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INTRODUCTION
Ultrasound imaging is dramatically changing the practice of a number of critical care
specialties, including anaesthesia and intensive care. As an imaging modality it offers portability,
speed of data acquisition, high resolution imaging, with little or no risk to patients.
Within anaesthesia, ultrasound was used for general imaging purposes by a few pioneers in
1
2, 3
the 1980s , and it established a role for vascular access in the early 1990s . At around the
same time early pioneers in cardiac anaesthesia began using transoesophageal
echocardiography (TOE) for cardiac surgery. Transoesophageal echocardiography has now
become a standard of care for cardiac surgery. This has occurred despite TOE being considered
4
to have a “limited” role in review articles as recently at eight years ago . More recently, ultrasound
5
imaging has been used to facilitate nerve or plexus blocks .
Although most cardiac imaging in anaesthesia has used TOE, transthoracic echocardiography
(TTE) has been the main ultrasound imaging mode used by the cardiologists for several decades.
There is now a growing recognition that TTE may have an even greater role than TOE in many
6
areas of critical care medicine, including anaesthesia, and that this change is inevitable .
TRANSTHORACIC ECHOCARDIOGRAPHY IN ANAESTHESIA
The role of TOE is now well established in relation to cardiac surgery, and TOE is being used
increasingly in other areas of anaesthesia. The use of TTE has been reported less often in the
7
8
anaesthetic and intensive care literature. Nevertheless, editorials are now appearing in
9
mainstream anaesthesia journals indicating a growing recognition that TTE may also find a role
in anaesthetic practice.
There are many reasons for developing TTE skills within anaesthesia. The use of TTE in the
peri-operative setting may improve the quality of the pre-operative cardiac assessment. In one
study (using trained physicians with board certification in echocardiography), 43% of major
cardiovascular findings were missed during physical examination, compared with 21% of major
10
findings being missed using a point of care (POC) ultrasound examination . Although neither
technique was as good as the ‘gold standard’ of a full outpatient echocardiogram, POC
ultrasound was clearly superior to clinical examination, given adequate training. The quality of
information is likely to be useful throughout the perioperative period.
There is evidence that all physicians can obtain useful information using TTE. For example it
11
has been shown that even medical students can obtain useful information with limited training .
The use of TTE in anaesthesia is part of the increasing role of ultrasound as a POC tool by
clinicians generally.
Transthoracic Versus Transoesophageal Echocardiography
Increasingly, the primary decision in cardiology is whether to use echocardiography, Cardiac
CT or MRI imaging for cardiac assessment in the stable outpatient. Within the critical care
setting, echocardiography remains the primary imaging modality, and the choice is between TTE
and TOE. The advantages of TTE include:Minimal risk to patient
Rapid delivery of information
Repeatability
Better assessment of ventricular and valvular function
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Because TTE is essentially a risk free procedure and avoids the known complications of TOE.
The complications of TOE are uncommon but significant, and the published incidence ranges
12
13
14
from 0.2% to 5.6% . Perforation of a viscus is estimated at around 0.03% . Mortality is a rare
15
but documented complication with probe insertion. With TTE, as there is no need to insert a
probe, the information is available more quickly. This is particularly notable when attending
emergencies, cardiac arrests, or where multiple patients are being imaged. TOE probe cleaning
times are typically 20 minutes or more. As TTE carries little risk, it is easy to repeat assessments
as required. To do this with TOE requires repeated risks of trauma with each examination, or
leaving the TOE probe in situ.
Transthoracic echocardiography is the better imaging modality for ventricular function. The
apex is poorly seen with TOE. This is why the standard 16 segment model for TOE does not
include the apex, whereas the standard assessment model for TTE is a 17 segment model, that
includes the true apex. For doppler assessment, the ability to use multiple windows compared to
TOE allows better doppler angles to be obtained for flow assessment across valves.
Transoesophageal echocardiography is indicated primarily for the following reasons, often
when TTE has been unhelpful, and these indications are identical for cardiology and anaesthesia:
Assessment of 2D valve morphology for valve repair or endocarditis.
Assessment of atrial related structures (atrial septal defects, atrial appendage thrombus,
pulmonary veins).
Assessment of thoracic aortic disease (dissection, rupture).
Where TTE is not possible or provides inadequate images.
Where a choice between TOE and TTE is available, the use of TOE to look at 2D
appearances of structures that are close to the oesophagus allows better resolution, mostly due
to the higher frequency of TOE. This improves the resolving power of TOE and markedly
i
improves the chance of detecting small lesions such as endocarditis, dissection flaps and small
17
septal defects .
Training and Accreditation in Echocardiography
Formal accreditation in echocardiography requires substantial training. According to the
18
ACC/AHA Clinical Competence Statement on Echocardiography training is categorised into
three levels. Level one training is suggested for all cardiologists but would not be considered
enough to formally report echocardiographic examinations. Level two echocardiography is the
minimum for full diagnostic echocardiography, and consists of 150 examinations performed and
150 further examinations reviewed. At this level the practitioner is competent to practise
independently and considered sufficiently skilled to know when to refer to a level three
practitioner for complex cases. In the setting of full diagnostic echocardiography in anaesthesia,
this would be a reasonable standard to aim for as a minimum. Level three training is sufficient to
run an echocardiography laboratory, and consists of 700 examinations in total, of which the
clinician should perform 300, and another 400 cases reviewed.
Standard Transthoracic Echocardiography
Formal TTE has a fairly standard structured examination. This attempts to obtain as much
information as possible from the four main echo windows. Each window has a series of views,
and within each view each structure is assessed using 2D, M-Mode, Colour and Spectral
Doppler. All views are recorded, generally in a structured sequence, and a formal report is
generated. Typically between 30 to 45 minutes of time is allocated per examination.
Given the training requirements and time constraints, it is unlikely that a significant number of
anaesthetists will adopt standard TTE examinations in their routine practice. Formal TTE
assessments would be appropriate where there is a high clinical suspicion of cardiac disease,
and where there is sufficient time to perform a full examination. This would include a full
assessment of critically ill patients in intensive care, and assessment of cardiac pathology that is
detected in the outpatient clinic for the first time. However, this could be achieved by referral to a
cardiologist if necessary.
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Limited or Directed Transthoracic Echocardiography Examinations
The alternative to a full TTE assessment is a limited or directed examination. A large number
of limited examination models have been put forward for point of care echocardiography. The
interest in these limited examinations has risen sharply with the availability and the reduction in
cost of portable equipment for POC assessment.
It must be stated clearly at the outset that limited or directed examinations are not a substitute
for formal accredited TTE assessments. Rather they are designed for situations where limited
information is sought, generally in relation to left ventricular function and filling. Some limited
examination formats also assess basic valve function to exclude significant pathology. Training is
focussed on these areas and can generally be achieved in a much shorter period than
accreditation for full independent diagnostic echocardiography. In general, directed examinations
mostly utilise 2D, and to a lesser extent colour flow doppler. The use of spectral doppler is very
limited or absent in a directed examination, in comparison to a full assessment.
In anaesthesia, the directed examination has great potential to supplement or replace the
stethoscope. In this role, using the existing clinical skills of the anaesthetist, the likely cause of
clinical signs and symptoms could be identified for appropriate acute management. In the
outpatient setting the directed POC examination would allow selective and appropriate referral of
pathology for ongoing management.
DIRECTED EXAMINATION MODELS
19
There have been several models for limited cardiac assessment such as the FATE
20
examination in intensive care, or the BLEEP examination in paediatrics. The FATE examination
is supported by the British Society of Echocardiography (BSE) as a method of screening for
cardiac pathology. Despite its use in one of the most difficult settings for echocardiography, the
imaging quality was sufficiently good to be of value in 97% of ICU cases. Even though the FATE
examination only assessed LV function and the pleura, it provided clinically important and
decisive information in approximately 25% of cases.
The University of Melbourne has developed a new limited echocardiography examination
known as the HEART scan (Haemodynamic Echocardiographic Assessment in Real Time) and
provides hands on training workshops in its use. The HEART scan has two components to it: the
Haemodynamic and the Echo Assessments. The haemodynamic component is an assessment
of ventricular filling, function and pressures, and is repeatable as required to allow for dynamic
changes (eg intraoperatively). The echocardiographic assessment component is a screening test
that will allow identification of significant pathology of the aortic, mitral and tricuspid valves plus
the pericardium. It is not a full diagnostic procedure, but is designed to allow rapid (5-10 minute)
screening of valves to identify any significant pathology that might explain a murmur.
ACCREDITATION IN DIRECTED EXAMINATIONS
At present, there is no formal accreditation or certification in any directed examination. Whilst
the BSE supports FATE certification, it requires active support from an approved cardiology
department, and FATE can be practised only with support from that cardiology department in that
hospital. Less than a handful of hospitals in the UK support this, and the requirement for
cardiology support does not appear to be a successful model at this stage. The Australian Society
for Ultrasound medicine (ASUM) has a directed examination certificate (CCPU), but excludes
anaesthetists currently on the basis of speciality. The University of Melbourne does not yet offer
certification in directed examinations, although this is being considered for their recently
introduced HEART examination.
TRAINING IN ECHOCARDIOGRAPHY
There is no formal requirement to sit any examinations in order to practice echocardiography
in Australia or New Zealand. The Cardiac Society of Australia and New Zealand recommends
that cardiology trainees interpret 450 examinations, of which 150 should be performed personally.
No guidance is given for other specialities.
In anaesthesia in Australia and New Zealand, guidelines have been developed for
accreditation in perioperative TOE (ANZCA PS46), but these do not cover TTE. ANZCA is
currently considering what standards would be appropriate for TTE.
For those seeking formal qualifications to demonstrate competence, three main routes exist:
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University of Melbourne
The University of Melbourne offers a Diploma in Perioperative and Critical Care
Echocardiography. This is currently listed as an acceptable standard for TOE in ANZCA
document PS46. It is not confined to TOE, however, and covers both TTE and TOE fairly
equally. The diploma can be completed over one or two years. It differs from most other
certification options by providing all the educational material required. The syllabus was originally
based on the United States National Board of Echocardiography (NBE) syllabus.
United States National Board Echocardiography
The US NBE offers two exams; the PTEeXAM (Examination of Special Competence in
Perioperative Transoesophageal Echocardiography), and the ASCeXAM (Examination of Special
Competence in Adult Echocardiography). The PTEeXAM is listed as an acceptable standard for
TOE in ANZCA document PS46. It clearly limits itself to TOE currently, and therefore is not
formally a qualification that assesses competence in TTE.
The ASCeXAM is an exit examination for echocardiography, which is rapidly becoming a
requirement for practice in TTE. The Intersocietal Commission For The Accreditation Of
Echocardiography Laboratories (ICAEL) requires practitioners to hold the ASCeXAM for
laboratory accrediaition. Increasing numbers of insurers are requiring the PTEeXAM or
ASCeXAM for reinbursement in the USA and Canada. The NBE examines in TTE and TOE in
the areas of adult, paediatric and stress echocardiography, although it confines itself to adult
echocardiographic competence. A separate examination for congenital echocardiography is being
considered by the NBE.
From 2009 the NBE may hold examinations at multiple sites within and outside the USA. At
present their examinations are held annually at a single site in the USA.
Australasian Society of Ultrasound Medicine
The Australian Society of Ultrasound Medicine administers the Diploma of Diagnostic
Ultrasound (DDU), which has two examinations (Part I and Part II), and requires submission of
case studies with analysis as part of the process of admission. The Part II exam is specialised in
a number of areas, including general ultrasound and cardiology. The Part II applicant must have
completed one year of echocardiography training plus two years of independent practice, and
possess a speciality qualification. Entrance to the DDU is limited to certain specialities, and has
very recently opened admission to anaesthetists possessing a FANZCA. The requirement to have
two years of independent practice (minimum) plus a speciality fellowship marks the DDU as a
higher level certification, not required (by its own rules) in order to commence independent
practice in echocardiography. It is a qualification that can be obtained after years of independent
practice, to effectively certify a higher level of experience in the area than simply having physician
or radiology speciality qualifications.
The Australian Society of Ultrasound Medicine also offers a Certificate in Clinician Performed
Ultrasound (CCPU), but anaesthetists are still excluded by speciality from entering any of the
streams for this certificate (see above).
FELLOWSHIP TRAINING IN ECHOCARDIOGRAPHY.
A number of hospitals offer training in echocardiography. However, this is generally in
association with training in cardiac anaesthesia, and is limited to TOE. A very small number of
fellowships focus on the echocardiography training independently. The most notable institution in
this regard in Westmead Hospital, which has offered comprehensive TOE and TTE training since
1996 at the fellowship level.
Several other institutions offer semi-formal programs in TTE, usually undertaken in conjunction
with other training or examinations such as the diploma course, a board examination, and various
workshops and courses. This would include institutions such as St Vincent’s in Melbourne and
the Sir Charles Gairdner Hospital in Perth.
Although training is mostly being undertaken by specialists post fellowship at present, in the
future training will most likely commence during speciality training. The University of Melbourne
diploma has been accepted as a formal project for the purposes of anaesthesia training, and a
small number of trainees are now enrolling in this course.
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WORKSHOPS
Workshops provide an introduction to echocardiography and may supplement information or
skills gained in the workplace. However, they are no substitute for a fellowship or formal program
of instruction.
Australian Institute of Ultrasound Medicine
The Australian Institute of Ultrasound (AIU) provides a regular stream of educational
workshops on ultrasound in a variety of areas, including high quality training in formal
echocardiography. These are run as a five day workshop with morning tutorials and afternoon
hands on sessions.
University of Melbourne
The University of Melbourne runs 2 day workshops on point of care ultrasound in a hands-on
approach with pre-reading material supplied. Specific courses for the HEART will also be
available in a similar format.
ANZCA and ASA
Almost every major meeting from both ANZCA and the ASA have offered workshops in
echocardiography for several years. The focus of most of these workshops has moved from TOE
to TTE, with increasing opportunities to offer hands on experience. The workshops are generally
short and serve as an introduction to the area. Typically the workshops are around 90 minutes in
duration, and run concurrently with other sessions during the meetings.
VENDOR SPECIFIC
Most equipment vendors provide some form of hands on training programs, both free standing
workshops and those run by other bodies such as the AIU and the University of Melbourne.
Details of what workshops are available can be obtained from the vendor, but typically vary from
one to three days in duration typically.
THE FUTURE
The future of TTE in anaesthesia holds great promise. Portable equipment will most likely
follow the trend of all electronics – they will become cheaper, smaller and more capable than the
current machines. Training opportunities will increase for anaesthetists, and its use in all areas of
critical care will increase. Directed examinations will become more routine, and just as TOE has
become a standard of care in cardiac anaesthesia, it is possible that some form of directed
examination will ultimately become a standard technique in all areas of critical care, including
anaesthesia and intensive care medicine. The challenge for anaesthetists is to ensure adequate
training and accreditation, and to recognise their limitations. Unless an even better technology
supersedes TTE, it is likely to become the cardiac imaging modality of choice in point of care
assessment, for all of critical care, including anaesthesia.
SUMMARY
TTE as a cardiac imaging modality offers portability, safety and repeatability in addition to high
quality imaging. The use of TOE in cardiac anaesthesia has progressed from scepticism to
standard of care in less than a decade. A similar progression is now starting in TTE, mostly due
to advances in portable ultrasound equipment. It is likely that at least two levels of examination
will evolve: A directed assessment protocol that can be done rapidly (such as the HEART scan),
and a full diagnostic examination comparable to that available in any echocardiography
laboratory, which will require more extensive training and accreditation. Given the availability of
adequate training and high quality equipment, the adoption of TTE in anaesthesia has the strong
potential to improve patient care and contribute to the advancement of our specialty.
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APPENDIX ONE - WEBSITES
The following societies provide information on standards and training that have been used in this
article:
Australian Institute of
Ultrasound Medicine

AIU

http://www.aiu.edu.au/

Australasian Society of
Ultrasound Medicine

ASUM

http://www.asum.com.au/

American Society of
Echocardiography

ASE

http://asecho.org/

British Society of
Echocardiography

BSE

http://bsecho.org/

Cardiac Society of
Australia and New
Zealand

CSANZ

http://www.csanz.edu.au/

European Association of
Echocardiography

EAE

http://www.escardio.org/bodies/associations/EAE/

The Intersocietal
Commission for the
Accreditation of
Echocardiography
Laboratories

http://www.icael.org/icael/index.htm
ICAEL

National Board of
Echocardiography

NBE

http://www.echoboards.org/

University of Melbourne
(*)

UMelb

http://www.heartweb.com.au/

(*) The formal location of the University of Melbourne Diploma Course is:
http://www.pharmacology.unimelb.edu.au/echocourse/
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INTRODUCTION
Successful peripheral nerve and plexus blockade (PNB) can provide an excellent anaesthetic
outcome, either when used alone, or in combination with general anaesthesia. In either setting
there is the possibility of prolonged post operative analgesia. When PNB is used as the sole
anaesthetic technique, additional advantages may accrue from the avoidance of general
anaesthesia complications, such as post-operative nausea and vomiting and cognitive
1-3
dysfunction. PNB may also result in earlier hospital discharge.
However, barriers to the wider use of PNB do exist. Incomplete or unsuccessful blocks remain
a particular problem, causing patient discomfort and delays to the OR schedule. Lengthy block
performance times and slow block onset may cause late starts, list overruns or patient
cancellation. There are concerns about the safety of PNB and in particular the risk of nerve
damage which influences patient, surgeon and anaesthetist. In addition, some patients have a
negative perception of PNB due to reports of discomfort associated with block performance. PNB
techniques are often difficult to master and anaesthetists require regular exposure to appropriate
cases to maintain expertise. In absence of such opportunity, anaesthetists will utilise general
anaesthesia with opioid based post operative analgesia in preference. Finally, PNB techniques
may have additional financial implications; including the cost of equipment, that concern OR
managers.
Bearing in mind the limitations of PNB as currently practiced, it is helpful to consider what
features an ideal peripheral nerve block technique would offer. The ideal nerve block technique
should be:
1. successful;
2. safe (to nerves and other structures);
3. easy to learn and teach;
4. acceptable to patients; and
5. economical.
Four techniques are available to aid the localisation of peripheral nerves for the performance
of nerve and plexus anaesthesia and include:
1. landmark based techniques (fascial clicks, arterial puncture);
2. elicitation of paraesthesia from nerve-needle contact;
3. peripheral nerve stimulation; and
4. ultrasound guidance.
Both the literature and prevalent anecdote suggest that most anaesthetists performing PNB
currently use peripheral nerve stimulation (PNS). In the last 5 years however, the availability of
high resolution portable ultrasound has offered a viable alternative. Proponents of ultrasound
guided peripheral nerve blockade (USG) claim it offers several advantages over conventional
techniques. These include improved block success, reduced complication rates and easier skill
acquisition. Nerve block success may be improved because the anaesthetist can visualise the
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nerve and thus be confident about its precise location. A clear knowledge of the needle position
may reduce the incidence of nerve damage and injury to adjacent structures. In addition,
ultrasound imaging may be an easier and safer way to both learn and teach PNB. If clinicians are
to change their practice and adopt USG, it seems reasonable to examine the validity of these
claims with reference to the current published literature. For the purposes of this review, USG will
be compared with the current standard technique of PNS. The other methods will not be
discussed further.
BLOCK SUCCESS
Block success with Peripheral Nerve Stimulation
Data from large observational studies document 93-98% success rates when skilled operators
4-7
It is clear, however, that studies of this nature may be subject to
utilise PNS techniques.
significant reporting bias. A more recent study of 1065 consecutive nerve blocks performed in a
single Australian institution provides more useful data on current local practice and success rates.
8
Technical problems during block placement occurred in 18% of blocks and included multiple
attempts (7%) and equipment failure. Block success (pain score <6 in PACU) was achieved in
85.8% of patients. This is somewhat lower than the success rates reported in the above studies
but may reflect the wide range of blocks performed and the variable experience of the
anaesthetists involved (the actual number of operators was not reported). It seems likely that very
high success rates can be achieved, but primarily by expert practitioners who have performed a
large number of the block procedure in question.
Block success with Ultrasound Guidance
9
Reports of success with USG first appeared in the literature more than 10 years ago. Initial
studies were however quite small. As experience has accumulated with USG, larger series and a
10-15
As with the PNS studies cited above, some
wider range of blocks have been reported.
measure of reporting bias can be expected. However, one recent study is of particular interest. Dr
13
has recently published a series of 1146
Sandhu, a pioneer of USG for infraclavicular block,
14
cases. In this latter study, success was defined as surgery without additional local anaesthetic
supplementation, without additional intraoperative sedation and without general anaesthesia. The
success rate in this series exceeded 99%. Whilst the retrospective nature of the study limits its
strength, several aspects are interesting. Firstly, a large number of clinicians were involved. The
majority of blocks were performed by residents in training with direct supervision by a specialist
anaesthetist (only 28 performed by specialists). This is in contrast to many studies utilising PNS
where excellent results are only obtained by expert practitioners. Secondly it is now the largest
USG series published to date and the success rate is very impressive.
Block success: Direct comparison between Peripheral Nerve Stimulation and Ultrasound
Guidance.
There are several studies that compare block efficacy between PNS and USG. In general the
studies are small. Some suggest more rapid block onset with USG, but most fail to show a
15-19
20
In one exception, Chan et al
conducted a
statistical difference in block success rates.
randomised trial of axillary brachial plexus block in 188 patients. There were 3 groups. The first
had a block performed using a PNS technique. The second utilised ultrasound imaging (US). The
third group used a combined technique with both US and NS (USNS). Once the block was
performed, patients were observed for 30 minutes by a blinded observer to document block
onset. Block success was strictly defined as complete sensory loss in median, ulnar and radial
nerve territories at 30 minutes. The requirement for additional local anaesthesia supplementation
or conversion to general anaesthesia was also noted. Block success was higher in the ultrasound
and ultrasound-nerve simulation groups (83% & 81%) than the nerve stimulation group (63%),
(p=0.01 & 0.03 respectively). Because of the strict definition of block success, the overall success
rate for this series appears low. However in terms of the more clinically relevant endpoint of
adequate surgical anaesthesia, 95% of US patients and 92% of USNS patients had adequate
blocks. The NS group had adequate surgical anaesthesia in 85% (p=0.07).
To summarise, it appears that with adequate experience and training, most anaesthetists will
obtain good results with either PNS or USG. There appears to be an advantage with USG in
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terms on the rapidity of block onset. In addition, it seems that acquisition of expertise may be
faster with USG.
SAFETY
21
Complications of PNB can be divided into nerve related and non-nerve related. Ligouri
describes seven mechanisms by which nerves may be damaged during or following PNB. These
include; traumatic nerve damage by needle, ischaemic nerve damage from intraneural injection,
nerve compression from haematoma, LA neurotoxicity, surgical injury or positioning related injury,
tourniquet damage, and post operative injury related to oedema or poor limb positioning.
Nerve related complications of PNB using PNS.
The rate for nerve injury with a PNS technique varies from 0.004% in the large series by Auroy
22
23,24
This wide range can probably be
et al to 14% in the studies by Urban and Borgeat.
explained by the study methodology. Auroy et al conducted a survey of French
anaesthesiologists that relied on self-reporting of complications. The high rates documented by
Borgeat and Urban were a result of direct patient follow-up for up to 6 months post operatively.
Thus in order to interpret the reported safety of a particular technique, it is necessary to know
whether there was active patient observation post operatively. Reassuringly, the majority of
patients that report nerve related symptoms postoperatively have only minor sensory
4,25
abnormalities and these usually resolve between one week and one month post operatively.
26
Jenkins reports that the risk of permanent nerve damage following PNB is around 1:5000. He
notes however that up to 2% of brachial plexus cases report a neuropraxia lasting more than 3
months. This is supported by Borgeat et al who examined the incidence of nerve injury after
interscalene block and reported an 8% incidence of residual nerve symptoms at 1 month, 4% at
23
3 months but <1% at 6 months.
8
study of 1065 blocks from a single institution also reported on
Watts and Sharma’s
neurologic outcome. Study methodology has been described in detail above. All patients were
reviewed at 7-10 days and then followed prospectively for up to 12 months. Thirteen patients
(1.3%) reported post-operative nerve related symptoms. Of these, 8 (0.75%) were considered
attributable to PNB. At 6 months post-surgery only 2 (0.22%) had residual symptoms; one
resolving at 9 months, the other still apparent. As the authors note, this is not dissimilar to the rate
for nerve injury associated with general anaesthesia alone.
27,28
raise questions about how PNS works, and its safety. Both these
Two further studies
studies demonstrated nerve-needle contact either by production of paraesthesia, or with US
imaging yet subsequent nerve stimulation using currents up to 1mA resulted in low motor
response rates. The clear implication is that PNS cannot be relied upon to warn the operator that
they are approaching or even in contact with a nerve in all situations. This finding is supported by
a report of four cases of permanent loss of cervical spinal cord function following interscalene
block performed under general anaesthesia. In three of these cases, the block was performed
29
with PNS.
Nerve related complications of PNB using USG
USG is in its infancy so not surprisingly the literature on the incidence of nerve related
complications is sparse. Of the studies described above, none report any nerve related
complications. However, none include patient follow up so this observation is hard to interpret.
Clearly it is possible to damage nerves during the performance of an USG block. SchafhalterZoppoth et al describe the impalement of a femoral nerve with resulting intraneural injection
30
despite the use of US imaging. Proponents of USG would argue that the technique itself is safe
but that anaesthetists must have the correct equipment, be able to use it appropriately, and
understand how to image the needle during block performance.
Theoretically, USG offers the potential to reduce nerve damage. With accurate nerve and
needle imaging it should be possible to avoid direct needle damage, intraneural injection and
compression from haematoma due to vascular puncture. At Auckland City Hospital we are
currently performing a prospective audit of the safety of USG. The methodology involves video
capture of the block for review in the event of a complication. All patients are being followed up
post-operatively to ensure the recording of complications. We have now completed over 200
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cases and have yet to document nerve damage related to needle trauma or intraneural injection.
Our numbers are small and we continue to enrol patients in the study. A further large multicentre
prospective audit of the safety of peripheral nerve blockade is being conducted by St Vincent’s
Hospital in Melbourne (www.regional.anaesthesia.org.au) Studies of this design may generate
the numbers necessary to accurately document the incidence of such complications.
Non nerve complications of PNB
26
Minor
Other complications of PNB performed using PNS are reported by Jenkins.
complications such as vascular puncture and local haematoma are very common. Pneumothorax
associated with supraclavicular block occurs in 1:20. More serious complications such as
systemic local anaesthetic toxicity occur in 1:1500 and cardiac arrest is reported in 1:10,000.
Whilst nerve stimulation can aid identification of peripheral nerves, it is no help in identifying
vessels, pleura or any anatomical anomalies that may be present. Ultrasound guidance appears
to offer a significant advantage over PNS in this regard and certainly the studies of USG
published to date report very low rates for non nerve complications.
PATIENT ACCEPTANCE OF PNB
The majority of patients do not experience undue discomfort with PNS techniques. However
some patients find the procedure uncomfortable and others may not tolerate it at all (those with
fractures or other painful conditions). Another group of patients that present challenges are those
with difficult surface anatomy e.g. the morbidly obese. Fanelli et al studied the success and
acceptability of a multiple injection technique for in a large series of patients for interscalene,
axillary, and sciatic nerve blocks. He found that the technique was poorly tolerated in nearly one
5
third of patients.
Data on patient acceptance of USG is limited. In one study that directly compares patient
acceptance of US and PNS for infraclavicular blocks, Marhofer reported that the US technique
17
was better tolerated. Sandhu reported a series of 1146 patients having an infraclavicular block
14
in which 83 patients requiring further surgery chose the same technique again. Our experience
of many hundreds of USG blocks is similar; the procedure is very well tolerated and many
patients that require further surgery choose the same technique again.
TEACHING REGIONAL ANAESTHESIA
One of the factors limiting wider use of PNB is that blocks can be difficult to learn.
Anaesthetists sometimes lack adequate exposure to PNB techniques during their training and
thus do not develop the skills required to master nerve blockade. Another problem is the loss of
expertise seen when clinicians have insufficient exposure to appropriate cases. Ultrasound
seems to offer several advantages over other methods for learning regional anaesthesia. For
example, the anatomy observed with the US machine is the actual patient anatomy, not what a
textbook says should be there. Learning to operate the US machine and understanding patient
sonoanatomy is straight forward and presents NO RISK to the patient. However, one of the more
challenging aspects of learning USG is needle imaging. Gel phantoms are available that can be
used to simulate passage of a needle into a patient and thereby help to develop these skills prior
to contact with a patient. Sites et al formally studied skill acquisition of trainees in anaesthesia
31
Ten anaesthesia residents were asked to perform a simulated breast cyst
using USG.
aspiration 6 times (chicken breast with implanted olive). Skill acquisition was rapid during the
successive procedures. The most common error was failure to image the needle tip adequately at
all times prior to advancing the needle.
ECONOMIC CONSIDERATIONS
Purchasing an US machine is often a difficult process for anaesthetic departments. These
items are expensive and managers may need to be convinced that equipment not previously
required is now necessary. Fortunately, systems have become smaller and cheaper and there
are now several manufacturers producing high quality portable US machines. There is now
reasonable evidence to support the requirement for portable US in departments where central
venous cannulation is required. If such equipment is to be used for PNB, it is important to obtain a
system that offers sufficient image quality: vascular access requires a lower quality image and
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therefore a cheaper system than that needed for PNB. A recent study by Latzke compares the
32
costs of PNB between PNS and USG . Assumptions were made about success rates and
complication rates that favoured the US technique. In addition OR time utilisation was assumed to
be superior with US. This meant that even with the additional costs associated with the purchase
of an US machine, there was still an economic advantage to using US.

