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Preface to the second edition

It is over a decade since the publication the first edition of Equipment in Anaesthesia and Critical Care, and 
we are grateful for all the comments, almost all positive, that we have received along the way. We were 
delighted when the first edition was highly commended at the BMA Book Awards and remain equally 
delighted when from time to time a trainee makes a passing comment that thanks to this book, they finally 
understand ventilators.

This second edition builds on the success of the first. It retains the same standardized format throughout; 
each major piece of equipment is given a single section that includes photographs and line diagrams 
that can be reproduced by FRCA candidates. Each section is subdivided into an overview, a list of uses, a 
description of how it works, an opinion on its relative advantages and disadvantages, and a list of safety 
considerations. Where relevant, we have included chapter introductions that provide a framework to help 
understand and classify the equipment featured within it. Starting out as a novice in anaesthesia can be 
overwhelming, so for the second edition chapter introductions we have included suggestions of which 
equipment to focus on as core knowledge for a novice, which is likely to feature at each stage of the 
FRCA. A point to note is that the comments on the relative advantages and disadvantages of pieces of 
equipment may differ from those expressed by the manufacturer, but are based on our interpretation of 
the best available evidence and on our opinion having used them.

So, what has changed in the world of anaesthetic equipment? Many things have not changed at all; 
chemistry and physics remain unaltered, and so the Severinghaus electrode and Venturi mask work just as 
they always have. The major changes have come in any device relying on electronics (videolaryngoscopes 
are now ubiquitous, and even their naming conventions have changed), where regulations have been 
updated (for instance in mandating NRFit needles) or evidence has evolved (as in recommendations for 
front of neck access). The exams themselves have changed significantly and will likely change again. This, 
combined with the fact that AI will now ask you questions on any topic in any style, has led us to remove 
the exam questions from this second edition.

Finally, we apologise to candidates, and especially to those who did not buy the first edition, that its release 
appears to have acted as inspiration for examiners to introduce questions on topics that we covered, but 
which had not yet made it into the FRCA exams. There are new topics in this new book, so perhaps history 
will repeat itself; fortunately, by buying (and reading!) our book you will be well prepared to face them.

Angus Rivers 
Daniel Aston
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x

Preface to the first edition

The Fellowship of the Royal College of Anaesthetists (FRCA) examination demands an in-depth knowledge 
of the mechanics, physics and clinical application of equipment used in anaesthesia and critical care.

Whilst working towards this exam ourselves, we struggled to find a textbook on equipment that distilled 
the required information into a clear and concise format that was easy to learn from. We have therefore 
spent considerable time researching equipment and liaising with manufacturers and trainees to produce a 
book specifically targeted at candidates sitting the primary and final FRCA exams. Our hope is that you will 
find it engaging, comprehensive and to the point.

For the sake of clarity, a standardized format is used throughout; each major piece of equipment is 
given a single section that includes photographs and simple line diagrams that can be reproduced in 
a viva or written exam. Each section is subdivided into an overview, a list of uses for the equipment, a 
description of how it works, an opinion on its relative advantages and disadvantages, and a list of safety 
considerations. Where relevant, we have also included chapter introductions that provide a framework to 
help understand and classify the equipment featured within it. A point to note is that the comments on 
the relative advantages and disadvantages of pieces of equipment may differ from those expressed by the 
manufacturer, but the views expressed are based on evidence, our experience or the opinions of other 
senior anaesthetists with whom we have worked.

Inevitably, many descriptions of equipment require an explanation of the physical variables used or 
measured. Where possible we have used the SI unit for these. However, in some areas of practice the unit in 
common use is not SI (e.g. the measurement of blood pressure) and in these cases we have used the more 
familiar term.

You will see that some words and phrases are written in purple. This highlighting indicates that a more 
detailed description of the subject can be found elsewhere in the book.

Thank you for using our book, we hope you find it useful and wish you the very best of luck with the exam.

Dan, Angus & Asela

August 2013
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AC alternating current

ACh acetylcholine

ACT activated clotting time

AF atrial fibrillation

APL adjustable pressure limiting

APTT activated partial thromboplastin time

AV atrioventricular

BIPAP bi-phasic positive airway pressure

BIS bispectral index

BTS British Thoracic Society
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CPB cardiopulmonary bypass
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FFP fresh frozen plasma

FGF fresh gas flow
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ICD implantable cardioverter defibrillator

ICP intracranial pressure
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ITTV intrathoracic thermal volume

LMA laryngeal mask airway

LOR loss of resistance

MLT microlaryngeal tube

MRI magnetic resonance imaging

MV minute ventilation

NG nasogastric

NICE National Institute for Health and Care 
Excellence

NIPPV non-invasive positive pressure ventilation

NIRS near-infrared spectroscopy

NIST non-interchangeable screw thread

NJ nasojejunal

NMJ neuromuscular junction

OD outer diameter

PAC pulmonary artery catheter

PCA patient-controlled analgesia

PCWP pulmonary capillary wedge pressure

PDPH post-dural puncture headache

PEEP positive end expiratory pressure

EiA2e.indb   12EiA2e.indb   12 22/04/2026   09:2522/04/2026   09:25



Abbreviations xiii

PEG percutaneous endoscopic gastrostomy

PICC peripherally inserted central catheter

PIP peak inspiratory pressure

PPV positive pressure ventilation

PRVC pressure-regulated volume control

PT prothrombin time

PTV pulmonary thermal volume

PVC polyvinylchloride

RIL rigid indirect laryngoscope

RMS root mean square

RRT renal replacement therapy

RUL right upper lobe

SGA supraglottic airway

SIMV synchronized intermittent mandatory 
ventilation

SVP saturated vapour pressure

SVT supraventricular tachycardia

TCI target controlled infusion

TIVA total intravenous anaesthesia

TPN total parenteral nutrition

TOF train-of-four

VAD ventricular assist device

VF ventricular fibrillation

VIC vaporizer-in-circuit

VIE vacuum insulated evaporator

VL videolaryngoscope

VOC vaporizer-out-of-circuit

VT ventricular tachycardia
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7.1	 Introduction to filters and 
humidifiers

Maintaining humidification of the airways is essential to avoid fluid loss, cooling and infection. Passive and 
active techniques are used to achieve this, with the most common being the passive heat and moisture 
exchange filter found in every anaesthetic circuit. Novices can start here. Other filters are widespread in 
clinical use and are common primary FRCA questions.

