rays: -

1. Direct (target) theory (Lea): A single or small number of ionization in the tissues they strike. Two mechanisms are thought to act when cells are injured by ionizing rays: -

a. Immediate cell death

b. Inability of cell to reproduce, with eventual death of cell population, e.g. myxoedema after I 131.

c. Mutation which can be reproduced –

i. Malignant change in bone, bone marrow, skin.

ii. Recessive genetic change in germ cells.

iii. Dominant lethal change in germ cells. 

2. Indirect (poison) theory. Ionization in water producing free radicals “activated water”, i.e.




H2O ( H2O+ + Ω-



H2O + H2O+  ( H3O+ + OH




H2O + Ω- ( H + OH-
Free radicals are highly reactive and the hydroxyl radical is a powerful oxidizing agent, and since there is plenty of water in tissues, the hydroxyl radical can easily be formed and thus damage the cells. The production of oxidizing agents is enhanced in the presence of oxygen, and the perhydroxyl radical may also be formed, which is a potent cell “poison”.




i.e., H + O2 = HO2- - - 

This is the rational for conducting certain forms of radiotherapy at high oxygen tensions.

The uses of ionizing radiations in medicine are dependent upon their individual physical properties. These are – wavelength; penetrating power; ion density; energy release; absorption coefficient; activity of the radioactive substance; ability to be counted by sensitive apparatus (Geiger or scintillation counter); ability to fog photographic plates. 

An atom consists of a charged nucleus which has mass, and an equally but oppositely charged outer orbit of no mass



(Protons charge +, each of mass)





Nucleus 



(Neutron uncharged, each of mass)
The proton charge is balanced by an equal number of electrons in outer orbits of no mass;



 atomic number = neutrons + protons.

Nuclei which differ in mass but not in charge, i.e., plus or minus neutrons = isotopes which emit electromagnetic radiations.

Radiation can occur both as a result of changes in the nucleus and also as a result of changes in the electron orbits. These atoms may occur naturally or be deliberately manufactured from stable atoms.

The activity of a radioactive substance is based on the number of nuclear disintegrations occurring/minute. Conventionally the relative activity of different radioactive substances is measured by the half-life e.g.,



 C14 = 5000 years; P32 = 14 days. Therefore P32 is of more use in medicine.

Electronic Imbalance

When the atomic change producing the radiations is in the electron orbits, non-particulate electromagnetic rays of varying wavelengths, and thus properties, are produced. The nearer is the affected electron orbit to the nucleus, the larger is the change in energy, the higher the frequency and the shorter the wavelength.

e.g., inner shell 
( γ-rays 0.01 – 0.1 A




( x-rays 0.05 – 10.0 A


other shell
( u/v light 2,000 – 3000A

Excess of Neutrons or Protons

Leads to radioactive  atoms emitting one or several kinds of particulate radiations. There are three kinds, viz α or β and γ (γ has both particulate and non-particulate components).

Γ-rays are streams of doubly charged helium nuclei (He4) emitted by heavy radioactive elements, e.g., radium, uranium, plutonium. Velocity = 1 –2 x 1010 cm/sec. The ion density is high but there is little penetrating effect.

Β-rays are positive or negative electrons of velocity 3 x 1010 cm/sec(speed of light). The positive have only a transitory existence, combining with negative electrons to produce annihilation electromagnetic radiation. β-rays have a lower ion density but greater penetrating power.

α-rays are both non-particulate (like x-rays) and particulate (like α and β-rays). They are usually consequent upon the emission of α or β particles since the residual nucleus may be left in an excited state.

Energy Release

The energy released in these nuclear transmutations is much greater than in ordinary chemical reactions since there are appreciable changes in mass.

The Einstein theory of relativity demonstrates this: -

E2 = Mc2 Energy release = (Mass change) (speed of light)

Therefore, at one end of the scale, we find the emission of α and β particles have colossal energies when compared with the production of x-rays, at the other end of the scale.

Question No. 75
What is the effect of Rays?

Answer: -
Effects of the Rays:

When α-rays, β-rays, neutrons, γ-rays and x-rays (but not u/v light) contact any matter, they dissipate much of their energy by causing the ejection of extranuclear electrons from the atoms they strike.

An atom minus an electron is left as a positively charges ion, hence the group term ionizing radiations. Ultra-violet light, the closest neighbour in the electromagnetic spectrum, is non-ionizing because it is incapable of displacing electrons.

Penetrating  Power of the Rays.

The penetrating power depends upon wavelength, and is therefore largest for x-rays and γ-rays. β-rays have very little power of penetration i.e., about 1mm, α-rays have still less, about 35μ, but produce a much more dense ionization.

Absorption Coefficient

This applies mainly to x-rays and γ-rays, since the rest have insignificant penetrating power. 

This absorption of these rays depends upon the atomic number of the atoms they strike. There is thus a variation as they pass through varying structures, absorption being maximal in bone where there is a concentration of atoms of high atomic number.

This is also the reason for the concentration of strontium 90 in bones, and since this has a half-life of 20 years, detrimental effect may occur if absorption is chronic.

Medical Uses

X-rays are the most useful for photographs due to minimum energy release (minimum mass change); minimum ionization produced; maximum penetration and relative absorption coefficient.

Γ-rays have a much higher energy release but their relatively high penetrating power makes them useful for day-sterilization of Medical Equipment.

α and β- rays which have high energy release and high ionization density, but poor penetration can be used locally for radiotherapy from implanted sources, e.g., radon seeds or needles.

Isotopes of substance with tissues specificity or special properties are useful in both therapy and diagnosis, e.g., radio – iodine is concentrated in the thyroid gland; radio-p labeled red cells stay in the intravascular compartment and therefore can be used to estimate blood volume. Radio-chromium will go to the bone marrow for haemoglobin formation (treatment of polycythemia Vera); radio-xenon, which is highly insoluble in blood, is used in the study of ventilation/perfusion ratios in the lungs; and radio-krypton in the study of cerebral blood flow.

Also, molecules can be labeled, e.g., iodine – labeled albumen for the estimation of plasma or blood volume, or iodine-labeled amino-hippurate for cenography.

____________(____________

Question No. 76
Give briefly basic principal of 

1. Paramagnetic Oxygen Analyzer

2. Fuel Cell

3. Infra-red Analyzer

4. Nitrogen Discharge Meter

5. Ultra-violet Halothane Meter

Answer: -
1. Paramagnetic Oxygen Analyzer

Paramagnetic gases are attracted into a magnetic field while diamagnetic gases are repelled. Oxygen is strongly paramagnetic while nitrogen is diamagnetic.

In the instrument, which is robust and cheap, a nitrogen filled glass dumbbell is suspended on a quartz fibre in an asymmetrical magnetic field through which the oxygen containing mixture is passed. The attraction of oxygen into this field causes the dumbbell to rotate. The deflecting couple of the quartz fibre. The position at equilibrium is measured by reflection of a light beam off a small mirror on the suspension onto a scale which reads directly in oxygen %.

In accurate instruments an induction coil is wound around the dumbbell and an electrostatic force is produced by turning a potentiometer to return the dumbbell to null position. O2 % is read directly off the potentiometer. The instrument is calibrated with pure nitrogen for oxygen zero and air or 100% O2 to set the gain. The 95% response time is of the order of 9 sec.; however it is extremely accurate.

2. Fuel Cell

This is a rapid response oxygen analyzer (about 0.05 sec. for 95% response time) and is therefore suitable for continuous breath to analysis of respiratory oxygen changes.

Essentially it is a hollow battery through which the gas sample is continuously sampled. A reference oxygen mixture is passed around the outside of the battery. The EMF produced by the battery is a function of the difference in oxygen concentrations between the sample and reference mixtures. The output can be displayed on a pen recorder and the system is calibrated with known gas mixtures.

The electrolyte is a cylinder of solid zirconium oxide; the electrodes are porous platinum, +ve inside, -ve outside. The whole system operates at a temperature of 8500C. Unfortunately all anaesthetic gases and vapours are highly flammable at this temperature, and therefore this is an instrument for the respiratory physiologist and not the anaesthetist.

3. Infra-red Analyzer

Gases with at least two different atoms per molecule absorb radiations in the infra-red. Moreover, each gas has characteristic peak absorption, e.g., CO2 peak at 4.3μ. In physiology and anaesthesia, infra-red analyzers are commonly met for CO, CO2, NO2 and halothane. A suitable wavelength is produced, and the intensity of emergent radiation is inversely related to the concentration of the gas present. The analyzer will be described as for CO2. 

The like beams of infra-red radiation are pulsed at 25 Hz. by a rotating interrupter. One beam passes through a tube filled with CO2 - free air via windows of arsenic trisulphide – the other beam passes through a similar tube but the gas sample to be analyzed is pumped through this at about 500ml/min. CO2 in the sample absorbs the infra-red in proportion to concentration. The two emergent beams pass via quartz windows into a bilaterally symmetrical detector system consisting of two identical CO2 filled cells which are joined together but separated by a thin metal diaphragm. The heating effect from the reference beam is constant while that of the analysis beam varies with CO2. This causes the diaphragm to respond as the gas in the measuring cell expands and contracts. The latter constitutes part of a condenser microphone and the CO2 concentration is thus converted into an electrical signal.

Calibration at zero is by CO2 free air i.e., passed through soda lime, and the gain is set with a known CO2 mixture.

95% response time is of the order of 0.1 sec., and therefore the analyzer can be used for continuous breath by breath analysis of respiratory CO2. Write – out on a pen recorder is necessary to match the frequency response of the analysis system.