SIMULTANEOUS USE OF ULTRASOUND AND NERVE STIMULATION
While this review has focused on a comparison between PNS and USG, it is possible to utilise
33
For a practitioner experienced with PNS, it may be helpful to use
these techniques together.
US to identify anatomy and assist with locating the correct point for needle insertion. A further
modification of the nerve stimulator technique is to use US guidance to place the needle adjacent
to the nerve and then turn the PNS on. With this method, the current intensity can be low and
then increased, in contrast to the usual practice of using a high initial current. This approach may
be better tolerated by patients. For trainees with limited experience, the combined technique may
offer an additional level of safety where needle imaging proves difficult. However, where
adequate training is available, the use of PNS may not offer much advantage. It is worth noting
that insulated needles are possibly more difficult to visualise than uninsulated ones.
CONCLUSION
Ultrasound has already transformed the practice of PNB and its wider availability is likely to
ensure even greater use in the future. A recent editorial in the British Journal of Anaesthesia
offers a very forthright appraisal of future of USG and suggests that US has already emerged as
34
If ultrasound does indeed make PNB safer and more successful,
the gold standard for PNB.
our focus may shift away from the choice of PNB technique, and towards a re-evaluation of the
risks and benefits of regional versus general anaesthesia.
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INTRODUCTION
A variety of perioperative factors such as anxiety, pain and surgical trauma are known to
cause an imbalance of the autonomous nervous system, with resulting haemodynamic and
metabolic changes.
Several authors have shown a stress-associated negative postoperative outcome and an
1,2
increase in case management costs . Though subject of ongoing discussion, blockage of 3
receptors and avoidance of metabolic consequences of high sympathetic tone (e.g.
4
hyperglycaemia) appear to decrease the incidence of adverse postoperative events .
Perioperative stress does not start on hospital admission, but much earlier, as preoperative
anxiety may commence as soon as the patient becomes aware of the need for an operation. As a
consequence, many of the physiological stress reactions mentioned above will be prevalent long
5
before induction of anaesthesia and might affect postoperative outcome . Hence, we will need to
adapt our anaesthetic technique (eg. increased anaesthetic requirements associated with
preoperative anxiety) in order to minimise negative consequences for our patients.
Also, stress does not end with the surgical trauma: long term metabolic and immunologic
effects have been identified and are known to influence postoperative outcome, eg. by increasing
6
the risk of delayed wound healing and sepsis .
Though the negative effects of perioperative stress are obvious and effort is made to control
its symptoms, there is no clinical standard to monitor increased sympathetic tone.
So far, various non-invasive methods have been described, but none has yet managed the
transition from the researcher to the clinical anaesthetist.
The following description of methods does not claim to be a complete list of available tools – it
rather focuses on those which have been more extensively researched and seem to be promising
for future use by the clinician.
HEART RATE VARIABILITY
Although the rhythm of the healthy heart is clinically described as regular, there is an
underlying, almost invisible fluctuation of the heart rhythm, known as heart rate variability (HRV).
A well-known clinical example of HRV is respiratory sinus arrhythmia.
HRV is a complex reflection of autonomic outflow, neuroendocrine influences, and autonomic
responsiveness. Autonomic outflow, the combination of sympathetic and parasympathetic
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nervous system activation, is a function of both central mechanisms and feedback from peripheral
systems. Autonomic responsiveness describes the ability of the cardiovascular system to respond
to changes in autonomic outflow, which can be influenced by the endocrine status or illness.
The perception that HRV in general reflects a normal, physiological mechanism is nothing
new, as more than 2000 years ago the concept of traditional chinese medicine already linked a
lack of pulse variability with high mortality. Since the 1980s, various studies have demonstrated
7,8
depressed HRV as an independent predictor of cardiac adverse events and death .
Method
9
Guided by international standards , HRV data is derived from digitised electrocardiographic
recordings of beat to beat intervals over a certain period of time, generally with a minimum
sampling time of about 5 minutes. The data is than audited for artefacts and may be analysed in
different ways: time domain analysis, frequency domain analysis and non-linear analysis.
Time domain analysis
An example of a time domain based analysis is the calculation of the standard deviation of
normal-to-normal R-R intervals (SDNN) or the pNN50, which describes the percentage of normalto normal R-R intervals with a minimum of 50 ms difference to the preceding R-R interval. The
results of time domain analyses are influenced by the sampling time. Hence, this interval needs to
be clearly defined. Short term analysis, often used in the perioperative setting, is often done by
using about 5 minute sampling time (or 256 beat to beat intervals), whereas 24 h are typical for
long-term analysis of HRV data. The definition of the sampling interval is crucial, as it has been
shown that only long-term, but not short-term SDNN analysis is useful to predict risk after a
myocardial infarct.
Frequency domain analysis
Frequency domain analysis of HRV data is often preferred by anaesthetists, as it offers a
relatively easy way of assessing the sympatho-vagal balance. HRV data is commonly processed
by Fast Fourier Transformation –and is thereby separated into the underlying sinusoid
oscillations, which can be described by their amplitude and frequency. As a result of this spectral
2
analysis, the energy density for certain ranges within the power spectrum is described in ms /Hz.
The spectral range most commonly used is: very low frequency (VLF: 0.003-0.04 Hz), low
frequency (LF: 0.04-0.15 Hz), high frequency (HF: 0.15-0.4 Hz), and total power (TP: 0.003-0.4
Hz).
The spectral power within the HF is mainly influenced by respiration (eg. respiratory sinus
10
arrhythmia) and reflects the parasympathetic influence on the sinus node .
The LF spectral power is being discussed more controversially: Though some authors have
described LF as mainly a reflection of sympathetic modulation, others claim, that both
11
sympathetic and parasympathetic influences contribute to its spectral power . As LF is at least
partially influenced by sympathetic tone, the LF/HF ratio allows conclusions about the sympathovagal balance.
Non-linear analysis
Non-linear methods assume HRV to be a complex chaotic system. On top of the harmonic
cycles of HRV, there are broad frequency spectrums that reflect non-harmonic noise. The noise is
easiest to identify within the low and ultra-low frequencies, and it has been postulated that it has
certain fractal characteristics.
One increasingly published method is the MemCalc method (Tarawa, Suwa Trust, Tokyo,
Japan), a non-linear way of HRV analysis that combines the maximum entropy method for
12
spectral analysis and the non-linear least squares method for fitting analysis . With this method,
the entropy of R-R intervals is normalised to a scale of 0-100 and called ultra-short entropy
(UsEn).
MemCalc claims to be less vulnerable to artefacts, such as respiration, and allows spectral
analysis of very short R-R series (about 30 s).

Perioperative Monitoring of Autonomic Nervous Activity - Methods and Clinical Applications

35

As the recommended sampling time for HRV data undergoing Fast Fourier Analysis is about 5
9
minutes , MemCalc analysis may have a significant benefit, whenever faster, more online data
calculation is required (eg. monitoring during anaesthesia).
Applications of HRV analysis in Anaesthesia
“HRV and anaesthesia” searched in PubMed (June 2007) reveals 77 publications from 19922007.
Many of these articles have investigated the influence of anaesthetic drugs (decrease of TP
and LF/HF ratio) or the effect of surgery (TP decreased after coronary bypass surgery,
oesophagectomy and hip surgery). The reduction of HRV under general anaesthesia has lead to
the proposal to use it as a tool for depth of anaesthesia assessment. It has, however, been
shown that HRV does not correlate with the bispectral index, one of the best-validated parameter
13
for depth of anaesthesia . This may well be explained by the variety of confounding influences
on HRV, such as surgery, anaesthetic drugs or age. The various confounders plus the fact that
most approaches to analyse HRV have used Fast Fourier analysis, and therefore need a
minimum sampling time of about 5 minutes (see above), are making it less likely for this
parameter to be a reliable online-monitor of sympathetic tone. Though MemCalc (see above)
seems to avoid the long sampling time, the method still lacks validation and further research is
needed to confirm its value.
One way of overcoming the influence of other factors than depth of anaesthesia or pain is to
combine HRV assessment with other physiological data such as heart rate, plethysmographic
data or response entropy. This novel approach is used to calculate the surgical stress index (SSI,
GE Healthcare Research, Helsinki, Finland) (see below).
Though HRV might not be the ideal parameter for online monitoring of sympathetic tone, it
may well be of predictive value: HRV has been shown to predict a severe drop of blood pressure
14
15
after spinal as well as after general anaesthesia .
Furthermore, a decrease of HRV has been found to precede the clinical signs of sepsis by as
16
much as 24 hours . Its value to predict cardiac mortality has lead to the proposal of using HRV
as a measure of praeoperative cardiovascular state. Unfortunately, as with depth of anaesthesia
assessment, the value of HRV is impaired by many confounders, and the recommendation has
been given to use HRV only in combination with other variables, such as ejection fraction, to
overcome this problem.
SURGICAL STRESS INDEX
The problem that parameters like HRV are influenced by numerous confounders, and that
most physiological reactions generally show significant intra-individual variability has lead to the
invention of a combined variable, Surgical Stress Index (SSI, GE Healthcare, Helsinki, Finland).
SSI is derived from the analysis of heart rate, heart rate variability (heart beat interval [HBI] and
photo-plethysmographic waveform amplitude (PPGA).
Method
All data is derived from plethysmographic monitoring as used for the assessment of peripheral
oxygen saturation. All original real-time HBI and PPGA data is pre-processed by normalisation:
initially (when a patient is still “new” to the monitor, eg. at the start of anaesthesia) “standard” data
(from patients used for validation of SSI) is used to compare the individual data with that of a
“normal” population.
The standard data and actual beat-to-beat data obtained from the patient is used to create an
estimate for the distribution and the mean of individual HBI and PPGA “normal” values. This
allows to display the SSI on a scale from 0-100 (using the equation SSI = 100-(0.33 x HBInorm +
0.67 x PPGAnorm). The longer a patient is attached to the monitor, the more the system “learns”
about normal values for this individual, meaning the more accurately SSI will reflect the individual
patients autonomous state.
All data is displayed with a refresh rate of 1 second and a time delay of less than 10 seconds
due to median filtering. Clinical evaluations of SSI are on going. Experience so far suggests that a
SSI score of < 30 reflects adequate analgesia, 30-60 may still be ok, whereas 60-80 should lead
to intensified clinical observation of the patient as more analgesia may be required - SSI above
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80 indicates insufficient analgesia (personal communication with Matti Huiku, PhD, Principal
Scientist, GE Healthcare Monitoring Solutions).
Applications of SSI analysis in Anaesthesia
As the method claims to reflect the sympathetic stress reaction of an anaesthetised patient, its
potential use for monitoring nociception is obvious.
17-19
.A
So far, 3 peer-reviewed studies investigating SSI in anaesthesia have been published
study in 72 female patients receiving propofol and remifentanil for general anaesthesia showed a
17
reaction of SSI to surgical stimuli and changes in remifentanil concentration . In another study in
30 patients receiving either esmolol/propofol or remifentanil/propofol, SSI was higher in the
18
esmolol group, reflecting the increased level of nociception without addition of an opioid .
Furthermore, it has been published that SSI to skin incision was lower in patients receiving
supplemental epidural analgesia or a brachial plexus block compared to patients who did only
have general anaesthesia (poster presentations at the European Society of Anaesthetists
meeting, Madrid, Spain 2006; detailed references available from the author).
Though the idea of a combined variable as an index of stress is promising, further research is
needed to validate SSI and clarify its use in clinical anaesthesia.
SKIN CONDUCTANCE
The filling of palmar sweat glands is controlled by the sympathetic nervous system. Afferent
sympathetic neurons hereby connect via a muscarinergic cholinergic synapsis. The higher the
sympathetic tone, the more sweat is excreted.
The conductance of an electric current between 2 electrodes on the palmar surface of the
hand reflects the sweat gland filling, with higher conductance readings at times with a higher
sympathetic tone. Changes of the electrodermal skin response have first been described by Féré
20
in 1888 , and even in the anaesthetic literature skin conductance (SC) has been mentioned as
21
early as 1967 for objective measurement of sedation . Though since then research about the
use SC in anaesthesia never really stopped, the number of papers published remained limited,
with a mean of 1 article published per year from 1967-2000 (PubMed search term: “skin
conductance anaesthesia”, June 2007). Since the publication of a new, more sensitive software
22
for assessment of SC in anaesthetised or sedated subjects by Hanne Storm in 2000, 14 articles
investigating SC in anaesthesia and intensive care have been published, the majority within the
last 3 years.
Method
22
The method described by Storm uses 3 paediatric ECG electrodes, of which 2 are applied to
the palmar surface (thenar and hypothenar region; measurement electrodes) and 1 to the back of
the hand (reference electrode).
A micro-current of 50 mV, 2.5 mA and 88 Hz is than applied between the measurement
electrodes. The current itself cannot be felt by subjects and therefore does not influence the
measurement results by increasing sympathetic tone due to discomfort. The primarily registered
parameter of SC monitoring is the mean SC in Siemens. In addition to the mean SC, the
number of micro-fluctuations within the mean SC (NFSC) and two different area under the curve
calculations (area under the curve of the micro-fluctuations) can be obtained (figure 1).
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Figure 1
Screen snapshot of the skin conductance (SC) monitor. The upper part of the screen shows
the course of mean SC [Siemens] (Y axis) over 13 minutes (X axis).
During this period 3 tetanic stimuli (50mA for 30 sec) are applied to an anaesthetised patient
(propofol sedation, BIS level constantly at 40-50) at different levels of analgesia: 1. No
remifentanil (TET1), 2. Remifentanil estimated plasma level 3 ng/ml (TET2) and 3. Remifentanil
estimated plasma level 10 ng/ml (TET3).
A sharp increase in mean SC can be seen after TET1, reflecting the rise sympathetic nervous
activity with the perception of pain. Due to the increase in analgesia, TET2 leads to a markedly
less pronounced SC response and TET3 does not provoke any SC response.
The lower part of the screen shows an enlarged view of the SC response to TET2: Microfluctuations of SC are defined by the software if their amplitude is greater than 0.02 Siemens
(dots on mean SC line). The ascending part of each fluctuation reflects rapid sweat gland filling,
the descending part the slightly slower re-absorption of sweat. The area under the curve of the
micro-fluctuations can be calculated in two different ways: 1. By connecting all troughs within the
sampling time window and just calculating the area under the curve of the fluctuations. 2. By
drawing a horizontal line from the first trough to the end of the sampling time window and
calculating the whole area under the curve above this line (this method includes the potential rise
in mean skin conductance within the time window).
APPLICATION OF SC ANALYSIS IN ANAESTHESIA
21
Changes in SC have been described to reflect different levels of sedation , though it was
found not useful in comparing different anxiolytic drugs that exert their effects by different
23
pharmacological mechanisms .
More recently, we have published 2 articles comparing SC with bispectral index (BIS, Aspect
Medical Systems Inc., Norwood, United States) during awakening after sevoflurane-based or total
24,25
intravenous anaesthesia
. We found that SC showed a higher prediction probability for
awakening than blood pressure and heart rate, but BIS was found to be more accurate, but
slower reacting, than SC. When compared to State and Response Entropy (GE Healthcare,
Giles, United Kingdom), Gjerstad et al. reported parameters of SC to show similar discrimination
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26

between sound responses at different levels of sedation , though Response Entropy was found
27
to be more linear and, in a second study, more rapid than SC.
The overall value for SC in assessment of depth of anaesthesia is subject of on-going
investigations, as especially new parameters of SC are trialed for their significance.
At the moment, the EEG derived parameter BIS and entropy appear to be more accurate.
A second, and potentially more interesting application for SC monitoring is the assessment of
perioperative analgesia. Intraoperatively, NFSC proved to be more sensitive to stress during
27, 28
intubation than RE delta (defined as State Entropy minus Response Entropy) or BIS
and
28
correlated with catecholamine plasma levels . In addition, our own research has reported SC
(NFSC) to correlate well with postoperative pain, and cut-off values of NFSC were found to be
29,30
helpful to distinguish between patients who acutely required or not required analgesia
. SC
monitoring therefore appears to have a value in pain assessment and further, ongoing studies
(pain in children, confounders for SC assessment in the recovery room) will clarify this.
In addition to the assessment of depth of anaesthesia and pain, and similar to analysis of
14
HRV , SC monitoring may be able to predict severe hypotension after spinal anaesthesia (poster
presentation P38 at the ANZCA Scientific Meeting, Melbourne 2007). The clinical relevance of
this finding warrants further investigation.
SUMMARY
Though analysis of HRV allows prediction of cardiac mortality, severe hypotension and sepsis,
the method is influenced by various confounding factors. Therefore HRV data need to be viewed
in the clinical context, and clinical decisions should not be based on HRV analysis alone. The
idea to combine different physiological parameters that change with surgical stress to the
normalised surgical stress index (SSI) accounts for the difficulties seen with HRV. SSI related
research seems promising, but is at its very beginning, and at this time, the clinical relevance of
SSI is unclear.
Though SC is the “oldest” parameter for assessment of sympathetic tone, it still has not made
the transition into everyday clinical application. A more recently described new software and
newly defined variables of SC may allow more sensitive analysis. SC seems to be especially
promising for assessment of perioperative pain, but further research is necessary to validate its
role.
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INTRODUCTION
Hyperbaric oxygen therapy (HBOT) can be defined as the treatment of disease states by the
application of 100% oxygen at pressures above one atmosphere absolute (1 ATA = 101.3 kPa).
In practice, we commonly use pressures between 2.0 ATA and 2.8 ATA. Whilst the technology for
delivering this treatment has been in development for about 350 years, until the middle of the last
century hyperbaric treatment was administered using air rather than oxygen. HBOT is therefore a
relatively young modality with most applications dating from the 1960’s. The history of HBOT is
summarised in point form in Table 1.
Table 1. Some highlights from the history of hyperbaric therapy
Date
Author
Event
Hyperbaric
Air
1662
Henshaw: English
Described and built his "domicilium" for the treatment of
physician and
poor digestion, promotion of insensible respiration and to
clergyman
facilitate breathing and expectoration.
1834
Junod: French
Built a chamber to treat pulmonary afflictions using 2 - 4
physician
ATA. This was the start of a wave of enthusiasm across
Europe.
1877
Fontaine: French
Built the first mobile hyperbaric operating chamber where
surgeon
nitrous oxide could be used as sole agent for longer
operations.
1891
Corning: US
Begins treating patients for a variety of nervous
physician
disorders.
1918
Orville
Used his chamber to treat victims of the Spanish flu
Cunningham: US
epidemic sweeping the USA. He reasoned that the
physician
mortality was higher at altitude (in the mountains) and
therefore a barometric factor was involved. The explosive
loss of pressure one night led to the death of several
patients but did not deter him from expanding his practice
to the treatment of syphilis, hypertension, diabetes and
cancer among others.
1928
As above
Builds the largest hyperbaric chamber ever constructed.
It was 5 stories high, 64 feet in diameter and constituted
a hyperbaric hotel. This was also the year Cunningham
was censured by the AMA for the failure to provide any
scientific descriptions of his treatment methods or
validation of his results.
1937
As above
The above led to a decline in the practice of hyperbaric
medicine with air fairly rapidly, and the Cunningham
chamber was sold for scrap in 1937.
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Hyperbaric
oxygen
1775
1789

1878

1937

1938

1954
1956
1960

1961

1965
1973
1986

Joseph Priestly:
English chemist
Lavoisier and
Seguin: French
chemists
Paul Bert: French
physiologist
Behnke and Shaw:
US naval
physicians
Ozorio de Almeida
and Costa:
Brazilian physicians
Churchill-Davidson:
British physician
Ita Boerema: Dutch
surgeon
George Sharp and
George Smith: US
physicians
Ita Boerema and
Brummelkamp:
Dutch surgeons
David Perrins:
British physician

"Discovers" oxygen.
First report of oxygen toxicity and use at high pressures
was discouraged.
Scientifically appraised oxygen toxicity and
recommended normobaric treatment only. CNS toxicity is
still known as the ‘Paul Bert Effect’.
First use oxygen rather than air for decompression
illness.
Use HBO for leprosy.

Uses HBO to increase radiosensitivity of tumours.
Performs cardiac surgery at pressure in a chamber to
allow prolonged cardiac standstill.
Describe the treatment of carbon monoxide poisoning

Publish first description of the treatment of gas gangrene

Publishes data on treatment of chronic osteomyelitis.
Formation of the South Pacific Underwater Medicine
Society (SPUMS) – Australia and New Zealand
Undersea and Hyperbaric Medical Society (UHMS)
formed with a membership of 2,000 within a short time USA

In Australia and New Zealand, hyperbaric facilities are most often managed by Anaesthetists –
usually on the basis of an understanding of the uptake, distribution and elimination of gases,
along with a high level of skill in resuscitation. Hyperbaric practitioners are owners of a single
therapy for a wide range of ailments, rather than experts in a field of disease for which there are a
variety of therapies available. This situation has lead to the famous accusation that HBOT is ‘a
1
therapy in search of diseases’. This is a characterisation with which we still struggle.
HBOT is delivered using a compression vessel and an oxygen delivery system. These
vessels may be designed for a single occupant (a monoplace chamber), or multiple occupants (a
multiplace chamber). For therapeutic purposes they are identical, but each type of vessel suits
particular individuals depending on both physical and psychological factors. The chambers in use
at the Prince of Wales Hospital in Sydney are illustrated in Figures 1 and 2 below. The
monoplace chamber is filled with oxygen and does not require a specific oxygen delivery system
for respiration, while the multiplace chamber is filled with air and oxygen is delivered by mask,
hood or anaesthetic circuit as required. The relevant Australian Standards mandate a trained
nurse attends patients in a multiplace system at all times.
INDICATIONS FOR HBOT
The assessment of what does and does not constitute an indication for HBOT will vary from
country to country and unit to unit based on local experience and where the interest in, and
ownership of, the facility lies. One of the more popular benchmarks for many lists of indications is
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that produced by the Undersea and Hyperbaric Medical Society. Their list is based on an
assessment of the evidence by a dedicated committee and is reviewed on a triennial basis. In
Australia and New Zealand, the SIG of the ANZCA publishes an annual list of recommended
indications based on the available evidence. The latest of these is reproduced as Table 2.
Figure 1. A multiplace hyperbaric compression vessel. This chamber was built in the mid1960’s for Prince Henry Hospital in Sydney and intended for paediatric cardiac surgery. It
is still in use at the Prince of Wales Hospital.

Figure 2. A monoplace chamber in use. The whole vessel is filled with oxygen.
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Table 2. The DMH SIG indications for which HBOT may be indicated. This list is reviewed
annually in the light of emerging evidence.
BROAD INDICATION
BUBBLE INJURY

SPECIFIC INDICATION
DECOMPRESSION ILLNESS
ARTERIAL GAS EMBOLUS

(Diving/Iatrogenic/Misadventure)
ACUTE ISCHAEMIC
CONDITIONS

COMPROMISED FLAPS AND GRAFTS
CRUSH INJURY
COMPARTMENT SYNDROMES
POST-OPERATIVE
REPERFUSION INJURIES

INFECTIVE CONDITIONS

RADIATION TISSUE DAMAGE

CLOSTRIDIAL MYONECROSIS
NECROTIZING FASCIITIS/NON-CLOSTRIDIAL MYONECROSIS
MALIGNANT OTITIS MEDIA
REFRACTORY MYCOSES
PNEUMATOSIS CYSTOIDES INTESTINALIS
REFRACTORY OSTEOMYELITIS
INTRACRANIAL ABSCESS
OSTEORADIONECROSIS

Established
Prophylactic
SOFT TISSUE RADIONECROSIS

Established
Prophylactic
PROBLEM WOUNDS

TOXIC GAS POISONING

OCULAR ISCHAEMIC
PATHOLOGY

MISCELLANEOUS

DIABETIC ULCERS/GANGRENE
VENOUS ULCERS
DECUBITUS ULCERS
FROSTBITE
SURGICAL INCISIONS
SPIDER BITE
CARBON MONOXIDE (mod/severe)
SMOKE INHALATION
CYANIDE
HYDROGEN SULPHIDE

CYSTOID MACULAR OEDEMA
RETINAL ARTERY /VEIN OCCLUSION
THERMAL BURNS
EXCEPTIONAL BLOOD LOSS ANAEMIA

These indications are remarkably diverse, and not all are based on a simple ‘reversal of
hypoxia’ phenomenon. It is my intention to illustrate how HBOT might be effective for these
conditions, and to briefly review some of the clinical evidence. The interested reader is referred to
2, 3
a comprehensive review of the clinical evidence available on-line.
I will also briefly review the commonly used therapeutic tables. The optimal dose of oxygen
per treatment will depend on the mechanism of action and the efficacy of oxygen in each target
disease. Ideally, treatment tables would have been developed following appropriate phase I, II
and III testing for each indication before introduction to practice. Regrettably, this is far from the
case. The situation has been described elegantly by Marroni:
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“The clinical application of hyperbaric oxygen therapy (HBOT) although based on sound
physiological principles as well as on a logical rationale, has often been characterised by
empirical procedures, and the choice of treatment schedules has been more fortuitous than
4
rational”.
MECHANISMS OF ACTION
Three primary mechanisms of action may be identified- bubble size reduction and elimination,
the achievement of gross hyperoxia in target organs and the enhancement of immune and
healing mechanisms through achievement of normoxia in an hypoxic target organ.
1. Bubble Size Reduction
Bubble injury is most often associated with decompression illness (DCI) following breathing of
compressed air and subsequent decompression. The situation is highly analogous to the washout
of anaesthetic gases following a volatile general anaesthetic, with the added complication of
bubble formation secondary to supersaturation of the tissues with nitrogen. Tissue or intravascular bubbles may follow compressed air breathing, whilst intra-vascular introduction of air is
also seen in association with a variety of medical and surgical procedures, following trauma
5, 6
In any
involving high pressure gas hoses and male to female orogenital sex in late pregnancy.
of these situations, the physical presence of a bubble may obstruct blood flow and affect tissue
perfusion. Intra-arterial gas emboli are particularly problematic in the cerebral circulation.
While bubbles persist, the exposure of the individual to a high-pressure environment will
result in reduction in bubble size in accordance with Boyle's Law. The reduction in bubble
diameter (when bubble is in the tissues) or more importantly, bubble length (when intra-vascular),
may result in improved perfusion and function, reduction in distortion of the local tissue
architecture and the regression of symptoms. It is important to understand that, although the
volume of a spherical bubble will be halved on compression from 1 ATA to 2 ATA, the diameter of
that bubble is reduced by only a little over 20% (Figure 3). Further compression confers less
dramatic decrements in diameter, and this may explain the experimental and clinical finding that
7
there is little added benefit for compression beyond an initial doubling of pressure.
Figure 3. Relationship between pressure, bubble volume and bubble diameter.
7
Taken from . At the usual treatment pressure of 2.8ATA, bubble volume is reduced by 73%,
but bubble diameter by only 35%.
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It had been noted since the Hudson River tunnel project in New York in 1909 that
recompression of compressed air workers would often relieve the symptoms of ‘the bends’ that so
8
commonly plagued these workers. In 1924 the US Navy introduced a series of air treatment
It had been noted since the Hudson River tunnel project in New York in 1909 that
tables, but these proved to have a 50% failure rate. Nevertheless, refined air recompression was
recompression of compressed air workers would often relieve the symptoms of ‘the bends’ that so
used for many years in the treatment
8 of decompression illness (DCI), either to a pre-determined
commonly plagued these workers. In 1924 the US Navy introduced a series of air treatment
pressure or by the principle of return to causative depth.
tables, but these proved to have a 50% failure rate. Nevertheless, refined air recompression was
Hyperbaric oxygen administration at lower pressures and for shorter durations has proved
used for many years in the treatment of decompression illness (DCI), either to a pre-determined
highly efficacious because, in addition to the crushing of bubbles according to Boyle’s Law,
pressure or by the principle of return to causative depth.
elimination is also achieved by the rapid evolution of nitrogen out of the bubbles down the greatly
Hyperbaric oxygen administration at lower pressures and for shorter durations has proved
increased partial pressure gradient that is achieved by nitrogen washout during oxygen
highly efficacious
because, in addition to the crushing of bubbles according to Boyle’s Law,
9
breathing. There is some evidence to support the further enhancement of this effect by the
elimination is also achieved by the rapid evolution of nitrogen out of the bubbles down the greatly
addition of relatively insoluble inert gas to the breathing mixture on compression, particularly
increased partial pressure gradient that is achieved by nitrogen washout during oxygen
helium. One
9 randomized clinical trial designed to test the relative efficacy of Heliox treatment
breathing. There is some evidence to support the further enhancement of this effect by the
tables against oxygen has reported promising trends, but the final results have not been
addition of10relatively insoluble inert gas to the breathing mixture on compression, particularly
published.
helium. One randomized clinical trial designed to test the relative efficacy of Heliox treatment
Tables designed for the treatment of DCI consist of a relatively rapid recompression to a
tables against oxygen has reported promising trends, but the final results have not been
specified pressure
followed by a slow decompression. Oxygen breathing is used as much as
10
published.
possible at pressures of 2.8 ATA (283.6kPa) or lower (to avoid an unacceptable incidence of CNS
Tables designed for the treatment of DCI consist of a relatively rapid recompression to a
oxygen toxicity). While long air tables are still occasionally employed to treat severe DCI where
specified pressure followed by a slow decompression. Oxygen breathing is used as much as
there is failure to respond to oxygen tables, or where oxygen is not available, the most common
possible at pressures of 2.8 ATA (283.6kPa) or lower (to avoid an unacceptable incidence
of CNS
9
treatment table by far is designated US Navy Treatment Table 6 (RN Table 62). These are
oxygen toxicity). While long air tables are still occasionally employed to treat severe DCI where
oxygen tables with a maximum pressure of 2.8 ATA, as shown below in Figure 4.
there is failure to respond to oxygen tables, or where oxygen is not available, the most common
9
treatment table by far is designated US Navy Treatment Table 6 (RN Table 62). These are
Figure 4. USN TT6 as published for use in the US Navy diving manual. Oxygen and air
oxygen tables with a maximum pressure of 2.8 ATA, as shown below in Figure 4.
breathing periods are designated as shown (oxygen starts at initial compression).
Figure 4. USN TT6 as published for use in the US Navy diving manual. Oxygen and air
breathing periods are designated as shown (oxygen starts at initial compression).

The table consists of rapid compression to the equivalent of 60 feet of sea water (60fsw, or
18 metres of sea water, an ambient pressure of 2.8ATA), where the diver breaths oxygen for 20
minutes followed by a 5 minute air break. After three repetitions of oxygen/air, there is a slow
The table consists of rapid compression to the equivalent of 60 feet of sea water (60fsw, or
ascent to 30 fsw (9 msw) and further cycles as indicated. The exposure may be extended at
18 metres of sea water, an ambient pressure of 2.8ATA), where the diver breaths oxygen for 20
either depth if the diver is not responding, or in extreme cases, converted during the 60 fsw phase
minutes followed by a 5 minute air break. After three repetitions of oxygen/air, there is a slow
to a longer air table. These tables are also commonly employed for iatrogenic air embolus.
ascent to 30 fsw (9 msw) and further cycles as indicated. The exposure may be extended at
either depth if the diver is not responding, or in extreme cases, converted during the 60 fsw phase
to a longer air table. These tables are also commonly employed for iatrogenic air embolus.
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Bubble size reduction may also be of some benefit in compression of tissue gas seen with
some anaerobic necrotizing infections, particularly gas gangrene, although this is unlikely to be
the major mechanism of action in this setting.
2. Achievement of Gross Hyperoxia
The administration of hyperbaric oxygen results in very high blood partial pressures of oxygen
11
– during a 2 ATA treatment we might expect an arterial oxygen tension of 1,000 to 1,200 mmHg.
Such high tensions have profound physiologic and therapeutic consequences. Hyperoxia is most
clearly of benefit in those conditions where intravascular injury is prominent - vascular bubble
injury, ischaemia/reperfusion injury and those conditions where oxygen competes with toxic
gases for important transfer and enzymatic binding sites are all examples. For other conditions
where tissue ischaemia is complicated by interstitial oedema, hyperoxic mediated
vasoconstriction may contribute to tissue re-oxygenation through the delivery of increased oxygen
despite significantly reduced blood flow. This has been studied most recently in the rat brain,
where at least one mechanism appears to be the inhibition of nitric oxide production by
12
superoxide anions. One of the exciting possibilities is that such mechanisms are only active in
the target region, and may be associated with a beneficial reverse steal phenomenon.
Hyperoxia is also effective in tissue injury via inhibition of the activation and subsequent
binding of leucocytes to damaged vascular endothelium. There is strong experimental evidence
that this is mediated through an inhibition of β -2 integrin function and subsequent prevention of
intracellular adhesion molecule-1 (ICAM-1) activation on the leukocyte surface. The prevention of
leukocyte activation ultimately reduces ischaemia-reperfusion injury and subsequent lipid
13, 14
In two animal models of ischaemia-reperfusion, HBOT modified neutrophil
peroxidation.
activation and prevented the accumulation of activated leucocytes in the lungs, suggesting that
15-16
HBOT may be helpful in the prevention of adult respiratory distress syndrome (Figure 5),
17
while in another a similar prevention of leukocyte infiltration into brain tissue is implied. Using an
in-vitro endothelial cell model, Buras has confirmed that ICAM-1 is the likely target molecule
through which HBOT acts at the cellular level, and that this effect is mediated through endothelial
15
cell nitric oxide synthetase (Figure 6).
Figure 5. Fraction of activated neutrophils before and after ischaemia-reperfusion.
*Significant difference (P<0.05). NBT = Nitroblue tetrazolium test for activation of
17
neutrophils. From
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The passage of gas emboli through the arterial circulation causes considerable endothelial
damage. The vascular endothelial effects of hyperoxia are probably of great importance in the
treatment of this injury through the same mechanisms outlined above, and these act in addition to
effects mediated through reductions in bubble size.
Evidence continues to emerge concerning the central role that interactions between
hyperoxia and nitric oxide may play in a broad range of applications. Thom has recently published
startling evidence that exposure to 2 ATA of oxygen for two hours is sufficient to mobilize
19
stem/progenitor cells from the bone marrow by a nitric oxide dependent mechanism. A course
of 20 such treatments on a daily basis increased the population of circulating stem cells eightfold. These cells are highly attracted to areas of increased vascular growth factor elaboration and
may well have implications for chronic wound healing.
Figure 6. ICAM-1 induction following 4 hours of hypoxia and hypoglycaemia.
Open circles subsequently exposed to normoxia/normoglycaemia, triangles to a single
19
HBO session at 2.5 ATA for 90 mins. *P<0.05 compared to time zero. From

Hyperoxia is also important in the treatment of toxic gas poisonings. In practice, carbon
monoxide is the most common toxic gas encountered in clinical practice. CO binds approximately
240 times as readily with haemoglobin as does oxygen. During normobaric air breathing (P IO2
approx 160mmHg), very low concentrations of CO in the inspired air can rapidly replace oxygen
at a high proportion of haemoglobin binding sites. Delivery of the bound CO to the tissues results
in a similar process occurring at a number of intra-cellular enzyme sites. In addition, there is
growing evidence that CO, like the mechanical insult associated with the passage of bubbles,
causes an injury to the vascular endothelium, leucocyte activation and adherence, production of
20
oxygen free radicals and ultimately lipid peroxidation of neuronal cell walls. If the victim survives
the period of acute hypoxia, CO accumulated in the tissues may continue to adversely affect cell
function and result in late-onset cell death and profound disability or death in the individual.
The administration of hyperbaric oxygen may improve this situation in a number of ways,
although the precise mechanism(s) responsible for most of the benefit remain unclear. High
partial pressures of oxygen in the inspired air will drive off CO from binding sites on the
haemoglobin molecule through the law of mass action. For this reason, the half-life of HbCO is
dramatically reduced under hyperbaric conditions (about 51/2 hours in air at 1 ATA, 71 minutes
21
breathing oxygen at 1 ATA and 29 minutes at 1.6 ATA on 100% oxygen). Similarly, the law of
mass action will reduce the time required for removal of CO from intracellular enzyme systems
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22

such as cytochrome C oxidase. While rapid removal of HbCO can be demonstrated in the
clinical situation, the relevance is not at all clear given the poor correlation of HbCO level and
degree of ultimate neurological impairment.
Another putative mechanism of HBOT in CO poisoning is by the somewhat paradoxical
inhibition of lipid peroxidation at hyperbaric doses of oxygen. Some animal work suggests this
may be mediated in part by the presence of increased concentrations of hydroperoxyl (HO2) and
hydrogen peroxide (H2O2) radicals, and an up-regulation of antioxidant defenses. Others have
23, 24
A great deal
demonstrated a direct protective effect on leucocytes following HBOT exposure.
of work remains to be done to fully explain the role of oxygen in this area.
The effects of hyperoxia in chronic wound healing are similarly difficult to define with
confidence. It appears that modulating the tissue oxygen levels will have complex and sometimes
opposing effects. I have already mentioned the positive potential for wound healing by the
generation of stem/progenitor cells. On the other hand, in experiments using human skin cell
monolayers, dermal equivalents and human skin equivalents, daily HBOT was shown to inhibit
fibroblast proliferation and elaboration of collagen, while enhancing keratinocyte differentiation
25
and epidermopoiesis. The net effects are difficult to assess and require good human trials in
order to generate clinical recommendations.
In infections caused by anaerobic and facultative organisms, the achievement of a sufficiently
high tissue PO2 may cause increased bacterial vulnerability through a direct bacteriostatic or
bacteriocidal effect. For example, oxygen at 3 ATA (304 kPa) is bacteriocidal for Clostridium
perfringens. Indeed this was the original rationale for treating gas gangrene. Closer inspection of
the data however, reveals that 18 hours of oxygen at 3 ATA is required to kill the bacteria. Of
greater probable relevance is that the germination of spores is inhibited at 2 ATA for shorter
periods. Similarly, HBO is bacteriostatic to Escheria coli at 2 ATA and Mycobacterium
26
tuberculosis at intermittent exposures at 2.9ATA. Such bacterial effects are probably secondary
to a combination of direct toxic effects of oxygen free radicals, synergism with certain antibiotics
and enhancement of the host immune system (as described below).
One other intriguing possibility has been suggested by Hills - the osmotic effect of high
27
arterial oxygen tensions. One consequence of soft-tissue injury is ischaemia and hypoxia. This
leads to malfunction of capillary membranes and the development of oedema, with subsequent
worsening of tissue hypoxia, more leaking of fluid from capillaries and more oedema. Hills
maintains this vicious cycle may be broken more at the point of oedema than at the more
traditionally accepted point of hypoxia.
Hills' proposal is that, while arterial oxygen tensions are greatly raised during HBOT, the
tissue level of oxygen is not greatly increased. This leads to an effective steady state gradient of
oxygen between arterial blood and the site of oxygen consumption in the tissues - and this
gradient will promote fluid reabsorption into the vascular compartment by the osmotic effect of
oxygen. Hills calculates the effect of typical arterial oxygen tensions during HBOT as an
approximately 8.5% increase in plasma oncotic pressure, although this may be an underestimate.
It is the unique nature of oxygen, by which it is consumed in the tissues, that allows the long-term
maintenance of an “oxygen pump” effect and no sequestration of the osmotic agent into the
tissues over time.
Treatment tables designed for the maximisation of oxygen tensions have traditionally used a
treatment pressure of 2.8 ATA (283.6 kPa). As discussed above, this is the maximum oxygen
pressure compatible with both a reasonable treatment time and an acceptable incidence of
cerebral oxygen toxicity. Typically, such tables employ a treatment pressure of 2.8 ATA for 120
minutes, giving the inside attendant a decompression obligation. At the Prince of Wales Hospital,
we achieve this by decompressing the chamber to 3 metres where the inside attendant can
breathe 100% O2 for 32 minutes, while the patient can be transferred out by a second attendant
via the lock. After this exposure the inside attendant should not be recompressed for 24 hours.