EiA2e.indb   242EiA2e.indb   242 22/04/2026   09:2922/04/2026   09:29



Chapter 7 Filters and humidifiers; 7.2 Passive humidifiers 243

7.2	 Passive humidifiers

Overview
Humidifiers add heat and moisture to cool dry inspired gases. Passive humidifiers do not require external 
energy to function. The heat and moisture exchanger (HME) is the commonest passive humidification 
device used in anaesthesia. It is used in patients whose nasal passages (the body’s own HME) are bypassed 
by an airway device such as an endotracheal tube (ETT) or laryngeal mask. Mechanical ventilation with 
cool, dry gases is known to impair mucociliary clearance of sputum, contribute to airway plugging and 
atelectasis, as well as exacerbating intra-operative heat loss. HMEs are simple, efficient devices that provide 
a solution to these problems.

Uses
HMEs are incorporated into breathing systems in most ventilated patients. They are also attached to 
tracheostomy tubes in patients who no longer require a breathing system. 

HMEs can also be combined with electrostatic microbial filters (HME filters, HMEF) so that they also protect 
the ventilated patient and equipment from particulate matter, including some bacteria.

How it works
An HME is a passive device that recovers and retains heat and moisture during expiration and then returns 
it to cool, dry gas that passes in the opposite direction on inspiration. An HME comprises a core of material 
within a plastic casing. The ability of an HME to recover and transfer heat and moisture depends largely on 
the characteristics of the material within its core. HMEs can be classified into three groups, each with their 
own particular performance characteristics, based on the nature and configuration of their core material:

	• hydrophobic (water repelling) HMEs
	• hygroscopic (water retaining) HMEs
	• combined hygroscopic–hydrophobic HMEs. 

The simplest and earliest HMEs were hydrophobic. These models have an aluminium core, which provides 
a surface that rapidly cools warm, humid expired gases. The cooling causes water vapour to condense and 
collect between the aluminium inserts. During inspiration cool, dry inspired gas passes through this insert 
in the opposite direction and absorbs heat and moisture from it. This returns the aluminium to its cooled 

Fig. 7.2.1: A heat and moisture exchange filter 
(HMEF).

Fig. 7.2.2: Schematic of an HMEF.

Antimicrobial filter

Hygroscopic and hydrophobic 
cellulose membrane

Capnography port

Cool, dry air PatientWarm, moist air
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state and the cycle repeats itself during the next expiration. Hydrophobic devices are the simplest and 
cheapest, but least efficient, HME devices, producing a modest moisture output of 10–14 mg H2O.l–1 at tidal 
volumes of 500–1000 ml. In addition, they can suffer from problems caused by the pooling of condensed 
water.

The efficiency of HMEs was increased by the development of a hygroscopic core. A material with a low 
thermal conductivity such as paper or foam is impregnated with hygroscopic salts such as calcium or 
lithium chloride. Instead of moisture being stored as condensed water droplets, the moisture is preserved 
by a chemical reaction with the salts. These HMEs are more efficient and can produce higher absolute 
humidities of 22–34 mg H2O.l–1 at tidal volumes of 500–1000 ml.

Newer devices combine hygroscopic, hydrophobic and electrostatic filters in varying configurations to 
produce even more efficient devices.

Advantages

	• Cheap and simple.
	• Do not require a power source.
	• Produce 60–80% humidification of inspired gases.
	• Reduce heat and moisture loss from the conducting airways and therefore improve mucociliary function 

and sputum clearance.
	• When combined with a filter, can be very efficient at removing bacteria and viruses. Some studies show 

a reduction in rates of ventilator-associated pneumonia in critical care.

Disadvantages

	• Increase the dead-space of the breathing system. Smaller HMEs are therefore used for children.
	• Increase the resistance of the breathing system.
	• A progressive increase in resistance through the HME is seen after several hours of use due to an 

increase in the material density of the HME.
	• Add bulk to the patient end of the breathing system.
	• HMEs can become occluded with secretions, blood or water.
	• The efficiency falls as tidal volumes and inspiratory flow rates increase.
	• It can take 10–20 minutes for HMEs to equilibrate and reach maximal efficacy.
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7.3	 Active humidification

Overview
Active gas humidifiers humidify (and often warm) cool, dry 
inspired gases using an energy-dependent process. This is in 
contrast to passive humidification where no external energy 
source is required. Active gas humidification is used to prevent 
the effects of breathing cool, dry gases for long periods. These 
effects are known to include atelectasis, exacerbation of intra-
operative heat losses, and impaired mucociliary function. Active 
humidification is generally more effective (in terms of the relative 
humidity achieved) than passive humidifiers like HMEs.

Uses
Used in patients who are mechanically ventilated or require 
oxygen therapy for significant periods, or have respiratory 
problems and are at risk of airway plugging (e.g. asthmatics).

How it works
Gases that are fully saturated with water at body temperature 
(37°C) have an absolute humidity of 44 g.m–3. An approximate 
comparison of the absolute humidity achieved by various 
devices is shown in Table 7.3.1. Note that values quoted by the 
manufacturer are usually measured under optimal conditions, and 

the actual humidity achieved may be less in clinical practice. If the absolute humidity achieved in the lungs 
is greater than 44 g.m–3, water may precipitate within the alveoli. 

Table 7.3.1: Absolute achievable humidities for active and passive humidifiers.

Humidifier Achievable absolute 
humidity (g.m-3)

Cold water bubble active humidifier 10

Heat and moisture exchanger (NB. a passive humidifier) 25–30

Warm water bubble active humidifier or warm water surface humidifier 40

Gas-driven nebulized active humidifier (with anvil or rotating disc) 50–60

Ultrasonic nebulized active humidifier 80–90

Fig. 7.3.1: A surface water bath 
humidification device used in ITU.
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Surface water bath humidifiers
Inspiratory gas is passed over the surface of 
a heated water bath. As it does so, it picks up 
water vapour from above the surface of the 
water and carries it to the patient. The water 
bath is usually heated to 40–45°C, but may be 
increased to 60°C to reduce bacterial growth. 

Advantages
	• In contrast to aerosolized water droplets, 

water vapour does not usually carry 
microbes. Therefore, in comparison with 
nebulizers and bubble humidifiers there is, 
theoretically, a reduced risk of infection. 

	• The humidifier does not significantly 
increase resistance to gas flow.

	• Usually located some distance from the 
patient. This reduces the risk of liquid 
water entering the inspiratory limb of the 
breathing system.

Disadvantages
	• Condensation can build up in the 

inspiratory limb of breathing system.
	• Thermostat failure could lead to airway scalding.
	• Bacterial and fungal colonization of the water reservoir can occur.