4. Nitrogen Discharge Meter

Certain gases when ionized in a low pressure system emit characteristic wavelengths of visible light (much used in advertising and shop signs). Nitrogen emits a characteristics purplish colour.

The arrangement is that the gas is continuously sampled into an evacuated tube across which a potential difference of about 1,000 volts is maintained. A filter selects the optimum wavelength and the light intensity is sensed by a photocell, amplified and written out. The response time is extremely rapid, and the instrument is used for the nitrogen washout technique for residual volume, and for anatomical dead space.

5. Ultra-violet Halothane Meter

Halothane has a characteristic absorption in the ultra-violet at about 2,5000A0. In the commercial instrument the u/v light is produced by a mercury vapour discharge lamp. This light is incident upon two photocells. One is a reference and simply monitors the light intensity, while the other is separated from the light by a quartz-windowed sample cell through which the gas mixture is continuously sampled. The light passed through the sample is inversely related to the halothane concentration and the difference between the outputs of the two photocells is compared to give a direct reading of halothane per cent on a pointer meter. The commercial instrument has a slow response time and cannot therefore be used for breath to breath analysis; however it is about one-fifth the price of an infra-red analyzer.

Question No. 77
What do understand by photocell? Give principle of oximetry?

Answer: -
The photocell

Consists of a sandwich arrangement of 



A metallic ring contact,



A transparent conduction layer,

A layer of crystalline selenium compound,

A steel plate  (second contact).

When light is incident on the selenium, it becomes negative with respect to the steel plate. The “negativity” is proportional to the incident light. If the two contacts are connected into a circuit then the electrical output is dependent upon the intensity of the incident light. Its sensitivity is very high. By placing suitable optical filters in front of a photocell, it can be made sensitive to a specific wavelength, e.g. 800m ( for indo-cyanine green.

OXIMETRY

Make sure you understand the inter-relationships between oxygen tension (PO2), oxygen saturation (SO2) and oxygen content (CO2) as embodied in the oxyhaemoglobin dissociation curve.

A transmission oximeter has two photocell whose maximal responses as a result of filters, are at 810 m ( in the infra- red and 640 m ( in the red. The two cells are connected in opposition. At the infra-red wavelength the absorption by reduced Hb is the same as that by Hbo2, therefore the output of the infra-red cell is affected only by total Hb. On the other hand, at the red wavelength the absorption is all due to Hbo2. By opposing the output of the two cells, the effect of Hb is eliminated so that the net electrical output is due only to saturation %. Transmission oximetry is used in the ear oximeter, Spectrophotometer, Atlas oximeter and radiometer oximeter. However, in reflection oximetry, e.g. kipp haemoreflector, only the red photocell is used since reflected light is independent of total Hb.

Question No. 78
How would you analysis gases in gas phase?

Answer: -
The analysis of gases in the gas phase

There are number of electronic instruments used in anaesthetic practice, research and lung function test, the working principles of which should be known for exam.

General methods
1. Katharometer

2. Gas chromatograph.

3. Mass spectrograph.

Specific methods

4. Paramagnetic analyzer (O2)

5. Fuel cell (O2) 

6. Infra-red analyzer (CO, CO2, N2O, halothane, etc.

7. Nitrogen discharge meter,

8. Ultraviolet meter (Halothane).

1) The Katharometer.
This consists of a Wheatstone bridge circuit. Two resistances such as A and B consist of heated platinum wire protected from the environment by copper containers. The gas mixture for analysis is pumped past one of the resistances, while the other is either kept under stable conditions, or a reference gas is passed. Now the rate of cooling of the wire will be proportional to the thermal conductivity of the passing gases, and each gas has a specific thermal conductivity. The resistance of the sensing wire is proportional to its temperature, and therefore the galvanometer will be deflected according to the concentration of the gas under consideration. This system is ideal for gases of high thermal conductivity such as helium (e.g. helium dilution test for residual volume). It may also be used as the detecting system of a gas chromatograph. The response time is slow, about 20 sec. But it can be speeded up to less than 1 sec, by operating cell at a reduced pressure.

2) Gas chromatography.

When a gaseous substance is exposed to a liquid, equilibration of the gaseous substance in the liquid and gas phase will occur according to the specific liquid/gas partition coefficient of substance. Now if a slag of gaseous substance is carried in a flowing carrier gas stream, then the gaseous substance will first enter and then leave the liquid phase with the concentration gradient, and the time relation of its entering and leaving will be a constant depending upon its liquid/gas partition coefficient ; i.e. the time from entering to emergence (elution time) is specific for every substance under the prescribed circumstances, and therefore different gaseous substance can be qualitatively separated. The format of individual chromatographic system is a function of substance being analyzed, but in general the sample is injected into a flowing carrier gas stream in which it is carried through a column (maintained at constant temperature ) in which the liquid stationery phase is often dispersed on an inert solid. The emergence of the separated substance is sensed and transduced into an electrical signal by an appropriate detector, e.g. a Katharometer or a flame ionization detector. The electrical signal is written out on potentiometer recorder, each substance appears as a peak like a tall thin normal distribution curve. The elution time qualitatively identifies substance, and the peak height or area under the curve is proportional to the concentration of the substance in the original sample. The advantage of the gas is that it only requires samples of micro liter proportions. Also, when operated hot, chemicals, e.g. local anaesthetics in blood, may be vaporized and determined in their gas phase.

3) Mass spectrometer
When substance are ionized and accelerated into a magnetic field at right angles to their path, their deflection from their original path is a function of their mass. Thus a set of divergent beams of separate ions can be produced. In the instrument, minute samples of gas enter an evacuated chamber through a molecular leak. Here they are ionized by bombardment with electrons. The ions are then accelerated into a semicircular tube which is in an axial magnetic field. The ions therefore traverse a circular path whose radius is a function of their molecular mass. By varying the accelerating voltage, the beams of ions can be played across the same collector. The collector current is then proportional to the concentration of each ion. This repeated 25 times per second. By suitable arrangement of electronics and recording systems the output can be shown as a series of peaks on a C.R.O. for a static mixture or, by the use of a multi-channel recorder, an instantaneous record of change with time of, e.g. respiratory gases, can be written out for individual gases on separate channels, since the response time of the instrument is 0.1 sec. 

____________(____________
Question No. 79

How End-Tidal carbon dioxide is measured?

Answer: -
End-Tidal Carbon Dioxide

Gases with molecules that contain at least two dissimilar atoms absorb radiation in the infrared region of the spectrum. Using this property, carbon dioxide concentration can be measured directly and continuously throughout the respiratory cycle. End-Tidal carbon dioxide reflects accurately the arterial carbon dioxide tension in individuals with normal lungs.

Components

1. The sample chamber can either be positioned within the patient’s gas stream or connected to the digital end of the breathing system via a sampling tube. A photodetector measures light reaching it from a light source at the correct infrared wavelength after passing through two chambers. One acts as a reference whereas the other one is the sample chamber.

Mechanism of action

1. Carbon dioxide absorbs the infrared radiation particularly at a wavelength of 4.3m.

2. The amount of infrared radiation absorbed is proportional to the number of carbon dioxide molecules (partial pressure of carbon dioxide) present in the chamber.

3. The electrical output from the detector is proportional to the partial pressure of carbon dioxide in the sample chamber.

4. In the same way a beam of light passes through the reference chamber which contains room air. The absorption detected from the sample chamber is compared to that in the reference chamber. This allows the calculation of carbon dioxide values.

Fig. Diagram of an End-Tidal carbon dioxide waveform.1.inspiratory baseline 2.expiratory upstroke 3.expiratory plateau 4. Inspiratory downstroke.

Fig. Components of a gas analyzer using an infrared light source suitable for End-Tidal carbon dioxide measurement. The reference chamber has been omitted for the sake of clarity.

5. The inspired and exhaled carbon dioxide forms a square wave, with a zero baseline unless there is rebreathing.

6.  Using the rise and fall of the carbon dioxide during the respiratory cycle, monitors are designed to measure the respiratory rate.

7. Alarm limits can be set for both high and low values. Carbon dioxide analyzers can be either side stream or main stream analyzers.

Fig. (a) An End-Tidal carbon dioxide waveform which does not return to the baseline during inspiration indicating that rebreathing is occurring.

(b) An End-Tidal carbon dioxide waveform which illustrates the slopping plateau seen in patients with chronic obstructive airways disease. The normal waveform is superimposed(dotted line).

Question No. 80

What is side stream and mainstream analyzer?

Answer: -
Side stream analyzer

1. This consists of a 1.2mm internal diameter tube that samples the gases (both inspired and exhaled) at a constant rate (e.g. 150ml/min). The tube is connected to a lightweight adapter near the patient’s end of the breathing system with a small increase in the dead space. It delivers the gases to the sample chamber. It is impermeable to Teflon so it is impermeable to carbon dioxide and does not react with anesthetic agents.

2. There is a moisture trap with an exhaust port, allowing gas to be vented to the atmosphere or returned to the breathing system.

3. In order to accurately measure end-tidal carbon dioxide, the sampling tube should be positioned as close as possible to the patient’s trachea.

4. A variable time delay before the sample is presented to the sample chamber expected. The delay depends on the length (which should be as short as possible, e.g. 2m), diameter of the sampling tube and sampling rate. A delay of less than 3.8s is acceptable.

5. Other gases and vapours can be analyzed from the same sample.

Main stream analyzer

1. The sample chamber is positioned within the patient’s gas stream, increasing the dead space. In order to prevent water vapour condensation on its windows, it is heated to about 41C0.

2. Since there is no need for a sampling tube, there is no transport time delay in gas delivery to the sample chamber.

3. Other gases and vapours are not measured simultaneously.

Use (table)

In addition to its use as an indicator for the level of ventilation (hypo, normo- or hyperventilation), end-tidal carbon dioxide is useful.