3. Restoration of Normoxia
All wounds are hypoxic to some degree and this forms an important stimulus to the normal
immunological and angiogenic responses that results in wound healing. Some wounds, however,
do not heal readily and become a longer-term problem. Hypoxia in these conditions may be
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profound and entirely prevent wound healing. In such cases the intermittent application of oxygen
at hyperbaric conditions may raise the PO2 in parts of a wound to levels closer to normal tissues.
This enables the normal wound healing mechanisms and stimulates angiogenesis.
Although wound healing is a complex process, a number of key elements can be identified
where oxygen may play an important role. We have already discussed leucocyte function in
relation to endothelial damage above, and white cells are intimately involved with the clearance of
debris and foreign material (including bacteria) from the wound area. Many such functions are
exquisitely sensitive to oxygen. For example, the process of phagocytosis involves consumption
28
Although such processes are possible at remarkably low
of oxygen in an “oxidative burst”.
tissue oxygen tensions, improving oxygenation within the physiologic range often dramatically
improves the efficiency of such activity. Allen has shown that oxygen tensions between 40 and 80
mmHg are required to maintain activity at 50% of maximum in the NADPH-linked oxygenase
responsible for this respiratory burst. To work at 90%, tensions as high as 400mmHg may be
29
required.
Table 3. Likely mechanisms of action for a range of indications for hyperbaric oxygen
Mechanism of action
Reduction in bubble size

Achievement of hyperoxia

Restoration of normoxia

Indication
Decompression Illness
Arterial Gas Embolism
Gas Gangrene
Decompression Illness (CAGE)
Carbon Monoxide Poisoning
Other toxic Gases
Anaerobic Infections
Cerebral Oedema
Crush injuries
Ischaemia/reperfusion injury
Problem Wounds
Chronic Osteomyelitis
Osteoradionecrosis
Soft-tissue Radionecrosis
Pyoderma Gangrenosum
Decompression Illness

A further direct effect of raising wound oxygen tension is on the fibroblast. Migration is
inhibited at low tensions and the production of collagen through the hydroxylation of proline and
30
lysine is very oxygen sensitive. The enzyme responsible needs 20mmHg of oxygen to reach
31
50% of maximum activity, and 150mmHg to reach 90%. This effect should be contrasted with
the effect of grossly hyperoxic exposures such as those illustrated in Figure 5.
Finally, raising wound PO2 may also stimulate angiogenesis in a somewhat counter-intuitive
way. Hypoxia is the single most powerful stimulus to angiogenesis under normal conditions.
However, some evidence exists to suggest that, rather than the absolute value of tissue oxygen,
it may be the tension gradient over the healing area that is of prime importance. In many problem
wounds there are reasons why the oxygen tension in tissues surrounding the wound will also be
low, thus eliminating a point at which tension drops sharply. Examples include radiation tissue
damage, diabetes and chronic infective conditions. The situation is illustrated in Figure 7. The
application of a high intravascular driving pressure of oxygen can re-establish the steep gradient
around the wound and stimulate angiogenesis and repair.
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Figure 7. Transcutaneous oxygen tension in acute and chronic wounds.
Note the steep oxygen gradient near the wound edge in an acute wound in normal tissue.

A complementary view is that it is the falling tension following treatment that forms the direct
stimulus to enhance new vessel growth. Further, some experimental data exists to suggest that
HBOT enhances the expression of angiopoietin-2 and induces angiogenesis through RNA
32
transcriptional stimulation via a nitric oxide stimulating pathway.
As the most common indications for HBOT are chronic hypoxic wounds and radionecrotic
lesions, it follows that tables designed to restore approximate normoxia, (or moderate hyperoxia),
are those most commonly employed in modern hyperbaric practice. Generally, we apply
maximum pressures of 2.4 ATA (14m equivalent depth of seawater or 243.1kPa) for 90 minutes
daily. While the details vary from unit to unit, this treatment approach is remarkably uniform in
Australia and New Zealand. The schedule in use at the Townsville unit is shown as an example.
Most variations relate to air breaks designed to protect the patient from oxygen toxicity, and the
oxygen requirement for the attendant in order to produce an acceptable DCI risk (Figure 8).
In other parts of the world and particularly where monoplace chambers are in use, the
‘standard’ treatment is often 2 ATA (10msw or 202.6kPa) for 2 hours. There is no evidence that
either of these approaches is more effective. Nor is there good evidence to suggest which of once
or twice daily treatments are more effective.
Figure 8. The Townsville 14m table. Note the two air break periods of 5 minutes each for
the patient and the slow ascent with attendant on oxygen.
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SUMMARY
HBOT may act through the effect of pressure or through metabolic and chemical effects of
oxygen. Hyperoxic mechanisms are mainly credited for intravascular effects or effects in vessel
rich tissues without vascular compromise. In wound healing and other hypoxic conditions,
restoration of normal tissue oxygen tensions may be the more important and achievable
mechanism.
Treatment tables have been developed largely empirically, but do reflect the appropriate dose
for the mechanisms discussed above. As with all pharmacological agents, there is a requirement
for demonstrating the appropriate dosing schedule to maximize efficacy while minimizing toxicity.
The appropriate balance between these conflicting goals will depend on a careful risk/benefit
analysis for each individual indication and patient. Ultimately, we may develop individual
treatment tables based on real-time tissue oximetry where oxygen dose is manipulated to achieve
a specific target tissue PO2. These are exciting times in this field and we look with anticipation
toward the future.
One of the principle criticisms leveled at the practice of hyperbaric oxygen therapy is the lack
of a proven mechanism of action. This remains a valid criticism for many of the common
indications. Much work needs to be done to show which, if any, of the many putative mechanisms
are operating in a given pathological situation.
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Opioid use is prevalent and well established in patients with chronic, as well as cancer pain. It
is the most efficacious medication for controlling severe pain and is effective for a broad spectrum
of pain conditions. It is increasingly used for long term treatment of non-malignant pain in many
countries. A recent study showed that it was used in 20% of patients with neuropathic pain in the
1
United Kingdom. A study surveying the use of opioid in a Danish population also showed an
2
increase of users from 17% to 20% of patients with cancer pain.
The ability to drive is an important marker in measurement of quality of life. It is an important
feature of modern living and features prominently in an independent lifestyle. It is, however, a
great responsibility and it involves the safety of passengers, fellow drivers and pedestrians. This
is especially so since driving a car is a complex task requiring mental alertness and a variety of
3
cognitive functions, such as perception, attention, learning, memory and decision making. There
is increasing public concern about driving with prescribed opioids and with its increased usage,
the numbers will increase.
There are currently no clear guidelines regarding the use of long-term opioids and driving in
the law. Driving under the influence of alcohol (defined as a blood concentration of more than
0.05%) is prohibited in many countries. In Australia, the Austroads 2003 Assessing Fitness to
4
Drive states that patients who are on analgesics, including codeine and other opioids, should be
cautioned about driving if using these medications due to their sedative side effects. Patients on
methadone may drive if under periodic review and stable. They should be cautioned about the
5
effects of dosage changes. Austroads 2000 publication “Drugs and Driving in Australia”
mentioned that legislation dealing with drugs and driving should be based on the observable
impairment of the driver. How this can be assessed is not clearly defined. The relationship
between the concentration of a drug in the body fluids of a driver and the risk of that driver
crashing are not well understood. No equivalent to the blood alcohol level exists for other
substances. However, it is known that combinations of two or more drugs, or with alcohol, usually
have greater effects than a single substance. It also states that the driver’s impairment from
medications is best addressed by good quality advice from doctors, pharmacists and other health
professionals. This advice needs to be consistent and provided in the context of the overall
health, medication use and other substance use of each individual. It is essential that the advice
provided will allow the individual to assess their own fitness to drive and make in informed
decision as to whether driving is advisable while at the same time ensuring they comply with the
regimen of medication needed for their continued good health. In view of this, failure to do so may
have medico-legal consequences for the practitioner in the event of a crash involving the patient,
particularly in the case of commercial vehicle drivers.
The overall health of the driver is an important consideration in the assessment of fitness to
drive. It is then logical to assume that a driver, who is in pain, could potentially have impaired
ability to drive. This is especially so when several studies have demonstrated the impairment on
6
psychomotor and cognitive performance in relation to matched controls that are not in pain. But
can this be translated to the ability to drive? This has not been studied until recently, when a
study tried to examine the possible effects of patient with chronic non-malignant pain on highway
7
driving performance. The participants performed a standardized on-the-road driving test during
normal traffic on a primary highway, using the Standard Deviation of Lateral Position (SDLP) as
the primary parameter. The results demonstrate that a subset of chronic non-malignant pain
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patients has SDLPs that were higher than the matched healthy controls, indicating worse highway
driving performance, which was significantly different. They also rated their subjective driving
quality to be normal, although their ratings were significantly lower than those of the healthy
controls. Driving related skills such as tracking, divided attention, and memory were examined in
the laboratory with no significant effects found. This study had a small sample size and certainly
more studies of the relationship between chronic pain and driving ability are needed.
This leads to the argument that if pain is well-controlled, patients should be allowed to drive.
However, the pain management of 20% of patients with chronic or cancer pains involve the
prescription of opioids. Opioids are centrally-acting drugs that produce analgesia and also a
considerable spectrum of unwanted side effects, which may interfere with driving. Central effects
include sedation, dizziness or mental clouding. When opioid naïve patients are given single doses
of opioids, the reaction time, muscle coordination, attention and short-term memory are impaired,
8
which could affect driving and other skilled activities. Hence, opioid naïve patients should avoid
driving if exposed acutely to a single dose opioid. The issue becomes less clear-cut when it
involves chronic or cancer pain patients on long term opioids.
9
In 2003, the first structured evidence-based review by Fishbain et al was published. 48
relevant published reports were included and analysed under 5 subject areas. It found that there
was moderate, generally consistent evidence for no impairment of psychomotor abilities of opioid
maintained patients. There was inconclusive evidence on multiple studies for no impairment on
cognitive function of opioid-maintained patients. There was strong consistent evidence on
multiple studies for no impairment of psychomotor abilities immediately after being given doses of
opioids. There was strong, consistent evidence for no greater incidence in motor-vehicle
violations/motor vehicle accidents versus comparable controls of opioid-maintained patients.
There was also consistent evidence for no impairment as measured in driving simulators off/on
road driving of opioid maintained patients. Based on those results, they concluded that opioids
did not appear to impair driving-related skills in opioid dependent/tolerant patients. However,
evidence was consistent in only four out of the five research areas, but inconclusive in one. Thus,
it was proposed that additional control studies were required.
Is there a difference between patients with cancer and chronic non-malignant cancer patients
on stable doses of opioids? This has not been compared directly in a study though studies have
10
been done to evaluate them separately. Jamison et al found that non-cancer patients on stable
oral opioids did not show evidence of impaired performance using psychometric testing.
11
Sabatowski et al found that stable doses of transdermal fentanyl in non-cancer patients are not
associated with significant impairments in psychomotor and cognitive performance. This was
12
compared with healthy volunteers. Schindler et al found that addicts receiving stable doses of
13
methadone performed adequately when compared to normal controls. Byas-Smith et al
compared the psychomotor performance and driving ability of patients with chronic pain managed
with stable regimens of opioid analgesics with that of normal healthy volunteers. It involved
evaluation for errors while driving their own automobile and for speed and accuracy on trials
through an obstacle course. Patients also completed the Test of Variables of Attention and the
Digit Symbol Substitution Test. It showed that there were no observed differences among groups.
14
Fishbain et al also found no epidemiological evidence suggesting that people on opioids were
at increased risk of being in fatal or non-fatal car accidents.
The above findings probably cannot be applied directly onto cancer patients. Cognitive
impairment in cancer patients is not uncommon and can be ascribed to various disease related,
15
The available research focused on driving in cancer
as well as treatment-induced causes.
16
found that there were no differences in
patients on opioids is more restricted. Vainio et al
surrogate tests for driving in cancer patients on stable opioids with pain-free cancer patients not
on opioids. Nonverbal basic intelligence, attention, concentration, fluency of motor-reactions,
peripheral vision tests, reaction times, thermal discrimination and body sway with open eyes did
not differ significantly. Only the balancing ability with closed eyes was worse in the morphine
17
group. Banning et al , however, found that reaction times in cancer patients on opioids
compared to cancer patients on non-opioid pain medications, were significantly impaired.
18
Clemons et al compared healthy volunteers, cancer patients taking stable opioids and cancer
patients not taking opioids. The tests include assessments of alertness, cognition, memory and
reaction time. The cancer groups performed worse than the healthy volunteers but were similar to
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each other. It illustrated that the disease itself has the greatest impact on alertness. Hence, the
evidence to support driving in cancer patients taking opioids is not conclusive. There are many
factors involved and further clinical research, though necessary, presents multiple difficulties in
19
interpretation and applicability.
A further examination in the literature was done to evaluate if any particular long- acting
opioid is safer. Once again the amount of information regarding this is limited. Most studies were
9
conducted on patients taking methadone as reflected in the review article by Fishbain et al.
11
examined the driving ability under long-term treatment with transdermal fentanyl
Sabatowski
and concluded that stable does of transdermal fentanyl for the treatment of chronic non-cancer
pain are not associated with significant impairments in psychomotor and cognitive performance.
20
Soyka et al found that there was less impairment in some of the subtests of the psychomotor
battery in buprenorphine-maintained than in methadone-maintained patients. It may indicate a
less severe effect on cognitive-motor performance of a mixed agonist/antagonist opioid compared
with a full agonist. However, there were no clear significant differences in most of the items
parameters tested. It could be confounded by the small sample size (n=46) and the fact that
cannabis or other substances were found in both groups of patients.
When is it safe to drive after commencement of opioid therapy? A prospective clinical and
experimental study on six patients before and 7-14 days after stable morphine medication by
21
showed no negative influence on mood, reaction time or vigilance and cognitive
Lorenz et al
decline due to sedation. Further studies need to be done on the other opioids which have
different pharmacokinetic and pharmacodynamic effects. This may also have in impact on advice
given to patients regarding the length of time, after dosage changes in a background of stable
opioids doses, after which it will be ‘safe’ to drive again.
The situation becomes more complex when concomitant medications are taken. The use of
psychoactive drugs is prevalent amongst patients with chronic pain. This includes
antidepressants, anticonvulsants and benzodiazepines. The habit of taking additional medications
not specified to the pain specialist is also a common phenomenon. It has been recommended
that psychoactive drugs under investigation for behavioural toxicity should be compared to
22, 23
This reflects the potential effect on the cognitive and psychomotor functions
alcohol.
especially when taken with opioids. Hence, most studies would not recommend driving in patients
with concomitant usage of other psychoactive drugs, even if the patient is taking stable doses of
opioids.
The majority of published studies demonstrated no significant psychomotor and cognitive
impairment of patients under stable long-term opioid therapy for non-malignant pain. Hence there
is sufficient evidence that opioid treatment per-se does not preclude patients from driving a motor
vehicle. In fact, untreated pain has been shown to affect driving. The underlying disease process,
including some patients with cancer, may itself affect the ability to drive. There are some
9, 24
This includes:
recommendations and ‘rules’ that are suggested in some publications.
1. It is a personal decision which needs to be reviewed constantly and they should not drive if
they feel sedated.
2. Stable doses of opioids and no concomitant use of other psychoactive drugs.
3. The physician, and only one prescriber, should have continuous control of the therapy. The
patients should not make changes to their medication regimens unilaterally.
4. Written documentation of the advice.
Despite the above information, the physician should not be able to recommend if a patient
can drive. The research information available could be quoted and opioid side effects mentioned.
The specific question of whether a patient can drive can only be determined in a driving simulator
and/or on-road driving tests.
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This paper is based on a presentation given at the 2006 annual scientific meeting of the
Australian Pain Society: the theme of the meeting was ‘Pain Across the Life Span’.
Opioids have been used for the management of pain for many hundreds of years. However,
most of our understanding of the science of how these drugs work and how they are best used in
the acute pain setting is very recent.
HISTORY OF THE USE OF OPIOIDS IN PAIN MANAGEMENT
th
Up until the 19 century
Opium has been used, at least for its psychological effects, for centuries. Sumerians, who
th
lived over 5000 years ago in what is now modern day Iraq, called it the ‘joy plant’. In the 8
century BC their direct descendants, the Assyrian-Babylonians, were aware of its analgesic
1
effects as well as its sedative and hypnotic properties. Hippocrates was known to have
2
prescribed the drug but it would seem that he used it mainly for ‘diseases of women’.
The earliest written reference describing the use of opium as an analgesic is thought to have
1, 2
Often called the founder of Greek
come from Theophrastus, a pupil of Plato and Aristotle.
rd
botany, Theophrastus wrote a large number of treatises on botany in the 3 century BC. Two of
his writings, De plantis and De causis plantarum, were translated into Latin and include a
description of the properties of opium and its medical uses, including its use as an analgesic.
Pre-modern physicians seemed to have a good idea of the effects of opium and based their
knowledge on the experiences of others. However, in the absence of evidence, did they always
use the drug appropriately? The practices of physicians around the time of Hippocrates were
3
examined by Prioreschi and colleagues in 1998. To assess the effectiveness of historical drug
administration practices they used what they called the efficacy quotient, or EQ. Their formula
was based on the number of times a drug was used ‘correctly’ – i.e. correctly in the modern
sense according to known physiological effects – and the number of times it was used incorrectly.
As examples, a physiologically appropriate use for opium would include its administration for joint
pain and headache, even though opioids may not be thought of as appropriate first-line treatment
for these in today’s clinical setting: inappropriate use of opium included it’s prescription to dry up
a runny nose.
An EQ of 1 would indicate that the drug was used as often for appropriate conditions as for
inappropriate ones. When these authors examined 150 uses of opium outlined in the Hippocratic
Corpus, they calculated an EQ of 1.08 and concluded that Hippocratic physicians used the drug
in a fairly indiscriminate way, even though they knew of its physiological effects – i.e. analgesia,
3
somnolence, constipation and mood alteration.
That said, it is highly possible that they could do exactly the same calculations on the way
opioids are sometimes used today – not always in the right dose and not always for the
appropriate reasons – and they could conclude that opioids are sometimes still used in
indiscriminate ways and without evidence of benefit. For example, some patients today are
prescribed huge doses of opioid for management of their chronic noncancer pain even though
opioid use may not be appropriate and even though this practice may result in opioid-induced
4
hyperalgesia.
-1-
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There were very few changes in the ways in which opium was used for pain relief over the
th
next few hundred years. Up until the start of the 14 century, opioids could be prescribed by
physicians who had trained in University medical schools, surgeons (generally lay people and
considered to be of inferior status), medical practitioners (also lay people) and apothecaries; later,
5
French kings restricted the prescribing of opioids – and laxatives – to physicians only.
One scholar, Roger Bacon, who lived in Paris at this time (he died in 1294), believed there
were two main problems with physicians when it came the use of opium. He said ‘(They are
ignorant) of the relation of the quantity of noxious drugs and the body, nor is the method of giving
5
them known, nor what quantity for which condition or age’. He was quite correct, but these
deficiencies in knowledge would not start to be addressed until some 700 years later.
Despite opium being in common use from that time on for the treatment of pain, and for the
treatment of numerous other ailments, even basic forms of investigation into the use of this drug
th
did not start until the 17 century – the time when there were a great many advances in a number
of scientific disciplines.
Although Sir Christopher Wren is best known as an architect (for example, for St Paul’s
Cathedral and the many other buildings he designed after the Great Fire of London), he began
his career after training as a mathematician and physicist and at one stage was a professor of
6
astronomy. By the age of 17 he had invented, among other things, a pneumatic engine, a
weather clock or barometer, and a new language for the hearing impaired. In 1662, he joined
other mathematicians, scientists and scholars to form the Royal Society of London for Promoting
6
Natural Knowledge, under a charter granted by Charles II.
6
As outlined by Gibson, Wren, in 1656, became the first person to describe the intravenous
injection of a number of substances including wine, ale and a variety of drugs. With the help of
the famous physicist, Robert Boyle, he did this using a goose quill and pig’s bladder, and one of
the drugs he injected was opium. Details of his experiments were only published many years
later, in 1665, in the first volume of the Philosophical Transactions of the Royal Society. Included
in the notes is a description of the technique used to inject opium and crocus metallorum (an
antimony sulphate preparation used at the time as an emetic) into dogs ‘by making ligatures on
the veins and then opening them on the side towards the heart, and by putting into them slender
syringes or quills, fastened to bladders containing the matter to be injected …. whence the larger
vessels that carry the blood are most easy to be taken hold of’.
Wren also noted that the opium was ‘soon circulated into the brain, and did within a short time
stupefy but did not kill the dog’. He suggested the technique could be used for anaesthesia, but
as his study was to examine the feasibility of injecting fluids intravenously, he did not emphasise
it or pursue it. Wren also experimented with canine blood transfusions and worked with Thomas
Willis, of cerebral artery Circle of Willis fame, as well as Robert Boyle.
th
th
Towards the end of the 18 century and the first part of the 19 century, some exciting
discoveries were made in the field of pharmacology. Not least of these was the isolation of
morphine from opium by Sertürner in 1803/1804. He coined the name morphium (later changed
to morphine), after Morpheus, the Greek God of dreams. Another 50 years on, the administration
and efficacy of morphine was greatly improved by the introduction of the hypodermic needle and
syringe. These were developed by Wood based on a design already manufactured by a Mr
7
Ferguson – a local London chemist.
The history of the parenteral administration of morphine has been summarised by Hamilton
7
and Baskett. Wood was the first to inject morphine subcutaneously (SC), intending to produce a
local analgesic effect in a painful area. Apparently he was somewhat annoyed, when he checked
the next morning, to find the patient was unconscious. He had noticed the systemic effects but
still believed that pain relief resulted from morphine’s local effects. It took a London surgeon,
Charles Hunter, to realise that it did not matter where the SC morphine was injected, the result
was pain relief. Following the ensuing prolonged and often acrimonious discussion between the
two in letters to the Lancet and the British Medical Journal, a committee of the local Medical and
Surgical Society (now the Royal Society of Medicine) was formed to settle the argument; it
concluded that the systemic effects of an injection of morphine were of most importance.
Oral opium was first used for postoperative pain relief by London surgeon James Moore in
1784; the first report of SC morphine injections (using a syringe) for postoperative analgesia was
by James Paget in 1863 – he suggested 15-30 mg doses, huge in comparison to doses used
7
1, 8
today. There were also case reports of the use of intrathecal morphine as early as 1901.
Records showing other early use come from the Dundee Royal Infirmary in the UK: in the period
1909-1910, apparently 35 spinal anaesthetics were given in one year: 9 contained morphine,
-2-
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presumably given for postoperative pain relief. This technique seemed to fall out of favour
relatively quickly. It might have had something to do with the very large doses (e.g. 10 mg) used
then compared with the doses used today.
The 1930s to 1950s
Up until this time the use of morphine for pain relief was widespread, but there was still no
good evidence about the optimal dose, how best it might be given, how effective it might be in
different circumstances or how they worked. That is, the concerns that Roger Bacon had
th
expressed in the 13 century, had not yet been addressed.
In the early 1930s, there was increasing interest in basic research relating to pain relief. For
example, an analgesia program was established at the National Academy of Sciences in the US
(the precursor of the NIH), for the purpose of investigating the chemistry and pharmacology of
analgesics and then testing them in laboratory animals followed by tests on humans in the clinical
9
setting. They decided to start their program by looking at the alkaloids of opium. By the end of
the first 10 years of the program they could relate the molecular structure of opioids to
pharmacological activity – both of the standard drugs, morphine and codeine, as well as novel
opioid compounds. They recognised that alterations in chemical structure could often result in
predictable changes in pharmacological effect and had also synthesised new opioids such as
9
oxycodone, methadone and pentazocine.
The 1950s
The 1950s were also marked by significant innovations – this time in research methodology –
innovations that would help significantly in the understanding of opioids. These included the
mouse hot-plate method that would complement the tail-flick procedure developed in 1942, two
procedures that have become standard tools for assessment of the antinociceptive effects of
1
opioids in rodents. The coaxial stimulated guinea pig ileum preparation was also developed in
1955 – a preparation later used in the discovery of the presence of enkephalins in animal
1
tissues in 1974. The 1950s also saw the introduction of the double-blind study, which greatly
contributed to the reduction of experimenter and patient bias, especially in drug evaluation
1
trials.
From the advances that were made in stereochemisty and knowledge about drug molecules
and composition during this time, it was also becoming apparent that some drugs, like opioids,
probably worked by interacting with receptors.
But 100 years after morphine was first given by SC injection, and many thousands of years
after it was first used for pain relief, albeit as a component of opium, no one had tried to establish
the best dose to give.
10
In 1954, one such study was performed by Lasagna and Beecher. They compared doses of
10 mg and 15 mg of morphine per 70 kg body weight, injected subcutaneously. As the larger
dose had the higher incidence of side effects they declared that 10 mg was the optimal dose. The
idea of the study was good – the conclusion not so. This idea of fixed doses or fixed doses per
kilogram body weight unfortunately persisted for years. Also, unfortunately, these authors
cautioned against flexibility in dosing because of the possibility of dangerous side effects, and
warned against higher doses because of the risks of dependence.
The 1960s
Basic research into opioids advanced very rapidly at this time. Large scales studies on the
mechanisms of dependence were made possible by the development of animal models of opioid
1
dependence. The opioid antagonist naloxone was also synthesised – a drug that would prove
not only to be invaluable in the clinical setting, but would later be used by Snyder and Pert to
11
identify opioid receptors in the brain.
In addition, very basic forms of patient-controlled analgesia (PCA) had been introduced for the
12
13
relief of postoperative and labour pain.
The 1970s
The very big advances in the knowledge of how opioids worked came in the 1970s. Firstly in
1973, was the demonstration by Snyder and Pert, using tritium labelled naloxone, of opioid
11
14
receptors in the brain. This was followed by the identification of endogenous opioids in 1975.
In the same year Laurie Mather’s group published the first of a series of papers on the
15, 16
It was
pharmacokinetics and pharmacodynamics of opioids administer by different routes.
-3-
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somewhat amazing, that up until this time, there was not a proper scientific basis for these
common clinical methods of opioid administration.
17
In 1976, Yaksh and Rudy showed that morphine injected into the subarachnoid space in a
variety of animals resulted in pain relief that was dose-dependent and reversible with naloxone.
18, 19
and others were able to show that opioids exerted their action
Just a year after this, Snyder
through selective opioid receptors located in both the brain (especially in the limbic system and
periaqueductal gray area of the brainstem) and the spinal cord (particularly in the substantia
gelatinosa) – that is, that pain relief from opioids could be mediated at both sites.
The demonstration of opioid receptors in the spinal cord was followed within a very short time by
20
21
reports on the clinical use of spinal and epidural opioids.