Dry gas Humidified gas
Water vapour

Heater
+

Water

–

Fig. 7.3.2: Schematic of a surface water bath 
humidifier.

Bubble humidifiers
Fresh gas is directed through a reservoir of sterile water via a fine capillary network or nozzle with 
multiple apertures. As the gas bubbles through and out of the reservoir, it becomes saturated 
with water vapour and transports it to the patient. The absolute humidity achieved by the bubble 
humidifier can be increased by heating the water. A typical reservoir has a volume of 300 ml.

Advantages
	• Compact. 
	• Cheaper than other active humidifiers.
	• Produces a higher absolute humidity than passive humidifiers.

Disadvantages
	• Risk of bacterial growth and colonization in the water bath. 
	• Water aerosols can lead to transmission of infection into the patient’s respiratory tract. 
	• Increases resistance to flow in the inspiratory limb of the breathing circuit because the fresh gas 

flow is bubbled through water. 
	• As water vapour cools, it may condense and build up within the oxygen tubing (rain-out).
	• Mineral build-up along capillary network can cause occlusions to oxygen inlet.
	• There is a risk of overheating and airway burns if the thermostat fails. If the water is not heated, a 

bubble humidifier’s efficiency may be less than that of a HME.
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Safety
Some bubble humidifiers 
incorporate a high-pressure alarm 
that triggers at 4–6 p.s.i. with an 
automatic pressure relief valve. 
Newer designs also include baffle 
systems to prevent liquid water 
entering the oxygen tubing.

Water reservoir

Dry gas

Audible safety pop-off valve

Flow control

Max

Min

Humidified gas

Water vapour

Fig. 7.3.3: Schematic of a bubble humidifier.

Nebulized humidifiers
A gas-driven nebulizer passes a high 
velocity stream of gas across the end of 
a tube that is positioned in a reservoir of 
water. The fast moving gas generates a 
negative pressure around the nozzle and 
draws water into the tube as a result of 
the Venturi effect (see Section 1.15: Venturi 
masks). The impact of the high velocity 
gas causes the water to break up into tiny 
droplets, which are carried by the gas flow 
to the patient. Droplets of water may be 
broken up further by colliding with an 
anvil. 

Spinning disc nebulizers comprise a porous 
spinning disc partially immersed in a water 
bath. As the disc spins, it draws water 
up from the bath and releases it as small 
droplets through small holes into the path 
of the fresh gas flow. The absolute humidity 
generated may be augmented by heating 
the water reservoir.

Dry gas Humidified gas

Nebulized water

High velocity driving gas

Anvil

Fig. 7.3.4: Schematic of a gas-driven nebulized 
humidifier.
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Ultrasonic nebulizers apply a 2–3 MHz vibration to a plate that is positioned in a water reservoir. 
The vibrational force is transmitted to the water surface and can produce water droplets as small 
as 1 μm in size. These water droplets are entrained into fresh gas that fl ows through the nebulizer 
chamber. Over-humidifi cation of gases with an ultrasonic humidifi er is a risk and may result in 
pulmonary oedema. 

Advantages
• Produce higher absolute humidities compared to passive HMEs.
• There is no added dead space.
• Less likely to occlude.
• Decreased resistance to breathing when compared to HMEs.

 Specifi c disadvantages
• Risk of over-humidifying patient leading to pulmonary oedema or altered fl uid balance through 

absorption.
• Provide a route for bacterial and viral infection.
• Expensive.
• Require an electrical power supply.
• Bulky and noisy when compared to other humidifi ers.
• Require a sterile water supply.

Porous surface contact humidifi ers
A porous polyethylene fi bre block 
is positioned on top of a heated 
water bath and fresh gas fl ows over 
and through it. Water is drawn up 
by capillary action along the fi bres, 
creating a three-fold increase in the 
surface area for humidifi cation, when 
compared to traditional chamber-type 
humidifi cation systems. 

Advantages
• 0.1 μm pore size can theoretically 

fi lter bacteria.
• Effi  cient humidifi cation is possible 

because of the increased water/gas 
contact surface area. 

Disadvantages
• Calcifi cation of the porous surface 

over time reduces effi  ciency.

Dry gas Humidified gasWater vapour

Water 

Polyethylene
fibre block

Water drawn up
through block by
capillary action
increasing surface
area for evaporation

Fig. 7.3.5: Schematic of a porous contact humidifi er.
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7.4	 Filters

Overview
Filtration is the process by which particles are removed from 
streams of fluid or gas by a semi-permeable membrane. Various 
types of filter play an important role in anaesthesia and critical 
care. These may be classified into screen and depth filters. In 
screen filters, all the pores rest in the same plane. Depth filters 
possess multiple layers of pores that force the fluid through a 
tortuous path that increases the likelihood of particle impaction. 
This classification is controversial, not least because screen filters 
exhibit depth when observed microscopically. 

Uses
Examples of commonly encountered filters include breathing system filters, epidural filters, IV infusion 
filters, blood filters, platelet filters, filter needles and haemofilters.

How it works
The principle mechanisms of filtration are:

	• direct interception
	• diffusional interception
	• inertial impaction
	• electrostatic deposition.

The degree to which each of these mechanisms plays a role in a given filter depends on the physical 
properties of the particles being filtered, whether they are suspended in a liquid or a gas, and the 
properties of the filter itself.

Direct interception
Particles that are larger than the pore size of the 
filter will be trapped (or intercepted) by it.

Diffusional interception
One might expect that particles that are smaller 
than the pores in a filter would pass freely. 
However, separation of these small particles 
can still occur because their random (Brownian) 
movement within the gas or liquid make them 
‘appear’ larger than they are. These random 
movements (caused by multiple collisions with 
other molecules) mean that these particles 
deviate away from the line of fluid flow and are 
therefore more likely to impact filter fibres.

Fig. 7.4.1: A Medtronic cardiotomy 
blood reservoir filter that forms part of a 
cardiopulmonary bypass circuit.

Direct interception

Diffusional interception

Inertial impaction

Filter medium

Gas/liquid flow

Filter medium

Gas/liquid flow

Filter medium

Gas/liquid flow

High density particle
Low density particle

Electrostatic deposition

+
+ +

+

––––––

––––––

Fig. 7.4.2: Direct interception.