1. To diagnose oesophageal intubation (no or very little carbon dioxide is detected).

2. As a disconnection alarm for a ventilator or breathing system. There is sudden absence of the end-tidal carbon dioxide.

3. To diagnose lung embolism as a sudden decrease in end-tidal carbon dioxide assuming that the arterial blood pressure remains stable.

4. To diagnose malignant hyperpyrexia as a gradual increase in end-tidal carbon dioxide.

Problems in practice and safety features

1. In patients with chronic obstructive airways disease, the wave form shows a sloping trace and does not accurately reflect end-tidal carbon dioxide. An ascending plateau usually indicates impairment of ventilation /perfusion ratio.

2. During paediatric anesthesia, it can be difficult to produce and interpret end-tidal carbon dioxide due to the high respiratory rates and small tidal volumes. The patient’s tidal breath can be diluted with fresh gas.

3. Dilution of the end-tidal carbon dioxide can occur whenever there are loose connections and system leaks.

4. Nitrous oxide (may be present in the sample for analysis) absorbs infrared light with an absorption spectrum partly overlapping that of carbon dioxide. This causes inaccuracy of the detector, nitrous oxide being interpreted as carbon dioxide. By careful choice of the wavelength using special filters, this can be avoided.

5. Collision broadening or pressure broadening is a cause of error. The absorption of carbon dioxide is increased due to the presence of nitrous oxide or nitrogen. Calibration with a gas mixture background gases as the sample solves this problem.

Table summary of the uses of end-tidal CO2
_________________________________________________________ 
Increased end-tidal carbon dioxide
     decreased end-tidal carbon dioxide

_________________________________________________________ 

Hypoventilation




hyperventilation 

Rebreathing




pulmonary embolism

Sepsis





hypoperfusion

Malignant hyperpyrexia


hypometabolism

Hyperthermia




hypothermia

Skeletal muscle activity

_________________________________________________________ 

Question No. 81
How Temperature is measured?

Answer: -
Thermometry

For apparatus – Dial thermometers – utilizing a bimetallic coil or a vapour pressure thermometer with a Bourdon-type gauge. Both these devices unwind or wind up with temperature changes. This movement is transferred to a pointer and temperature is read off a calibrated scale.

For patient – The mercury in glass thermometer is breakable, does not give an electrical output, has a slow response time, and is only really suitable for use in the conscious patient.

There are three electronic methods, i.e., Thermocouples, Resistance Thermometers and Thermistors.

1. Thermocouple: If two different types of wire are joined together in a circuit, then an EMF will be produced if the two junctions are at different temperatures. Moreover, the EMF will be proportional to the temperature difference. Thus, if one junction is maintained at constant temperature, the other can be used to measure temperature when suitably calibrated. The EMF is registered on a moving coil galvanometer carrying a mirror which reflects a beam of light onto a scale.

2. Resistance Thermometer: This uses the temperature coefficient of resistance of a platinum coil (c.f. katharometer). The sensing platinum coil constitutes one arm of a wheatstone bridge, of which the other three are often constant. The circuit has an external supply of less than one milliamp to avoid self-heating. The output per degree is about ten times the six of that with a thermocouple, and can therefore be directly amplified, but the response time is longer, physically, the probes are also larger than a thermocouple.

3. Thermistor Thermometer: These are semi-conductors consisting of heavy oxides of metals such as manganese compressed to a minute size (more than one could be balanced on a pinhead). These have a large negative temperature coefficient of resistance, and a rapid response time. However, they are non-linear. Basically they are used in a bridge circuit, but the electronics are heavily modified so that the output to a mirror galvanometer is linearly related to temperature.

Question No. 82-A
What is Electrocardiograph?

Answer: -
Electrocardiograph:

The measurement of the ECG (and the EEG) consists of obtaining P.D.’s from the patient in an environment where mains interference may produce 50 cycle interference (or hum) of a higher amplitude. The interference may be capacitative or inductive i.e., where the patient forms a capacitor with nearby electrical equipment of EMF’s are induced in the patient due to the lines of flux from apparatus or cables. These are avoided largely by a screening apparatus with good conductor and low resistance earth connection. Flux lines round cables can be limited also by twisting the leads together. Unfortunately (or fortunately) detailed study of this subject requires electrical knowledge outside the scope of this exam.

As regard the machine itself, two points are worth making 

a. The ECG amplifier is differential and the reference potential is kept at that of the patient via the right leg head. If the patient is earthed via the diathermy pad, it is advised to join the right leg head to this to avoid interference.

b. The input impedance is kept very high (of the order of tens of megaohms) to avoid trying to draw current from the patient and thus later the P.D. you are trying to measure, and also to offset variation in the contact impedance of the electrodes.

Basic requirements of the ECG machine include, sensitivity, i.e., 1 cm/mv on a 5 cm trace; base-line stability and linearity, i.e., small and large amplitude components of the wave form must be just as reliably reproduced and so, if the baseline drifts, the waveform is the same even if recorded at the edge of the paper. The frequency response should preferably be flat up to 60 Hz.
Question No. 82-B

How would you interpret ECG?

Answer: -
ECG Interpretation for Examinations

Always adopt a systemic approach even if the diagnosis is obvious! This way you won’t miss something else, that isn’t so obvious but potentially more important. This is true when interpreting any clinical data.

Talk to the examiner as you systematically analyze the ECG that he has kindly given you.

Summarize your findings and make a diagnosis if you can.

Practice talking through your systematic approach, this is the key to success in the examination, using one of many ECG atlases available.

What follows is one systematic approach that will allow you to talk about any ECG you are presented with. If you have your own method that you are comfortable with, stick with it!

Axis

See lead II
-
more +ve = no left axis deviation 




More –ve = left axis deviation

A simple systematic approach to ECG interpretation

1. State the obvious “this is an ECG tracing of …..” regurgitate what information is written on the piece of paper.

2. Check GAIN and SPEED

3. Determine RATE:

· Divide 300 by the number of large boxes in the R-R interval

4. Determine RHYTHM:

· Is the rhythm regular?

· Are there Ps? Look in II 

· Are the QRSs wide or narrow?

· Are the Ps “married” to the QRSs?

· Ps should always be upright in lead II if there is sinus rhythm, if not 

i. Lead reversal or

ii. Dextrocardia

5.  Determine INTERVALS

P-R interval should be < I large box (0.2s) if > 0.2s consider 1st degree or higher heart block

If P-R < 0.12s (3 small boxes) consider WPW

Q-R-S interval should be < ½ large box (0.1s)

If Q-R-S is wide find out why before proceeding

If Q-R-S > 0.12s (3 small boxes) consider BBB; Look at VI:


LBBB ( QS pattern

RBBB ( RSR pattern


QT interval should be < ½ R-R interval, if rate < 100

6. Determine QRS AXIS

· Look in I and AVF to determine which quadrant it is in

· Find the isoelectric lead (axis is perpendicular to it)

If LAD with no evidence of LBBB or LVH say “LAD consistent with left anterior hemiblock

If RAD consider either left posterior hemiblock or RVH

N.B. For RVH you need RAD and R>S in VI

Indeterminate if net QRS deflection is negative in I and aVF

7. Look at R-WAVES in II and VI for signs of atrial enlargement

RAE: Prominent Ps (>2.5 mm tall) and peaked in the pulmonary leads II, III, aVF   (P-pulmonale)

LAE: Ps are notched (m-shaped) in the mitral-leads I, II, aVL or a deep terminal negative component to the P in VI (P-mitral).

8. Look for sign of LVH by voltage

· Add S in V1 to R in V5 or V6, if > 35mm, say “LVH by voltage” LVH more likely if in addition to voltage criteria there is strain pattern in V3-6.
9.  Look for signs of RVH
· If there is RAD and R>S in V1 or S>R in V6 (+/- strain pattern) say “RVH
10.  Look at R-WAVE PROGRESSION
The Rs should grow from V1 through at least V4, the transition point should be at least V3 or V4 ( “normal”/ “poor”/ “too good” (R in V1) PRWP may indicate ( AMI/ASMI/COAD/lead misplacement/clock rotation/LBBB 

Tall R in V1 ( RVH/WPW/RBBB/post MI/anticlockwise rotation
11.  Lock for sign of ISCHAEMIA or INFARCTION Look at all leads as “anatomical distributions” (ignore a VR):
II, III, aVF ( inferior changes

VI through V6 ( anterior changes

I and aVL ( lateral changes

· Look for Qs (isolated Q in III or aVF or V1 are of no concern)
· Look for ST-segment elevations suggestive of Acute MI/aneurysm (concentrate on shape rather than amount of ST-segment deviation [“Smiley is good; “frowny” is bad])
· Look for ST-segment depression or T inversions suggestive of ischaemia/subendocardial MI
NB Small Qs (septal Qs) commonly seen in lateral leads I, aVL, V4, V5, V6.

NB Ts may be normally inverted in III, aVF, aVL and V1

12.  Other diagnosis:
Electrolyte disturbances: K, Ca, Mg

Metabolic disturbances: hypothermia

Drug disturbance: Digoxin, Quinidine, TCAs, Phenothiazines

Pericarditis

Lead misplacement (unlikely in examinations)

Normal ECG (it is possible!)

Children (highly unlikely!)

13. Compare with previous tracings and state, “no previous tracing available for comparison”.

Question No. 83

What is peripheral nerve simulator? How it works?

Answer: -
Peripheral nerve simulator

This device is used to monitor transmission across the neuromuscular junction. The depth, adequate reversal and type of neuromuscular blockade can be established.