OPIOIDS AND ACUTE PAIN MANAGEMENT - THE 1980’S ONWARDS
Newer acute pain management techniques and Acute Pain Services
In the 1980s the use of epidural morphine for postoperative analgesia became commonplace.
22
At this time, PCA, first developed by Sechzer in the early 1970s, also started to become part of
routine (usually postoperative) pain management rather than primarily confined to experimental
23
settings. In large part, the introduction of Acute Pain Services (APSs) in the late 1980s helped
the use of newer techniques such as these to become widespread.
By the 1990s, opioids had been given by virtually every route imaginable in attempts to treat
acute pain. Not just intravenously and spinally, but intranasally, transmucosally, by intra-articular
injection and inhaled.
Has the patient benefited?
Have these recent advances helped patients to become more comfortable?
Recent meta-analyses have shown the PCA results in better analgesia than opioids given by
24
intramuscular (IM) injection – but only slightly. The results of these meta-analyses were a little
unexpected but could reflect two things. Firstly, in an experimental setting, it may be that the IM
opioids were given truly on demand and therefore would be expected to be relatively effective.
The other reason could be that in most studies, the size of the bolus dose of morphine delivered
by the PCA machine is limited, often to just 1 mg. By limiting the inherent flexibility of the
technique and giving all patients access only to a fixed bolus dose, he potential effectiveness of
the technique is also restricted. PCA should not be used as a ‘one size fits all’ method of pain
25
relief.
Epidural analgesia, on the other hand, consistently results in significantly better pain relief
compared with IM opioid analgesia – whether opioids and local anaesthetics are used alone or in
24
combination. It has been difficult to show better patient outcomes following the use of epidural
analgesia for acute pain. However, such evidence as does exist points to the need to include
local anaesthetics in the solution used if better outcomes are to be achieved. With this
combination, improvements in postoperative respiratory, cardiac and bowel function have been
24
reported.
Another look at opioid doses
Suggestions for the optimal dose of an opioid had changed little from the days of Lasagna and
26
Beecher. However, results of early APS audits suggested that the doses of both epidural and
27
parenteral opioids were better based on the age of the patient than their weight. Audit results of
PCA use also showed that there was a huge interpatient variation in the dose of opioid required
27
to achieve analgesia and that rather than cautioning against flexibility is dosing because of the
possibility of dangerous side effects, and warning against higher doses because of the risks of
27
dependence, as was suggested by Lasagne and Beecher, better pain relief would not be
obtained unless a wide variation in doses was tolerated and pain relief titrated to the individual
patient.
The magnitude of this variation in opioid dose as patient age increases is much greater than
can be accounted for by the age-related changes in physiology that are seen in older patients.
While there are alterations in renal and hepatic function and cardiac output, which will in turn alter
28
drug pharmacokinetics, it appears to be a primarily pharmacodynamic phenomenon.
29
This had been demonstrated in a study by Scott and Stanski. They looked at both the
pharmacokinetic and pharmacodynamic components of (anaesthetised) patient responses to
alfentanil and fentanyl infusions. The doses given were those required to produce the same EEG
-4-
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stage. They found that there were no age-related changes in pharmacokinetics but that the
amount of opioid to produce this EEG effect decreased as patient age increased. In fact, there
was a 50% decrease in dose required, or a 50% increase in brain sensitivity to opioids, from age
20 to 89.
The reasons behind these changes are not yet clear. However, it is known that in rats, ageing
is associated with reductions in opioid receptor density and increases in opioid receptor affinity.
In general, there are also age-related changes in synthesis, axonal transport, uptake and
28
receptor binding of many neurotransmitter systems.
At the other end of the lifespan, age also appears to be the most important factor determining
opioid requirements. Marked changes are seen in the dose requirements and responses to
opioids in premature and term neonates and infants. In the laboratory, rat pups are much more
sensitive to the effects of morphine than older rats. This probably results from a number of
factors, including developmental changes in the opioid receptor (including expression, distribution
30
and function) and changes in the way the developing nervous system processes pain. Pain
processing in the immature peripheral and CNS is very different from the mature one.
In the clinical setting, neonates and infants also seem to be more sensitive to morphine given
30
for postoperative pain . In older children, average PCA morphine requirements also change with
31
age.
RECENT ADVANCES
New ways to administer opioids continue to emerge. One of the more recent is the
development of an extended-release epidural morphine preparation that, once injected, can
32
33, 34
This
provide pain relief for up to 48hr. Another new technique is iontophoretic fentanyl PCA.
system uses a small electric current to speed transfer of drug across the skin. In the case of
fentanyl, it means that peak blood concentrations may be seen within minutes or so, compared
with many hours when traditional trandermal fentanyl delivery systems are used.
Extended-release epidural morphine
An advantage of the extended-release epidural morphine preparation is that only a single
dose is needed, which means that epidural catheters are not - possibly of benefit in patients
prescribed thromboprophylatic heparin in the postoperative period. However, administration of a
single dose also means that there is no opportunity for individual patient titration. There also
appears to be a high reported incidence of respiratory depression, but this may be an inaccurate
estimate as it would seem that many investigators still define respiratory depression as a
decrease in respiratory rate, when this is known to a less reliable indicator than increasing
24
sedation. The preparation it is intended for lumbar administration only and combination with
local anaesthetics is not advised. As noted above, where there is evidence of better patient
outcome after epidural analgesia, local anaesthetics seem to be an important component of the
solution used.
Iontophoretic fentanyl PCA
This system delivers a preprogrammed bolus dose when activated – as does the commonly
used IV PCA system, but no IV lines are required. However, the size of the bolus dose is fixed
and therefore it may not provide the flexibility of dosing that is needed in the acute pain setting.
With IV PCA bolus doses, the size of the bolus dose can be readily altered – with this new system
it can not.
33
It has been shown to be as effective as ‘standard’ IV PCA morphine. This means that the
comparative studies limited the size of the IV PCA morphine bolus dose to 1 mg. It is known that
for PCA to be more effective, the bolus dose often needs to be greater than this – and also
25
sometimes smaller. IV PCA is not a one size fits all technique.
WHERE TO NOW?
Although opioids have been used to treat pain for thousands of years, problems with their use
remain. Because of the enormous interpatient variation in dose requirements, effective pain relief
will still require titration of opioid dose, regardless of route, for each patient. There will still be
issues relating to the side effects that can result from opioid administration as well as problems
related to the development of tolerance and opioid-induced hyperalgesia.
Will there be better opioids – maybe opioid agonists with high selectivity for different receptor
types? Will there be better ways to treat side effects? Or will improved analgesia with opioids
-5-
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result from combination with other drugs that can modulate opioid receptor mediated effects such
35
as ketamine, naloxone, CCK antagonist or maybe a newer drug such as F13640, a 5HT-1A
36
receptor agonist?
Only time will tell whether any of these advances will be as clinically significant as those made
over the previous 3-4 decades.
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SUMMARY
Dexamethasone is a synthetic glucocorticosteroid which has minimal mineralocorticoid
activity. It is a potent anti-inflammatory drug with 25-50 times the potency of hydrocortisone and
is up to sixteen times as potent as prednisolone. Dexamethasone is utilised frequently in the
perioperative setting, including prophylaxis against postoperative nausea and vomiting, reduction
of airway and cerebral oedema, and it may be useful in the management of acute and chronic
pain.
This review is intended to outline some of the perioperative uses of dexamethasone and
elucidate areas where further research is needed.
PHARMACOLOGY
Like all glucocorticoids, dexamethasone acts on the glucocorticoid receptor which is a
member of the nuclear receptor superfamily, subfamily 3C. Multiple signalling pathways are
involved following binding of the steroid to the receptor, including direct DNA binding which
results in changes to gene transcription. This results in changes to carbohydrate, protein and fat
metabolism as well as changes to gluconeogenesis. Of interest in the perioperative setting is the
decreased release of bradykinin, tumour necrosis factor, interleukin-1, interleukin-2 and
1
interleukin-6 and decreased production of prostaglandins . There is decreased transmission of
impulses in C fibres. Binding of steroid ligands to the glucocorticoid receptor also alters the half
2
life of mRNA which have already been produced within the cell . For example, dexamethasone
decreases both bradykinin receptor mRNA expression as well as the response to bradykinin
3
binding . The absence of the receptor in homozygous mice results in rapid demise due to
respiratory failure as steroids play an important role in lung development in utero. These mice
also have enlarged adrenal glands which do not produce adrenaline. Knockout mice also exhibit
2, 4
immunosuppression due to T cell and thymocyte impairment .
Dexamethasone is most frequently administered intravenously by anaesthetists, although
patients may be commenced on oral dexamethasone preoperatively. The biological half life is
5
about 3 hours , although the duration of action may be much longer. Dexamethasone is bound
to plasma proteins in much lower levels than other glucocorticoids. Hepatic metabolism (both
glucuronidation and sulfation) occurs to produce inactive metabolites, with 65% of the dose of
5
dexamethasone excreted in the urine within 24 hours , with less than 3% unchanged.
Intramuscular injection results in maximal plasma concentrations within one hour.
Antiemetic prophylaxis: dose and timing
Dexamethasone is used for prevention and treatment of chemotherapy related and
6
postoperative nausea and vomiting (PONV). It has been recommended as first line for PONV at
7
a dose of 5-10mg prior to induction (level IIa evidence) . In children, doses from 0.05-1.5mg/kg
7
have been used. The guidelines published by Gan recommend a dose of 0.15mg/kg.
Multiple theories have been proposed for the mechanism of action of dexamethasone:
reduction of 5-hydroxytryptophan in neurones by reduction of tryptophan, decreased serotonin
8
release from the gut and increasing the response to other antiemetics at a receptor level . In
addition, there may be decreased 5HT3 turnover in the central nervous system or central
9
inhibition of prostaglandin synthesis .
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There is some evidence for smaller doses of dexamethasone (4mg) in surgery which has
10
or to
been considered lower risk for PONV. In some circumstances, such as dental surgery
11
decrease vomiting with PCA use , 8mg is more effective than 4mg. However, over a wide range
of operations, with a baseline incidence of PONV of 60%, dexamethasone 4mg was as effective
6
as ondansetron or droperidol as a sole antiemetic . This is in contrast to other literature which
10,11
.
suggests that there is increased effect at higher doses, with a plateau at 8-10mg
8
6
The literature available was reviewed in 2000 . Since then, a multicentre trial
and
7
consensus guidelines have been published, although this remains the most up to date review
focussed on dexamethasone in the literature. For the studies incorporated in the review, the dose
of dexamethasone was 8mg. When a 5HT3 antagonist was used, granisetron 20-40mcg/kg or
3mg and ondansetron 4mg were used. Unless stated, the number needed to treat was compared
to placebo. This data was from pooled trials where approximately one-third of the participants
8
experienced early PONV and nearly 50% experienced late PONV .
Table I: Number needed to treat to prevent
Indication
Adults, nausea (overall)
Adults, vomiting (overall)
Children, vomiting
Adults (versus 5HT3), nausea
Adults and children (versus 5HT3), vomiting
Adults and children (with 5HT3)

postoperative nausea and vomiting
Number needed to treat (NNT)
4.3 (95% CI 2.-26)
7.1 (95% CI 4.5-18)
3.8 (95% CI 2.9-5)
7.8 (95% CI 4.1-66)
7.7 (95% CI 4.8-19)
~ 4*

Summarised from text of: Henzi I et al.Dexamethasone for the Prevention of Postoperative
5
Nausea and Vomiting: A Quantitative Systematic Review. Anesth Analg 2000; 90:186-94
* Early and late nausea and vomiting data average.
Systematic reviews of the literature comparing combination therapy with dexamethasone and
a 5HT3 antagonist to either alone have consistently demonstrated a decrease in PONV with
12
combination therapy .
INFLAMMATORY EFFECTS
Research on clinically significant antiinflammatory effects of dexamethasone in humans is
predominantly in dental or ear, nose and throat procedures (adenoidectomy and tonisillectomy).
Dexamethasone (0.5mg/kg up to 8mg) has consistently decreased oedema compared to placebo
13
and also reduced time to first oral intake over a number of studies . Steroidal anti-inflammatory
drugs, as distinct from non-steroidal anti-inflammatory drugs, reduce chemotaxis in areas of
14, 15.
inflammation as a glucocorticoid receptor mediated effect
Administered in the setting of cardiac surgery in children, dexamethasone is used in much
larger doses than in adults (1mg/kg). At this dose, levels of interleukin 6 and tumour necrosis
factor alpha are decreased to less than a third of placebo, and postoperative pyrexia, fluid
16
requirements, ventilatory and oxygen requirements are decreased . Mechanical ventilation was
16
4
reduced from 3 days to 5 days . Dexamethasone also reduces T-cell proliferation in rats , a
component of the inflammatory response which may also have implications for wound healing.
However, chemokine expression and inflammatory cell infiltration may also lead to injury. The
implications of a single dose perioperatively are uncertain in terms of this effect.
Ventilation induced lung injury (tidal volume 35ml/kg) in rats was attenuated by
dexamethasone 6mg/kg. This dose resulted in no change in peak inspiratory pressure, no
decrease in the PaO2/FiO2 ratio and lower levels of markers of inflammation, although still higher
17
than controls .
Bronchial hyper-reactivity may be modulated by dexamethasone. In mice, dexamethasone
inhibits cytokines involved in airway inflammation, suppresses airway reactivity in response to
antigens and mucus accumulation by altering metabolism within the airway cell. This resulted in
18
decreased airway hyper-reactivity, decreased mucus production and decreased eosinophilia .
Wound healing following a single dose of dexamethasone has been studied in rats, at a dose
of 1 mg/kg administered intraperitoneally. This dose decreased the usual inflammatory response
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to wound healing, including collagen formation and migration of inflammatory cells to the wound
19
. There is minimal data on bone healing in the animal model following a single dose of
dexamethasone and no evidence supporting an increase in postoperative wound infections.
There is insufficient evidence however to draw conclusions as to the benign nature of
dexamethasone with regards to these endpoints.
Patients are procoagulant after surgery, which is mediated in part through inflammation.
Dexamethasone eluting drug stents have been developed for the management of acute coronary
syndrome. These have demonstrated decreased events at six months in a non randomised trial,
20
but do not decrease restenosis . There have been no studies examining the incidence of
postoperative thromboembolism following a single perioperative dose of dexamethasone.
OTHER METABOLIC EFFECTS
As a potent glucocorticoid, dexamethasone causes suppression of the hypothalamic-pituitaryadrenal axis. Dexamethasone 1mg administered intravenously suppresses the diurnal variation
in cortisol production by the adrenal gland of normal controls in the dexamethasone suppression
test for Cushing’s disease. A pilot study is underway to examine the effect of a single
perioperative dose of dexamethasone administered at induction on cortisol levels, as this has not
yet been studied.
Following dexamethasone 10mg in non-insulin dependent diabetics and non-diabetics, blood
glucose concentrations increased by 30% to a peak at 120 min. There was correlation between
21
peak blood glucose and both HbA1C body mass index . Obese patients, particularly those with
poorly controlled diabetes, are more likely to experience elevation of blood glucose following a
single dose than lean non-diabetic patients. Of note, none of the non-diabetic group had a blood
glucose level greater than 10 mmol/L.
ANALGESIA
Limited research has taken place regarding the effects of dexamethasone on postoperative
pain. Much of the available literature is in dental surgery and tonsillectomy.
As an adjunct to regional analgesia, intravenous dexamethasone (8-10mg) has demonstrated
22
23
prolongation of IV regional anaesthesia , and brachial plexus blocks . Administered during
general anaesthesia, dexamethasone has proven beneficial in reducing pain from tonsillectomy in
24
25
adults(10mg) , and dental surgery (4-16mg) . It is even more effective when combined with a
26
In anorectal procedures,
non-steroidal anti-inflammatory, particularly for tonsillectomy .
dexamethasone 4mg decreased time to readiness for discharge with no increase in wound
27
related complications .
In more painful procedures, however, dexamethasone does not have a clinically significant
effect. In major gynaecological surgery 10mg of dexamethasone resulted in no better analgesia
28
than placebo . Mastoidectomy patients reported less nausea and dizziness but no benefits with
29
respect to pain relief .
Dexamethasone 1mg daily had no impact on the incidence or severity of chronic pain
30
However, dexamethasone has been recommended as adjuvant
following cholecystectomy
31
therapy for cancer pain, particularly where oedema may be present
Recommendations on an
appropriate regime are variable, but 4-8mg twice to three times per day has been utilised with
31
effect . Larger doses are recommended where raised intracranial pressure occurs.
Central glucocorticoid receptors may play a different role to peripheral glucocorticoid
receptors with respect to the development of chronic pain states. Increased expression of
receptors occurs with repeated injury in adrenalectomised rats. This appears to occur in
response to inflammatory markers within the cord as interleukin-6 and protein kinase C
antagonists reduce expression. In rats the expression of GR centrally is believed to increase
32
neuropathic pain . Implications of this in humans remains to be examined.
ADVERSE EFFECTS
Adverse effects reported in association with dexamethasone include perineal pain associated
33
with intravenous injection . The incidence of this complication is unclear, but could range from
34
25-100%, with females at increased risk compared to men . The speed of injection and the dose
may also influence severity. This discomfort ranges from an ‘itching’ sensation to ‘excruciating’,
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lasting 25-30 seconds. It is also not known if a regional block reliably prevents this sensation.
The mechanism of action of this effect is unclear but believed to be related to the use of a
34
phosphate ester of the steroid, as it has also been reported with other phosphate esters. This is
a strong disincentive to administer dexamethasone to an awake patient. There may however be
some benefits to administering dexamethasone prior to induction (in some studies up to 90
minutes prior). This may be related to the presumed mechanism of action (on an intracellular
receptor in the central nervous system), allowing sufficient time for dexamethasone to reach the
effect site. Dexamethasone administered at the conclusion of anaesthesia has effects on late
8
nausea and vomiting which supports this theory .
There is increased reporting of adverse effects when dexamethasone is administered with
8
5HT3 antagonists . These include headache, dizziness, sedation, constipation and muscular
pain. There was no statistically significant difference between dexamethasone or placebo with
respect to these effects.
Avascular necrosis of both the humeral and femoral heads is a known complication of steroid
use. It has been reported after dexamethasone use as part of chemotherapy regimes or to
35
prevent chemotherapy induced nausea and vomiting . Cumulative dose of dexamethasone was
an independent risk factor for this complication. It has also been reported in neurosurgical
patients after ‘short’ courses (days rather than weeks) of dexamethasone. Neurosurgical patients
36
on oral dexamethasone have a risk of about 1:1000 patient-years . Avascular necrosis has not
been reported in the English literature following a single dose of dexamethasone in the
perioperative setting. There are multiple case reports in the setting of malignancy or of courses
of steroids. Recommendations to limit the dose and duration of therapy to minimise the risk have
been made in these settings.
AREAS FOR FUTURE RESEARCH
There are a number of questions remaining around dexamethasone use in our clinical
practice. Whilst there is good evidence for its use as an antiemetic, particularly in combination
with a 5HT3 receptor antagonist, there have been few dose finding studies. Larger doses may be
required in certain types of surgery. Dose finding studies may be relevant if side effects such as
hyperglycaemia or avascular necrosis cause clinically significant effects. The increase in
effectiveness with a 5HT3 antagonist may be synergistic or additive-this remains to be elucidated.
Dexamethasone may prove a useful steroidal adjunct in the management of acute pain and
to decrease airway complications in patients with bronchial hyper-reactivity due to disease,
tobacco abuse or airway manipulation. The clinical significance of the underlying alterations in
the inflammatory response remains to be examined.
The stress response to surgery has been the subject of much research, particularly in cardiac
surgery. The endocrine response to surgery or trauma may have both positive and negative
implications.
Wound healing may be impaired by administration of dexamethasone due to
reduction in the inflammatory response. However, postoperative nausea and vomiting is
significantly decreased following administration of dexamethasone, particularly in combination
with a 5HT3 antagonist. This is an important outcome, improving not only postoperative recovery
but also increasing patient satisfaction. Dexamethasone may also have unexpected benefits with
respect to preventing procoagulant inflammation or improving lung function postoperatively.
Further research is anticipated into the effects of dexamethasone on wound and bone healing in
humans, as well as other metabolic effects.
In summary, dexamethasone has proven efficacy as a sole agent and increased efficacy
when combined with a 5HT3 receptor antagonist. The most appropriate timing of administration
appears to be prior to induction, however, it is still efficacious for late PONV when administered
during anaesthesia. Adverse effects are likely to be minimal but may be dose related. The
metabolic effects of a single perioperative dose of dexamethasone are the subject of current
research.
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INTRODUCTION
Cancer is now overtaking cardiac disease as the most common cause of death in Western societies.
Perhaps the main reason for this is increased life expectancy at birth. However, elsewhere, cancer is also
rising in incidence, due in no small part to chronic infections such as viral hepatitis. Given improved survival
with aggressive and modern treatments, surgery is becoming more important in the management of patients.
Patients with cancer present numerous challenges to the anaesthetist. The potential for perioperative
incidents and adverse events is increased because of problems related to the disease process itself and also
because of problems related to the treatment of the cancer.
This review will focus on issues related to the use of chemotherapeutic and other agents. Drug
development for cancer has changed considerably over the past decade or more, due to better understanding
of cancer biology. Up until the late 1990s, the large majority of drugs reaching Phase III registration studies
were chemotherapeutic agents. Although the side effect profile of these drugs was better than the previous
generation of compounds, the characteristic problems are well known: nausea, alopecia, myelosuppression,
fatigue, and other rarer side effects representing end organ damage (pulmonary fibrosis, cardiomyopathy,
renal impairment, peripheral neuropathy and the like). Fortunately, with the advent of 5HT3 antagonists and
the liberal use of steroids, vomiting is now uncommon. Most patients also receive multi-drug therapy, thereby
increasing the complexity of the toxicity profile.
In general, treatment with cytotoxic drugs aims to cure or minimise the progress of a cancer by destroying
rapidly dividing cells, ideally with minimal effects on normal cells. Those cells with the highest proliferative
capacity are therefore more vulnerable to being affected, though to a lesser degree than malignant cells, thus
forming the basis for relative tumour selectivity. Newer anti-cancer compounds however, may not be classical
cytotoxics, and therefore have a different spectrum of side effects. These are discussed briefly in the latter
sections of this paper. For the purposes of maintaining consistency with other papers, drugs will be classed
by their mechanism of action.
1,2
An anaesthetic approach to patients with cancer has been recently reviewed in some detail and will not
be discussed here. Rather, this paper will focus on the toxicities of modern chemotherapeutic agents and their
potential impact on anaesthesia.
TUMOUR ANTIBIOTICS
These agents are the most likely to cause pulmonary side-effects. Included in this class of compounds is
bleomycin, perhaps the best recognized drug amongst anaesthetists due to its potential for pneumonitis.
Bleomycin is given intravenously or intramuscularly, on a weekly schedule, almost always in combination with
other drugs. The best known regimen, BEP (bleomycin, etoposide, cisplatin), is used to treat advanced germ
cell tumours. Usually three cycles on a 3-weekly basis is administered, and patients generally experience a
range of toxicities, given the aggressive intent (to cure) by oncologists. Apart from nausea, vomiting, alopecia
and myelosuppression from the combination, the potential for idiosyncratic reactions such as pneumonitis
from bleomycin has drawn great interest over many years. Most patients given BEP now have full respiratory
function tests performed during treatment, including monitoring of the DLCO. If there is a sufficient fall in
DLCO, bleomycin is often omitted from subsequent cycles.
Patients with bleomycin lung toxicity generally present with a hypersensitivity-like syndrome, with fever,
tachypnoea, reduced DLCO and basal crackles on physical examination of the chest. Diagnosis of pulmonary
toxicity is based on history, examination as well as CXR, lung function tests including DLCO and spirometry.
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3

Chest pain, sometimes pleuritic in nature, may also be present . Risk factors for pneumonitis include
increasing age, reduced creatinine clearance, prior lung radiation, route of administration (IV > IM), oxygen
4,5
exposure and total cumulative dose. The risk for pneumonitis has been estimated to be 3% for total doses
<450mg (note that the norm for >95% germ cell tumour patients would be a cumulative dose of 270mg after 3
6
cycles of BEP), and 15% for doses between 450mg and 550mg . Fatalities are fortunately uncommon, but
there is no satisfactory treatment. Steroids in high doses are used commonly in affected patients. Other
tumour antibiotics (eg mitomycin C, actinomycin D, mithramycin) are infrequently used. Mitomycin C is
perhaps the next most commonly used antibiotic, and is typically given intravesically for superficial bladder
cancer with minimum side effects) or intravenously for advanced colorectal cancer. Systemic side effects
include myelosuppression, prolonged thrombocytopenia, and pulmonary fibrosis. Mithramycin is no longer
used for treatment of hypercalcemia.
MECHANISM OF OXYGEN-ENHANCED BLEOMYCIN TOXICITY
The mechanism of oxygen-enhanced bleomycin toxicity is unknown, but may be related to the
phenomenon of chemotaxis-induced polymorphonuclear infiltration and subsequent superoxide anion
generation due to some insult, or possibly due to direct effects of oxygen on fibroblasts and alveoli. Under
conditions of hyperoxia, one could conceive of free radicals overwhelming antioxidant enzymes with
7,8
subsequent apoptosis or injury to alveolar cells susceptible to injury in this way . Since oxygen in normal
concentrations does not injure alveolar cells, the mechanism for pulmonary toxicity may lie in a combination of
factors, one of which could be DNA-strand instability induced by bleomycin. This is plausible because
bleomycin hydrolase inactivates bleomycin, and is found only in low concentrations in alveolar cells. Given
that activation of bleomycin - DNA intercalation is dependent on the presence of iron and oxygen, it is feasible
that appropriate concentrations of oxygen and bleomycin in the alveolar cell could lead to fibrosis. The
mechanism by which this occurs is unknown, but may involve inflammation and subsequent deposition of
9
collagen . Prolonged exposure to oxygen concentrations > FiO2 0.3 (especially in patients with preexisting
bleomycin lung injury, or those with bleomycin exposure within the past 1 to 2 months) can exacerbate
bleomycin pneumonitis.
ANTHRACYCLINES
Also sometimes classified as antibiotics, this group of compounds (doxorubicin, daunorubicin, epirubicin,
mitoxantrone and others) forms the mainstay of many treatment regimens (Table 3). Their proposed
mechanism of action involves topoisomerase II dependent DNA cleavage and subsequent intercalation with
double stranded DNA. Although myelosuppression is universal with this group of compounds, it is their
potential for cardiotoxicity that sets them apart. Acute effects include ECG changes (sinus tachycardia,
nonspecific S-T wave changes, ectopic beats, low voltage QRS complexes), whereas chronic use causes
dose-dependent cardiomyopathy. Retrospective analyses have suggested hypothetical totals for the following
2
2
2
drugs, beyond which the incidence of cardiomyopathy steeply rises: 450mg/m , 600mg/m , and 100mg/m
cumulative total doses for doxorubicin, daunorubicin, and mitoxantrone, respectively. However, even in
patients with normal resting cardiac function, prior anthracycline exposure may enhance the myocardial
10
depressive effects of anaesthetics . Known risk factors for doxorubicin - induced cardiomyopathy include
prior/ current mediastinal radiotherapy, preexisting heart disease, concurrent cyclophosphamide or mitomycin
use and the very young and very old patient. For daunorubicin the risk is increased in the elderly and the
young. For mitoxantrone, mediastinal radiotherapy and prior doxorubicin use increase the risk of developing
cardiomyopathy. Assessment for potential cardiotoxicity includes a history of cumulative dose, ECG and left
ventricular ejection fraction estimation including wall motion abnormalities.
ALKYLATING AGENTS
These are a diverse set of drugs that can interact with nucleic acids, proteins and other intracellular
molecules by forming charged compounds that bind with electron rich areas of other molecules. Their
cytotoxicity probably relates to their ability to alkylate DNA and interfere with mitosis. If used on rapidlygrowing tumours, tumour-lysis syndrome may result, leading to hyperkalaemia, hyperphosphataemia,
hypocalcaemia and uric-acid nephropathy. Cyclophosphamide is perhaps the best known drug of this group.
It inhibits pseudocholinesterase activity, exerts an ADH-like effect on the kidney, may cause interstitial
pneumonitis (especially when given concurrently with bleomycin or carmustine) and may cause haemorrhagic
cystitis. Ifosamide may cause haemorrhagic cystitis and renal tubular damage. Mesna, given concurrently
with cyclophosphamide or ifosfamide, can protect against haemorrhagic cystitis.
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Busulphan, chlorambucil and melphalan may cause interstitial pneumonitis. Radiotherapy to the chest
enhances the risk. Nitrosureas (carmustine, lomustine, semustine and streptozocin) can all cause mild to
moderate myelosuppression. Carmustine may cause interstitial pneumonitis, and the risk is increased with
2
cumulative doses >1000mg/m , in smokers and when used in conjunction with radiotherapy or
cyclophosphamide. Streptozocin, now used rarely, may cause hypoglycaemia acutely, but hyperglycaemia in
the long term.
Metal salts such as cis-platinum, carboplatin and oxaliplatin are among the most widely used agents in
oncology. These compounds cause intra-strand and inter-strand cross links in DNA (“adducts”) which are
thought to be their primary cytotoxic mechanism of action. In general, they can uncommonly cause
nephrotoxicity, myelosuppression and neurotoxicity (especially ototoxicity and peripheral neuropathy).
However, there is marked variation in the degree of these side effects depending on the compound and also
the intent with which they are used. When used in potentially highly curable diseases such as metastatic germ
cell tumour, the risk of peripheral neuropathy is low, but outweighed by the benefits of cisplatin, for example.
ANTIMETABOLITES
These agents have structural similarities to metabolites involved in nucleic acid synthesis, and result in
either critical enzyme inhibition or incorporation of the wrong DNA code during cell synthesis. As a group (folic
acid, pyrimidine and purine analogues), they can cause myelosuppression and gastrointestinal side effects.
Methotrexate is the most widely used drug in the folic acid class, although others such as pemetrexed
have been recently developed for use in mesothelioma and non – small cell lung cancer. Mostly well
tolerated, they may cause renal impairment, hypersensitivity pneumonitis and hepatic impairment. Nitrous
oxide may potentiate methotrexate toxicity.
5-fluorouracil (5FU) was rationally designed in the late 1950s, and is still commonly used for diseases such
as colorectal cancer, oesophageal cancer and head and neck cancer, most commonly in combination with
other drugs. Adverse events also partly depend on the drug schedule; weekly 5FU is well tolerated, and
causes proportionally more mucositis and diarrhoea than infusional 5FU, which is associated with more
frequent myelosuppression and hand – foot syndrome. Capecitabine is an orally available pro-drug of 5FU,
and has a similar side effect profile to infusional 5FU. Cardiotoxicity is often raised as an issue with this class
of drugs, but in the main, studies investigating this toxicity are retrospective, and vary as to their definition of
cardiotoxicity. Nevertheless, infusion-associated angina is thought occur in 1% to 4% of patients, possibly
secondary to vasospasm.
MITOTIC INHIBITORS
Vincristine, vinblastine, and their semi – synthetic derivatives vindesine and vinorelbine act by inhibiting
the formation of microtubule complexes within the cytoplasm, thereby arresting cell growth in metaphase.
Neurotoxicity is the best known side effect of vinblastine and vincristine, particularly in the form of peripheral
neuropathy. Inadvertent administration of vincristine into the CSF (intrathecally) is invariably fatal. Vincristine
may potentiate ADH release, and constipation is also a feature of this group of compounds. Due to its relative
lack of myelosuppression, vincristine can be incorporated in full dose with other drugs, such as CHOP
(cyclophosphamide, doxorubicin, vincristine, prednisone) for Non – Hodgkin’s lymphoma.
MITOTIC STABILISERS
Otherwise known as taxanes (docetaxel, paclitaxel), this class of compounds has a wide range of activity
across various cancer types. Unlike mitotic inhibitors, taxanes stabilize the microtubule assembly once it has
formed, thus preventing mitosis from proceeding. Newer, non – taxane microtubule stabilizers such as
epothilones are also being developed. Typical adverse events include myelosuppression, peripheral
neuropathy and occasionally, hypersensitivity reactions that are sometimes severe. Dexamethasone,
antihistamines and H2 antagonists are often employed as premedication for paclitaxel in particular.
TOPOISOMERASE INHIBITORS
Topoisomerase enzymes are critical for unwinding of DNA during replication. Topoisomerase II inhibitors
(etoposide, teniposide) are semi-synthetic podophyllotoxin derivatives from the May apple plant. Side effects
include myelosuppression.
Topoisomerase I inhibitors such as irinotecan and topotecan contain lactone rings that are converted to
their less active carboxylate moiety in the presence of blood. Irinotecan has activity in colorectal cancer,
whereas topotecan is approved for use in ovarian cancer. Both drugs cause myelosuppression, anorexia and
nausea. Acute and delayed onset diarrhoea is common with irinotecan.