Direct interception

Diffusional interception

Inertial impaction

Filter medium

Gas/liquid flow

Filter medium

Gas/liquid flow

Filter medium

Gas/liquid flow

High density particle
Low density particle
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+
+ +

+

––––––

––––––

Fig. 7.4.3: Diffusional interception.
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Inertial impaction
Inertial impaction affects particles that are denser 
than the fluid in which they are travelling. Less 
dense particles can change direction quickly to 
follow the fluid flow around the solid fibres of the 
filter medium. However, higher density molecules 
are unable to change direction as readily because 
of their inertia (the tendency of a body to resist 
changes in its speed or direction, which is 
dependent on its mass). These particles therefore 
tend to continue in a linear trajectory and impact 
the filter.

Electrostatic deposition
This is the process by which weakly charged 
particles are attracted towards opposite weak 
charges on the filter material. These weak 
electrostatic forces are also known as van der 
Waals forces.

Filter efficacy
Both inertial and diffusional impaction work best when filtering solid particles from a gas rather than a 
liquid. This is in part because the difference in density between a solid particle and a gas is far greater than 
between a solid particle and a liquid. 

The efficacy of a filter can be measured by its removal rating. Many manufacturers quote a ‘nominal filter 
rating’, which gives a percentage rating for the efficacy of a filter for particles of a given size. It is calculated 
by introducing a contaminant of known size upstream of the filter and then microscopically analysing the 
downstream filtrate; a nominal rating of 99% at 0.2 μm means that 99% of contaminants equal to or greater 
than 0.2 µm have been successfully removed by the filter. This rating can be misleading because under 
certain circumstances, larger particles can pass through the filter, e.g. due to high upstream pressures.

Advantages

	• Reduce contamination, particularly of a patient’s body by solid contaminants.
	• Reduce risk of bacterial transmission.

Disadvantages

	• Increase resistance to the flow of fluids.
	• Add bulk and weight to equipment.
	• Limited lifespan due to clogging. 
	• Efficacy falls under extremes of pressure and temperature, which can alter the physical characteristics of 

the filter material.
	• Filter media may trigger inflammatory reactions such as the activation of complement or leukocytes.
	• Filters are not effective at protecting against most viruses.

Direct interception

Diffusional interception

Inertial impaction

Filter medium

Gas/liquid flow

Filter medium

Gas/liquid flow

Filter medium

Gas/liquid flow

High density particle
Low density particle

Electrostatic deposition

+
+ +

+

––––––

––––––

Fig. 7.4.4: Inertial impaction.
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Fig. 7.4.5: Electrostatic deposition.
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Specific types of filter
Heat and moisture exchange filters and haemofilters are covered in separate dedicated sections within the 
book (Sections 7.2 and 9.10, respectively). 

Fig. 7.4.6: An epidural filter.

Female non-Luer 
connection

Male non-Luer 
connection

Upper chamber

Filter Male non-Luer connectionLower chamber

Transparent plastic

Fig. 7.4.7: Schematic of an epidural filter.

Epidural filters
Epidural filters are used to prevent the injection of 
contaminants that have the potential to induce CNS 
infection or inflammation. They are low volume hydrophilic 
filters, used for two-way in-line filtration of aqueous 
solutions. The average volume of an epidural filter is 0.45 ml. 
One end attaches to an epidural catheter and the other 
has a non-Luer connector (see Section 8.8) that attaches to 
syringes or epidural giving sets. Most epidural filters have a 
strong acrylic casing that has a flat profile to improve patient 
comfort and is transparent to aid the identification of blood 
during aspiration.

Most epidural filters quote filtration efficacy for a particle 
size of 0.2 μm over a filter surface area of 4 cm2. This should 
be effective in removing the majority of bacteria. Modern 
epidural filters have been engineered to minimize drug 
binding, withstand pressures of up to 7 bar, retain bacteria 
and endotoxin effectively for up to 96 hours and eliminate 
injected air bubbles.

The filter adds significant resistance to injection. Whilst all 
epidural filters vary in their resistance, a typical water flow through a 0.2 μm filter is 15 ml.min-1 
when a pressure of 80 cmH2O is applied.

Specific advantages
	• Effective filter of particulate matter and bacteria down to 0.2 µm.
	• Able to maintain efficacy up to burst pressures of 7 bar.
	• Transparent so that blood in the filter can be identified quickly.
	• Allows two-way filtration.
	• Non-Luer connections prevent 

inadvertent injection of IV 
drugs.

 Specific disadvantages
	• Has a residual volume of 

approximately 0.45 ml. 
	• Adds bulk to the end of an 

epidural catheter. 
	• Effective for approximately 96 

hours.
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Blood (giving set) filters
With the exception of human albumin, immunoglobulin 
and stem cells which require a 15 μm filter (found on 
standard intravenous giving sets), all blood products must 
be given through a blood giving set with a 170–200 μm 
filter to filter particulate matter and thrombi from donor 
blood products during infusion. 

A standard blood giving set has a compressible double-
chambered reservoir with an in-line mesh filter (170–
200 µm pore size). This removes large clots and aggregates 
and is used for transfusions of fresh frozen plasma (FFP), 
cryoprecipitate, platelets and leucocyte-depleted red cells. 
The tubing is usually 150 cm long, with a Luer lock fitting at 
its distal end. 

Blood and platelets in the UK are now leucodepleted pre-
storage in an effort to reduce the transmission of vCJD and 
transfusion reactions. A specific bedside leucodepletion 
filter to remove white cells (20–50 µm pore size) is therefore 
no longer required. Platelets must, however, still be 
administered through a giving set with a 170–200 μm filter. 
This can either be through a standard blood giving set or 
a specific platelet giving set with a 200 μm filter (e.g. the 
Baxter platelet administration set). The only real advantage 
of a specific platelet giving set is that it has a lower 
prime / deadspace volume, which reduces platelet wastage. If a standard blood giving set is used to 
administer platelets, it is important that a fresh giving set is used, because platelets may be wasted 
by getting caught up in red blood cell fragments within the filter.

There has been some interest in pieces of debris that develop in blood products during storage 
which are too small to be filtered by standard blood giving set filters (microaggregates). These can 
in theory act as micro-emboli which mediate both mechanical obstruction of capillary beds and 
adverse immune reactions. However, the evidence is limited for the use of specific microaggregate 
filters and their small pore size (20–40 µm) may impair flow rates. Microaggregate filter pore sizes 
are also similar to those of leucocyte depletion filters, so the filter may trap a proportion of the 
platelets. For these reasons, microaggregate filters are not frequently used.

Table 7.4.1: The administration of blood products. 