Components 

1. Two surface electrodes (small ECG electrodes) are positioned over the nerve and connected via the leads to the nerve stimulator.

2. Alternatively skin contact can be made via ball electrodes which are mounted on the nerve stimulator casing.

3. The case consists of an on/off switch, facility to deliver a twitch, train-of-four (at 2 Hz) and tetanus (50 Hz). The stimulator is battery operated. 

Mechanism of action

1. A supramaximal    stimulus is used to stimulate a peripheral verve. This ensures that all the motor fibres of the nerve are depolarized. The response of the muscle(s) supplied by the nerve is observed. A current of 1540mA is used for the ulnar nerve (a current of 50 – 60 mA may have to be used in obese patients).JN,
2. The muscle contraction can be observed visually, palpated, measured using a force transducer or the electrical activity can be measured (EMG).

3. The duration of the stimulus is less than 0.2 ms. the stimulus should be  given a square wave shape to avoid repetitive nerve firing.

4. Superficial, accessible peripheral nerves are most commonly used for monitoring purposes, e.g. ulnar nerve at the wrist, common peroneal nerve at the neck of the fibula, posterior tibial nerve at the ankle and the facial nerve.  

5. Consider the ulnar nerve at the wrist. Two electrodes are positioned over the nerve, with the negative electrode distally and the positive electrode positioned about 2 cm proximally, Successful ulnar nerve stimulation causes the contraction of the adductor pollicis brevis muscle.

Problems in practice and safety features

As the muscles of the hand are small in comparison with the diaphragm (the main respiratory muscle), monitoring the neuromuscular block peripherally does not reflect the true picture of the depth of the diaphragmatic block. The smaller the muscle is, the more sensitive it is to a muscle relaxant.

Peripheral nerve stimulators

· Used to ensure adequate reversal, monitor the depth and the type of the block.
· Supramaximal stimulus is used to stimulate the nerve. 
· The contraction of the muscle is observed visually, palpated or measured by a pressure transducer.
· The ulnar, facial, posterior tibial and the common peroneal nerves are often used.
____________(____________
Question No. 84

How will you monitor neuromuscular block?

Answer: -
Monitoring the neuromuscular block

Following use of neuromuscular blocking agents the nature and degree of block should be assessed. The patient should not have any residual block at the time of recovery from anesthesia. Clinical assessment is no doubt most important. Grip strength, adequate coughing and ability of the patient to sustain head lifting for at least 5 seconds usually give some idea of adequacy of neuromuscular transmission. The patient should be able to produce a vital capacity of at least 10 ml/kg body weight and also to produce a negative inspiratory effort of at least 20 cm H2O against an obstructed airway. The patient should have no tracheal tug and no paradoxical breathing.

Nerve stimulators

This instrument is applied to a peripheral nerve and it indicates the amount or the degree of neuromuscular block and type of block, either depolarization or nondepolarization. The use of nerve stimulator is often helpful in certain clinical conditions such as in patients with prolonged dysfunction, in patients with myasthenia or myasthenic syndrome, and in patients with suxamethonium infusion technique.

A peripheral motor nerve, usually the ulnar at the wrist or elbow, is stimulated by the nerve stimulator and the contraction of the fingers (adductor pollicis and flexor digitorium muscles) are observed, palpated or recorded as electrical activity (E.M.G) or the force produced. The electrical impulse may be given as single shock or high frequency tetanic stimulation or as trains at low frequencies. Electric stimulus should be adequate for a given period of time. When applied over the skin a current up to 50 mA may be applied for between 0.2 and 1.0 minutes and this may need a voltage ranging from 50 to 300 v. This type of stimulation usually does not cause any pain or any adverse cardiac effects.

Usually 3 patterns of stimulation are advocated and these are as follows:

1. Twitch-tetanus-twitch. First a train of single shocks is applied at a rate of not more than 1 every 3 seconds, then a tetanic train at 50 Hz or more for 3 Seconds, and lastly a series of single shocks. Normally there will be twitch response initially, then a strong sustained tetanic contraction and there is no potentiation of the post tetanic twitches in relation to pretetanic twitches. However, in total neuromuscular block no responses will be evident. In partial depolarizing block, the initial twitch responses are weak and mild, then also a weak but sustained tetanic contraction. No post tetanic potentiation will be there. In partial nondepolarzing block, there is an initial weak twitch response, then a tetanic contraction but it fades rapidly and lastly there is potentiation of post tetanic twitches in relation to pretetanic twitches. Repeated use of twitch-tetanus twitch stimulation may sometimes cause local reversal of block. It may also be painful in awake patients

2. Train of four. Only four stimuli at 2 Hz are given at 0.5 second intervals. Normally there will be usual contraction. In presence of total block there will be no response, in partial depolarizing block the contraction will be weak, but in partial nondepolarizing block the contraction will be there but will fade rapidly. The ratio of the fourth to the first twitch amplitude is used as an index. The test is not painful and said to be more sensitive than single twitch and of more or less same sensitivity as tetanic stimulation at 50 Hz for 2.5 seconds. Clinically it is simplified as follows: Abolition of 4th response of train of four indicates extent of 75% block: loss of 3rd and 2nd responses correlate with 80% and 90% block respectively: and when all four twitches in the train are lost, 100% or complete block is present. With competitive blocking agents the normal working condition during anaesthesia ranges from 75 to 90% block. It should be noted that lower the count, the more of paralysis is present. 

3. Post tetanic twitch count. This test may be done when other tests fail to produce response, provided the nondepolarizing relaxant is used. Initial stimulation is produced at 1 Hz and then a tetanic train at 50 Hz for 5 second, followed by stimulation at 1 Hz. The number of post tetanic shocks which evoke detectable twitches is counted. Usually 12 to 20 counts detect the first response.  

____________(____________
Question No. 85


Describe the mechanism of patient control analgesia (PCA). What are its components?

Answer: -
Patient controlled analgesia (PCA)

PCA represents one of the most significant recent advances in the treatment of post-operative pain. Improved technology enables pumps to accurately deliver boluses of opioid when a demand button is activated by the patient.

It is the patient who determines the plasma concentration of the opioid. The latter is a balance between the dose required to control the pain and that, which causes side-effects. The plasma concentration of the opioid is maintained at a relatively constant level with the dose requirements being generally smaller.

Components

1. A pump with an accuracy of at least + / -5% of the programmed dose.

2. The remote demand button connected to the pump and activated by the patient. 

3. An antisiphon and backflow valve.

Mechanism of action

1. Different modes of analgesic administration can be employed:

a. Patient controlled on demand bolus administration (PCA);

b. Continuous background infusion and patient controlled bolus administration 

2. The initial programming of the pump must be tailored for the individual patient. The mode of administration, the amount of analgesic administered per bolus, the”lock-out” time (i.e. the time period during which the patient is prevented from receiving another bolus despite activating the demand button) and the maximum amount of analgesic permitted per unit time are all variable settings on a PCA device.

3. Some designs have the capability to be used as a PCA pump for a particular variable duration then switching automatically to a continuous infusion as programmed.

4. The history of the drug administration including the total dose of the analgesic and the number of boluses can be displayed.

5. The devices have memory capabilities so they retain their programming during syringe changing.

6. Tamper-resistant features are included.

7. Some designs have a safety measure where an accident triggering of the device is usually prevented by the need for the patient to make two successive presses on the hand control within 1 second.

8. PCA devices operate in mains or battery.

9. Different routes of administration can be used for PCA, e.g. intravenous, intramuscular, subcutaneous or epidural routes.

10. Alarms are included for malfunction, occlusion and disconnection.

Problems in practice and safety features

1. The ability of the patient to cooperate and understand is essential.

2. Availability of trained staff to programme the device and monitor the patient is vital.

3. In the PCA mode, the patient may awaken in server pain because no boluses were administrated during sleep.

4. Some PCA devices required special giving sets and syringes.

5. Technical errors can be fatal.

Disposable and portable painted controlled analgesia

This is a wrist-mounted lightweight PCA device

Components

1.A 
65ml balloon sheath where the opioid is stored.

2.A 
kink-resistant tubing connecting the sheath to the patient control module. This has a built-in filter.

3.A 
0.5ml reservoir housed in the patient control module.

Mechanism of action 

1. The balloon sheath is under pressure delivering the opioid through the filter.

2. The bolus does is preset at 0.5 ml with a lock out time of 6 minutes.

3. Depression of the demand button empties the reservoir. Upon release of the button, the reservoir again begins to fill with the opioid. The design eliminates programming errors and electrical malfunction.

4. The device features a tamper-resistant design.

5. The maximum weartime is 5 days but during stability has to be taken into consideration.

· Patient controlled analgesia (PCA)

· The patient has the ability to administer the opioid as required.

· The device is programmed by the anesthetist.

· Different modes of administration.

· Tamper-resistant design is featured.

· Portable versions exist.

· Technical errors can be fatal.

Syringe pumps

These are programmable pumps that can be adjusted to give variable rates of infusion and also bolus administration. They are used to maintain continuous infusions of analgesics (or other drugs). The type of flow is pulsatile continuous delivery and their accuracy is within +/-2-5%. Some designs can accept variety of designs size syringes. The power source can be battery and/ or mains.

Volumetric pumps

These are programmable pumps designed to be used with specific giving set tubing. They are more suitable for infusions where accuracy of total volume is more. Their accuracy is generally within +/-5-10%. Various mechanisms of action exist. Peristaltic, cassette and reservoir systems are commonly used. The power source can be battery and/ or mains. 