74

Australian Anaesthesia 2007

Hormonal Agents
These agents modify the hormonal environment and have diverse mechanisms of action, not all of which
are understood. Included are direct effects such as lysis of lymphoma cells caused by corticosteroids. In
general, this group of drugs are well tolerated, though there is increasing appreciation of subtle and more long
term side effects such as cognitive impairment and fatigue for example, in women undergoing adjuvant antioestrogen therapy. Similarly, men being treated with LHRH analogues for prostate cancer report changes in
mood and personality, fatigue, congnitive changes and osteoporosis. Vascular events (both venous and
arterial) are somewhat increased in some patients on hormonal treatment such as tamoxifen. Very little in the
way of gastrointestinal, cardiological, neurological, renal or hematological side effects however, are
experienced. Newer classes of drugs such as aromatase inhibitors (anastrazole, letrozole, exemestane) are
very well tolerated on the whole but may cause musculoskeletal pain and osteoporosis.
NEW CLASSES OF AGENTS
Antibodies
A number of antibodies are now registered by the TGA for use in a variety of cancer patients. Perhaps the
most commonly encountered agent is trastuzumab (“Herceptin”), a so-called targeted treatment to HER2
receptors. These are overexpressed on breast cancer cells in about 20% of women, and represent a poor
prognostic factor. Women with HER2+ breast cancer in general have more aggressive cancers and poorer
11
outcomes. Landmark studies have now shown that the addition of trastuzumab to chemotherapy can
improve response rates and survival for women with metastatic disease. Further, adjuvant treatment for up to
12 months with trastuzumab is standard for women with early HER2+ disease. The antibody may also be
given as a single agent. Adverse effects are minimal for the drug alone, although an important side effect is
cardiomyopathy. When combined with anthracyclines, the incidence of cardiomyopathy rises significantly
(>10%), but even as a single agent in the adjuvant setting, some 14% of women required cessation of drug
12
due to falls in left ventricular ejection fraction .
Rituximab is in common use for the treatment of Non-Hodgkin’s lymphoma, but also in increasing demand
for non – malignant diseases, including rheumatoid arthritis. It is well tolerated generally, other than flu – like
side effects, and is not associated with cardiomyopathy. Bevacizumab is registered in Australia for advanced
colorectal cancer, but is not commonly used because of cost issues. It has an infrequent though important
side effect: major bleeding (pulmonary and GIT haemorrhage, <2% patients).
Other antibodies such as cetuximab (colorectal and head and neck cancer), panitumumab (colorectal
cancer), TRAIL receptor agonists (to enhance apoptosis in a variety of cancer types) are either completing
registration studies or in development.
Tyrosine kinase inhibitors
One of the gratifying developments in recent years for the treatment of cancers has been the advent of
tyrosine kinase inhibitors. Many cell signaling pathways are initiated by ligand interaction with the appropriate
cell surface receptor, and almost all of these have intracytoplasmic domains that contain a tyrosine kinase
function that allows transduction of extracellular signals into cytoplasmic events. Blocking tyrosine kinase
function can be achieved through antibodies (trastuzumab for HER2+ breast cancer, above) or small
molecules such as imatinib (“Glivec”) for the Philadelphia chromosome translocation in chronic myeloid
leukaemia. Cancer cells exploit tyrosine kinase functions to increase or permanently switch on cell survival
and proliferation pathways so that targeting these pathways in a cancer cell that is “addicted’ to constitutive
stimulation may result in increased apoptosis. Imatinib initially, followed by others such as erlotinib (Epidermal
Growth Factor Receptor in non – small cell lung cancer, pancreatic cancer), sunitinib (Vascular Endothelial
Growth Factor Receptor and other targets in renal cell cancer) and sorafenib (Raf – kinase in renal cancer,
hepatocellular carcinoma) have provided strong proof-of-concept success in a wide variety of cancers.
Tyrosine kinase inhibitors have similar, but not identical side effect profiles. Typically, varying degrees of
hypertension (especially for angiogenesis inhibitors), skin rash, GIT (diarrhoea, constipation, nausea), palmar
– plantar syndrome, mild myelosuppression and liver function abnormalities may be encountered.
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Drug interactions
Interactions between chemotherapy agents and anaesthesia drugs are not well studied. However, there
13, 14
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rituximab

fludaribine, temozolamide

carboplatin

anthracyclines

taxanes (docetaxel >
paclitaxel)
gemcitabine, vinorelbine
irinotecan, topotecan
cyclophosphamide
etoposide
pneumonitis /
pulmonary fibrosis

methotrexate

bleomycin

gemcitabine
nitrosureas
methotrexate
cyclophosphamide
peripheral
neuropathy

cisplatin

vincristine, paclitaxel

thrombocytopenia
platelets < 50 x
9
10 /L)

oxaliplatin

gemcitabine

carboplatin

Table 3. Common malignancies and selected chemotherapy drugs and regimens
Malignancy
Non Hodgkin’s Lymphoma

Common
and drugs
CHOP

regimens

CNOP

R-CHOP
fludaribine
etoposide
Hodgkin’s Disease

ABVD

MOPP
Bladder cancer

GC

Breast cancer

MVAC
AC
FEC
CMF
docetaxel, paclitaxel

vinorelbine
capecitabine

Notes
cyclophosphamide,
vincristine,
doxorubicin,
prednisone. Probably the most commonly used
regimen for NHL.
As above, with mitoxantrone (an anthracenedione,
also associated with cardiomyopathy) substituted for
doxorubicin.
rituximab added to CHOP
May cause significant lymphopenia.
Causes myelosuppresion. Most commonly used in
combination
adriamycin (doxorubicin), bleomycin, vinblastine,
dacarbazine. The most commonly used regimen for
HD.
nitrogen
mustard,
vinblastine,
procarbazine,
prednisone
gemcitabine alone or in combination with either
cisplatin or carboplatin
methotrexate, vinblastine, adriamycin, cisplatin
adriamycin, cyclophosphamide
5-fluorouracil, epirubicin,
cyclophosphamide
cyclophosphamide, methotrexate, 5-fluorouracil
taxanes commonly used as part of adjuvant treatment
for early breast cancer, usually follows AC, but may
be given in combination
vinca alkaloid, toxicities include myelosuppression
and peripheral neuropathy
oral 5FU pro-drug
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trastuzumab

Colorectal cancer

5-fluorouracil

FOLFOX
FOLFIRI
capecitabine
cetuximab
bevacizumab

Gastric cancer
Germ cell tumour

Head and Neck cancer

Lung cancer – non small cell

ECF
docetaxel
BEP
paclitaxel
ifosfamide
methotrexate
docetaxel
cisplatin, 5FU
carboplatin or cisplatin
gemcitabine
vinorelbine
paclitaxel
docetaxel
erlotinib

Lung cancer – small cell

carboplatin, etoposide
OCA

Melanoma
Oesophageal cancer

Ovarian cancer

Pancreatic cancer

Sarcomas

topotecan
dacarbazine
fotemustine
cisplatin, 5FU
ECF
carboplatin, paclitaxel
liposomal doxorubicin
docetaxel
gemcitabine
topotecan
gemcitabine

5FU
doxorubicin, ifosfamide
methotrexate
cyclophosphamide
etoposide
vincristine

Antibody to HER2 receptor. May cause
cardiomyopathy, more frequently when used
concurrently with doxorubicin.
Well tolerated generally. Uncommonly (<5%)
associated with a variety of cardiac symptoms. Can
cause
severe
toxicity
in
patients
with
dihydropyrimidine dehydrogenase deficiency (<1%
population)
oxaliplatin, 5FU, Folinic Acid
irinotecan, 5FU, Folinic Acid
Antibody to Epidermal Growth Factor Receptor
Antibody to Vascular endothelial growth factor. Antiangiogenic agent. Uncommon (1-3%) risk of major
bleeding.
epirubicin, cisplatin, 5FU
The most commonly used regimen. bleomycin,
etoposide, cisplatin
Can cause CNS toxicity
Recently approved by the TGA for head and neck
cancer
Usually used in combination with one of the “newer
generation” of cytotoxics listed below

Oral Epidermal Growth Factor Receptor antagonist,
usually used in second or third line treatment.
The most commonly used regimen for small cell lung
cancer.
vincristine,
cyclophosphamide,
adriamycin
(doxorubicin)
topoisomerase I inhibitor
Usually used for cerebral metastases.
5FU usually given as a continuous infusion over 4-5
days in this regimen.
The most commonly used regimen for ovarian cancer.

The most commonly used drug for pancreatic cancer,
sometimes in combination with other drugs.
Thrombocytopenia is the most common toxicity.

Sometimes used in combination or in very high dose.
Tends to be used in paediatric sarcoma populations
(e.g. Ewing’s sarcoma)
Paediatric sarcomas
Paediatric sarcomas
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Dr Gardner is a staff specialist anaesthetist at Sir Charles Gairdner Hospital in Perth. He
trained in the West Australian training scheme and completed a fellowship in cardiothoracic
anaesthesia at Papworth Hospital in the UK. He has an interest in anaesthesia for cardiac
surgery and liver transplantation. He became interested in the effects of the changing
workplace for anaesthesia trainees while the WA Regional Education Officer between 2004
and 2007. This paper is based upon a lecture given at the ANZCA ASM in Adelaide in
2006.

There have been several alterations in industrial work practices over the last decade that have
reduced working hours for trainees in most medical specialties, including anaesthesia. Along with
the expanded role of anaesthetists in pain management and peri-operative medicine, this has
reduced the exposure of our trainees to clinical anaesthesia in operating theatres. At the same
time there have been changes in surgical practices with more cases being managed noninvasively. These trends all have major implications for anaesthesia training. This paper aims to
review the changes that have occurred, and to speculate on mechanisms to maintain the quality
of anaesthesia training despite the reduced intra-operative clinical exposure.
CHANGES IN TRAINING CONDITIONS
Reduction in Trainee Working Hours
Long working hours have traditionally been a part of post-graduate medical education, with
exposure to a large number of cases seen as the method for gaining adequate clinical experience
to enable the trainee to be prepared for a consultant position. In many disciplines, long working
hours were possibly viewed as a “rite of passage”, and that only those who had survived this
training would be suitable to be a specialist. Very little reform of working hours was initiated by
the medical profession itself, despite the obvious fatigue issues, and the growing number of
medico-legal decisions in which working hours were considered as a contributing factor in the
1
judgment . Nevertheless, over the last decade, there have been significant reductions in
recommended maximum working hours in most developed countries.
United Kingdom
The introduction of European Working Hours directives in the United Kingdom influenced the
employment in hours of junior medical staff, despite attempts in 1996 by the British Government
to challenge the law. The British Government had argued that the directive had been wrongly
adopted as a health and safety measure, but this argument was dismissed by the European
Court of Justice. This directive has seen a reappraisal of the concepts of on duty and on call
work practices.
United States of America
In the United States, the death of Libby Zion prompted legislative change. Her father, an
attorney and writer for the New York Daily News, ensured that appropriate investigation of her
2
death took place . Her death and the issues surrounding it are well described in this reference,
and make interesting reading with respect to the issues of fatigue and drug prescription. Zion
was admitted to the New York Cornell Medical Centre with a high fever. She had a history of
depression, and was taking a monoamine oxidase inhibitor. Her presentation was complicated by
recent use of cocaine. She was prescribed intravenous fluids as part of her treatment. Despite
treatment she remained febrile and suffered a cardiac arrest, from which she was unable to be
resuscitated. Although in subsequent legal proceedings, there was initial focus on the
administration of pethidine to a patient on a monoamine oxidase inhibitor and the patient’s use of
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cocaine, the issue of doctors’ working hours and adequate supervision became prominent. This
case led the New York State to form the Ad Hoc Advisory Committee on Emergency Services,
more commonly known as the Bell Commission. This committee developed a series of
regulations that addressed several patient care issues, including resident work hours.
The current directive of the US Medical Council for Graduate Medical Education stipulates
hours that in Australasia would be considered excessive - residents to work no more than
80 hours per week, have shifts that are no longer than 24 hours, and have 10 hours of rest
between shifts.
Australia
In Australia, lobbying for reform of work hours was initiated by the Australian Medical
Association, in the form of their “Safe Hours” project, which was supported by grants from the
Commonwealth Department of Health and Family Services. The Safe Hours campaign included a
National Code of Practice, the design, testing and implementation of a methodology for risk rating
the rosters of hospital doctors, and a communications strategy to promote awareness and
activate change to work practices in hospitals. Industrial award changes have sought to penalise
employers for prolonged working hours. An example of this is in the Western Australian
Department of Health Medical Practitioners (Metropolitan Health Services) AMA Industrial
Agreement 2004. This award provides for significant loadings to salaries if certain conditions are
breached; amongst these are that in a 28 day employment cycle their should be eight days free
from ordinary hours of duty, at least 12 evenings off on weekdays, and every second weekend
free from duty. There are also salary loadings for not having at least 8 hours between shifts,
exceeding 75 hours in a consecutive seven day period, and shifts longer than 15 hours.
New Zealand
In New Zealand, two coronial investigations highlighted fatigue; one into the suicide of a house
surgeon, the other into the death of a woman who survived a motor vehicle accident, but died in
3,4
hospital as a result of a mishap . Although it is difficult to collect data in this area, a New
Zealand Government publication in 2005 reported that 83% of house officers, and 75% of
5
registrars were working more than 50 hours per week . Even if working hour reform in New
Zealand may appear to be behind that of Australia, it is likely that working hours will reduce to
approach those of Australia.
CHANGES IN THE SCOPE OF ANAESTHESIA PRACTICE
The changing practice of anaesthesia has also resulted in changes to work practices of
trainees. The introduction of preadmission clinics to cater for day of surgery admissions, the
establishment of acute pain services, rostering for simulation and other specific educational
sessions, and the increasing use of anaesthetists to provide sedation for procedures outside the
operating theatre have reduced the amount of clinical time that trainees spend in the operating
theatre.
These changes all reflect changes to the practice of anaesthesia that our trainees are likely to
encounter when they gain their fellowships, however they do impact on teaching time. The full
significance of this impact is not known. The use of simulation may improve quality of training in
exposing trainees to clinical scenarios that they may not meet in their training time.
For example, in Western Australia, it has been calculated that there has been a 25.8%
reduction in the number of hours spent administering anaesthesia in operating theatres over the
6
past 10 years . This reflects the increased time spent by trainees in pain services, peri-operative
medicine services, and preadmission clinics.
CHANGES IN THE SCOPE OF SURGICAL PRACTICE
Changes in the cope of surgical practice have changed the location and type of anaesthesia
provided for procedures. There has been a major shift of work to the radiology suites with the
development of less invasive techniques. For example, non invasive or minimally invasive
techniques are now available for treating abdominal aortic aneurysms, carotid stenoses, coronary
artery lesions, atrial septal defects, cerebral aneurysms and arteriovenous defects, and portal
hypertension. Many procedures in the past used for treating these conditions required much
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more complex anaesthesia with many anaesthesia interventions than that that is used for the less
invasive techniques.
One other major factor affecting anaesthesia practice has been outside of anaesthetists’
control. Changes in surgical practice with the development of subspecialised surgeons and
procedural physicians and radiologists performing newer less invasive surgical techniques such
as those listed above has meant that the extremes of the patient presenting for anaesthesia may
be at extremes of pathophysiology which previously may have seen them at high risk from
anaesthesia for complex procedures, or considered at too high a risk and denied a procedure.
CHANGES IN THE TRAINEES
Changes in the accreditation of trainees
Prior to the accreditation of hospital departments rather than positions by ANZCA in 2004, in
many departments there were anaesthesia registrar positions that were not accredited for
training. In some regions, it was not unusual for trainees to have spent time in these positions
prior to being appointed to training schemes. The abolition of anaesthesia non-accredited
registrar positions by ANZCA in 2004 along with the increased recognition of prior learning in
other disciplines has seen a further reduction in the clinical experience gained by trainees.
Part time trainees
Another change has been the increased number of part time trainees in anaesthesia. Seven
6
percent of Western Australian trainees were part time trainees in 2006 . Although ANZCA sets
conditions for part time trainees to ensure that their clinical exposure includes all areas that a full
time trainee would encounter, and seeks prospective approval prior to part time training
commences, the impact of part time training on education within the ANZCA training scheme has
not been assessed.
Implications for quality of training
Compared with anaesthesia training time in other countries and regions FANZCA training is
lengthy at five years. It is extremely unlikely that working hours or training time will increase in
the future. As such those involved in anaesthesia education and training will need to ensure that
a similar standard of training is delivered to trainees in despite this reduced exposure.

MECHANISMS TO MAINTAIN QUALITY OF TRAINING
Recent Changes by ANZCA
The fellowship training programme of the ANZCA (FANZCA) is a five year training
programme, of which a minimum of 33 months must be spent in clinical anaesthesia. It is not
known on what working hours the development of the FANZCA programme was based; the
methods of assessment have been examination success and signing off of training modules.
Whilst the latter stipulates minimum numbers of sessions, it does not stipulate time equivalent to
33 months of anaesthesia.
ANZCA has been proactive in the field of education. Its activities have included the foundation
of an Education Unit with a full time Director of Education, the establishment of Medical Education
and Simulation Special Interests Groups, the development of the Clinical Teachers’ Course and
the Effective Management of Anaesthetic Crises Course (EMAC), the regular review of the
Examinations process, and the introduction of the modular system of training with specific
learning objectives that include personal and professional development.
It will be interesting to see if the first major review of the FANZCA training programme
introduced in 2004, due to occur within the next 12 months, will assess the issue of reduced
training hours.
Whilst these changes have strengthened the structure of the training programme, it remains
that most clinical teaching is performed in the operating theatre environment. It could well be
argued that this is a strength, not a weakness of our training programme. It could also be
speculated that how teaching hospital departments and individual consultants respond to the
reduction in hours that are available for our trainees to be taught the basis for safe, competent
clinical anaesthesia will probably determine the quality of our trainees more than the changes to
the structure of the training programme.

84

Australian Anaesthesia 2007

The EMAC course instructs in both the technical skills required in an emergency, but also the
behavioural aspects of managing anaesthesia crises.
Simulation courses in obstetric
emergencies have been developed, and it would be expected that similar courses in other areas
of anaesthesia may be developed in the future.
POTENTIAL CHANGES AT A HOSPITAL LEVEL
The FANZCA programme lists the attributes of a specialist anaesthetist as a Medical Expert,
Communicator, Collaborator, Manager, Health Advocate, Scholar and Teacher, and Professional.
Given this vast array of attributes, it is not expected that every appointment to a teaching hospital
should be an expert in every area, but it is not unreasonable to expect a basic competency in this
area. One such area is that of the Scholar and Teacher.
Medical Education has been a growing area, with the establishment of specific journals,
university postgraduate certificates and degrees, and the development of courses such as
“Teaching on the Run” and “Train the Trainer”, and the College Clinical Teachers’ Course.
Mainstream medical journals have also taken an interest in medical education, such as the
publication in the Medical Journal of Australia of a series of articles in medical education in
7
clinical settings . There is a large variety of opportunities for consultants in teaching hospitals to
increase their skills in clinical education.
As with the issue of training hours, in the area of clinical teaching medical practitioners are at
risk of having changes forced upon them, rather than of their own initiative. In November 2001,
the final report of the Inquiry into obstetric and gynaecological services at King Edward Memorial
8
Hospital (KEMH) 1900-2000 was released . KEMH is the tertiary referral hospital for obstetric and
gynaecological services in Western Australia. One of its recommendations was “that each doctor
attend a Train the Trainer Course within 12 months of the date of this report”. Given that this
recommendation was made after an external review of a teaching hospital, should teaching
hospitals in their selection criteria for specialist appointments list a commitment or demonstrated
interest in medical education (such as attending a train the trainer course) as a criterion? I would
also suggest that industrial contracts must also allow adequate resources for development and
maintenance of education skills, as well as adequate non-clinical time in which to do so.
Changing education patterns in medical schools will also influence teaching. With the
introduction of graduate medical schools, not all trainees will have had as extensive an education
in basic sciences as those teaching them. It may be that basic science concepts will also need to
be taught in the operating theatre to enable further learning of material for ANZCA examinations.
This in no way reflects on the clinical competence of graduates from graduate medical schools.
Changes required of trainees
Registrars must seek ownership of their training, and assume responsibility for gaining the
most out of all hospital rotations. Like consultants, they should be aware of the principles of adult
education, and given that they too will be clinical teachers, should consider participating in a
teaching course. Simple manouevres such as bringing the ANZCA curriculum module to the
operating theatre and discussing a topic in each list with a consultant may ensure that all learning
objectives of a module are covered during a rotation.
Trainees must also be aware that with a reduction of training hours, their exposure to
procedures that are performed relatively infrequently will be further reduced. The importance of
preparing appropriately for lists would be increasingly relevant for these occasions is reinforced.
An example may be to refresh the anatomy of the bronchi prior to insertion of an endobronchial
tube and the use of the fibreoptic scope to check position.
The Provisional Fellowship Programme allows trainees to attain extra skills in areas they may
wish to specialise in the future, and should be considered for maximising exposure to areas that
may not have been fully covered in the first four years of training, and in which a trainee may wish
to further specialise. In past years, the scope of fellowships has extended from those traditionally
seen in cardiac and neuro anaesthesia, to include amongst others regional, ultrasound,
ambulatory, education, simulation, and airway fellowships.
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Use of other teaching techniques
The reduction of time spent in the operating theatre in training has led to the recruitment of
other teaching techniques. Simulation is one technique that has been used in many other
industries, including aviation, finance and engineering, and it is being increasingly used in
medicine.
Another recommendation from the King Edward Memorial Hospital enquiry was “anaesthesia
staff are to be rostered to ensure that the registrars on night and weekend duty are sufficiently
skilled to provide general anaesthesia for urgent emergency caesarean sections”. Obtaining
skills in general anaesthesia for caesarean section is becoming increasingly difficult. Three years
later the Victorian Consultative Council on Anaesthetic Mortality and Morbidity Report noted that
“the use of regional anaesthesia in obstetrics has expanded enormously and, worldwide, almost
all anaesthesia related maternal deaths are now associated with general anaesthesia (usually
due to difficulties in airway management). One possible factor is the lack of experience now
available for anaesthetists in general anaesthesia for obstetrics. However, general anaesthesia is
still needed in some situations, and all anaesthetists undertaking obstetric anaesthesia should be
9
aware of the particular risks and the need for clear protocols for managing a difficult airway” .
Here is the problem of providing experience and demonstrating competence in an anaesthetic
technique where its overall use is decreasing.
An example of how to manage this issue is seen in the modifications of the anaesthetic
rotation within the Western Australian Training Scheme to King Edward Memorial Hospital. For
over 80% of our trainees, their total obstetric anaesthesia experience will be at that hospital. The
term begins with pre-education, and attendance of a simulation course related to obstetric crisis
management (including simulation of emergency general anaesthesia for casearean section).
There is also recognition of the importance of skills learnt prior to the term, such as rapid
sequence induction. When teaching basic anaesthesia skills such as rapid sequence induction in
a general setting, the concepts of its use in other patients such as the parturient can be taught.
Whether this will enable our trainees to be in the words of the enquiry report, “sufficiently skilled”,
is not known, as competency in itself is difficult to assess.
The reduction in training hours may also lead to minimum exposure to other anaesthesia
techniques. In a study by Clarke and Gardner, we found that in an tertiary adult teaching hospital
the exposure to fibreoptic intubation may be as low as 1.2 procedures per year, which with
minimum time in spent in anaesthesia training may be as low as three fibreoptic intubations in
10
total . The use of any technique with its own risks when not clinically indicated poses an ethical
dilemma for any consultant or registrar seeking to increase their experience in that technique.
One way to increase trainees’ exposure is to allocate trainees to spend lists with respiratory
physicians performing diagnostic bronchoscopies. Although the trachea is not intubated during a
diagnostic bronchoscopy, there is still an opportunity for the trainee to practise topical
anaesthesia for the airway, handling of the fibreoptic scope, passing the scope through the vocal
cords, and familiarisation with bronchial anatomy. Similarly the use of training mannequins to
develop these skills may be used.
Simulation experience is extending beyond the initial areas of anaesthesia crisis management
to include teaching of clinical protocols, skills. communication and behaviour.
CONTINUING EDUCATION AND SKILLS ACQUISITION
Post graduate medical education will continue to evolve. The shortage of medical personnel
and the pressure to produce specialists are unlikely to lead to a reversal of the decline in training
hours or an increased training time for registrars.
Given that ANZCA has been proactive in revising its training programme and developing its
education centre, it is unlikely the quality of new fellows will be any different to those who have
trained previously. One thing that will be different will be that overall clinical experience will be
less. Although trainees will have completed all modules in their training scheme, it may be
unreasonable for departments to expect all new consultants to have reasonable experience in all
facets of anaesthesia. This may have implications for departments in rostering of consultants and
senior registrars and supervision of trainees, and may require credentialling of anaesthesia skills.
Australia and New Zealand are not alone, and Greaves has commented that new consultants in
the United Kingdom will be “less experienced and less confident that those of previous times, and
as such that managers must make provision for them as they gain the additional experience that
they will have missed out on as trainees”.
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CONCLUSION
Change will continue to occur in anaesthesia training in Australasia, with changes forced upon
us by external pressures as well as changes that Anaesthetists themselves will make to improve
our training scheme. Our challenge is to develop our training methods to ensure that the quality of
anaesthesia training in Australasia remains of the highest standard.
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It has been over a decade since the first articles appeared in the literature raising awareness
of the potential value of manikin based simulation with experiential learning for teaching crisis
management. Inspired by successful endeavours in the aviation industry, the Stanford University
Department of Anesthesia course – Anesthesia Crisis Resource Management (ACRM) was
1
developed analogous to the Crew (cockpit) Resource Management (CRM) course . Courses such
as this have subsequently been designed for practitioners of a range of specialities who share a
common need to improve the crisis management skills of their craft group members. In this article
the literature pertaining to team crisis management training in critical care will be reviewed with a
commentary on the past, present and possible future of this education method. The authors
experience with developing an Intensive Care CRM course will be used as a case study.
Flight simulation is an established component of aviation training, instilling in crew members
appropriate, automatic responses to system failures and emergencies. International standards
have now been agreed for flight simulators. This important industry is the culmination of over
seventy years of work, and tens of billions of dollars investment, by enthusiastic and foresighted
2
individuals .
In the early 1900's a range of new aircraft prototypes were prepared as ground-based trainers
which were essentially aircraft tethered in the air by structures such as overhead gantries or
mounted on a universal joint in exposed positions. Such devices aimed to expose airmen to the
2
workings of aeroplanes in a risk-free environment as well as assess aptitude of aspiring aviators .
Edwin Link of New York has been called the "Father of Simulation". In the late 1920's he
developed the Link (pneumatic) trainer. This device was among a series of new generation
trainers that replaced human operators of the trainers with artificial (mechanical or electrical)
actuators. Over the subsequent decades he was behind the production of a series of increasingly
sophisticated simulators that paralleled advances in electronic technology and the development
of analogue then digital computers and the incorporation of increasingly sophisticated motion and
2, 3
visual simulation systems . In the 1970's a series of organisations, such as the International
Airline Flight Simulator Technical Association (IAFSTA), the International Air Transport
Association (IATA) and the US Federal Aviation Administration (FAA), can be credited with
2
stream lining simulation culminating in the development of international standards .
Crew Resource Management (CRM) Training in the USA dates back to a workshop, Resource
Management on the Flightdeck, sponsored by the National Aeronautics and Space Administration
(NASA) in 1979, as a consequence of their research into causes of air transport accidents,
4
particularly failures of interpersonal communication, decision making and leadership . The first
comprehensive US CRM program was initiated by United Airlines in 1981. Early courses were
psychologically focussed with emphasis on psychological testing and profiling and teaching
general managerial concepts such as leadership. Subsequent courses increased the emphasis
on group dynamics embracing concepts such as team building, briefing strategies, situation
awareness and stress management. Integration with technical training as well as involvement of
other groups within airlines such as flight attendants ensued. Most recently an increased focus on
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error management and human factors training has occurred, instilling that error is an inevitable
4,5
result of the natural limitations of human performance and the function of complex systems .
In 1992 David Gaba and colleagues at Stanford University reported on their ACRM course in
the Aviation Space and Environmental Medicine Journal. They reflected that “anesthesiologists
do not typically receive formal training in crisis management although they are called upon to
manage life-threatening crises at a moment’s notice”. Their course included didactic instruction in
dynamic decision-making, human performance issues in anesthesia and the principles of
anesthesia crisis resource management. Specifically there was a familiarisation with the host
institutions’ operating rooms and the simulation environment followed by a simulator session
coupled with a debriefing, utilising videotape segments of individual’s performance. The course
was rated highly be participants and the authors concluded that ACRM training should become a
1
regular part of the initial and continuing education of anesthesiologists .
In 2003, the Emergency Medicine Crisis Resource Management (EMCRM), a simulationbased crisis management course for emergency medicine residents was described by the
Stanford University Group. The course was created using their ACRM template, that had evolved
to include a didactic session on principles of human error and crisis management followed by
participation in simulated emergency department crisis scenarios (utilising computer-enhanced
6
manikin simulators with standardised cases) and instructor facilitated debriefs .
The reporting of programs designed for a range of craft groups is continuing to occur.
Successful simulation-based, team crisis management training courses have been described for
7
8
9
Paediatric crisis management , Obstetric Crises , Medical Emergency Response teams , Trauma
10
11
teams as well as for Radiology , Hyperbaric units and Medical Administrators. Medical
simulation enthusiasts are now spread across the world with other published experiences from
groups as geographically distinct as the Harvard University Group (Boston, USA), University of
Ottawa (Ottawa, USA), Sunnybrook Health Science Centre (Toronto, Canada), Bristol Royal
Infirmary (Bristol, UK), Israel Centre (Tel Hashomer, Israel), Queen Elizabeth Hospital (Hong
Kong), Wellington (New Zealand) and the Monash Medical Centre (Melbourne, Australia), to
name but a few of the many.
As an example of current programs available in Australia, the Queensland Health Skills
Development Centre offers a "menu" of crisis management courses available for doctors and
nurses practicing in: Anaesthesia (ACRM, Recovery Room Crisis Resource Management and
elements of the Effective Management of Anaesthetic Crises - EMAC), Emergency Medicine
(Emergency Medicine Crisis Resource Management - ECRM), Paediatrics (Paediatric Emergency
Crisis Resource Management) and Obstetrics (Maternity Crisis Management Course - MCRM).
In concert with the development of simulation based courses, the necessity for training
environments with appropriate equipment (task trainers, simulators, audiovisual support) and
personnel (administration, clinical and research staff) has led to the foundation of dedicated
simulation centres. The variable investment of healthcare institutions is reflected in the size,
resources and scopes of practice of individual centres. Amongst the better resourced facilities in
Australia are the Queensland Health Skills Development Centre (Royal Brisbane and Women's
Hospital, Herston, Queensland) Southern Health Simulation and Skills Centre (Monash Medical
Centre, Victoria), St Vincent's Simulator Centre (Melbourne, Victoria), Sydney Medical Simulation
Centre (Royal North Shore Hospital, St Leonards, New South Wales), Clinical Training and
Education Centre (CTEC - University of Western Australia, Western Australia). Centres in New
Zealand include the National Patient Simulation Training Centre (Wellington) and the Waikato
Clinical Skills and Simulation Centre (University of Auckland, Waikato).
The requirements and costs of setting up and maintaining high quality training facilities are
substantial. These are well described in a review detailing the development and operation of
"CASMS", the Centre for Anaesthesia Skills and Medical Simulation, at the Clinical training and
12
Education Centre (CTEC) in Western Australia . As an example of the financial outlay involved in
setting up a centre, the costs of a Laerdel SimMan alone, a commonly used medium fidelity
manikin for crisis management training, is in the order of A$30000. The ongoing expenses of
maintaining a running centre are enormous.
Specific crisis management courses are by necessity intensive and personalised with a low
participant to facilitator ratio. Coupled with the utilisation of high fidelity scenarios that depend on
using sophisticated manikins, confederate actors, realistic moulage and technical support staff,
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the costs are substantial. Established centres are consequently under pressure to operate in a
"cost-neutral" fashion. For some centres and courses this means that participant learners must
pay accordingly for educational experiences. There is additionally an increasing necessity to
justify the investments of financing agencies, with the production of evidence describing tangible
benefits of courses.
The evidence supporting simulation based medical team crisis management training is not
robust. What is known is that simulator training improves confidence and performance when
dealing with a simulated scenario for the second time and that healthcare workers generally find
7
simulator training both useful and enjoyable . Some studies have shown an improvement in
behavioural performance scores in test scenarios assessed after courses conveying crisis
11, 13
. Belief in benefit and an acceptance of the rationale for effectiveness
management principles
have been fundamental requirements motivating early acceptors of simulation in healthcare. Such
is the perceived value that in the USA, participation in select crisis management courses have led
13
to significant malpractice premium reductions .
Crew resource management has evolved over 25 years, strongly based on the realisation that
70% of commercial flight accidents stemmed from communication failures among crew
14
members . No randomised controlled trials have ever demonstrated a benefit of simulation
training, nor can these ever be performed given the ethics of passenger and crew safety.
3
Simulation training was driven by federal mandates that fostered a safer flying environment .
Simulation training made sense and was championed by foresighted individuals who have
2
contributed to a reduction in casualties in the air . Modern flight simulation has been rationalised,
with programs of various simulator fidelity and course intensity tailored to specific learning
3
objectives. It is a fundamental educational modality for the training of aviation crews .
There is strong evidence that in medicine communication failure is also the leading cause of
inadvertent patient harm, attributed as the primary root cause of sentinel events in over 70% of
15
cases in some studies . Issues such as divergent opinions regarding what is supposed to
happen and differing communication styles between doctors and nurses, the hierarchical nature
of medical systems with authority gradients and a lack of standardised communication and
procedures are major issues. The potential for poor outcomes is magnified by the inherent
limitations of human memory, the effects of stress, fatigue, limited abilities to multitask, plus
14
distractions and interruptions to practice . Crisis management training is a forum to facilitate the
cultural changes needed to facilitate collaborative team environments with effective
communication styles that extend to all workplace interactions. Scenario based experiential
learning is a rationale means of achieving these goals.
In parallel with the utilisation of simulators for team crisis management training has been the
adoption of simulators for skills training. The underlying principal is that the era of "see one, do
one, teach one" is no longer acceptable from a patient safety and risk management viewpoint 16
"See one" "sim one" and "provide a safe practice" is now the order of the day . A range of
specific skills trainers have become available to teach procedures ranging from vascular access,
airway management and chest drain insertion to more sophisticated interventions such as
17-19
. Evidence supporting improved patient
coronary angiography and laparoscopic surgery
performance and a shorter learning curve for skill acquisition is mounting. Discussion regarding
the utilisation of simulators for evaluation of professional competency, and as components of
maintenance of professional development programs, is beyond the scope of this paper.
The educational paradigm underpinning scenario based simulation training is Kolb's
20
experiential learning theory . Since the 80's strong support for this theory has evolved with the
basic intuitively rational premise being that adults use experience as the source of learning and
development. In an increasingly litiginous era where practitioner fatigue is appropriately being
managed with reduced work hours, real concerns exist that specialists are graduating with
21
insufficient clinical exposure to patients and the spectrum of their clinical problems . Simulated
experiences are attractive alternatives if "real" experiences cannot be practically provided. The
rationale is that by exposing trainees to important common and rare scenarios, their capacity to
subsequently manage these situations in reality should be improved, thereby improving patient
care.
Debate exists regarding how "real" the scenarios need to be in order to achieve the most
educational benefit for the learner. Emotionality of the experience is thought to be the principal
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determinant. The Circumplex Model of Emotion is a two dimensional structure where 16 core
affects are described that are deemed to cover all emotional states of individuals at any given
22
time . These emotions are broadly divided into activated and deactivated states. The activated
and deactivated states may be positive or negative emotions. Maximal experiential learning is
thought to occur when scenarios deliver participants to an activated zone where predominantly
positive but some negative emotions are experienced. For example alert and excited, mixed with
some tension and stress. In this activated state learning is recalled when similar states are
invoked. Emotional learning may therefore be indelible. Various methods may be employed to
achieve this state of activation. High-fidelity manikins capable of speech and breathing,
manipulation of physiological variables displayed on monitors and having a range of procedures
performed (e.g. intubation, cricothyroidotomy, chest drain insertion, cannulation and fluid
administration), housed in a realistic work environment are core. The use of moulage (e.g.
realistic wounds, fake blood, clothing, hair) is another commonly utilised component. Confederate
actors that drive the realism of situations, create conflict or chaos, as well as assisting in
23
orientating participants to the simulator are useful adjuncts . Well scripted and rehearsed
scenarios that meet specific educational goals, as part of a considered curriculum, are
24
fundamental .
Effective, reflective debriefing is mandatory in order to ensure that learners have positive
25, 26
transforming episodes
. Much has been written about specific debriefing strategies for medical
simulation that are beyond the scope of this paper. This is, however, an area of major importance
and concern for providers of experiential learning courses. The educational messages must be
cemented with focussed discussion.
Although most participants in CRM courses find them positive experiences, this is not
27
universal . Medical and nursing staff are frequently high achievers. The simulation environment
can create significant anxiety for them and perceived poor performance under scrutiny may be
intolerable. In addition to this, potential exists for individual learners to become activated into a
state of predominantly negative emotions with the risk of triggering negative emotions and
dysfunction when they are re-exposed to a similar scenario in reality. Similarly, activation to highly
emotional states may trigger powerful negative emotions from previous unpleasant experiences.
Debriefers must be aware of these risks and be equipped and comfortable in looking for and
26
dealing with distressed learners . There is a paucity of literature pertaining to these important
issues and further research into this area is overdue. Anecdotally, many providers of experiential
learning for CRM have encountered individual learners that have caused them concerns of this
nature. Simulation centres and course providers have an obligation to minimise the risks to
learners and provide pathways for managing individuals with persistent difficulties.
To conclude this paper it is interesting to describe the development of a CRM course from its
inception. The 'Intensive Care Crisis Event Management (ICCEM) Course' ran it's pilot course in
December 2006 at the Queensland Health Skills Development Centre. This one day (8 hour)
course was directed by me with a foundation faculty targeted based on perceived possession of
desirable attributes. These included: enthusiasm for teaching, passion for intensive care and
clinical excellence, teamwork and communication skills, affability and open mindedness to adopt
new technologies. The team comprised: Dr Jeremy Cohen (Staff Intensive Care Specialist, Royal
Brisbane and Women's Hospital and Ipswich Hospital), Dr Leo Nunnink (Staff Intensive Care
Specialist, Princess Alexandra Hospital), Dr Shawn Sturland (Staff Intensive Care Specialist,
Wellington Hospital), Sarah Webb (Clinical ICU nurse, Royal Brisbane and Women's Hospital),
Diana Harvey (Nurse Educator, Mater Hospital Brisbane), Maria Higgs (Clinical ICU nurse, The
Prince Charles Hospital) and Raymond Marteene (Clinical ICU nurse, The Prince Charles
Hospital).
With a background as an Emergency Physician, in April 2006 I was invited to observe an
"ECRM" course, directed at the SDC by a former colleague. It was impressive to observe the
sophisticated course delivery and the impact on the participants. I was motivated to develop a
CRM course for Intensive care doctors and nurses. Work circumstances placed me in the USA
between May and July 2006, during which time I organised to attend the Harvard University
(Boston) Institute for Medical Simulation Comprehensive Instructor program. During this
immersion I had the opportunity to develop the vision for what has become the ICCEM course,
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with the assistance of experienced simulation experts such as Dan Raemer. I also visited the
Mayo Clinic Simulation Centre in Rochester, which is run by an Intensivist, William Dunn.
On returning to Brisbane I enlisted the support of Dr Leo Nunnink and Dr Jeremy Cohen as
champions of the project and together we developed 6 scenarios that covered a spectrum of ICU
crises that would be the springboard for teaching the Harvard Crisis Event Management
28
Principles . These principles include role clarity, communication, resource utilisation, personnel
support and global assessment. With the support of Katie Walker, the Curriculum Development
Officer at the Queensland Health Skills Development Centre (QH SDC), we worked with
simulation co-ordinators at the centre to develop our scenarios within templates for Laerdel
Simman.
After further recruitment of medical and nursing faculty, two formal training days were run at
the SDC. The first day was a comprehensive introduction to simulation, CRM training and
debriefing with interactive sessions to facilitate mastery of these skills. The second day was run
as a 'mock' course. All of the scenarios were tested using faculty rotating through roles as script
controller with the simulation co-ordinator, actors, participants, debriefers and debriefing
assessors. Additional sessions were held to 'fine-tune' scenarios and moulage, review debriefing
strategies and prepare for the pilot course.
A course orientation manual was prepared, that aimed to prepare participants for experiential
learning and for how the simulator and environment could be utilised. A resource manual
containing modules of key medical information to supplement the individual scenarios learning
objectives was also developed. Detailed course evaluation tools, measuring participants medical
and CRM knowledge acquisition and reactions to the course and setting were designed with the
support of the SDC's Education Evaluations Officer and University of Queensland affiliate,
Patricia Rego, who independently performs the evaluation process.
The target group for the course was ICU non-specialist doctors (including registrars, career
medical officers) as well as ICU nurses. It was planned that ideally a doctor and nurse pair(s)
from individual organisations would attend, so that course principles would be discussed on
returning to their workplaces. Course numbers were limited to 8, to maximise the exposure of
attendees to the simulator and in keeping with other CRM courses. Time spent developing the
course was voluntary and occurred predominantly on rostered days off.
The pilot course was held in December 2006, with 4 doctors and 4 nurses attending the centre
from a range of hospitals in Queensland. The response to the course was overwhelmingly
positive. Another course was run in February, and was again met with excellent feedback in all
domains assessed. Minor changes to the program included the development of a multimedia
video that further orientated participants to the simulation environment. Detailed pre-course
meetings with faculty occur in the week before the delivery of each course. Further courses are
planned during 2007. Over time, simulation co-ordinators (Mr Daniel Host, Mr Dylan Campher
and Mr Lucas Tomczak) have become crucial and valued members of the ICCEM course team,
contributing to the success of the course in a range of areas including moulage, script translation
and involvement in post-course review meetings.
In addition to the comprehensive evaluation program, several additional projects have arisen
from the courses development. In response to concerns regarding negative effects on individuals
of experiential learning, a follow-up program to screen for psychological stress has been
instituted, with the support of a clinical psychologist. An original moulage model that enables
chest wall escharotomy to be demonstrated on the manikin without injury has been developed for
one of our scenarios. Development of the orientation video required extensive review of the
copyright legislation pertaining to the use of commercial multimedia concepts and material. It was
scripted and acted as a 'spoof' of the popular medical drama 'House', and incorporated brief
segments of music from 'ER' and 'Benny Hill'. Recently we completed a blinded study evaluating
costs, realism and practicalities of 15 types of artificial blood that could be employed for moulage
in high-fidelity simulation.
The major threat to the continuation of the ICCEM course remains the costs of its delivery.
The impact on participants has been extremely positive, but undisputedly this is reliant on the
high quality of the course that most likely reflects the sum of the high-fidelity simulation
environment, high facilitator to learner ratio and world class facilities. The QH SDC charges
participants, who may come from both the public and private sector, for courses at a level that is
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'cost-neutral' for them. Currently this translates to approximately A$1000 for a doctor and nurse
pair to attend from an individual institution. These costs are similar for other CRM courses such
as ECRM.
There are ongoing discussions regarding ways to reduce these costs and/or obtain supportive
funds, in order to facilitate attendance. The challenge is to maintain a level of fidelity compatible
with achieving experiential learning.
There remain many unanswered questions regarding team crisis management training. What
is known is that it is an effective, engrained component for training professionals in the aviation
industry. In medicine it appears rational, it is achievable, albeit at significant cost, and it is well
received. Development of the ICCEM course has been a rewarding experience for the team
involved and yet the future of the course is uncertain. We believe our role is to foster teamwork
and effective communication between professionals. Whether this is through high-fidelity
simulation or other more cost-effective techniques, the underlying message is clear - something
must be done to reduce the risk to patients imposed by medical teams' communication problems
and poor crisis management skills. Our patients deserve it!
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INTRODUCTION
The practice of anaesthesia is a mixture of art and science. While our College deals
admirably with scientific training, most of us learn the art of anaesthesia by modelling ourselves
on senior colleagues whose work, manner and demeanor we admire.
In addition, lucky ones among us can think of a certain senior colleague who became a mentor.
That person took us under their wing, provided timely advice and helped us address the complex
choices that arise at the end of training and in the early years of consultant practice.
The concept of mentoring comes from the Greek myth of Odysseus and his son Telemachus.
When Odysseus left to fight the Trojan War, he asked his friend Mentor to guide Telemachus
from youth to manhood. From this beginning, mentoring has come to embody a relationship
where an older or more senior person acts as advisor, teacher, coach and/or protector to a junior
colleague.
Most anaesthetic consultants form helping relationships with trainees and junior colleagues
from time to time. We might see an obvious area for improvement, but don’t feel that we have
either the skills or the colleague’s permission to get more involved, deepen the relationship and
provide detailed, challenging and at times negative feedback. An opportunity is thus lost – not
only to help our junior colleague, but also to extend ourselves and increase our feeling of
relevance to those starting their careers.
This article will define mentoring and examine evidence that it is of benefit. It will propose a
structure for organising a mentoring program within an anaesthetic department and suggest
strategies that mentors might employ. It will emphasise that the only essential attribute of a
mentor is a willingness to listen, be genuine and appreciate the mentee for who they are. Finally,
it will introduce a new tool for use by mentors, “The Bolton Box”, which is used by the author at
the Royal Children’s Hospital in Melbourne (“RCH”).
If we are interested in the wellbeing of our junior colleagues, and are prepared to take our
worth as a wise and trustworthy advisor seriously, then with a relatively small amount of effort we
can set up a modest program and become mentors in a short space of time. The most surprising
and pleasing outcome may be that we derive benefit as well.
DEFINING THE ROLES OF PEOPLE WHO HELP US
In 1998, the U.K. Standing Committee on Postgraduate Medical and Dental Education
defined mentoring as a “process whereby an experienced, highly regarded, empathic person (the
mentor) guides another individual (the mentee) in the development and examination of their own
ideas, learning and personal and professional development. The mentor, who often, but not
necessarily, works in the same organization or field as the mentee, achieves this by listening and
1
talking in confidence to the mentee” .
People who help us may at different times act as teacher, role model, supervisor, mentor or
counsellor. Clinical teachers teach us material relevant to our work. Their style, method and
depth of teaching may be varied to suit the trainee’s level of competence, but the content taught
to one trainee is usually the same as would be taught to another. Role models teach us to be like
them, whether or not they are conscious of their influence. Mentors teach us to identify issues
that are important to us, whether or not those issues are important to the mentor. The mentor
helps us become the person we want to be, whether or not that happens to be like the mentor.
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Table 1: People who teach
Clinical teachers
•
teach us about their field
of expertise
•
content usually similar
for all students