Component Filter pore size required (µm) Speed of transfusion

Packed red cells 
(leucodepleted)

170–200 Complete within 4 h of issue

Platelets (leucodepleted) 170–200 Should be administered within 30 
min of issue

Fresh frozen plasma 170–200 Usually administered over 30 min

Cryoprecipitate 170–200 Usually administered over 30 min

Human albumin solution (HAS) 15 – vented filter set (standard IV 
admin. set)

Usually administered over 30 min

Fig. 7.4.8: Blood giving set.
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Advantages
	• Reduces the infusion of blood clots and aggregates. 

Disadvantages
	• Requires changing when flow rate is compromised or at least 12 hourly. 
	• Increased resistance to flow leads to increased transfusion times.

Standard IV giving sets and burette filters
Standard IV fluid infusion sets and burettes are used for the administration of all IV fluids except 
blood products, although it should be noted that specialist burettes incorporating a blood filter are 
available for paediatric transfusion. 

A standard infusion set or burette usually incorporates a 15 μm filter. Standard IV infusion sets 
have a drip factor of 20 drops/ml (i.e. for every 20 drops that enter the drip chamber, 1 ml of fluid is 
infused under standardized conditions). 

Fig. 7.4.9: A standard IV fluid giving 
set.

Fig. 7.4.10: Schematic of a standard 
paediatric burette.
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Burette sets are used, particularly in paediatrics, for more accurate and controlled delivery of 
IV fluids and drugs. The dependent end of the burette’s chamber empties into a drip chamber 
through a ‘microdropper’ that delivers 60 drops/ml of fluid. Most burettes also incorporate a floating 
ball valve that prevents entrainment of air from the empty burette chamber into the drip chamber. 

Advantages
	• Simple.
	• Accurate.
	• Kink resistant tubing.
	• Can be used with infusion pumps.

Disadvantages
	• Need to be changed at least every 72 hours.
	• Unsuitable for the transfusion of blood products.
	• Rapid infusion is not possible due to high resistance to flow.

Filter needles
Filter needles are used to prevent the inadvertent injection 
of particulate contaminants into the body. These can 
include small shards of glass from vials, plastic, rubber and 
undissolved or precipitated drugs. Studies have shown 
that particles as small as 6 μm can cause occlusion of the 
micro-circulation and phlebitis. Injected glass particles 
have also been reported to induce fibrotic reactions in the 
lungs, liver and gastrointestinal system. Current guidelines 
recommend that filter needles used for drawing up drugs 
have a maximum pore size of 5 μm, which can effectively 
filter particles from 10 to 1000 μm in diameter. Smaller pore 
filters (e.g. 0.22 μm) are also effective at removing bacterial 
contaminants. 

Advantages
	• Prevent drawing up and injection of 

particulate matter from glass vials.
	• Smaller (0.22 μm) filters are also 

effective at filtering bacteria.

Disadvantages
	• Need to change to a standard needle 

before patient is injected.
	• Increase resistance when drawing up 

drugs.
	• Single use only.
	• Not all drawing up needles incorporate a filter. The difference is not always clear.

Fig. 7.4.11: A filter needle.

Fig. 7.4.12: Schematic of a filter needle.

Female Luer
connection

5 µm disc filter

Polypropylene/nylon casing
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Index

Absolute humidity, 238
Absolute pressure, 14, 169
Absorption spectra, 178, 193, 342
Activated clotting time, 225, 313
Active humidification, 245
Acute renal replacement lines, 281
Adjustable flange tracheostomy tube, 79
Adjustable pressure limiting (APL) valve, 88
Afferent reservoir systems, 94
Air supply, 10
Airtraq (Airtraq), 56
Airway exchange catheter, 46
Airway fire, 346
Aladin cassette vaporizer (GE), 138, 155
ALARP principle, 352
Alcohol thermometer, 206
Ambu aScope (Ambu), 59
Ambu bag (Ambu), 90
Amplifier, 370
Anaesthetic machine, 138–47
Aneroid gauge, 169
Anti-syphoning valve, 321
Aperture bars, 39
Arterial line, 203
Arterial tourniquet, 347
Auditory evoked potentials, 218
Augmented leads, 197
Autoclave, 379
Automatic tube compensation (ATC), 110
Awareness, 215
Ayre’s T-piece, 93, 98

Back bar, 139, 142–6
Bag in bottle ventilator, 122
Bag valve mask, 90
Bain breathing system, 97 
Ballpen spinal needle, 261
Baralyme, 101
Bardport, 280
Barometer, 171
Beer–Lambert equation, 193
Beer’s law, 193
Belmont infuser (Belmont Instrument Corporation), 

324
Berman airway, 58

Bias flow, 129, 135
Bi-level positive airway pressure (BPAP or BiPAP), 

109
Bimetallic strip, 139–40, 151–2, 167, 207
Biocoherence, 217
Bioimpedance, 299
Bioreactance, 299
Bi-phasic positive airway pressure (BIPAP), 109
Biphasic shock waveform, 327
Bipolar diathermy, 337
BIS monitor, 215
Bispectral index, 215
Bite block, 37
Blood gas machine, 168
Blood giving set, 252
Blood pressure measurement, 200–5
Blood pumps, 314
B-mode ultrasound, 353
Bobbin, 145, 173–4
Bodok seal, 143
Bougie, 45
Bourdon gauge, 8, 118, 166, 169
Boyle’s bottle, 148
Boyle’s law, 8
Boyle’s machine, 142
Breathing systems, 88–101

classification, 88, 93–9
co-axial, 97
efficiency, 88
ideal, 88

Brewster’s window, 343
British Standards Institute, 383
Bronchial blocker, 71
Bronchoscope

decontamination, 378
fibreoptic, 57–60

Broviac line, 278
Bubble humidifier, 246
Burette, 253
Burst suppression, 216

‘Can’t intubate, can’t ventilate’, 39, 76, 81, 130
Capacitance, 363
Capacitive coupling, 364
Capacitor, 325–6, 363–4, 369
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Capnography, 178–83, 186
Capture of anaesthetic agents, 18
Carboxyhaemoglobin, 195
Cardiac index, 288, 292, 296
Cardiac output monitors