____________(____________
Question No. 86
What are special features of Nerve block Needles?

Answer: -
These needles are used in regional anaesthesia to identify a nerve plexus or peripheral nerve.
Components

1. They are made of steel with a luer-lock attachment.

2. They gave short, rather blunt bevels in order to cause minimal trauma to the nervous tissue. The bluntness makes skin insertion more difficult. This can be overcome by a small incision.

3. The needles have translucent hubs which allow earlier recognition of intravascular placement whilst performing blocks.

4. A side port for injecting the local anaesthetic solution is found in some designs.

5. The needles are connected to a nerve stimulator to aid in localizing the nerve.

6. 22G needles are optimal for the vast majority of blocks. There are different lengths such as 50 and 120 mm depending of the depth of the nerve or plexus.

Mechanism of action

1. The needle should first be introduced through the skin and subcutaneous tissues and then attached to the lead of the nerve stimulator.

2. An initial output from the nerve stimulator is selected. The needle is advanced slowly to towards the nerve until nerve stimulation is noticed. The output is then reduced until a maximal stimulation is obtained with the minimal output.

3. The blunt nerve block ahead of itself as it is advanced; whereas a sharp needle is more likely to pierce the nerve Blunt needles give a better feedback feel as resistance changes as they pass through the different layers of tissues.

4. As the local anaesthetic solution is injected, the stimulation is markedly reduced after only a small volume is injected. This is due to displacement of the nerve from the needle tip.

5. If a nerve stimulator is not used, paraesthesia is elicited when the needle tip is in contact with the nerve.

6. Catheters can be inserted and left in situ after localizing the nerve or plexus. Repeat bolus or continuous infusion of local anaesthetic solution can then be administered.

7. The immobile needle technique is used for major nerve and plexus blocks when a large volume of local anaesthetic solution is used. One operator maintains the needle in position whilst the second operator, after aspiration, injects the local anaesthetic solution through the side port. This technique reduces the possibility of misplacement and intravascular injection.

Nerve block needles can either be insulated with an exposed tip or non-insulated.

Insulated needles

These needles are Teflon coated with exposed tips. The current passes through the tip only. The insulated needles have a slightly greater diameter than similar non-insulated needles, which may result in a higher risk or nerve injury.

Non-insulated needles

These needles allow current to pass through the tip as well as the shaft. They are effective in regional anaesthesia because the maximum density of the current is being localized to the tip due to its lower resistance. However, a nerve may be stimulated via the shaft. In this situation, the local anaesthetic solution injected will be placed away from the nerve, resulting in an unsuccessful block.

Nerve block needles

· Made of steel with short blunt bevel to reduce trauma to nerves and improve feedback feel.
· 22G is optimal with lengths of 50 or 120 mm available.

· Can be insulated or non-insulated.

· Immobile needle technique is commonly used.
____________(____________

Question No. 87
How does nerve stimulator works for nerve blocks? Describe it mechanism of action?

Answer: -
Nerve stimulator for nerve blocks

This device is designed to produce visible muscular contractions at a predetermined current and voltage once a nerve plexus or peripheral verve(s) has been located.

Components

1. The nerve stimulator case with an on /off switch and a dial selecting the amplitude of the current.

2. Two leads to complete the circuit. One is connected to and ECG skin electrode and the other to the locating needle. The polarity of the leads should be clearly indicated and colour coded with the negative lead being attached to the needle.
Mechanism of action

1. A small current (0.25-0.5 mA) is used to stimulate the nerve fibres causing the motor fibres to contract.

2. The frequency is set at 1-2 Hz. Tetanic stimuli are not used because of the discomfort caused.

3. The duration of the stimulus should be short (1-2 ms) to generate painless motor contraction.

4. The nerve stimulator is battery operated to improve patient safety.

5. Nerve location can be very accurately defined especially when low currents are used. The success rate of technically difficult nerve blocks can be increased by using a nerve stimulator. A sciatic nerve block with a success rate of over 90%can be achieved in experienced hands, compared to about50% without using a nerve stimulator.

6. Nerve blocks can be performed while the patient is anaesthetized or heavily sedated as the response is visibly monitored with no need to elicit paraesthesia. However, the use of neuromuscular blocking agents will abolish any muscular contractions.

Problems in practice and safety features 

1. Higher currents will stimulate nerve fibres even if the tip of the needle is not adjacent to the nerve. The muscle fibres themselves can also be directly stimulated when a high current is used. In both situations the outcome will be as unsuccessful block once the local anaesthetic solution has been injected. 

2. It is not recommended to use nerve stimulators designed to monitor the extent of neuromuscular blockade for regional nerve blocks. These are high output devices which can damage the nervous tissue.

3. It should be remembered that using the nerve stimulator is no excuse for not having a sound knowledge of surface and neuroanatomy required to perform regional anaesthesia.
Nerve stimulator for nerve blocks

· It has two leads. One to the skin and the other to the needle.

· A small current of 0.5 mA or less is used with a frequency of 1-2 Hz.

· The stimulus is of short duration (1-2ms).

____________(____________

Question No. 88



How invasive arterial pressure is monitored, what are its problems?

Answer: -
Invasive arterial pressure monitoring

Invasive arterial pressure monitoring provides beat-to-beat information with sustained accuracy.

Components
1. An indwelling Teflon arterial cannula (20 or 22 G ) is used. The cannula has parallel walls to minimize the effect on blood flow to tik,uhe distal parts of the limb. Some designs have guide wire to assist in insertion.

2. A column of bubble-free heparinized saline at a pressure of 300 mmHg, incorporating a flushing device.

3. Via the fluid column, the cannula is connected to transducer. This in turn is connected to as amplifier and oscilloscope. A strain gauge variable resistor transducer is used.

4. The diaphragm (a very thin membrane) acts as an interface between the transducer and the fluid column.

Mechanism of action

1. The saline column moves back and forth   with the arterial pulsation causing the diaphragm to move. This causes changes in the resistance and current flow through the wires of the transducer. 

2. The transducer is connected to a Wheatstone bridge circuit. This null-deflection system consists of a very sensitive galvanometer and four resistors: two constant resistors, a variable resistor and the unknown resistor. Changes in resistance and current are measured, electronically converted and displayed as systolic, diastolic and mean arterial pressures.

3. The flushing device allows 3-4 ml of heparinized saline to flush the cannula. This is to prevent clotting and back flow through the catheter. Manual flushing of the system is also possible when indicated. 

4. The radial artery is the most commonly used. The brachial, femoral, ulnar or dorsalis pedis arteries are used occasionally.

5. the information gained from invasive arterial pressure monitoring includes heart rate, pulse pressure, the presence of a respiratory swing, left ventricular contractility, vascular tone ( SVR) and stroke volume.

The arterial pressure waveform

1. This can be characterized as a complex sine wave which is the summation of a series of simple sine waves of different amplitudes and frequencies.

2. The fundamental frequency (or 1st harmonic) is equal to the heart rate. The first ten harmonics of the fundamental frequency contribute to the waveform.

Fig
The Wheatstone bridge circuit where null deflection of the galvanometer implies R1/R2 = R3/R4

3. The system used to measure arterial blood pressure should be capable of responding to a frequency range of 0.5 – 40 Hz in order to display the arterial waveform correctly.

4. The dicrotic notch in the arterial pressure waveform represents changes in pressure due to vibrations caused by the closure of the aortic valve.

The natural frequency

This is the frequency at which the monitoring system itself resonates and amplifies the signal. The natural frequency should be at least ten times the fundamental frequency. The natural frequency of the monitoring system is:

2. Directly related to the catheter diameter;

3. Inversely related to the square root of the system compliance;

4. Inversely related to the square root of the length of the tubing;

5. Inversely related to the square root of the density of the fluid in the system.

Problems in practice and safety features

1. The arterial pressure waveform should be displayed ( fig) in order to detect damping or resonance. Increased damping lowers the systolic and elevates the diastolic pressures. Increased resonance elevates the systolic and lowers the diastolic pressures. The mean pressure should stay unchanged. The monitoring system should be able to apply an optimal damping value of 0.64. Damping can either be due to   air bubble, clot or a highly compliant, soft diaphragm and tube. Resonance can be due to a stiff, non-compliant diaphragm and tube. 

2. Air in the catheter-transducer system is the most common cause of damping (air is compressible in contrast to the saline column).

Fig: Arterial pressure waveform. ( a ) correct, optimally damped waveform.

(b) Underdamped waveform. ( c ) Overdamped waveform ( reproduced

with permission from Textbook of Anaesthesia).
3. The transducer should be positioned at the level of the right atrium  a reference point which is at the level of the midaxillary line. Raising or lowering the transducer above or below the level of the right atrium gives error readings equivalent of 7.5 mmHg for each 10 cm.

4. Ischaemia distal to the cannula is rare but should be monitored for. Multiple attempts at insertion and haematoma formation increase the risk of ischaemia.

5. Arterial thrombosis occurs in about 20% of cases usually with no adverse effects. 

6. Risk of bleeding due to disconnection.

7. Inadvertent drug injection causes distal vascular occlusion and gangrene. An arterial cannula should be clearly labelled.

8. Infection is rare.

Summary of Invasive arterial pressure monitoring

· Consists of an arterial cannula, a heparinized saline column, a flushing device, a transducer, an amplifier and an oscilloscope.

· In addition to blood pressure, other parameters can be measured and estimated such as myocardial contractility, vascular tone and stroke volume.

· The waveform should be displayed to detect any resonance or damping.

____________(____________

Question No. 89
Write an account of electromanometry as used in the measurement of blood pressure.

Answer: -




The pressure site is connected directly via a saline filled system to sensing metal diaphragm which responds to the pressure: and the resulting movement is converted into an electrical analogue of the pressure waveform.