Role models
•
teach us to be like them
•
may be unaware that
they are teaching

Mentors
•
teach us to reach our
potential
•
content specific to each
mentee

Many people are available to trainees with issues to discuss. A supervisor of training is
responsible for a trainee’s wellbeing, but is also responsible to his or her department, college,
profession and the community at large. Trainees may feel that revealing a problem to a
supervisor will decrease their future employment prospects. If a trainee wants time off to address
a problem, a supervisor has a potential conflict between helping the trainee and staffing issues
within the department. If a trainee seeks advice for career advancement, it may be unfair for an
authority figure to help one trainee more than another. Ideally, mentors are outside the mentee’s
professional hierarchy, so that such problems can be discussed without generating conflicts of
interest.
A counsellor counsels. The British Association of Counsellors defines counselling as a
professional relationship where the counsellor helps the client “explore, discover and clarify ways
2
of living in a more satisfying and resourceful manner” . This is very similar to the definition of
mentoring, and supervisors and mentors often use counselling skills such as active and impartial
listening, problem solving and crisis support.
It is thus difficult to know where the use of counselling skills ends and acting as a counsellor
starts. One difference is the nature of the contract between the parties. A supervisor usually
instigates a mentoring program; the focus is usually on professional development, and a mentor
and a mentee are wise to have some sort of agreement allowing the mentor to broach subjects
beyond academic and clinical material. Formal counselling usually focuses on personal
development, and is usually more disciplined and confidential than a friendship or mentoring
relationship. The client, who is often distressed, confused and potentially vulnerable, usually
initiates the relationship.
In establishing a mentoring program, we are not starting a counselling service. If issues arise
that are beyond the skills of the mentor, then an appropriate referral should be made, as it would
be for any other health condition. Both parties may be damaged if the counselling process moves
2
into areas beyond the training or competence of the helper .

Table 2: People who help solve problems
Supervisor of training
•
responsible for trainee’s
well-being
•
focus on work issues
•
potential conflict of
interest

Mentor
•
helps mentee reach
potential
•
focus on professional
issues
•
little conflict of interest

Counsellor
•
helps client reach
potential
•
focus on personal issues
•
client may be vulnerable
•
no conflict of interest

IS THERE EVIDENCE THAT MENTORING HELPS THE MENTEE?
In the field of education, mentoring has been shown to offer numerous, far-reaching benefits,
3
particularly professional and emotional support and career affirmation for junior teachers .
4
Mentoring is recognized as a catalyst for career successes in the business community , but the
specific components of the mentoring relationship that lead to an individual’s success are difficult
to identify. Many motivated and self-directed individuals seek out their own mentors, and these
qualities may be more a factor than the mentoring itself.
Mentoring is also an important component of academic medicine. Mentors help doctors in
training to make career choices and manage the stresses of working with the sick. Many
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clinicians, researchers and practitioners, not to mention mentees, find that the relationship itself is
of great importance, irrespective of the outcome; yet without evidence for its benefit, it may be
difficult to justify spending time mentoring that could be spent on clinical, administrative, research
or teaching duties.
A review of 82 articles published between 1995 and 2002 relating to mentoring in medical
contexts identified several positive outcomes, including personal growth, networking and
increased job satisfaction. The authors noted that most mentoring is informal and confidential,
1
which limits the quality and quantity of research .
A recent systematic review of mentoring in academic medicine sought to evaluate all
available evidence about the prevalence of mentorship and its relationship to career
5
development . The researchers performed an extensive search of MEDLINE, Current Contents,
Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effects,
Cochrane Central Register of Controlled Trials, PsycINFO and Scopus databases from the
earliest available date to May 2006. They identified “all studies evaluating the effect of mentoring
on career choices and academic advancement among medical students and physicians”.
The researchers identified 39 studies and found 36 to have methodological limitations. 34
were cross-sectional surveys, with varying response rates and small sample sizes. Few studies
had control groups and even fewer measured the effect of an intervention. Only 5 studies
reported whether the mentor was allocated to or chosen by the mentee.
Limitations
notwithstanding, there were many interesting findings.
In several studies, mentees rated the importance of mentorship. 95% of an adolescent
medicine faculty described their mentor as important to them; 16% of a group of child
psychiatrists identified mentors as the single most important aspect of their training experience,
and faculty members of 24 US medical schools who had mentors had significantly higher career
satisfaction scores than those without mentors.
A study from the Stanford University Radiology Department described the evaluation of junior
faculty members before and after a voluntary mentoring program. Performance in research had
improved in 52% of participants, teaching had improved in 26% and patient care in 6%. A study
of junior faculty at the University of California San Diego before and after a structured mentoring
program showed significantly increased confidence in professional development, education and
administration, as assessed by participants themselves. Neither study had controls for
comparison.
10 studies compared aspects of mentorship between men and women. There was an
impression that women in particular considered the lack of appropriate mentorship as a major
obstacle to a successful career. It did not seem to matter whether the mentor was a male or
female. 21% of women faculty at a US medical school rated departmental mentoring as their
most important resource.
The most readily demonstrable benefit of mentoring was in research, where a mentor’s focus
is usually to help the mentee develop a project, seek funding and prepare papers for publication.
21 studies described the impact of mentoring on research development and productivity. Survey
respondents who had a mentor produced more publications, received more grants and were
more likely to complete their thesis - although in one study, 32% of women and 10% of men
reported that mentors used the mentee’s work to advance the mentor’s own career. Lack of
mentorship was identified as a specific barrier to completing scholarly projects and publication.
The researchers concluded that although mentoring is perceived as an important part of
academic medicine, the evidence to support this perception is not strong. Without control groups,
the benefit of mentoring cannot be quantified. Furthermore, there is no evidence about how to
allocate a mentor, how often to meet, what subjects to address and how intensely to address
them.
Nevertheless, they observed that mentoring does have an effect on personal development,
career choice and research productivity, and suggested that mentoring programs should focus on
these areas.
DOES MENTORING HELP THE MENTOR?
We do not know how Mentor felt, but it is quite possible that he was honoured by the trust of
Ulysses and enjoyed his close association with Telemachus. Modern day mentors often
experience these emotions.
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A review of mentoring in education found that rewards associated with mentoring typically
come from professional and personal development, particularly as mentors reflect on their own
3
beliefs and practices . Negative aspects included personality clashes with the mentee, extra
responsibility that was not recognized by others, and the potential for tension if career
advancement was sought by many mentees, but was available to few.
Charles Healy, a prominent educational researcher, defines mentoring as “a dynamic,
reciprocal relationship in a work environment between an advanced career incumbent (mentor)
6
and a beginner (protégé), aimed at promoting the career development of both” . Healy’s
emphasis is not only on the protégé, whose goal is to move from understudy to colleague, but
also on the benefits for the mentor. He argues that the potential for development of the mentor is
an integral part of the mentoring relationship, rather than a fortunate by-product. His definition is
influenced by the work of Erik Erikson, the German psychologist known for coining the phrase
“identity crisis”. Healy argues that the mentor has an opportunity to transcend what Erikson
described as the “stagnating self-preoccupation of mid-life…by exercising an instinctual drive to
6
create and care for new life” . A mentoring relationship with a junior colleague may make the
mentor feel more relevant, and the energy and enthusiasm of the mentee may encourage the
mentor to undertake new projects or reconsider established habits and opinions.
Healy contends that “career development in professional and managerial fields occurs as
workers successfully redefine their roles, assuming capabilities such as specialist, troubleshooter,
6
consultant, leader and mentor” . A mentoring interview presents an opportunity to develop our
communication skills and try new techniques, in the same way as we might read about and then
try a new regional block. A long term mentoring relationship helps us to become more aware of
7
our own values and motivations, which in turn enhances our leadership capabilities .
FIVE ISSUES TO CONSIDER BEFORE STARTING A MENTORING SYSTEM
1. Decide who should be the mentor and who should be offered mentoring.
In a small department, there may not be enough people outside the departmental hierarchy to
act as mentors. A mentoring relationship takes time to develop; in large departments with
many trainees on relatively short rotations, resources may be better spent in other ways,
such as supervision and teaching. At RCH, the mentoring program focuses on overseas and
provisional fellows, who commonly visit the department for a year, rather than registrars who
rotate for four months.
Consultants who know the public hospital system but are not part of the departmental
hierarchy, such as those who do public sessions but work predominantly in private practice,
may be the best placed of all to be mentors. They might meet a junior trainee in a public
hospital, who then does an occasional session with them in private throughout their training.
Such models are under consideration by the Australian Society of Anaesthetists.
2. Determine if the program is to be voluntary or obligatory.
If the participants are not obliged to participate, then one would hope that a sense of
hierarchy between mentor and mentee is minimised. Nevertheless, there is always a danger
that those who choose not to participate might be those who would benefit the most. At
RCH, provisional and overseas fellows are encouraged, but not obliged, to participate.
3. Decide whether mentors will be chosen by the mentee or allocated by a supervisor.
It is reasonable to suppose that mentees will choose mentors with whom they are likely to
develop rapport. If they have a particular interest, especially research, it may be appropriate
either to allocate a mentor or let them know of consultants who have similar skills and
interests. At RCH, participants are given a list of consultants who have volunteered to be
mentors, and asked to approach someone from the list.
4. Ensure that every mentee has a structured interview with their mentor, not just those who are
perceived to be having problems.
Intend that the interview not be seen as an assessment, but rather as non-threatening and
hopefully enjoyable discussion to ensure that the mentee’s job is progressing well. The
interview does present an opportunity to address perceived problems, but interviewing
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everybody avoids awkward “come into my office” interactions and the defensive mood that
commonly follows. At RCH, mentors and mentees meet informally at the start of the rotation
to get to know each other and clarify the mentee’s goals from the rotation; the structured
interview is held mid-term, so that there is enough time to act on issues that arise.
5. Discuss confidentiality.
Emphasize that the mentor is interested in the mentee’s personal and professional
development as well as simply their performance in their current job, but also that the mentee
is under no obligation to discuss personal issues. At RCH, everything discussed between
mentor and mentee remains confidential except where legislation dictates otherwise, such as
instances of sexual harassment or workplace bullying. This is explained as part of the fellow’s
orientation to the department.
WHAT SKILLS DO I NEED TO START MENTORING?
The only important skill of a mentor is to be able to communicate clearly with the mentee.
Professional colleges and medical defence organisations recognise the clinical and medico-legal
advantages of clear communication, and often present courses where communication skills are
taught. A mentoring interview is an ideal opportunity to practise these skills.
The influential American psychologist Carl Rogers was a founder of the humanistic approach
to psychology, where the counsellor strives to understand the world from the client’s perspective.
In his lecture “Experiences in communication”, he describes the importance of “a sensitive ability
8
to hear, and the deep satisfaction of being heard” . He relates instances from school where a
child would ask the teacher a question and the teacher would give a perfectly good answer - to a
completely different question. “My reaction was: ‘But you didn’t hear him!’ I felt a sort of childish
despair at the lack of communication that was – and is – so common.”
Rogers focuses on three areas that are relevant to mentors:
1. Listen!
Effective listening can be practiced and learned. Rogers explains the value of listening
without judging, diagnosing, appraising or evaluating. As listeners, we can let the speaker know
that we have heard them by seeking clarification where necessary, then summarizing and
confirming that our summary is accurate. As we listen, we might make statements that
demonstrate empathy, which Rogers defines as “sensing a client’s inner world and
communicating that sensing”.
It is not necessary for the mentor to be ready with a clever response, and if we catch
ourselves formulating and rehearsing such a response, we might realise that we have stopped
listening from that point onwards. It is often enough simply to hear someone and let them know
that they have been heard.
2. Be real.
There is no need for mentors to hide behind a façade of wisdom and pretend to know the
answer to every problem that might arise. We can usually recognise when someone is trying to
impress us and say the right thing. By not trying to impress the mentee, we may engender the
same authenticity in the mentee, and thus improve the directness and honesty of the
communication. Rogers describes this process as achieving “congruence”.
3. Appreciate, not manipulate!
Rogers reminds himself to appreciate people in the same non-judgemental way that he might
appreciate a sunset, a process he describes as “unconditional positive regard”. “I don’t find
myself saying ‘Soften the orange a little on the right hand corner, and put a bit more purple along
the base…I watch with awe as it unfolds.” He describes a sense of relief in spending less time
8
trying to control or change others .
We can start to learn this process by giving positive feedback. For feedback to be genuine,
we need to observe the mentee and notice something that really does impress us, rather than
make something up.
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OFFERING CONSTRUCTIVE CRITICISM
Many of us set high standards for ourselves. We may feel little elation when we achieve our
standards, but great dismay if we fail to meet them, even if only marginally. We may barely hear
praise that comes our way, automatically responding in an understated Australian way that “it was
nothing”, but we may be very sensitive to criticism, especially if it comes from a colleague.
In a mentoring interview, a mentee may be quite taken aback by one criticism, and one, two
or even ten accompanying items of praise may barely be heard in comparison. The timehonoured technique of sandwiching a negative between two positives thus often does not work –
the mentor may never get to the second positive!
A mentor who is about to deliver negative feedback might be wise to first consider if it really
needs to be said. Was the issue the result of a personality clash that may not occur again? Is it
a subjective impression backed up by hearsay, rather than a discrete event that can be described
objectively? If in doubt, it might be wise to say nothing or discuss it with a wise colleague before
proceeding.
7
If a point needs to be made – and repeated subjective observations can have validity – then
it might be possible to bring up the issue as a point for discussion rather than as what might be
interpreted as an accusation. This is where the Bolton Box is potentially of great use.
STRUCTURING AN INTERVIEW USING “THE BOLTON BOX”
The Bolton Box was conceptualised by Dr. Chris Bolton, as has been developed and put into
practice by the author over the past five years. It consists of a 3x3 table that is filled in by the
mentee during the mid-term interview with the mentor (Appendix 1).
Column I lists aspects of the mentee’s professional and personal life, grouped as
“Skills/Attributes”, “Your Job” and “Life Away From Work”. Each heading has a series of
subheadings, which act as prompts for discussion. Column II represents the situation at present,
and column III represents a time perhaps five years ahead.
The first part of the interview addresses column II. The mentee is invited to list his or her
skills and attributes in section IIa. The broad range of prompts sometimes draws attention away
from any one apparent deficit that the mentee may be focusing on. The simple task of
documenting and acknowledging positive attributes can be helpful.
In section IIb, the mentee describes important parts of his or her job. This might highlight
good things the mentee is doing that are not often acknowledged. It also creates an opportunity
to compare the mentee’s job with his or her skills. A perception that one’s skills are not sufficient
to manage one’s job is a powerful source of stress. If the perception is incorrect, the mentee may
require reassurance. If the mentee’s skills really are inadequate for the current role, then extra
training or a change of workload might be discussed.
If the mentee’s skills are at a higher level than his or her current role demands, the mentee
may be frustrated. Many RCH fellows have completed their training, but are still sharing a roster
and a pay scale with registrars. The ensuing conversation might focus on ways to manage the
situation, such as teaching junior trainees, performing more complex work – or even resigning
and finding a post as a consultant! The mentor’s job is to support the mentee, not run the
department.
Section IIc invites comment about the mentee’s home life. The mentor might begin by asking
if the mentee has enough time and energy to pursue other interests, given the demands of their
current role. The mentee is not obliged to talk about his or her home life, but by this stage the
rapport between the two may be such that the mentee is only too eager to reveal something that
is a source of concern. Registrars preparing for examinations often reveal the enormous stress
they are experiencing, in a way that might look like failure to cope if revealed in another context.
Provisional fellows have often put their personal life on hold while they establish their career, and
clarifying the issues that are being experienced can be very helpful. Once more, listening and
summarising what has been said may be all that is required.
The mentor might then lead the conversation to contemplation of a readily imagined time in
the future. If the mentee wants a certain job, then a description is written in section IIIb. If certain
skills or attributes seem necessary to get that job, then these are discussed and listed in section
IIIa; these might then serve as a focus for study or experience in the next few years. If the
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mentee is planning to take time off to have children, but then return part time to a certain type of
work, then these issues are put in the appropriate sections, and the type of experience to obtain
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The Mentor Case: A Proposed Model for Mentoring in
Anaesthesia Departments.
PETER HOWE, MB, BS, FANZCA
Consultant Anaesthetist, Royal Children’s Hospital, Melbourne
Peter Howe has been a consultant anaesthetist at the Royal Children’s Hospital since
2000, and the Supervisor of Training since 2001. He has a particular interest in
personality styles and their impact on communication, teaching and professional
development.

INTRODUCTION
The practice of anaesthesia is a mixture of art and science. While our College deals
admirably with scientific training, most of us learn the art of anaesthesia by modelling ourselves
on senior colleagues whose work, manner and demeanor we admire.
In addition, lucky ones among us can think of a certain senior colleague who became a mentor.
That person took us under their wing, provided timely advice and helped us address the complex
choices that arise at the end of training and in the early years of consultant practice.
The concept of mentoring comes from the Greek myth of Odysseus and his son Telemachus.
When Odysseus left to fight the Trojan War, he asked his friend Mentor to guide Telemachus
from youth to manhood. From this beginning, mentoring has come to embody a relationship
where an older or more senior person acts as advisor, teacher, coach and/or protector to a junior
colleague.
Most anaesthetic consultants form helping relationships with trainees and junior colleagues
from time to time. We might see an obvious area for improvement, but don’t feel that we have
either the skills or the colleague’s permission to get more involved, deepen the relationship and
provide detailed, challenging and at times negative feedback. An opportunity is thus lost – not
only to help our junior colleague, but also to extend ourselves and increase our feeling of
relevance to those starting their careers.
This article will define mentoring and examine evidence that it is of benefit. It will propose a
structure for organising a mentoring program within an anaesthetic department and suggest
strategies that mentors might employ. It will emphasise that the only essential attribute of a
mentor is a willingness to listen, be genuine and appreciate the mentee for who they are. Finally,
it will introduce a new tool for use by mentors, “The Bolton Box”, which is used by the author at
the Royal Children’s Hospital in Melbourne (“RCH”).
If we are interested in the wellbeing of our junior colleagues, and are prepared to take our
worth as a wise and trustworthy advisor seriously, then with a relatively small amount of effort we
can set up a modest program and become mentors in a short space of time. The most surprising
and pleasing outcome may be that we derive benefit as well.
DEFINING THE ROLES OF PEOPLE WHO HELP US
In 1998, the U.K. Standing Committee on Postgraduate Medical and Dental Education
defined mentoring as a “process whereby an experienced, highly regarded, empathic person (the
mentor) guides another individual (the mentee) in the development and examination of their own
ideas, learning and personal and professional development. The mentor, who often, but not
necessarily, works in the same organization or field as the mentee, achieves this by listening and
1
talking in confidence to the mentee” .
People who help us may at different times act as teacher, role model, supervisor, mentor or
counsellor. Clinical teachers teach us material relevant to our work. Their style, method and
depth of teaching may be varied to suit the trainee’s level of competence, but the content taught
to one trainee is usually the same as would be taught to another. Role models teach us to be like
them, whether or not they are conscious of their influence. Mentors teach us to identify issues
that are important to us, whether or not those issues are important to the mentor. The mentor
helps us become the person we want to be, whether or not that happens to be like the mentor.
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Table 1: People who teach
Clinical teachers
•
teach us about their field
of expertise
•
content usually similar
for all students

Role models
•
teach us to be like them
•
may be unaware that
they are teaching

Mentors
•
teach us to reach our
potential
•
content specific to each
mentee

Many people are available to trainees with issues to discuss. A supervisor of training is
responsible for a trainee’s wellbeing, but is also responsible to his or her department, college,
profession and the community at large. Trainees may feel that revealing a problem to a
supervisor will decrease their future employment prospects. If a trainee wants time off to address
a problem, a supervisor has a potential conflict between helping the trainee and staffing issues
within the department. If a trainee seeks advice for career advancement, it may be unfair for an
authority figure to help one trainee more than another. Ideally, mentors are outside the mentee’s
professional hierarchy, so that such problems can be discussed without generating conflicts of
interest.
A counsellor counsels. The British Association of Counsellors defines counselling as a
professional relationship where the counsellor helps the client “explore, discover and clarify ways
2
of living in a more satisfying and resourceful manner” . This is very similar to the definition of
mentoring, and supervisors and mentors often use counselling skills such as active and impartial
listening, problem solving and crisis support.
It is thus difficult to know where the use of counselling skills ends and acting as a counsellor
starts. One difference is the nature of the contract between the parties. A supervisor usually
instigates a mentoring program; the focus is usually on professional development, and a mentor
and a mentee are wise to have some sort of agreement allowing the mentor to broach subjects
beyond academic and clinical material. Formal counselling usually focuses on personal
development, and is usually more disciplined and confidential than a friendship or mentoring
relationship. The client, who is often distressed, confused and potentially vulnerable, usually
initiates the relationship.
In establishing a mentoring program, we are not starting a counselling service. If issues arise
that are beyond the skills of the mentor, then an appropriate referral should be made, as it would
be for any other health condition. Both parties may be damaged if the counselling process moves
2
into areas beyond the training or competence of the helper .