Doppler, 286
other, 294
pulmonary artery catheter, 290

Cardiac pacemakers, 371–5
Cardiff Aldasorber, 17
Cardioplegia, 314
Cardiopulmonary bypass, 313
CardioQ-ODM (Deltex Medical), 286
Carlens tube, 67
Catheter mount, 33
Catheter sheaths, 282
CB5 configuration, 199
CE mark, 382
Cell salvage, 387
Central venous catheters, 276
Centrifugal pump, 314–16
Cerebral perfusion pressure, 302
Cerebrospinal fluid, 302
Cervical spine, 323
CESAR trial, 311
Chest drain, 339
Chronaxie, 258
Circle system, 88, 100
Clark electrode, 227
Class II equipment, 366–7
Cleaning, 378
C-MAC (Storz), 53, 55
CM5 configuration, 199
Coagulation testing, 220
Cole endotracheal tube, 63
Collecting system, 16
Collimation, 342
Collision broadening, 179
Colorimetric analysis, 186
Common gas outlet, 142, 146
Common mode rejection, 198
Compartment syndrome, 301, 324, 386
Compound A, 101
Compressed air supply, 10
Continuous flow anaesthesia, 141
Continuous positive airway pressure (CPAP), 29, 69, 

105, 110
Continuous venovenous haemodiafiltration, 307
Continuous venovenous haemodialysis, 306

Continuous venovenous haemofiltration, 307
Continuous wave lasers, 343
Contrafluran (Baxter), 19
Copper kettle, 149
Corrected flow time, 288
Cortrak Enteral Access System (Corpak MedSystems 

UK), 319
Coude tip, 45
Cracking pattern, 187
Creutzfeldt–Jakob disease (CJD), 252, 378
Cricothyroidotomy 81–4
Critical angle, 57
Critical damping, 205
Critical temperature, 3, 8
Curare cleft, 182
Current density, 336, 365
Cylinder, 7–9
Cylinder manifold, 5

Damping, 204
Decontamination of equipment, 378
Defibrillators, 325, 376
Depth of anaesthesia monitors, 215
Dew point hygrometer, 239
Dialysate fluid, 305
Diamagnetism, 184
Diastolic augmentation, 329
Diathermy, 336
Dicrotic notch, 291, 295, 329
Differential pressure transducer, 129, 154, 184, 211
DINAMAP (GE Healthcare), 200
Diode, 370
Disinfection, 378
Disposal system, 16
Doppler effect, 166, 286, 304, 354
Doppler equation, 287
Doppler ultrasound, 354
Double-burst stimulation, 235
Double lumen endobronchial tube, 67
Draw-over vaporizer, 158
Dumb-bell arrangement, 184

Earth, electrical, 362
EASI 12-lead ECG (Philips), 199
ECG leads, 197
ECMO, 310
E-Entropy (GE Healthcare), 218
Efferent reservoir system, 94
Einthoven’s triangle, 197
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Elastomeric pump, 322
Electric shock, 325, 336, 363
Electrical safety, 362
Electrical symbols, 367
Electricity, 362
Electrocardiograph, 196
Electroencephalograph, 215
Electromyograph, 217
Electrosurgery, 336
Eleveld model, 163
Endotracheal tube, 61

Cole, 63
cuff, 62
laser, 66
Microcuff (Kimberly Clark), 64
microlaryngeal, 66
North RAE/Nasal, 65
reinforced, 65
sizing, 62
South RAE, 64
uncuffed, 63

End-tidal carbon dioxide, 180
Entonox, 5, 8
Epidural catheter, 266
Epidural filters, 251
Epidural needle, 264
Ethylene oxide, 379
External ventricular drain, 302
Extracorporeal membrane oxygenation, 310
Extraparenchymal monitor, 303
Extravascular lung water, 296
EZ-IO (Vidacare), 385

Face masks, 23, 25
Feeding tubes, 318
Fenestrated tracheostomy tube, 77
Fibreoptic bronchoscope, 57
Fibreoptic intubation, 47, 58
Fick principle, 294
Filling ratio, 9
Filter efficacy, 250
Filter needle, 254
Filters, 249–54
Finapres and Finometer (Finapres Medical Systems), 

300
Fixed performance device, 23
Fleisch pneumotachograph, 211
Flexible LMA, 41
Flotrac Vigileo (Edwards Lifesciences), 298

Flowmeters, 73
Fluence, 344
Fourier analysis, 204, 216
Fresh gas flow, 88
Fuel cell, 176
Fulguration, 337
Fundamental frequency, 204

Galvanic oxygen analyser, 176
Gas chromatography, 188
Gas exchanger, 314
Gas expansion thermometer, 207
Gastric drain tube, 42
Gauge pressure, 8, 14, 169
Glass pH electrode, 229
Glidescope (Verathon Medical), 52
Global end diastolic volume, 296
Glutaraldehyde, 378
Graham’s law of diffusion, 330
Groshong catheter, 279
Guedel airway, 35
Guide, 45

Haemodialysis, 306
Haemofiltration, 307
Haemoperfusion, 309
Hagen–Poiseuille equation, 175, 274
Hair hygrometer, 238
Harmonic, 204
Heat and moisture exchanger (HME), 243
Heat sink, 138
Hemosonic (Arrow), 287
Hickman line, 278
High frequency jet ventilators, 132
High frequency oscillatory ventilators, 134
Hot wire flowmeter, 211
Huber needle, 264
Humidity, 238–48
Humphrey ADE block, 99
Hunsaker tube (Medtronic), 73
Hydrogen peroxide, 379
Hygrometers, 238

i-gel (Intersurgical Ltd), 44
Impeller, 314, 332
Implantable cardioverter defibrillators (ICDs), 376
Implantable ports, 280
Incentive spirometry, 284
Index collar, 12
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Indifferent electrode, 197, 337
Inductance, 363
Inductor, 369
Infrared gas analyser, 180
Infrared thermometer, 208
Infusion pump, 321
Intra-abdominal pressure, 301
Intra-aortic balloon pump, 329
Intracranial pressure, 302
Intraosseous needle, 385
Intraparenchymal monitor, 303
Intrathoracic blood volume, 296
Intravenous cannulae, 274
Intubating LMA, 42
Intubation catheter, 47
Invasive blood pressure, 203
Ionization chamber, 187
Iron lung, 104
Irradiance, 344
ISO standards, 383
Isobestic point, 194

Jackson–Rees modification, 98
Jet ventilation, 72–5, 130–3
Jugular bulb, 231
Jugular venous oximetry, 231

Kataria model, 163
Katharometry, 190
King Vision (Ambu), 53, 56
Kitemark, 383
Korotkoff sounds, 200