The waveforms which need to be measured vary between, for example, those around zero, e.g. venous for inter-atrial, and those over a large range with a rapid rise and fall, e.g. 0-120 mm. Hg. in the left ventricle.

Measurements are often required through narrow needles or long catheter for remote sites. The frequency response of the sensing system must be able to match all the frequencies of the harmonics in the pressure waveform. This is achieved by low volume displacement, i.e. very small volume change per unit pressure change. The latter is met by a stiff sensing diaphragm and rigid catheter walls. The mass movement (inertia) is low, the compliance is low (high stiffness) and the viscous resistance is low since there is little volume flow. Damping in the sensing system is kept more to a minimum by an increase in catheter radius than a reduction in length. Underdamping can always be remedied either mechanically or electrically. If the damping is high due to a constriction in the system, e.g. due to a narrow exploring needle, then the volume displacement must be reduced to keep up the frequency response, i.e. by using a transducer with a stiffer diaphragm.

Transducer requirements:

1. Appropriate frequency response of the electronic circuitry. 

2. Adequate sensitivity, i.e. the ratio of electrical output/ input signal should be high. However this requires an increase in volume displacement which reduces the frequency response. A compromise situation has therefore to be accepted.

3. Stability of the amplifying and recording system to avoid zero (base – line) drift or changes in sensitivity. 

4. Linear response, i.e. electrical output
=     Unit pressure change

5. Ease of handling and sterilization. 

Types of Transducer

Bridge type:
In this type of transducer the movement of the diaphragm either produces a resistive (strain gauge) inductive (electromagnetic induction transducer) or capacitative change in a Wheatstone bridge circuit, of which the diaphragm is a part. The output of the bridge is thus an electrical analogue of the pressure waveform.

Photoelectric: This is an older type of transducer with a higher volume displacement. The diaphragm carries a small mirror of which a beam of light is reflected onto a double vacuum photocell. The photocell output is once more an analogue of the pressure waveform. The advantage of using photocells is that they have a large output which therefore, requires little amplification with the result that the stability of this system is high.

The photoelectric transducers can be made so small that they can be inserted directly into the blood stream, as a catheter tip device.

____________(____________

Question No. 90
How may the blood flow in the hand and forearm be estimated?

Answer: -
(Note that this question says “estimated” Therefore qualitative as well as quantitative techniques should be mentioned).

The blood flow to the hand is usually taken to be predominant indication of muscle flow.

Qualitative Methods

Skin colour gives a rough guide to skin flow, while skin temperature gives some idea of flow to the deeper tissues as well. A temperature “contour map” can be constructed using skin thermocouples in order to distinguish areas of poor circulation. This technique can be used before and after sympathetic block or sympathectomy to assess the efficacy or these procedures.

Plethysmography

(a) Venous occlusion Plethysmography

The limb is enclosed in a rigid water-filled box, maintained at constant temperature. Displacement of water from the box is sensed by a volume recording system, e.g. the water is displaced into a vertical 20 ml. Syringe barrel and the pressure at the bottom of this is sensed, via a needle and catheter system, by an electronic pressure transducer. If the initial pressure transducer calibration is made by volume increments of fluid in the syringe, then the transducer output will by a volume analogue. If a venous cuff is suddenly inflated, the initial expansion of the part is due to arterial inflow. This displaces water into the syringe, and the transducing and recording system will write out blood flow against time. The waveform of the blood flow tails off as the venous resistance rises. The blood flow rate is obtained by drawing a tangent to the initial part of the curve, i.e.

(b) Strain gauge Plethysmography

Expansion of the part may be sensed by mercury in rubber strain gauge. This consists of a tube of latex filled with mercury which is applied circumferentially to the part. Expansion of the part causes lengthening of the rubber and consequent reduction in diameter of the contained mercury. Now the mercury is included as one arm in a bridge circuit. Since resistance changes with diameter of a conductor, the change in bridge balance, and therefore the electrical output, will be an analogue of the expansion.

If the blood flow to the forearm only is to be measured, the hand circulation can first be excluded by inflating a cuff, round the wrist, to a value exceeding systolic blood pressure. 

Other indirect quantitative methods include calorimetry Na 24 as sodium chloride after intrarterial injection.

Direct methods (largely inapplicable to man) include an arterial cannula or venous cannula; or (b) the insertion into artery or vein of a suitable flowmeter (e.g. orifice meter, venturi meter, Pitot tube, rotameter, turbinometer. 

____________(____________

Question No. 91
What are the causes of explosions during anesthesia? Indicate the various ways in which this risk may be reduced.

Answer: -
A fire becomes an explosion if combustion is sufficiently rapid to cause the production of sound waves. The latter are associated with pressure changes, which may be of significant magnitude to cause physical damage. The essential conditions are the presence of (I) an explosive mixture and (2) a spark of sufficient energy or surface heat to cause ignition.

An explosive mixture is always present if ethylene, ethyl chloride, either or cyclopropane are used as anesthetics. The duration of the explosion risk after these have been used, e.g. for induction, is said to be no longer than 5 minutes (Vickers).

Prevention consists of –

1. Preventing the unnecessary accumulation of zones of high concentrations of explosive mixtures.

2. Eliminating sparks form the theatre. There are said to be three zones around the seat of the explosive mixture.

(a) Highly dangerous zone between the anaesthetic machine and the patient’s head, and the immediate vicinity in which easy ignition can occur.

(b) A zone 0.3 to 0.9m in all directions where ignition is difficult.

(c) A zone beyond this in which all gases are below their lower inflammability limit.

As all anaesthetic gases are heavy, input ventilation of the Theatre, should be at least 1.8m above floor level, and extraction should be at floor level.

Sources of ignition

1. Heat: open flames and fires. Hot wires .endoscope bulbs. The minimum ignition temperature of all anaesthetic mixtures is 1800 C.

2. Electric current: diathermy, cautery and X-ray machines. Sparks from motors and switches. Apparatus can be made safe

(1) Enclosing switches, etc. in a gas-tight or pressurized container.

(2) Use of mercury switches.

(3) Preferably by the use of intrinsically safe circuits so that sparking cannot occur.

3. Static charges: the commonest source of sparks. Non-conducting Rubber is the main source. All non-conductors (insulators) should be illuminated, i.e. rubber, plastic, wool, cotton. Conducting rubber-containing carbon should be used for anaesthetic Tubing. The aim should be that everything in the theatre is Iso-electric with low-resistance. Two points 0.9m apart should Have250, 000 – 300,000 ohms resistance between them. The generation of static electricity is rendered much more difficult in a humid atmosphere. A water vapour film on all objects helps to conduct static charges to earth. The aim should be a relative humidity of 60-65%.

Another approach is the admixture of diluents to explosive Mixture.
Insert diluents: absorb the heat energy of combustion and thus limit the process. However, large quantities are necessary, E.g. nitrogen or azeotropic mixtures, e.g. halothane with either. Active diluents: these are effective in smaller concentrations and work by the preferential reaction with the highly inflammable Free radicals produced in a fire. Unfortunately, the only combustion inhibitors which are effective at low concentration are also toxic, e.g. carbon tetrachloride. The use of diathermy is a sign of modern surgery; however the advent of intravenous induction agents, such as Thiopentone and methohexitone, and also the introduction of Halothane as a product of logical research, has done much to eliminate the risks of explosions in anaesthesia.

____________(____________
Question No. 92

Discuss the theory and practice of humidification of inspired gases.

Answer: -
Theory

Humidification of inspired gases involves.

(a) The humidification of completely dry gases from cylinder sources – less trouble some if patients not intubated.

(b) The humidification of a room air breathed by patients who cannot humidify it easily themselves, e.g. after tracheostomy.

1. In (a) dry gases at room temperature, e.g. 200 C, and with a Relative humidity of virtually zero are warmed to body temperature, e.g. 370 C, and humidified to a relative humidity of virtually 100%. Now the absolute humidity of 1 litre of completely dry gas =0mm/litre,

And the absolute humidity of 1 litre of gas with an R.H. of 100% at 370 C = 47 mg/litre (i.e. = saturated vapour pressure in mg.).  : In (a), water as vapour is required at a rate of 47 mg/litre to          maintain water balance.

2. In (b), air at room temperature, e.g. 20C, and with a relative humidity in a ward of, say 50%, is warmed to 370C., and humidified to An R.H. of virtually 100%. Now the absolute humidity of air with an R.H. of 50% = 18  x  50       =9mg/litre.






    
    100


 : in (b), water as vapour is required at a rate of (47-9)=38mg/litre.

3. If the inspired gases can be humidified to an R.H. of 100% at Room temperature, then the water vapour requirement would be (47-18)=29mg/litre.

4. Finally, if the inspired gases are heated to 370 C before

Inspiration and are humidified to an R.H of 100%, the water vapour requirement would be

 (47-47)   =    0mg/liter.

5. Another approach with air at room temperature (2) overleaf – is to add water, not in the vapour phase, but in the liquid phase,  i.e. as nebulised droplets. In this way the apparent relative humidity can be raised above 100% if it is thought of merely on a weight basis.

Practice

1. Hot water humidifiers may be either incorporated in the inspiratory limb of a ventilator or utilized in company with a blower system for air, when dealing with spontaneously ventilating patients with tracheostomies. The temperature of the water vapour as it reaches the patient is all important. Ideally, no temperature gradient should exist between the patient and the patient’s end of the tubing. The water in the humidifier therefore requires being at about 500C.