Table 2: People who help solve problems
Supervisor of training
•
responsible for trainee’s
well-being
•
focus on work issues
•
potential conflict of
interest

Mentor
•
helps mentee reach
potential
•
focus on professional
issues
•
little conflict of interest

Counsellor
•
helps client reach
potential
•
focus on personal issues
•
client may be vulnerable
•
no conflict of interest

IS THERE EVIDENCE THAT MENTORING HELPS THE MENTEE?
In the field of education, mentoring has been shown to offer numerous, far-reaching benefits,
3
particularly professional and emotional support and career affirmation for junior teachers .
4
Mentoring is recognized as a catalyst for career successes in the business community , but the
specific components of the mentoring relationship that lead to an individual’s success are difficult
to identify. Many motivated and self-directed individuals seek out their own mentors, and these
qualities may be more a factor than the mentoring itself.
Mentoring is also an important component of academic medicine. Mentors help doctors in
training to make career choices and manage the stresses of working with the sick. Many
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clinicians, researchers and practitioners, not to mention mentees, find that the relationship itself is
of great importance, irrespective of the outcome; yet without evidence for its benefit, it may be
difficult to justify spending time mentoring that could be spent on clinical, administrative, research
or teaching duties.
A review of 82 articles published between 1995 and 2002 relating to mentoring in medical
contexts identified several positive outcomes, including personal growth, networking and
increased job satisfaction. The authors noted that most mentoring is informal and confidential,
1
which limits the quality and quantity of research .
A recent systematic review of mentoring in academic medicine sought to evaluate all
available evidence about the prevalence of mentorship and its relationship to career
5
development . The researchers performed an extensive search of MEDLINE, Current Contents,
Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effects,
Cochrane Central Register of Controlled Trials, PsycINFO and Scopus databases from the
earliest available date to May 2006. They identified “all studies evaluating the effect of mentoring
on career choices and academic advancement among medical students and physicians”.
The researchers identified 39 studies and found 36 to have methodological limitations. 34
were cross-sectional surveys, with varying response rates and small sample sizes. Few studies
had control groups and even fewer measured the effect of an intervention. Only 5 studies
reported whether the mentor was allocated to or chosen by the mentee.
Limitations
notwithstanding, there were many interesting findings.
In several studies, mentees rated the importance of mentorship. 95% of an adolescent
medicine faculty described their mentor as important to them; 16% of a group of child
psychiatrists identified mentors as the single most important aspect of their training experience,
and faculty members of 24 US medical schools who had mentors had significantly higher career
satisfaction scores than those without mentors.
A study from the Stanford University Radiology Department described the evaluation of junior
faculty members before and after a voluntary mentoring program. Performance in research had
improved in 52% of participants, teaching had improved in 26% and patient care in 6%. A study
of junior faculty at the University of California San Diego before and after a structured mentoring
program showed significantly increased confidence in professional development, education and
administration, as assessed by participants themselves. Neither study had controls for
comparison.
10 studies compared aspects of mentorship between men and women. There was an
impression that women in particular considered the lack of appropriate mentorship as a major
obstacle to a successful career. It did not seem to matter whether the mentor was a male or
female. 21% of women faculty at a US medical school rated departmental mentoring as their
most important resource.
The most readily demonstrable benefit of mentoring was in research, where a mentor’s focus
is usually to help the mentee develop a project, seek funding and prepare papers for publication.
21 studies described the impact of mentoring on research development and productivity. Survey
respondents who had a mentor produced more publications, received more grants and were
more likely to complete their thesis - although in one study, 32% of women and 10% of men
reported that mentors used the mentee’s work to advance the mentor’s own career. Lack of
mentorship was identified as a specific barrier to completing scholarly projects and publication.
The researchers concluded that although mentoring is perceived as an important part of
academic medicine, the evidence to support this perception is not strong. Without control groups,
the benefit of mentoring cannot be quantified. Furthermore, there is no evidence about how to
allocate a mentor, how often to meet, what subjects to address and how intensely to address
them.
Nevertheless, they observed that mentoring does have an effect on personal development,
career choice and research productivity, and suggested that mentoring programs should focus on
these areas.
DOES MENTORING HELP THE MENTOR?
We do not know how Mentor felt, but it is quite possible that he was honoured by the trust of
Ulysses and enjoyed his close association with Telemachus. Modern day mentors often
experience these emotions.
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A review of mentoring in education found that rewards associated with mentoring typically
come from professional and personal development, particularly as mentors reflect on their own
3
beliefs and practices . Negative aspects included personality clashes with the mentee, extra
responsibility that was not recognized by others, and the potential for tension if career
advancement was sought by many mentees, but was available to few.
Charles Healy, a prominent educational researcher, defines mentoring as “a dynamic,
reciprocal relationship in a work environment between an advanced career incumbent (mentor)
6
and a beginner (protégé), aimed at promoting the career development of both” . Healy’s
emphasis is not only on the protégé, whose goal is to move from understudy to colleague, but
also on the benefits for the mentor. He argues that the potential for development of the mentor is
an integral part of the mentoring relationship, rather than a fortunate by-product. His definition is
influenced by the work of Erik Erikson, the German psychologist known for coining the phrase
“identity crisis”. Healy argues that the mentor has an opportunity to transcend what Erikson
described as the “stagnating self-preoccupation of mid-life…by exercising an instinctual drive to
6
create and care for new life” . A mentoring relationship with a junior colleague may make the
mentor feel more relevant, and the energy and enthusiasm of the mentee may encourage the
mentor to undertake new projects or reconsider established habits and opinions.
Healy contends that “career development in professional and managerial fields occurs as
workers successfully redefine their roles, assuming capabilities such as specialist, troubleshooter,
6
consultant, leader and mentor” . A mentoring interview presents an opportunity to develop our
communication skills and try new techniques, in the same way as we might read about and then
try a new regional block. A long term mentoring relationship helps us to become more aware of
7
our own values and motivations, which in turn enhances our leadership capabilities .
FIVE ISSUES TO CONSIDER BEFORE STARTING A MENTORING SYSTEM
1. Decide who should be the mentor and who should be offered mentoring.
In a small department, there may not be enough people outside the departmental hierarchy to
act as mentors. A mentoring relationship takes time to develop; in large departments with
many trainees on relatively short rotations, resources may be better spent in other ways,
such as supervision and teaching. At RCH, the mentoring program focuses on overseas and
provisional fellows, who commonly visit the department for a year, rather than registrars who
rotate for four months.
Consultants who know the public hospital system but are not part of the departmental
hierarchy, such as those who do public sessions but work predominantly in private practice,
may be the best placed of all to be mentors. They might meet a junior trainee in a public
hospital, who then does an occasional session with them in private throughout their training.
Such models are under consideration by the Australian Society of Anaesthetists.
2. Determine if the program is to be voluntary or obligatory.
If the participants are not obliged to participate, then one would hope that a sense of
hierarchy between mentor and mentee is minimised. Nevertheless, there is always a danger
that those who choose not to participate might be those who would benefit the most. At
RCH, provisional and overseas fellows are encouraged, but not obliged, to participate.
3. Decide whether mentors will be chosen by the mentee or allocated by a supervisor.
It is reasonable to suppose that mentees will choose mentors with whom they are likely to
develop rapport. If they have a particular interest, especially research, it may be appropriate
either to allocate a mentor or let them know of consultants who have similar skills and
interests. At RCH, participants are given a list of consultants who have volunteered to be
mentors, and asked to approach someone from the list.
4. Ensure that every mentee has a structured interview with their mentor, not just those who are
perceived to be having problems.
Intend that the interview not be seen as an assessment, but rather as non-threatening and
hopefully enjoyable discussion to ensure that the mentee’s job is progressing well. The
interview does present an opportunity to address perceived problems, but interviewing
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everybody avoids awkward “come into my office” interactions and the defensive mood that
commonly follows. At RCH, mentors and mentees meet informally at the start of the rotation
to get to know each other and clarify the mentee’s goals from the rotation; the structured
interview is held mid-term, so that there is enough time to act on issues that arise.
5. Discuss confidentiality.
Emphasize that the mentor is interested in the mentee’s personal and professional
development as well as simply their performance in their current job, but also that the mentee
is under no obligation to discuss personal issues. At RCH, everything discussed between
mentor and mentee remains confidential except where legislation dictates otherwise, such as
instances of sexual harassment or workplace bullying. This is explained as part of the fellow’s
orientation to the department.
WHAT SKILLS DO I NEED TO START MENTORING?
The only important skill of a mentor is to be able to communicate clearly with the mentee.
Professional colleges and medical defence organisations recognise the clinical and medico-legal
advantages of clear communication, and often present courses where communication skills are
taught. A mentoring interview is an ideal opportunity to practise these skills.
The influential American psychologist Carl Rogers was a founder of the humanistic approach
to psychology, where the counsellor strives to understand the world from the client’s perspective.
In his lecture “Experiences in communication”, he describes the importance of “a sensitive ability
8
to hear, and the deep satisfaction of being heard” . He relates instances from school where a
child would ask the teacher a question and the teacher would give a perfectly good answer - to a
completely different question. “My reaction was: ‘But you didn’t hear him!’ I felt a sort of childish
despair at the lack of communication that was – and is – so common.”
Rogers focuses on three areas that are relevant to mentors:
1. Listen!
Effective listening can be practiced and learned. Rogers explains the value of listening
without judging, diagnosing, appraising or evaluating. As listeners, we can let the speaker know
that we have heard them by seeking clarification where necessary, then summarizing and
confirming that our summary is accurate. As we listen, we might make statements that
demonstrate empathy, which Rogers defines as “sensing a client’s inner world and
communicating that sensing”.
It is not necessary for the mentor to be ready with a clever response, and if we catch
ourselves formulating and rehearsing such a response, we might realise that we have stopped
listening from that point onwards. It is often enough simply to hear someone and let them know
that they have been heard.
2. Be real.
There is no need for mentors to hide behind a façade of wisdom and pretend to know the
answer to every problem that might arise. We can usually recognise when someone is trying to
impress us and say the right thing. By not trying to impress the mentee, we may engender the
same authenticity in the mentee, and thus improve the directness and honesty of the
communication. Rogers describes this process as achieving “congruence”.
3. Appreciate, not manipulate!
Rogers reminds himself to appreciate people in the same non-judgemental way that he might
appreciate a sunset, a process he describes as “unconditional positive regard”. “I don’t find
myself saying ‘Soften the orange a little on the right hand corner, and put a bit more purple along
the base…I watch with awe as it unfolds.” He describes a sense of relief in spending less time
8
trying to control or change others .
We can start to learn this process by giving positive feedback. For feedback to be genuine,
we need to observe the mentee and notice something that really does impress us, rather than
make something up.
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OFFERING CONSTRUCTIVE CRITICISM
Many of us set high standards for ourselves. We may feel little elation when we achieve our
standards, but great dismay if we fail to meet them, even if only marginally. We may barely hear
praise that comes our way, automatically responding in an understated Australian way that “it was
nothing”, but we may be very sensitive to criticism, especially if it comes from a colleague.
In a mentoring interview, a mentee may be quite taken aback by one criticism, and one, two
or even ten accompanying items of praise may barely be heard in comparison. The timehonoured technique of sandwiching a negative between two positives thus often does not work –
the mentor may never get to the second positive!
A mentor who is about to deliver negative feedback might be wise to first consider if it really
needs to be said. Was the issue the result of a personality clash that may not occur again? Is it
a subjective impression backed up by hearsay, rather than a discrete event that can be described
objectively? If in doubt, it might be wise to say nothing or discuss it with a wise colleague before
proceeding.
7
If a point needs to be made – and repeated subjective observations can have validity – then
it might be possible to bring up the issue as a point for discussion rather than as what might be
interpreted as an accusation. This is where the Bolton Box is potentially of great use.
STRUCTURING AN INTERVIEW USING “THE BOLTON BOX”
The Bolton Box was conceptualised by Dr. Chris Bolton, as has been developed and put into
practice by the author over the past five years. It consists of a 3x3 table that is filled in by the
mentee during the mid-term interview with the mentor (Appendix 1).
Column I lists aspects of the mentee’s professional and personal life, grouped as
“Skills/Attributes”, “Your Job” and “Life Away From Work”. Each heading has a series of
subheadings, which act as prompts for discussion. Column II represents the situation at present,
and column III represents a time perhaps five years ahead.
The first part of the interview addresses column II. The mentee is invited to list his or her
skills and attributes in section IIa. The broad range of prompts sometimes draws attention away
from any one apparent deficit that the mentee may be focusing on. The simple task of
documenting and acknowledging positive attributes can be helpful.
In section IIb, the mentee describes important parts of his or her job. This might highlight
good things the mentee is doing that are not often acknowledged. It also creates an opportunity
to compare the mentee’s job with his or her skills. A perception that one’s skills are not sufficient
to manage one’s job is a powerful source of stress. If the perception is incorrect, the mentee may
require reassurance. If the mentee’s skills really are inadequate for the current role, then extra
training or a change of workload might be discussed.
If the mentee’s skills are at a higher level than his or her current role demands, the mentee
may be frustrated. Many RCH fellows have completed their training, but are still sharing a roster
and a pay scale with registrars. The ensuing conversation might focus on ways to manage the
situation, such as teaching junior trainees, performing more complex work – or even resigning
and finding a post as a consultant! The mentor’s job is to support the mentee, not run the
department.
Section IIc invites comment about the mentee’s home life. The mentor might begin by asking
if the mentee has enough time and energy to pursue other interests, given the demands of their
current role. The mentee is not obliged to talk about his or her home life, but by this stage the
rapport between the two may be such that the mentee is only too eager to reveal something that
is a source of concern. Registrars preparing for examinations often reveal the enormous stress
they are experiencing, in a way that might look like failure to cope if revealed in another context.
Provisional fellows have often put their personal life on hold while they establish their career, and
clarifying the issues that are being experienced can be very helpful. Once more, listening and
summarising what has been said may be all that is required.
The mentor might then lead the conversation to contemplation of a readily imagined time in
the future. If the mentee wants a certain job, then a description is written in section IIIb. If certain
skills or attributes seem necessary to get that job, then these are discussed and listed in section
IIIa; these might then serve as a focus for study or experience in the next few years. If the
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teach mentors to communicate more effectively. Although there is little evidence of a quantifiable
outcome
from mentoring, it is possible that the process is just as important as the result.
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INTRODUCTION
Consent, either for a medical procedure or financial, is now an integral part of the preanaesthetic consultation. Tacit consent is no longer considered acceptable; there is a consensus
that patients should be informed about the procedures they are to be subjected to. Despite
acceptance of the consent process, it does not fit comfortably into our clinical practice.
Anaesthetists are often left short of time to adequately gain consent from patients and we lack a
formal consent process like the one used by our surgical colleagues.
Even surgical consent is far from perfect - often the focus seems to be getting a signature on
a piece of paper rather than the process of gaining consent. It is certainly the signature on the
piece of paper that gains all the attention once the patient arrives in the operating theatre.
Consent from patients is seen primarily as a legal tool to protect against litigation. Because
of this, lawyers and medical indemnity companies have driven much of the discussion of the
consent process. Anaesthetists must take a role in determining how and more importantly why
we are gaining consent from our patients. Lawyers and insurance companies need not dictate
this to us.
A philosophical basis for consent can be derived from bioethics. Ethics is a branch of
philosophy that systematically evaluates concepts of right and wrong. The consent process is
strongly linked to the ethical principle of respect for autonomy. In order to respect the autonomy
of our patients we need to communicate with them, understand them, allay their fears and answer
their questions. The consent process also gives anaesthetists a chance to promote the skills,
training and roles of our profession.
THE BIOETHICAL FOUNDATIONS OF CONSENT
The process of consent is about decision-making and authorisation. From the time of the
Hippocratic oath until the mid-twentieth century the paradigm underlying medical decision-making
was paternalism. Paternalistic decisions are made by an authority figure in the best interests of a
second person. In health care, paternalistic decisions are made by medical professionals who
rely on their medical knowledge and experience to make decisions on behalf of patients, who
1
have little or no say in the decision-making process .
In the mid-twentieth century, driven by an explosion of medical options and patient
education, a paradigm shift occurred, paternalistic decision-making was replaced with decision2
making processes that respected patient autonomy .
WHAT WAS WRONG WITH PATERNALISM?
One day Chuang-tzu and a friend were walking along a riverbank.
“How delightfully the fishes are enjoying themselves in the water!” Chuang-tzu exclaimed.
“You are not a fish,” his friend said. “How do you know the fishes are enjoying themselves?”
“You are not me,” Chuang-tzu replied. “How do you know that I do not know that the fishes
are enjoying themselves?”
Taoist Mondo

3

Paternalistic decision making models fail to account for patient factors. The belief systems
and past experiences of a patient are not available to medical professionals to incorporate into
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medical choice. A paternalistic decision results in a choice that is not, what is best for the patient,
but what you “think” is best for the patient. This is particularly the case in anaesthesia where we
may only have limited contact with our patients before we decide on and undertake interventions.
Further, when we make a decision on behalf of a patient we stop the patient from taking
responsibility for the decision or for the consequences of that decision. This in turn disempowers
4
the patient and emphasises the “sick-role”.
Provision of information to patients should be empowering, it should allows the patient to
“normalise” their situation. For example if a patient is told there is a risk of post-operative nausea
and vomiting, they will understand this is a normal, often treatable consequence of their
anaesthetic. If a patient is told they will not be able to move their legs after a spinal, they will not
worry that this temporary paralysis is a complication.
A ROLE FOR PATERNALISTIC DECISION MAKING
There are a group of patients who are unable to express autonomy. These patients range
from neonates, to elderly patients with dementia, to unconscious adults, to the mentally
handicapped. These patients can be split into two groups, patients who have never been
competent to make decisions and those who have lost their competence either temporarily or
permanently.
The patients who have lost their decision making ability temporarily should have decisions
made for them by people who are able to imagine what they would have wanted in the given
situation. This is known as substituted judgement. It has obvious flaws, however it is a system
that attempts to approximate autonomous decision-making in the face of adversity.
In patients who have never been competent to make autonomous decisions, medical
practitioners cannot use respect for autonomy as a bioethical principle on which to base the
consent process. Decisions are by definition paternalistic. This process of medical decision
making for the “never competent patient” is known as justified paternalism.
WHAT IS “RESPECT FOR AUTONOMY”?
In competent adults paternalistic decisions fail to incorporate patient factors, they reinforce a
subordinate role for the patient and may leave the patient poorly informed about the medical
procedure they are about to undergo. Paternalistic decisions threaten a patient’s capacity for
rational choice, a capacity, which Emmanuel Kant described as, “a corner-stone of morality”.
“Autonomy”, is derived from Ancient Greek and literally means self-rule. In antiquity it was a
term applied to societies. The philosopher Kant applied the term autonomy to people. In
particular in suggested that you must respect a persons right to make free choices. This is
because he believed that all people have, “unconditional worth”, and, “the capacity to determine
their own moral destiny”. By stopping another person making a free choice, you are treating them
5
as a “means to an end”, rather than a “moral end themselves”.
6
In more contemporary bioethics, Beauchamp and Childress have described, respect for
autonomy, as one of four prima facie bioethical principles. These four bioethical principles are
applied to bioethical decisions, to provide a structured framework for analysis.
The four ethical principles Beauchamp and Childress describe, Justice, Non-maleficence,
Beneficence and Respect for Autonomy, are non-hierarchical and as a result they come into
conflict, with no clear method of determining which is the more important. As a result the
principles based ethical approach does not provide clear answers to ethical problems but it
provides a framework for ethical analysis. Despite the non-hierarchical nature of the four
principles, respect for autonomy has received a significant amount of attention and has been
7
described by one author as, “a first amongst equals”. The practical facet of respect for autonomy
is the use of consent as a tool.
THE PROCESS OF CONSENT
There is more to consent than a hastily gathered signature on a hospital form. It has been
8
described in the ethical literature as “the modern ritual of trust” . Gaining consent from a patient
is a process. The first action a doctor must perform in gaining consent for a procedure is to
assess the competence of the patient. Competence is a quality that describes the ability to
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perform a task, in this case, to make a decision. To decide if a patient is competent a medical
professional must understand the decision making process.