Lack breathing system, 95
Lambert’s law, 193
Laminar flow, 174–5, 330
Laplace, 92
Laryngeal mask airways, see LMA
Laryngectomy tube, 80
Laryngoscope

direct vision, 48
video, 52

Laser, 189, 342
Laser endotracheal tube, 66
Laser refractometry, 189
Lasing medium, 343
Latent heat of vaporization, 3, 139, 152, 238
Law of Laplace, 92
Leakage current, 365

Level 1 infuser (Smiths Medical), 324
LiDCO (LiDCO Group), 297
Light emitting diode, 193
Liquid crystal thermometer, 208
Liquid expansion thermometer, 206
Lithium chloride, 297
LMA, 38–44

insertion technique, 38
types of, 38–43

Loss of resistance syringe, 267
Luer connectors, 268

Macintosh laryngoscope blade, 48
Macroshock, 365
Magill breathing system, 94
Magill forceps, 34
Magnetic resonance imaging (MRI), 356
Magnetic susceptibility, 185
Main stream capnograph, 180
Mains electricity, 363
Manley ventilator, 114
Manometer, 2, 166, 172
Manujet jet ventilator (VBM), 130
Mapleson classification, 93
Maquet ITU ventilator, 128
Marsh model, 163
Mass spectrometry, 187
Mass-to-charge ratio, 187
McCoy laryngoscope blade, 51
McGrath MAC (Aircraft Medical), 53
Measured flow vaporizer, 139
Medical gas cylinders, 7
Medical gas supply, 2, 12
Medical vacuum, 14
Medicina, 287
Melker cricothyroidotomy set (Cook), 82
Methaemoglobin, 195
MHRA, 382
Microcuff endotracheal tube (Kimberly Clark), 64
Microlaryngeal tube, 66
Microshock, 365
Miller laryngoscope blade, 50
Mini-bypass, 316
Mini-Schrader socket, 130, 146
Mini-Trach II (Portex), 79
Minto model, 163
Mistral jet ventilator, 132
M-mode ultrasound, 354
Modelflow (Finapres Medical Systems), 300
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Monophasic truncated exponential, 327
Monophasic waveform, 327
Monro–Kellie doctrine, 302
Monsoon jet ventilator, 133
Moorfield’s forceps, 270
MRI, 356
Murphy eye, 61

Nafion tubing, 179, 180
NAP4, 82
NAP5, 215
Narcotrend-Compact-M (MT MonitorTechnik), 215
Nasal

cannulae, 24
catheter, 24
endotracheal tube, 65
high flow, 29

Nasogastric tube, 318
Nasojejunal tube, 318
Nasopharyngeal airway, 36
NASPE/BPEG pacemaker classification, 372
National Tracheostomy Safety Project, 77
Natural frequency, 133, 188, 204
Nebulized humidifier, 247
Needle valve, 143, 173
Nerve stimulator, 233, 257

needle, 260
Neuromuscular blockade monitoring, 233, 257 
Newton valve, 121
NICO monitor (Philips Respironics), 294
NICOM monitor (Cheetah Medical), 299
Nitrous oxide, 5, 8, 12

decomposition, 21
Nominal filter rating, 250
Non-interchangeable screw thread (NIST), 13, 143
Non-invasive blood pressure, 166, 200
Non-Luer connector, 268
Notified body, 383
NRFit, 268
Nuffield 200 ventilator (Penlon), 97, 112, 118

Obturator, 76
Oesophageal Doppler, 286
Ohm’s law, 209, 362, 368
One bottle system, 340
Optical stylet, 60
Optimal damping, 205
Orogastric tube, 42
Oropharyngeal airway, 35

Oscillometry, 201
Overdamping, 205
Oxford Miniature Vaporizer (OMV), 158
Oxygen, 2, 3, 5, 7, 11–12, 23–7, 29, 33, 73–5, 82, 

88–92, 100, 116, 130, 142–6, 167, 174, 176, 184, 
191, 193, 227, 231, 236, 292, 310

concentrator, 11
consumption, 174, 292, 298
content, 231, 292, 294, 311
delivery, 23, 82, 192, 231, 237, 292–3, 387 
failure alarm, 142, 191
flush, 142
supply, 3–5, 11

Oxyhaemoglobin dissociation curve, 195
Oxylog ventilator (Dräger), 113, 116

Paedfusor model, 163
Paediatric ventilation, 121
Paramagnetic oxygen analysers, 143, 168, 184
Paramagnetism, 184, 357
Partial gas rebreathing, 294
Pascal (SI unit), 2, 166
Passive humidification, 243
Patient-controlled analgesia (PCA), 322
Peak velocity (Doppler), 286
PEG tube, 319
PEJ tube, 320
Penaz technique, 166, 202, 300
Pendelluft, 111, 133
Percutaneous endoscopic gastrostomy, 319
Percutaneous endoscopic jejunostomy, 320
Peripherally inserted central catheters, 279
Peritoneal dialysis, 305
Permanent pacemakers, 333, 371
pH electrode, 229
Photoablation, 342
Photoacoustic spectrometry, 190
Photothermal effect, 342
PICC line, 279
PiCCO (Pulsion Medical Systems), 295
Piezoelectric absorption, 188
Piezoelectric crystal, 188, 353
Piezoelectric transducer, 353
Pin index system, 9, 142, 144
Piped medical gas supply, 12
Piston ventilator, 125
Pitot tube, 211
Plasma exchange, 309
Plasmapheresis, 309
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PlateletMapping (TEG, Haemonetics), 222
Plenum vaporizers, 139, 151 
Plethysmography, 193
Pneumatic ICU ventilator, 128
Pneumotachographs, 211
Polarographic electrode, 227
Polio Macintosh laryngoscope blade, 51
Porous surface contact humidifier, 248
Port-A-Cath (Smiths Medical), 280
Portable ventilators, 116
Portable X-ray machine, 351
Positive end expiratory pressure (PEEP), 91, 96, 98, 

110–11
Post-dural puncture headache (PDPH), 261
Post-tetanic count, 233, 235
Pressure control ventilation, 105–8
Pressure gauges, 169
Pressure regulators, 144
Pressure relief valve, 3, 145
Pressure support ventilation, 105–8
Pressure vs. time ventilation graphs, 108, 111
Prions, 380
Proseal LMA, 42
Prostacyclin, 307
Protamine, 307, 316
Pulmonary artery

catheter sheath, 282
catheters, 290 
wedge pressure, 290–2

Pulmonary capillary wedge pressure, 290–2
Pulmonary thermal volume, 296
Pulmonary vascular resistance index, 292
Pulse oximeter, 193
Pulse pressure, 201, 295
PulseCO (LiDCO Group), 297
Pyroelectric effect, 208