2. Heat and moisture exchangers (the Swedish nose). These consist of aluminum foil or wire gauge condenser humidifiers which are inserted in the airway close to the patient. The structure allows a large surface area for heat and moisture exchange. During expiration, the exchanger is warmed, but during cooling of the expired gas some water vapour condenses out. During inspiration the converse applies.                             This occurs to a lesser extent in anaesthetic circuits, more so in a rebreathing circuit than in non-breathing circuit.

Nebulizers: The droplet size is critical. Droplets of less than 0.5 micrometer vaporize before they reach the airway. Droplets above 10micro meter fall out of the mist. Only those between 0.5 and 10 get ultrasonic vaporiser. Air can be so over-loaded with water that dangerous over hydration can occur.

____________(____________

 Question No. 93
Define vapour pressure and hydrostatic pressure? 

Answer: -
Vapour pressure

The molecules of vapour are in continuous motion like other gases. When the vapour is enclosed in a container, the force which they exert on each unit area on the walls of container is taken as the pressure of that vapour. At any particular temperature when the liquid and its vapour are in equilibrium, the pressure exerted is the vapour pressure and thus it is, in fact, the saturation pressure. The vapour pressure is dependent of the temperature and the nature of the liquid over a wide range of barometric pressure. It may be calculated by multiplying the volume concentration (percent V/V) of vapour by the barometric pressure. At low and high atmospheric pressure such as in high altitude and hyperbaric chamber respectively, the concentration of the anaesthetic is dependant on barometric pressure and the vapour pressure is dependant on temperature. 

Heating raises the temperature of the liquid and hastens vaporization. At one time the vapour pressure equals the pressure of the atmosphere. This is taken as boiling point of that liquid. Whenever the vapour pressure of the liquid becomes equal to the atmospheric pressure, then bubbles of vapour form in the interior of the liquid and thus the liquid seems to ‘boil’. 

Vaporization of a particular anaesthetic liquid may be accelerated by increasing the surface area to provide a larger contact area to furnish heat and also by removing the vapour above the volatile liquid to provide a constant high gradient of pressure from liquid to the vapour. Vaporization always needs some energy to overcome the normal cohesive tendency of the liquid. It usually comes from heat either from outside source or from the liquid itself. Thus heat and a source of heat are most important factors for vaporization.

Vaporization can be increased by incorporating wicks against the walls of vaporizer. Wicks provide additional temperature control and increase surface area of vaporization, thus ensuring maximum vapour concentration. Wicks should be located directly against the metal wall of the vaporizing chamber to provide efficient heat exchange.

Hydrostatic pressure

Fluid flows through tubes only when there is pressure difference between the two ends and from high pressure level to a low pressure level. The hydrostatic pressure is the pressure of fluids in equilibrium and that exerted on liquids. The pressure at any level equals to the weight of water column of unit cross section area above it. This weight of water is numerically identical with the height of water column. Thus the hydrostatic pressure is usually expressed in centimeter of water. But these units are usually relative to the barometric pressure and the absolute pressure will then be the barometric pressure and the absolute will then be the barometric pressure added with hydrostatic pressure expressed in cm H​2O. the hydrostatic pressure depends only on the head of water and not on the capacity of the container.

____________(____________

Question No. 94

How volatile anaesthetics agent vapour concentration is calculated?
A volatile anaesthetic is a liquid, which is below its boiling point at room temperature. When a liquid is placed in a closed containing with a space above it, molecules leave the surface and go into the gaseous phase. Some recondense, but at equilibrium a steady state is reached. The gas above the liquid is then saturated vapour. The molecules in the vapour exert a pressure, which, being less than the total is the partial pressure of the saturated vapour.

Since the number of molecules leaving the liquid surface is dependent upon their energy state, the saturated vapour pressure is temperature dependent. The relationship  between vapor pressure and temperature for a given agent in expressed by the vapour pressure curve.

The SVP of a liquid is thus obligatory at a given temperature. The other gasses present in a mixture exert partial pressures according to their concentration. The total pressure is always atmospheric. The ratio of partial pressure to total pressure is concentration. When dealing with saturated vapour pressure. The concentration term is saturation concentration.

The above points can be made clearer by examples.

Consider a halothane, N2O, O2 mixture of: -

N2O = 70%, O2 = 29%, Halothane = 1% (atmospheric pressure = 760 mmHg)

A patient at 370C inhales this mixture where it becomes saturated with water vapour. What are the tensions of the gases and vapours in the mixture (SVP of H2O at 370C = 47 mmHg)?

Total = 760

H2O 

=
47 (obligatory)

=
47.0

N2O

=
(760 – 47) x 70/100
=
499.1

O2

=
(760 – 47) x 29/100
=
206.1

Halo

=
(760 – 47) x 1/100

=
7.1









=
760.0


Or as percentages:

Total = 100%

H2O

=
47 x 100/760

=
6.2

N2O

=
499.1 x 100 /760

=
65.7

O2

= 
206.1 x 100/760

=
27.2

Halo

=
7.1 x 100/760

=
0.9









=
100.0

SVP is temperature dependent. Saturation concentration is atmospheric pressure dependent. What is the saturation concentration of halothane at sea level and at Mexico City (atmospheric pressure about 540 mmHg at 200C)?

The SVP of halothane at 200C = 241 mmHg

Saturation concentration at sea level = 241/760 x 100 = 31.7%

And saturation concentration at Mexico City = 241/540 x 100 = 44.6%

Liquid boil when their SVP = atmospheric, i.e., a saturation concentration of 100%. Therefore, boiling point is atmospheric pressure dependent e.g., the boiling of H2O at 14000 ft is 850C.

Student must know the SVP at room temperature, the saturation concentration and boiling point of all the volatile anaesthetics in use in their own environment. In Great Britain this would be at 200C and 760 mmHg atmospheric pressure.

____________(____________

Question No. 95
Define: - 

Boiling point,  latent heat of vaporization, specific heat, thermal conductivity, coefficient of expansion.

Briefly indicate how these apply to the vaporization of anaesthetic agents and to vaporizer design.

Answer: -


 

The boiling point of an agent is the temperature at which the change, liquid            gas occurs. The temperature of the mixture will not change until all the agent has changed from one state to the other. Boiling occurs when the saturated vapour pressure reaches atmospheric pressure. The boiling point is thus dependent upon atmospheric pressure.

The latent heat of vaporization of an agent is the amount of the heat (calories) required to change 1 g of the liquid into vapour without a change in temperature. The L.H.V. is temperature dependent, i.e. at low temperature it is high but at the critical temperature it is zero and the liquid vaporizes spontaneously.

Specific heat is the amount of heat required to change 1 g of a substance by 1C0 relative to that for water which is unity. Therefore, specific heat strictly has no units.

Thermal conductivity of a substance is the rate it will conduct heat in cals.per cc.per sec.perC0.temperature gradient. Coefficient of expansion is the unit change in length per change in C0, applied to solids and liquids. Expansion of ideal gases is by 1/273 of the volume at 0C0 change in temperature (Charles’s law).

Application 

The closer boiling point of a volatile agent to ambient temperature, then the higher is the saturation concentration in the vaporizing
chamber. Thus in the regulation of concentration the boiling point governs the splitting ratio of the carrier gas stream. If the L.H.V. of the agent is high, more heat replacement will be required as vaporization continues, and more attention will have to be paid to temperature compensation. If the S.H. of the agent is high it will cool relatively less per calorie removed for the L.H.V. if the vaporiser is jacketed with a high S.H. material, e.g. water, the latter will form a heat store i.e. give up a lot of calories before it will cool. If the thermal conductivity of the vaporizer material is high, e.g. copper, it will rapidly conduct heat back to the agent from the surroundings. The coefficient of expansion of metals and the expansion of vapours is utilized in the temperature compensation of vaporiser inlet ports, i.e. automatic regulation of the splitting ration to compensate for the effect of temperature change on the saturation concentration produced in the vaporiser chamber. The differential expansion or contraction of two metals may be utilized in a bimetallic strip which bends into and out of the inlet port. Thermosensitive capsules of a bellows-like structure, containing ether or froen, may be used to drive a plunger into and out of the inlet orifice.

Question No. 96

What is the mechanism of action of defibrillators?

Answer: -
Defibrillator

This is a device that delivers electrical energy to the heart causing simultaneous depolarization of an adequate number of myocardial cells to allow a stable rhythm to be established.

Components

1. The device has an on/off switch, joules setting control, charge and discharge buttons.

2. Paddles can be either external (applied to the chest wall) or internal (applied directly to the heart). The external paddles are usually 8-8.5 cm in size.

Mechanism of action

1. DC rather than AC energy is used. DC energy is more effective, causing less myocardial damage and being less arrhythmogenic than AC energy. The lower the energy is, the less the damage to the heart.

2. The DC shock is on brief duration and produced by discharge from a capacitor.

3. The external paddles are positioned on the sternum and on the left midaxillary line (5th – 6th rib). An alternative placement is one paddle positioned anteriorly over the left precordium and the other posteriorly behind the heart. Firm pressure on the paddles is required in order to reduce the transthoracic impedance and achieve a higher peak current flow. Using conductive gel pads helps in reducing the transthoracic impedance. Disposable adhesive defibrillator electrode pads can be used instead of paddles and offer hands-free defibrillation.

4. For internal defibrillation, the shock delivered to the heart depends on the size of the heart and paddles.

5. Some designs have an ECG oscilloscope and paper recording facilities. DC defibrillation can be synchronized with the top of the R-wave in the treatment of certain arrhythmias such as atrial fibrillation.

6. The implanted automatic internal defibrillator is a relatively recent development where a self-contained diagnostic and therapeutic device is placed next to the heart (at thoracotomy). It continuously monitors the rhythm and when malignant tachyarrhythmias are detected, a defibrillation shock is automatically delivered.