Quadrupole, 187
Quicktrach II (VBM), 83
Quincke spinal needle, 262

Radiation doses, 352
RAE endotracheal tubes, 64–5
Raman scatter, 186
Rapid fluid infusers, 324
Ravussin needle (VBM), 72, 82, 83
Rayleigh scatter, 186
Receiving system, 16–17
Recycling of anaesthetic agents, 18

Refraction, 57, 353
Regional anaesthesia equipment, 255
Regnault’s hygrometer, 239
Regulation of equipment, 382 
Reinforced endotracheal tube, 65
Reinforced LMA, 41
Relative humidity, 238
Renal failure, 305
Renal replacement therapy, 305
Reservoir bag, 92, 100, 114
Resistance thermometer, 209
Resistor, 368
Resonance, 204
Retrograde intubation, 85
Reynolds number, 175, 330
Rheobase, 258
Rhys-Davies exsanguinator, 347
Right heart pressures, 291
Rigid neck collars, 323
Ritchie whistle, 191
Robertshaw tube, 68
Roller pump, 314, 324
ROTEM (Tem International), 220

SageTech SID-Dock, 19
Scavenging, 16, 18, 21 
Schimmelbusch mask, 88
Schneider model, 163
Schrader valve, 7, 10, 173, 192
Screen pneumotachograph, 211
Sealing face mask, 33
Seebeck effect, 210
Seldinger technique, 84, 276, 281–2, 339
Self-inflating bag, 90
Semi-permeable membrane, 229, 230, 249, 305–9
SensorMedics 3100B oscillatory ventilator, 134
Severinghaus electrode, 230
SHOCK II trial, 331
Side stream capnograph, 180
Sievert, 352
Signal quality index, 217
Silastic, 278
Simple face mask, 23, 25
Single twitch, 233
SmartPort (Angiodynamics), 280
Soda lime, 88, 96, 100, 141, 181
Sonoclot, 224
Sonosite ultrasound machine, 353
Spinal needles, 261
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Sprotte spinal needle, 261
Standard wire gauge, 274
Standardization of equipment, 382
Sterilization, 379
Stewart–Hamilton equation, 292, 296
Stimulated emission, 342
Stroke distance, 287
Stroke volume index, 292
Stylet, 45
Sub-Tenon’s set, 270
Suction, 14
Superheater, 3
Suppression ratio, 217
Supraglottic airways, 38
Surface water bath humidifier, 245
Surgical cricothyroidotomy, 45, 82, 84
Swan–Ganz catheter, 290
Switch (electrical), 369
Synchronized intermittent mandatory ventilation 

(SIMV), 109
Syringe driver, 321
Systemic vascular resistance index, 292

Tare weight, 4
Target controlled infusions (TCI), 161
TEG (Haemonetics), 220
Temperature

compensation, 139
measurement, 167, 206

Temporary pacing, 293, 371
Tesio line, 282, 305
Thermistor, 209
Thermocouple, 210
Thermodilution, 287, 292, 295–7
Thermometer, 206
Third perfect gas law, 170
Three bottle system, 340
Thromboelastography, 220
Thromboelastometry, 220
Total internal reflection, 57
Total intravenous anaesthesia, 161
Total parenteral nutrition, 276, 278
Tracheostomy tubes, 76
Train-of-four, 233
Transfer system, 16
Transformer, 363, 366, 369
Triservice apparatus, 158, 160
Troubleshooting temporary pacemakers, 374
Tuohy needle, 264

Turbine ventilator, 126
Turbulent flow, 166, 175, 201, 289, 330
Twelve-lead ECG, 196
Type B equipment, 366
Type BF equipment, 366
Type CF equipment, 366

Ultrasound, 166, 260, 276, 286, 304, 353, 378
Ultraviolet spectrometry, 189
Uncuffed endotracheal tube, 63
Underdamping, 205
Underwater seal, 340
Unipolar diathermy, 336

Vacuum insulated evaporator, 3
Vaporizer(s), 148–60

Aladin cassette, 156
at altitude, 153
Boyle’s bottle, 148
classification, 138
copper kettle, 149
desflurane Tec 6, 154
Epstein and Macintosh of Oxford (EMO), 139
modern variable bypass, 151
Oxford Miniature (OMV), 158
temperature compensation, 152

Vaporizer-in-circuit, 100
Vaporizer-out-of-circuit, 100
Vapour pressure, 3, 4, 8, 139, 151–4
Variable bypass vaporizer, 151
Variable orifice flowmeters, 167
Variable performance device, 23–6, 28
Variable pressure flowmeters, 211
Vascular access, 274
Ventilation

advanced ventilator modes, 108
automatic tube compensation (ATC), 110
automode, 109
bi-level positive airway pressure (BiPAP/BPAP), 

110
bi-phasic positive airway pressure (BIPAP), 110
closed loop systems, 110
graphics, 108, 111
intensive care ventilator modes, 128
negative pressure, 104
non-invasive, 109, 126, 128
positive pressure, 103–34
pressure control, 105
pressure-regulated volume control, 109

EiA2e.indb   395EiA2e.indb   395 22/04/2026   09:3122/04/2026   09:31



Index396

Ventilation – continued
pressure support, 105
synchronized intermittent mandatory ventilation 

(SIMV), 109
volume control, 105, 107–8
volume support, 105

Ventilators
bag in bottle, 123
classification and mechanics, 104
high frequency jet (HFJV), 132
high frequency oscillatory (HFOV), 134
intensive care, 128
Manley, 114
manual jet, 130
mechanical thumbs, 121
Newton valve, 121
Oxylog series, 116
Penlon Nuffield, 118

Ventricular assist device, 332
Ventricular fibrillation, 325, 365, 372, 374
Ventricular tachycardia, 325
Venturi effect, 27

Venturi mask, 27
Videolaryngoscopes, 52
Vigilance II monitor (Edwards Lifesciences), 290
Vigileo (Edwards Lifesciences), 298
Volume control ventilation, 105, 107–8
Volume support ventilation, 105
Volume vs. time ventilation graphs, 108, 111
Volumetric pump, 321
Von Recklinghausen oscillotonometer, 202

Waters circuit, 96
Watersight flowmeter, 212
Wave guide, 359
Westcott spring scissors, 270
Wet and dry bulb hygrometer, 238
Wheatstone bridge, 203, 209, 381
Whitacre spinal needle, 261
World Health Organization, 380
Wright respirometer, 213

X-rays, 351
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