Problems in practice and safety features

1. Skin burns

2. Further arrhythmias

Defibrillator

· External and internal paddles are available

· DC energy is discharged from a capacitor

· Implanted automatic internal defibrillator exists

____________(____________

Question No. 97


Define: Sterilization, Disinfection, Pasteurization, Antisepsis, Fumigation, and Pyrogen?

Answer: -
Sterilization: - This is the process by which micro-organisms including bacterial spores are destroyed.

Disinfection: - This is the process by which vegetative forms of micro-organisms are destroyed, but not usually bacterial spores.

Pasteurization: - This is the process of disinfection by heat at temperature of about 60-80C0.

Antisepsis: - This is a process by which micro-organisms are destroyed on the surface of living tissues. Spores are not usually killed and, while some vegetative forms may also survive, they are usually reduced to a low level not normally harmful to health.
Fumigation: -    This is also a method of disinfection but by exposure to a Vaporized disinfectant e.g. formaldehyde.

Pyrogen: - This is a protein matter which is capable of producing fever and is sometimes found in sterile infusion fluids. It is produced by bacteria entering the fluid during distillation and storage. The bacteria is killed during sterilization but the pyrogenic particles of protein are left behind.

____________(____________
Question No. 98
What are the methods of sterilization? What are sterilization indicators?

Answer: -
Methods of sterilization

I(a)  Moist heat autoclaving

The autoclave is a special container from where air is removed and replaced with steam under pressure. As pressure increases, the steam temperature rises, and the length of the exposure required for sterilization is reduced e.g. at 1340C a period of three minutes is required and at 147C0 only 30 seconds are required for sterilization. Full autoclaving cycle takes longer than this. This method is effective against spores & vegetative bacteria. The steam penetrates paper card board & fabrics. But it dulls sharp edges slightly & deteriorates the rubber & plastics.

(b) Dry heat: -

It is a hot air oven which is sealed. A long period of exposure is required e.g. 1600C for 1 hour. 

Note. L.A.drugs should be autoclave at 160C0 for 20 min at 20 lbs pressure, but not dry heat.

II. Gas Sterilization
Two methods are available.

1. Ethylene oxide: It is effective against both spores & vegetative bacteria. It has excellent power of penetration; Used for ventilators; but it is toxic to inhale & explosive. It is difficult to eradicate all traces of ethylene oxide from rubber & plastics.

2. Low temperature steam plus formaldehyde: 


In a purpose – built autoclave subatmospheric pressure is produced and formaldehyde and then steam at 730C are added and temp, held steady for 2 hours. It is cheaper and easier to get rid of formaldehyde than ethylene oxide.

III. Sterilization by irradiation:
1) Gamma rays
Usually cobalt – 60 in a dose 2.5 megarads are used. Commonly used for disposable equipment. Glass turns brown & may be damaged. If irradiated more than once pvc, nylon, paper wool, & cotton may be damaged.

2) Ultra violet light: -

Used only on the surface area exposed. It has limited applications.

Sterilization indicator

Autoclave Tape: - 

1. It turns dark brown when exposed to normal autoclave condition (Bowie Dick Autoclave Test)

2. Browne’s tubes.

Liquid changes from red to green when sterilization is complete.

3. Irradiation labels: These discs change from yellow to red.

____________(____________

Question No. 99
What are methods of disinfections?

Answer: -
Disinfection by heat (pasteurization)

Commonly used for milk –69 – 80C0 temp is kept for a few seconds to an hour – but spores are not killed. In hospital it is carried out by hot water or steam.

Hot water pasteurization: - Tank or washer pasteurizers are used e.g. SCOH’s washer. Boiling is now seldom used: it seldom guarantees to be sporicidal.

Steam pasteurization special autoclave with low temperature steam is used. Formaldehyde is omitted; it is now getting popular as it will not destroy material.

Chemical disinfectants & Sterilization: - 

2% glutaraldehyde (cidex) immersion for 10 min causes disinfection & sterilization in hours.

Iodine –0.5 –2% in alcohol, Betadine which is providone Iodine is less irritant to skin.

Ethyl alcohol 70% - 80% 

Hexachlorophene (pHiso Hex) 50 – 70%

Chlorhexidine (Hibitane) 0.1% for endotracheal tube, 0.5% in 50% alcohol for skin.

Hypochlorite (Milton) used for Australian Antigen Filtration 0.5 particles are removed.

Note TB bacilli: Boiling kills them in 3 min.

____________(____________

Question No. 100

What the check procedures the anaesthetist should perform before anaesthetizing a patient?
Answer: -
The following full check procedures should be performed at the beginning of each operating theatre session. The checks are the responsibility of the anaesthetist. They may be performed by the anaesthetist or the assistant working with an anaesthetist, prior to procedures under general anaesthesia or regional anaesthesia/analgesia. In the event of a change of anaesthetist, the checked status of the anaesthetic machine must be agreed.

A.
 Oxygen analyzer
The first step is for the analyzer to be placed, checked and calibrated according to the manufacturer’s instructions. The analyzer should monitor the gases leaving the common gas outlet for the purpose of these checks.

B.
Medical gas supplies
1. The check procedure should start with the machine disconnected from all pipeline supplies and all vaporizers turned to off. The electrical supply to the machine should be switched on. 

2. Check that only cylinders which contain gases to be used are present on the machine, that they are securely seated and that they are turned off. A blanking plug should be fitted to any empty cylinder yoke.

Note: Carbon dioxide and cyclopropane cylinders should not normally be present on the machine unless specifically requested by the anaesthetist. 

3. Open all flowmeter control valves.

4. Turn on the reserve oxygen cylinder and check the contents gauge. Oxygen should flow through the oxygen flowmeter. If there is another in use oxygen cylinder turn off the reserve oxygen cylinder and repeat the test.

5. Check that the oxygen flow control valve can adjust the flow over the full range of the flowmeter and set a  flow  of   approximately 5   litres/min.  The oxygen analyzer display should approach 100%.

6. Turn on the reserve nitrous oxide cylinder and check the contents gauge. Nitrous oxide should now flow through the nitrous oxide flowmeter. If there is an in use nitrous oxide cylinder turns off the reserve nitrous oxide cylinder and repeat he test.

Check that the nitrous oxide flowmeter control valve can adjust the flow over the full range of the flowmeter and set a flow  of  approximately 5 litres/min.

7. Turn off the oxygen cylinder(s) and empty the oxygen from the system by operating the oxygen flush valve. The cylinder gauge(s) should return to zero. The primary audible alarm should operate while the oxygen pressure is decreasing.

When the supply of oxygen fails, observe that the appropriate oxygen failure protection device (if fitted) functions correctly to prevent the delivery of a hypoxic gas mixture.

8. Connect the oxygen pipeline. This should restore the flow of oxygen and cancel the oxygen failure protection device.

Perform a “tug test” and check that the oxygen pipeline pressure gauge reads 400 kPa.

9. Turn off the nitrous oxide cylinder(s). Connect the nitrous oxide pipeline. This should restore the flow of gas through the nitrous oxide flowmeter.

Perform a tug test and check that the nitrous oxide pipeline pressure gauge also reads 400 kPa. Turn off the nitrous oxide flowmeter control valve. 

10. If the anaesthetist has requested specifically that other cylinders be fitted, these should also be checked in a similar manner. 

11. Turn off all the flowmeter control valves.

12. Operate the emergency oxygen flush valve and ensure there is no significant decrease in the pipeline supply pressure. Confirm that the oxygen analyzer display approaches 100% during this test.

C. 
Vaporizers

1. Check that the vaporizer(s) for the required volatile agent(s) are fitted correctly to the anaesthetic machine, that any back bar locking mechanism is fully engaged and that the control knob(s) rotate through their full range(s). Turn off the vaporizer(s).

2. Check that the flow through any vaporizer is in the correct direction.

3. When charging each vaporizer ensures that the correct anaesthetic agent is used and that the filling port is left tightly closed.

4. Where the anaesthetic machine is fitted with a pressure relief valve the following tests should be performed ( there may be a dangerous increase in pressure if these tests are performed in the absence of such a valve):

a. Set a suitable test flow of oxygen (6-8 litres/min), and with the vaporizer in the off position, temporarily occlude the common gas outlet. There should be no leak from any of the vaporizer filaments and the flowmeter bobbin will dip:

b. Repeat this test with each vaporizer in the on position. There should be no leak of liquid from the filling port. 

5. Turn off the vaporizer(s) and the oxygen flowmeter control valve.

D.
Breathing systems


1. Inspect the configuration of the breathing and scavenging systems to be used and check that they function correctly. Ensure there are no leaks or obstruction in the reservoir bag or breathing system.
2. The push and twist technique should be employed for connecting conical fittings.
3. Check that the adjustable pressure limiting “expiratory” valve can be fully opened or closed.
4. Each breathing system poses separate problems. Make a visual check and perform and occlusion test on the inner tube of the Bain type coaxial system. Check the function of the unidirectional valves on he circle system.
E.
Ventilators 

1. Check the normal operation of the ventilator and its controls.
2. Occlude the patient port and check that the pressure relief valve function correctly.
3. Check that the disconnect alarm is present and operational.
4. Ensure that there is an alternative means to ventilate the patient’s lungs in the event of ventilator malfunction.
F.
Suction equipment

Check all components relating to the anaesthetic suction equipment and test for the rapid development of an adequate negative pressure.

G.
Leaks
The detection of small leaks is always a problem. Specific checks have been recommended.

An oxygen analyzer in the breathing system is a valuable safeguard against the delivery of a gas mixture which could result in hypoxia or awareness.
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