Figure 1. The Consent Process; Within the dotted lines are the mental tasks the patients must
undertake in making a medical decision. This acts as a framework for a medical practitioner to
assess competence. Outside the dotted line are the medical practitioner’s tasks in the consent
9
process. Adapted loosely from text in .
THE “TASK” OF DECISION MAKING
Medical decisions are based on information provided by medical professionals, patient’s
belief systems, patient’s prior experience and increasingly on research patients have performed
prior to consultation. The patient must be able to receive information from medical professionals;
this very basic step may be impeded by a language barrier or physical handicap. The patient
must understand the information that is provided to them. A lack of comprehension may be due
to medical jargon or poor communication skills on the part of the medical professional or impaired
mental faculties on behalf of the patient; delirium or dementia for example. Once the patient has
received and comprehended the information they must be able to integrate it with their belief
systems and personal experience. This culminates in a reasoned choice that needs to be
communicated as an authorisation or refusal. Once a choice is made a patient needs to persist
with that choice for consent to remain valid.
ASSESSING COMPETENCE
There is no universal test of competence. Competence must be assessed for each patient
for each decision making task. The description of “the task of decision making” gives a
framework upon which to make this assessment. In addition to assessing the patient’s ability the
surrounding environment also plays a role in assessing competence, is a patient being coerced or
controlled? Medical professionals should know that the patient is making their own decision.
THE MEDICAL PROFESSIONAL’S “TASKS”
Once the medical professional has assessed the patient’s competence to make a specific
medical decision they must provide the amount of information a patient requires in a fashion that
facilitates comprehension. The medical practitioner must then respect the patient’s reasoned
choice and allow them to withdraw their consent wherever this is practical.
PROVIDING INFORMATION
Disclosure of information seems to provide the most legal and ethical discussion in the
10
consent process . In summary the patient should be provided with the information they need to
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make a decision. This goes to the very heart of the ethical argument and is handled elsewhere in
this article. The term “informed consent” is being replaced by the term informed choice by some
11
authors . This reinforces the fact the patient is not actually being asked to accept a procedure,
but is being offered a range of options from which to choose. For example when talking to a
patient before a laparotomy an anaesthetist is not asking a patient to consent to an epidural, but
to choose between an epidural and patient controlled analgesia for example. The key to
adequate disclosure is two-way communication.
Passage of information from medical
professional to patient only, fails to allow for an assessment of what information the patient
actually needs. Some patients require fine details, some require no information at all.
RESPECTING CHOICES
In law patients have the choice to refuse any treatment with the exception of palliative care.
Part of the process of informed choice is that the medical professional will respect the patient’s
reasoned choice and their right in law to refuse treatments. This holds even when the choice
made by the patient is clinically dubious in the eyes of the treating team. The patient retains the
right to withdraw their consent to a procedure at any practical time and the treating team must
respect these choices in the same way as the initial consent decision, as long as the patient
retains their competence.
CONSENT AND CONFLICTS IN PRINCIPLES BASED ETHICS
When looking at the consent process using principles based ethics conflicts can be found.
The process of consent is based firmly in respecting autonomous choice. However do patients
have a right to decide how much information they receive? Do they have a right to make choices
that are, “self-centred, pig-headed, impulsive, random, ignorant, out of control and regrettable or
12
unacceptable” . Contemporary philosopher Dame Onora O’Neill turns the concept of respecting
choices on its head. She claims that autonomous choices must be worthy of respect! She
states, “by insisting on the importance of informed consent we make it possible for individuals to
12
choose autonomously… But we in no way guarantee that they do so” .
Patients are vulnerable members of society, they are asked to make critical decisions at the
most difficult times of their lives. They may be depressed, in pain or simply un-well. Despite
what may be an outward appearance of competence they are literally not themselves, as a result
decisions they make may not be reasoned and clear.
The critics of respect for autonomy claim that it is a goal that cannot be reached and that we
fail in our attempts to gain consent in such a way that patients can make truly autonomous
choices. The critics are probably correct. It is almost impossible to ensure that patients can
make choices that are completely autonomous. This does not mean that respecting patients
autonomy should be discarded as a principle on which to base patient interaction. It only means
that medical professionals must be aware of the limitations of this approach when applying it to
patients or using it to justify ethical decisions.
CONSENT AND BENEFICENCE
Beneficence is a bioethical principle that suggests we do good. Paternalistic decisions are
based in beneficence. That is, medical professionals making decisions on behalf of patients, in
the patient’s best interests. The downfalls of this approach have already been discussed.
CONSENT AND NON-MALEFICENCE
The principle of non-maleficence is based in the Latin phrase; “Primum non-nocere”, above
all, do no harm. The conflict between respect for autonomy and non-maleficence is more subtle;
some anaesthetists argue that providing patients with information about the risks of anaesthetic
techniques places undue stress on patients at a time when they are at their most vulnerable.
Whilst this holds some truth, there is a paternalistic twist. Patients have a right to be informed
and it is the anaesthetists job to inform patients of the risks of procedures in a balanced fashion,
giving them information they need to make a choice and discussing their concerns. The
disclosure of risks to patients is often compounded by poor timing of discussions, i.e. immediately
prior to a procedure, and inadequate time for discussion.
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CONSENT AND JUSTICE
If you spend an hour with a patient, explaining the intricacies of a decision, that is an hour
that is lost to the care of other patients. This creates an issue of justice. Clearly time is a
precious commodity. In a profession such as anaesthesia where time can be pressured and
there is not a specific allocated point in the doctor patient interaction for the consent process to
take place, long discussions are difficult, and respecting autonomy can be practically impossible.
If anaesthetists want to take the consent process seriously, time must be allocated in the patient’s
clinical pathway for discussion of anaesthesia and the techniques we apply to benefit the patient
during their hospital stay.
WHY DO ANAESTHETISTS GET CONSENT?
As anaesthetists the consent process can serve more than one purpose, we need to
undertake it to protect ourselves legally, but it can also be argued that the primary role of consent
should be communication with and education of our patients.
WHAT ARE WE TRYING TO DO?
It is important to define exactly what you are trying to do with the consent process. Are you
asking the patient to consent to a given procedure or are you giving them a choice between
several options.
If a patient needs a general anaesthetic there seems to be little benefit to the patient to
choosing between sevoflurane and desflurane as the risks and outcome differences are
insignificant. In this case you would gain consent for a general anaesthetic. However if a patient
was being offered regional anaesthesia for a procedure that could be performed equally well
under a general anaesthetic, the patient should be offered a choice. This is because each
technique has a distinct set of risks and benefits. Only the patient is in a position to combine this
information with their previous experience and beliefs to come up with a decision. In some cases
the anaesthetist will have a strong preference about why the patient should have one type of
anaesthetic or another. In this case a recommendation should be given but with a description
about how the proposed anaesthetic technique will benefit the patient.
HOW CAN WE BENEFIT THE PATIENT?
Educating the patient and informing them about the procedures in the operating theatre
normalises the peri-operative experience for the patient as previously discussed. Open
discussion of the anaesthetic process may unearth concerns that patients have that they may not
otherwise have been comfortable disclosing, awareness, for example. Discussion of these
concerns may decrease the patient’s anxiety levels. Primarily open communication during the
consent process leads to patients gaining the information they want, from their anaesthetist. This
in turn builds trust.
HOW CAN ANAESTHETISTS BENEFIT?
Building a trusting relationship with patients is protective. If a patient feels comfortable with
and trusts their doctor they are less likely to respond adversely in the case of a poor outcome.
This is the basis for the courses made available to anaesthetists by medical defence companies
promoting better doctor-patient interaction.
Almost as important is the opportunity for anaesthetists to promote their profession. Public
understanding of the role of the anaesthetist seems to be poor. It is not uncommon to hear that
we just put the drip in and send the bill. Explaining the anaesthetic process and the
anaesthetist’s role in post-operative pain management has a positive impact on the publics
understanding of our profession.
CONCLUSION
Anaesthetists should drive the formalisation of the consent process for anaesthesia,
because, anaesthetists understand the limitations imposed by the hospital system and the needs
of their patients. It would be foolish to ignore the legal component of the consent process
entirely, however biomedical ethics provides a framework to analyse the consent process and
ensure that we are doing what is right. Most importantly we should look on the consent process
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as a time to communicate with our patients, strengthening the anaesthetist-patient relationship
and promoting our profession.
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INTRODUCTION
Getting a paper published is immensely rewarding on many levels. Most importantly, it
provides clinicians with the opportunity to contribute to the advancement of their specialty.
However, writing up a paper for publication is time consuming and challenging. It requires
discipline, thinking outside the scope of normal daily activities, perseverance and determination.
It often involves anxiety and frustration. It has a considerable opportunity cost, because the time
involved could be spent with family and friends, or pursuing other academic or non-academic
interests. Moreover, the entire process may end in disappointment, irritation, and even self-doubt
if the paper is eventually rejected. Therefore, there is no point embarking on this process unless
there is more than a reasonable chance that the paper will be published. For this reason, the
‘proposed paper’ should meet certain criteria even before the decision to embark on the project,
or to commence ‘writing up’, is made.
Fortunately, there are extensive guidelines on ‘how to write a paper’, both from journals
themselves, and from a wide range of texts (see Further Reading below). The aim of this paper
is to highlight some of the main points, and to provide some additional hints on ‘how to get a
paper past the reviewers’. The paper is written from the perspective of a reviewer and editor. It
is aimed primarily at first time authors and those seeking some basic guidelines. Nevertheless, it
is hoped that more accomplished authors will find some of the comments useful, or will at least
agree with the majority of points made.
BASIC CRITERIA
The three basic criteria for all scientific papers are Importance, Originality, and Validity. ‘What
you have to say’ must in some way, or to some extent, have all three qualities. This is what
makes a submission ‘scientific’. If one of these is missing, there is no point continuing. No
amount of argument or embellishment will rescue the paper. In other words, ‘two out of three
ain’t bad’ but it is ‘not enough’.
Importance
For a medical journal, importance (or relevance) implies that the paper has the potential to
influence clinical practice or advance the science of medicine. Clinical practice is influenced by
improvements in safety, efficacy, efficiency, or quality. The science of medicine is advanced by
more fundamental improvements in understanding or knowledge, and the generation of new
hypotheses. In either case, novelty alone is rarely justification for publication. For example, just
because a study has not been published before, does not mean that it is automatically worth
publishing.
Importance may range from being minor or modest, through to being a landmark paper with
major implications. The ‘importance’ of a paper can be best assessed by the answer to the ‘so
what?’ question. If the authors cannot answer this question clearly and succinctly, it is unlikely
that readers will be any more successful.
Most published papers could be considered in the ‘minor importance’ category. Authors
should not be discouraged from submitting these types of papers. It is the combined weight of all
types of papers that will eventually influence clinical practice.
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Originality
Originality (or novelty) implies that the paper offers some new suggestion, approach,
interpretation, level of evidence, or warning. In general, the minimal level of novelty required is
inversely proportional to the importance of the topic. For example, patient safety, post-operative
pain, nausea and vomiting, and potential awareness, are issues of concern to most anaesthetists
on a daily basis, so even minor degrees of novelty are welcome. Similarly, potentially important
advances (eg. outcome studies) often require several comparable studies, or even repeat
studies, before they become widely accepted. In contrast, papers on rare, esoteric, or
unimportant topics require much greater novelty before publication is justified.
A few minutes performing an electronic literature search may save many hours of pointless
investigation or writing, if it is found that a topic has already received sufficient attention. On the
other hand, a literature search may identify gaps in knowledge that could form the basis for
further study.
Validity
Validity implies that the methods are appropriate and that the interpretation of results is sound.
The methods include all aspects of the study, from ethics approval and informed consent, through
to unbiased sampling, randomization and blinding (where required), applicability of controls,
adherence to protocols, accurate and relevant measurements, and appropriate statistical
analysis. The results must also be interpreted correctly, and all plausible explanations must be
considered.
Validity is essential for all forms of scientific publication, not only clinical trials. While ‘how to
ensure validity in research’ is clearly outside the scope of this paper, some basic points are
mentioned briefly in later sections. Only with appropriate methods and correct interpretation of
results are authors able to make valid conclusions. Without valid conclusions, a paper is
meaningless, no matter how highly it rates in other areas.
Given the requirement to have all three basic criteria, it is wise to obtain peer feedback before
commencing a project. This may range from informal discussion with colleagues, through to a
formal grant application procedure. For Case Reports, Audits, Surveys, and Literature Reviews,
there will be a temptation to commence with minimal or no peer review. This should be resisted.
Peer feedback not only provides comment on the value of the project, it may also provide helpful
suggestions. For clinical trials, feedback is mandatory (eg. through research advisory committees
or funding bodies).
FORMAT
The standard format of Introduction, Methods, Results, and Discussion is designed to
assist authors to present their message most clearly. This format should be used for all papers,
including Audits and Surveys, with the obvious exceptions of Case Reports and Narrative
Reviews. Case Reports require a case description rather than a methods section, while Narrative
Reviews have no formal results section. However, in all other respects, they should follow the
same format. Traditionally, and for the ease of readers, the Summary (or Abstract) is presented
at the start of the paper. The following is a short synopsis of what is expected in these sections of
a paper.
Introduction
This should be brief, and should explain in a few paragraphs WHY the study, audit, survey, or
review was undertaken, or the case presented. Extensive background information or literature
review is rarely required, and is even discouraged. The introduction should have a clearly stated
aim, which will focus the reader’s, and very often the writer’s, attention.
Methods
This should describe HOW the study was undertaken, including ethics approval, informed
consent, inclusion and exclusion criteria, sampling, randomisation, interventions, equipment used,
measurements made, data collected, and statistical analysis. There should be sufficient detail to
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allow others to repeat the study, although unnecessary detail should be avoided. The methods
section is often the easiest to write, being entirely descriptive.
One section of the methods that often receives scant attention is the statistical analysis. This
may be because some authors consider the statistics to be a formality and of little importance.
Nothing could be further from the truth. In medicine we are constantly dealing with probabilities.
In order to correctly interpret our data we have to exclude chance observations. Reviewers and
readers need to be assured that this has been done correctly. Therefore, the statistical analyses
should be described in detail. It should be clear which test was used for each comparison.
Stating ‘as appropriate’ is not sufficient, because the reader should be entitled to judge whether
the tests are appropriate. In general, the simpler the test, and the fewer the number of tests, the
better, so long as the hypothesis can be tested appropriately. The use of confidence intervals
rather than p values is encouraged, because they provide additional information about the
magnitude of difference between groups. Common errors include omission of power calculations
or undertaking too many comparisons. For other than the simplest studies, statistical advice
should be obtained prior to commencing the study. However, authors should ensure that they
understand the statistical tests they use.
Results
This is the most exciting aspect of the paper because it describes WHAT was found. The
results should be presented clearly and succinctly. Demographic details of patients are usually
presented first. Statistical comparisons are rarely required for demographic data, especially if
groups are randomised. The main findings should be presented in the text, with additional details
being included either in tables or figures. Actual p values should be provided; it is not sufficient to
state p<0.05 or NS (not significant). Discussion about results is inappropriate in the Results
section.
Discussion
Authors should commence the discussion by EXPLAINING WHAT they found. In other words
they should interpret the results for the reader. In many ways, this is the moment of glory for the
authors, and the opportunity for them to explain what is exciting about their findings. Moreover,
this is what readers want to know. Unfortunately, many authors start the discussion with very
general statements about the topic, repeat the introduction, or proceed straight to a literature
review. This practice is at best disappointing, and at worst, irritating, because the reader must
then search through the remainder of the discussion until they find the information they require.
After presenting their explanation of what the results mean, the next few steps should involve
justifying the methods and the explanation. The strengths of their study should be outlined and
any potential weaknesses defended. Authors should justify their interpretation of their findings
and explain why alternative interpretations are less plausible. At his stage, readers should be able
to decide whether ‘what’ the authors have stated is VALID.
The authors should then put their findings into context. If the findings support previous studies,
this should be stated, with a brief review of the literature involved. Here the ORIGINAL features of
the study can be highlighted. If the results are different to previous studies, possible reasons for
differences should be offered, which might include specific criticisms, or an outline of how the
studies differed. Suggestions for further research can be made.
Attention should then turn to the implications of the findings. These may be theoretical,
practical, or both. It is here that the authors must convince the readers of the IMPORTANCE and
relevance of their paper. This is often achieved by answering the ‘SO WHAT?’ question. The
answer may be a recommendation, an implication, a suggestion, or a warning, but there must be
an unambiguous answer. Answering the ‘so what?’ question is invariably more difficult than it
sounds. Nevertheless, the importance of the answer cannot be over emphasized.
Abstract (Summary)
Many readers who browse through journals may read only the abstract of a paper. Moreover,
it is only the abstract that is available freely in most electronic searches. Therefore, the abstract
should include all the main points. Many journals now require a structured abstract so that these
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points are in a standard format. Non-structured abstracts should include, as a minimum, what
was done, what was found, and what it means. Ideally there should be a one sentence answer to
the ‘so what’ question. For Case Reports, there should be a statement about what can be
learned from the case. Literature Reviews should summarise the main points of their review, not
merely list what ‘will be reviewed’. It is important that abstracts are no longer than 250 words,
because they are electronically truncated at this point.
TYPES OF PAPERS
Case Reports
Case Reports are considered very low in the hierarchy of evidence. Nevertheless, they may
offer a useful suggestion or warning. To warrant publication, Case Reports must have a clear
unambiguous educational message. Rarity or Novelty alone, or a description of a job well done,
are not criteria for publication. The management of the Case must be relevant to the majority of
readers. In the case description, only the details pertinent to the educational message need be
included. The discussion section should be about the case described and the lessons learned,
not on the topic in general. In particular, an extensive literature review should be avoided. If only
one aspect of the Case is of interest, a ‘Letter to the Editor’ may be more appropriate.
Audits
Audit is a very important part of the quality improvement process. However, the main benefit
of an audit is to those undertaking the audit, as well as to the departments and institutions
involved. For this reason intra-departmental audits are rarely suitable for publication. In order to
be suitable for publication, the authors of an audit must convince reviewers and editors that the
implications of their audit extend outside their institution.
Surveys
Surveys may provide useful information on attitudes and practices, which may form the basis
for future recommendations and changes. However, they are very difficult to design and to
interpret, especially if there is a low response rate. The information obtained is often subjective
and is always descriptive. Therefore, the temptation to over analyse the data should be resisted.
Like audits, in order to be accepted for publication, the findings must have implications for the
wider anaesthetic community. Surveys of ‘knowledge’ present a problem, because it is not
known with what rigour the respondents answered the questions.
Clinical Trials and Cohort Studies
Clinical Trials are a scientific experiment. The effect of an intervention is evaluated by
comparing its effect (in a test group) to a reference standard (in a control group). Confounding
influences are minimised by ensuring that the groups are similar (in both demographics and
management), and that all other variables are held constant. Bias is minimised by appropriate
sampling, randomisation, and blinding. The effects of inherent variability and chance are
addressed as much as possible by appropriate statistical analysis. Clinical Trials come under the
most intense scrutiny, because they carry the most weight. When well designed and conducted,
they bring us closest to the ‘truth’.
Cohort studies involve comparing outcomes of two groups, either prospectively or
retrospectively. The aim may be to assess the influence of a risk factor or an intervention. In
either case there is no randomisation or blinding, and without strict protocols, it is difficult to hold
all variables constant. It is often argued that Cohort Studies represent the ‘real world’, while
Clinical Trials are contrived. This may be true, but this does not make cohort studies more
scientific. Cohort studies have their strengths, but their limitations must also be accepted.
Literature Reviews
Literature reviews are very popular with readers because their aim is to provide an up to date
summary of all the relevant literature on a particular topic. However, how does the reader know
that ‘all’ the relevant literature has been reviewed? Similarly, how does the reader know that the
individual studies have been interpreted correctly? In order to answer these questions, it is
necessary for reviews to have an aim, a methods section, a results section, and a discussion.
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This will enable the reader to gauge to what extent the review is ‘systematic’ (ie. to what
extent ‘all’ the relevant studies have been included, and whether the interpretations have been
appropriate). Systematic reviews may include a meta-analysis, which involves the pooling of
results from similar studies of appropriate quality. Systematic reviews, with or without metaanalyses, are at the top of the hierarchy of evidence. They require considerable resources and
expertise.
Non-systematic or ‘narrative’ reviews are useful for diagnostic or therapeutic techniques, new
technology, basic science summaries, and management of rarer disorders. Ideally they should
still have an aim and a methods section, although the results may be in ‘narrative’ form. Narrative
reviews of clinical questions may occasionally be useful if there is little or no outcome data
available. However, they are rarely appropriate for clinical questions for which extensive outcome
data is available. Whether or not a review is systematic or narrative, it still requires critical
analysis to be suitable for publication.
Expert Opinion
Certain types of articles such as editorials, point of view articles, and review course lecture
summaries, are always classified as opinion. Whether or not they are ‘expert’ opinion is
subjective. These articles have value in the same way that book chapters have value, but they
are not subject to the more stringent requirements of scientific articles, and provide a very low
level of evidence. The same applies to articles in non-peer reviewed publications (such as the
current article).
PRESENTATION
The presentation of a paper refers not only to the format, but also to the clarity of language,
writing style, and attention to detail. Strictly, the decision on whether or not a paper is accepted
should be based solely on its scientific merit, because the editorial and production process can
theoretically attend to improving the presentation. However, this may not always be the case. For
example, if the presentation is very poor, the scientific merit may not be appreciated. In other
situations, if the scientific merit is marginal, the presentation may make the difference between
acceptance and rejection. Therefore, time spent in optimising the presentation of a paper is well
spent.
While writing styles differ, and clear succinct language often eludes even the most
accomplished authors, multiple spelling mistakes, typos and grammatical errors are inexcusable.
Reviewers and editors will go to extraordinary lengths to assist authors to improve their
presentation if they can see that an effort has been made. However, if it appears that the authors
have not taken much trouble, reviewers and editors will ask themselves why they should spend
their Saturday afternoons correcting substandard work. At this point it should be stressed that
reviewing and editing are mostly voluntary activities.
In practical terms, good writing is not only its own reward, it also increases the chance of an
article being accepted by an author’s favoured journal, and reduces the number of resubmissions
or revisions required.
COMPLIANCE WITH INSTRUCTIONS FOR AUTHORS
It is a ‘no-brainer’ to comply as closely as possible with a journal’s ‘instructions for authors’.
Note that these are instructions, not guidelines, and are not ‘optional’. If the authors do not follow
‘instructions’, reviewers may wonder how carefully other aspects of their study were undertaken.
There is also a risk that reviewers will jump to the conclusion, possibly unfairly, that the paper
was previously submitted to another journal and rejected. A reference list in another journal’s
format is often a give-away. If nothing else, compliance with a journal’s instructions is a courtesy
that will be appreciated by reviewers and editors alike.
CHOOSING A JOURNAL
Choosing an appropriate journal has a major influence on the likelihood of acceptance. For
example, subspecialty papers are more likely to be accepted by subspecialty journals, and more
general interest papers by general interest journals. Similarly, papers with relevance confined to
a certain region or country are more likely to be accepted by a journal within that region or
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published by the journals they are considering before deciding where to submit their work. It is
understandable
that authors
choose
a journal
with the
impact
or circulation.
country. In general,
authorswill
should
become
familiar
withhighest
the type
and factor
standard
of articles
However,
widespread
use of
electronic
searches
thatwhere
all papers
can be
accessed,
published the
by the
journals they
are
considering
beforemeans
deciding
to submit
their
work. It so
is
long
as they are that
published
in an
understandable
authors
willindexed
choosejournal.
a journal with the highest impact factor or circulation.
However, the widespread use of electronic searches means that all papers can be accessed, so
RESPONDING
REVIEWER’S
COMMENTS
long as they areTO
published
in an indexed
journal.
It is rare for a manuscript to be accepted without any request for revision. Once the reviewers’
comments
haveTO
been
considered, COMMENTS
it is important to address them in a polite and systematic way,
RESPONDING
REVIEWER’S
no matter
how
orbe
pedantic
they
seem.any
Appropriate
changes
in the
It is rare
for unreasonable
a manuscript to
accepted
without
request for
revision.should
Oncebe
themade
reviewers’
text,
and these
be easy to identify.
It is not
to make
changes
response to
all
comments
haveshould
been considered,
it is important
to necessary
address them
in a polite
andinsystematic
way,
comments,
particularly
if theyorare
incorrect.
However,
it is necessary
to provide
strong
reasons
no matter how
unreasonable
pedantic
they
seem. Appropriate
changes
should
be made
in theif
no
change
is made.
Either
way,toit identify.
is important
ensure
that no
is ignored.
text,
and these
should
be easy
It istonot
necessary
to comment
make changes
in response to all
comments, particularly if they are incorrect. However, it is necessary to provide strong reasons if
A
ENCOURAGEMENT
noWORD
changeOF
is made.
Either way, it is important to ensure that no comment is ignored.
Despite all the challenges, it is worth remembering that journals need papers, and that
reviewers
andENCOURAGEMENT
editors are more often looking for papers to publish than to reject!
A WORD OF
Despite all the challenges, it is worth remembering that journals need papers, and that
reviewers and editors are more often looking for papers to publish than to reject!
FURTHER READING
1. Buggy DJ, Smith G, in Zbinden AM, Thomson D, Eds, Conducting Research In Anaesthesia
and Intensive
Care Medicine. Butterworth Heinemann, Edinburgh, 2001, pp186-213.
FURTHER
READING
2.
Gibbs NM.
Case reports
or correspondence?
Intensive Care
2006; 34:11.
1. Buggy
DJ, Smith
G, in Zbinden
AM, ThomsonAnaesth
D, Eds, Conducting
Research
In Anaesthesia
rd
Ed), Cambridge
3. and
Goodman
NW,Care
Edwards
MB. Medical
Writing:
A Prescription
For Clarity
Intensive
Medicine.
Butterworth
Heinemann,
Edinburgh,
2001,(3
pp186-213.
Cambridge,
2006.
2. University
Gibbs NM.Press,
Case reports
or correspondence?
Anaesth Intensive Care 2006; 34:11.
rd
rd
Ed). BMJ
Publishing For
Group,
London,
2003.
4.
GM, Ed.
How
To Write
A Medical
Paper (3Writing:
Cambridge
3. Hall
Goodman
NW,
Edwards
MB.
A Prescription
Clarity
(3 Ed),
5. University
Jones D, Story
D,Cambridge,
Clavisi O, Jones
Press,
2006.R, Peyton P. Introductory guide to survey research in
rd
Anaesth
Intensive
Care(32006;34:245-253.
Ed). BMJ Publishing Group, London, 2003.
4. anaesthesia.
Hall GM, Ed. How
To Write
A Paper
6.
Lee
KP,
Boyd
EA,
Holroyd-leduc
JM,
Bacchetti
Bero LA. Predictors
of publication:
5. Jones D, Story D, Clavisi O, Jones R, Peyton P.P,Introductory
guide to survey
research in
characteristics
of submitted
manuscripts
associated with acceptance at major biomedical
anaesthesia. Anaesth
Intensive
Care 2006;34:245-253.
MJA 2006;184:621-626.
6. journals.
Lee KP, Boyd
EA, Holroyd-leduc JM, Bacchetti P, Bero LA. Predictors of publication:
nd
Ed). Longman,
Melbourne,
1997.biomedical
7. Lindsay
D. A Guide
To Scientific
Writing (2
characteristics
of submitted
manuscripts
associated
with acceptance
at major
8. journals.
Myles PS,MJA
Gin2006;184:621-626.
T. Statistical Methods in Anaesthesia and Intensive Care. Butterworth
Heinemann,
2004. Writing (2nd Ed). Longman, Melbourne, 1997.
7. Lindsay
D. AEdinburgh,
Guide To Scientific
9.
Peat J,PS,
Elliott
L, Keena
V. Scientific
Writing: Easy
When You
Know
How. BMJ Books,
8. Myles
GinE,T.Baur
Statistical
Methods
in Anaesthesia
and Intensive
Care.
Butterworth
London,
2003.
Heinemann,
Edinburgh, 2004.
10.
Ed.
Safety
in Anaesthesia.
1994.
9. Walker
Peat J, JS,
Elliott
E,Quality
Baur L,and
Keena
V. Scientific
Writing:BMJ
EasyPublishing
When YouGroup,
Know London,
How. BMJ
Books,
London, 2003.
10. Walker JS, Ed. Quality and Safety in Anaesthesia. BMJ Publishing Group, London, 1994.

6
6

Anaesthesia Filing System

01 PATIENT EVALUATION
01.01 Preoperative
01.01.01 Visit
01.01.02 Evaluation
01.01.03 Premedication
01.01.04 Risk Assessment
01.01.05 Consent
01.02 Postoperative
01.02.01 Visit
01.02.02 Evaluation
01.02.03 Complications

Page 1 of 63
Created 02-Apr-07

Anaesthesia Filing System

02 PHARMACOLOGY
02.01 Physico-chemistry
02.02 Pharmacokineties
02.02.01 Absorption
02.02.02 Distribution
02.02.03 Clearance
02.02.03.01 Metabolism
02.02.03.02 Excretion
02.02.03.03 Redistribution
02.03 Pharmacodynamics
02.03.01 Mechanism of Action
02.03.01.01 Receptor
02.03.01.02 Non-receptor
02.03.01.03 Modifications of Action
02.03.02 Actions
02.03.02.01 Organ Systems
02.03.02.02 Dose-Response
02.03.03 Side Effects
02.03.04 Toxicity
02.04 Drug Interactions
02.05 Pharmacogenetics
02.06 Autonomic Nervous System
02.06.01 Sympathetic Nervous System
02.06.02 Parasympathetic Nervous System
02.06.03 Cholinergic Agonists
02.06.04 Anticholinesterase Agents
02.06.05 Antimuscarinic Drugs
02.06.06 Sympathomimetic Amines
02.06.07 Alpha-adrenergic Blockers
02.06.08 Beta-adrenergic Blockers
02.06.09 Ganglionic Agonists and Antagonists
02.07 Central Nervous System (CNS)
02.07.01 Neurohumoral Transmission and the CNS
02.07.02 Hypnotics and Sedatives
02.07.03 Anticonvulsants
02.07.04 Antiparkinsonian Drugs
02.07.05 CNS Stimulants---methylxanthines
02.07.06 Aliphatic Alcohols
02.07.07 Drug Therapy in Psychiatry
02.08 Opioids
02.08.01 Opioid Receptors
02.08.02 Endogenous Opioids
02.08.03 Opium Alkaloids
02.08.03.01 Morphine
02.08.03.02 Codeine
02.08.03.03 Papaveretum
02.08.04 Semi-synthetic Opiates
02.08.04.01 Diacetylmorphine
Page 2 of 63
Created 02-Apr-07

Anaesthesia Filing System
02.08.04.02 Hydromorphone
02.08.04.03 Oxymorphone
02.08.04.04 Hydrocodone
02.08.04.05 Oxycodone
02.08.05 Phenylpiperidines
02.08.05.01 Pethidine
02.08.05.02 Phenoperidine
02.08.05.03 Fentanyl
02.08.05.04 Sufentanil
02.08.05.05 Alfentanil
02.08.05.06 Remifemtanil
02.08.08 Other Agonists
02.08.08.01 Methadone
02.08.08.02 Tramadol
02.08.09 Partial Agonists / Agonist-Antagonists
02.08.09.01 Pentazocine
02.08.09.02 Butorphanol
02.08.09.03 Nalbuphine
02.08.09.04 Buprenorphine
02.08.09.05 Nalorphine
02.08.10 Antagonists
02.08.10.01 Naloxone
02.08.10.02 Naltrexone
02.09 Local Anaesthetics
02.09.01 Physicochemistry
02.09.02 Mechanism of Action
02.09.03 Agents
02.09.03.01 Cocaine
02.09.03.02 Amethocaine (Tetracaine)
02.09.03.03 Chloroprocaine
02.09.03.04 Cinchocaine (Dibucaine)
02.09.03.05 Lignocaine
02.09.03.06 Prilocaine
02.09.03.07 Mepivicaine
02.09.03.08 Ropivicaine
02.09.03.09 Bupivicaine
02.09.03.09 Levobupivicaine
02.09.04 Toxicity
02.09.05 Allergy
02.10 Neuromuscular Blocking Agents
02.10.01 Neuromuscular Junction Pharmacophysiology
02.10.02 Depolarising Blockade
02.10.03 Non-Depolarising Blockade
02.10.04 Monitoring of Neuromuscular Junction
02.10.04.01 EMG
02.10.04.02 Force Transduction
02.10.04.03 Single Twitch
02.10.04.04 Post Tetanic Stimulation
02.10.04.05 Train-of-Four
02.10.04.06 Double Burst Stimulation
Page 3 of 63
Created 02-Apr-07

Anaesthesia Filing System

02.11

02.12

02.13

02.15

02.10.04.07 Tetanic Stimulation
02.10.04.08 Mechanisms
02.10.05 Succinylcholine
02.10.06 Intermediate Duration NMBA
02.10.06.01 Vecuronium
02.10.06.02 Atracurium
02.10.06.03 Rocuronium
02.10.06.04 Mivacurium
02.10.06.05 Cisatracurium
02.10.07 Long Duration NMBA
02.10.07.01 Curare
02.10.07.02 Gallamine
02.10.07.03 Alcuronium
02.10.07.04 Pancuronium
02.10.07.05 Pipecuronium
02.10.07.06 Doxacurium
02.10.08 NMBA Antagonists
02.10.08.01 Sugammidex
Cardiovascular Drugs
02.11.01 Inotropes
02.11.02 Antiarrhythmic Agents
02.11.03 Antihypertensive Agents
02.11.04 Calcium Channel Antagonists
02.11.05 Vasopressors
02.11.06 Nitrates
02.11.07 Treatment for Hyperlipoproteinaemia
Fluids and Electrolytes
02.12.01 Crystalloids
02.12.02 Colloids
02.12.03 Electrolytes
02.12.03.01 Sodium
02.12.03.02 Potassium
02.12.03.03 Calcium
02.12.03.04 Magnesium
02.12.03.05 Phosphate
02.12.03.06 Bicarbonate
Renal and Electrolyte Metabolism
02.13.01 Diuretics
02.13.02 ADH (antidiuretic Hormone)
02.13.03 Tubular Transport Inhibitors
Autacoids / Anti-inflammatory
02.15.01 Pharmacophysiology
02.15.02 Histamine
02.15.03 Serotonin &Antagonists
02.15.04 Eicosanoids
02.15.04.01 Prostaglandins
02.15.04.02 Leukotrienes
02.15.04.04 Thromboxane
02.15.05 Polypeptides
02.15.05.01 Angiotensin
Page 4 of 63
Created 02-Apr-07

Anaesthesia Filing System

02.16
02.17

02.18

02.19

02.20
02.21
02.22

02.23
02.24

02.15.05.02 Kinins
02.15.06 Salicylates
02.15.07 Paracetamol
02.15.08 NSAIDS
02.15.09 Rheumatoid Arthritis Therapy
02.15.10 GoutTherapy
Uterine Motility
Gastrointestinal
02.17.01 Drugs Affecting Gastric Acidity
02.17.02 Drugs Affecting Motility
02.17.03 Bowel Preparations
Infectious Disease
02.18.01 Antiparasitic
02.18.02 Antibacterials
02.18.03 Antifungal
02.18.04 Antiviral
02.18.05 Antiseptics and Disinfectants
Haematological
02.19.01 Anticoagulants
02.19.01.01 Warfarin
02.19.01.02 Heparins&heparinoids
02.19.02 Antiplatelets
02.19.01 Aspirin
02.19.02 Clopidogrel
02.19.03 Ticlopidine
02.19.03 Thrombolytic
02.19.04 Pro-thrombotic
02.19.04.01 Serine Proteases
02.19.04.02 Recombinant Activated Factors
Neoplastic Chemotherapy
Vitamins
Endocrine
02.22.01 Adrenocorticoids
02.22.02 Androgens
02.22.03 Pituitry
02.22.04 Estrogens and Progestins
02.22.05 Thyroid Agents
02.22.06 Insulin
02.22.07 Hypoglycaemics
02.22.08 Glucagon
02.22.09 Calcium-homeostasis
Alternative and Complimentary Therapies
Drugs of Addiction & illicit Drugs

Page 5 of 63
Created 02-Apr-07

Anaesthesia Filing System

03 INHALATIONAL
03.01 Physicochemistry
03.02 Pharmacokinetics
03.02.01 Uptake and Distribution
03.03 Pharamcodynamics
03.03.01 Mechanisms of General Anaesthesia
03.04 History
03.06 Anaesthetic Gases
03.06.01 Nitrous Oxide
03.06.02 Ethylene
03.06.03 Cyclopropane
03.06.04 Xenon
03.07 Volatile Anaesthetics
03.07.01 Diethyl Ether
03.07.02 Chloroform
03.07.03 Ethyl Chloride
03.07.04 Divinyl Ether
03.07.05 Tricholroethylene
03.07.06 Fluroxene
03.07.07 Halothane
03.07.08 Methoxyflurane
03.07.09 Enflurane
03.07.10 Isoflurane
03.07.11 Sevoflurane
03.07.12 Desflurane

Page 6 of 63
Created 02-Apr-07

Anaesthesia Filing System

04 INTRAVENOUS
04.01 Barbiturates
04.01.01 Physicochemistry
04.01.02 Thiopentone
04.01.03 Methohexitone
04.02 Eugenols
04.02.01 Propanidid
04.03 Neurolepts
04.03.01 Butyrophenones
04.03.01.01 Droperidol
04.03.02 Phenothiazines
04.03.02.01 Chlorpromazine
04.04 Dissociative Anaesthesia
04.04.01 Ketamine
04.05 Steroids
04.06 Benzodiazepines
04.06.01 Chlordiazepoxide
04.06.02 Diazepam
04.06.03 Midazolam
04.06.04 Lorazepam
04.06.05 Flumazenil
04.07 Imidazoles
04.07.01 Etomidate
04.08 Hindered Phenols
04.08.01 Propofol
04.09 Alpha-2 Agonists

Page 7 of 63
Created 02-Apr-07

Anaesthesia Filing System

05 REGIONAL
05.01 Somatic Nerve Blocks
05.01.01 General Considerations
05.01.02 Head and Neck
05.01.02.01 Cranial Nerves
05.01.02.02 Cervical Plexus
05.01.02.03 Eye Blocks
05.01.02.04 ENT Blocks
05.01.02.05 Dental Blocks
05.01.02.06 Suprascapula Nerve
05.01.03 Upper Extremity
05.01.03.01 Brachial Plexus
05.01.03.02 Elbow
05.01.03.03 Wrist
05.01.03.04 Digital
05.01.04 Thorax and Abdomen
05.01.04.01 Paravertebral
05.01.04.02 Intercostal
05.01.04.03 Rectus Sheath
05.01.04.03 Pleural
05.01.04.04 Ilioinguinal/ Iliohypogastric
05.01.05 Pelvis
05.01.05.01 Dorsal Penile Nerve
05.01.05.02 Pudendal
05.01.05.03 Paracervical
05.01.06 Lower Extremity
05.01.06.01 Lumbosacral Plexus
05.01.06.02 Fascia Iliaca
05.01.06.03 Psoas Sheath
05.01.06.04 Femoral Nerve
05.01.06.05 Sciatic Nerve
05.01.06.06 Knee
05.01.06.07 Ankle
05.01.06.08 Digital
05.02 Neuraxial Blockade
05.02.01 General Considerations
05.02.01.01 Anatomy
05.02.01.02 Physiology
05.02.01.03 Local Anaesthetics
05.02.01.04 Opioids
05.02.01.05 Anticoagulants
05.02.01.06 Other Drugs
05.02.01.07 Complications
05.02.02 Intrathecal
05.02.03 Epidural
05.02.03.01 cervical
05.02.03.02 thoracic
05.02.03.03 lumbar
Page 8 of 63
Created 02-Apr-07

Anaesthesia Filing System

05.03

05.04

05.05
05.06
05.07
05.08
05.09

05.02.03.09 outcomes
05.02.04 Caudal
05.02.05 Combined Spinal Epidural (CSE)
Autonomic Blockade
05.03.01 Cervicothoracic Sympathetic Blockade
05.03.02 Coeliac Plexus
05.03.03 Lumbar Plexus
Intravenous Regional Anaesthesia
05.04.01 Mechanism of Action
05.04.02 Drugs
05.04.03 Safety
Infiltration Anaesthesia
Topical Anaesthesia
Complications
05.07.01 PDPH
05.07.02 neurapraxia
Legal Considerations
Equipment

Page 9 of 63
Created 02-Apr-07

Anaesthesia Filing System

06 PAIN
06.01 Pathophysiology
06.01.01 Anatomy
06.01.02 Physiology
06.01.03 Examination
06.01.04 Investigation
06.02 Pain Clinics
06.03 Chronic Pain Syndromes
06.03.01 Nociceptive
06.03.02 Neuropathic
06.03.02.01 CRPS
06.03.02.02 Post-herpetic Neuralgia
06.03.02.03 Phantom Pain
06.03.03 Psychogenic
06.04 Acute Pain
06.05 Pain Therapies
06.05.01 Psychological
06.05.02 Electrical Stimulation
06.05.03 Cryoanalgesia
06.05.04 Non-opioids
06.05.05 Opioids
06.05.05.01 Oral
06.05.05.02 Infusion
06.05.05.03 PCA
06.05.05.04 Neuraxial
06.05.05.05 PCEA
06.05.06 Regional Techniques
06.05.07 Surgery
06.06 Legal
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07 AIRWAY
07.01 Anatomy
07.02.01 Secretions
07.02.02 Innervation
07.03 Physiology
07.03 Diseases
07.03.01 Congenital Deformities
07.03.02 Trauma
07.03.03 Neoplasms
07.04 Anaesthesia Considerations
07.04.01 Obstruction
07.04.02 Laryngospasm
07.04.03 Laryngoscopy
07.04.04 Artificial Airways
07.04.05 Intubation-orotracheal
07.04.06 Intubation-nasotracheal
07.04.07 Intubation-fiberoptic
07.04.07.01 awake
07.04.07.02 asleep
07.04.08 Intubation-emergency
07.04.08.01 RSI
07.04.09 Cricothyroidotomy
07.04.10 Tracheostomy
07.04.11 Surgery
07.05 Difficult Airway
07.05.01 Airway Assessment
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08 CARDIOLOGY&CARDIOTHORACIC
08.01 Anatomy
08.02 Physiology
08.02.01 Automaticity
08.02.02 Conduction
08.02.03 Cardiac Muscle
08.02.04 Contractility
08.02.05 Cardiac Output
08.02.06 Metabolism and Oxygen Consumption
08.02.07 Control
08.02.07.01 Autonomic
08.02.07.02 Humoral
08.02.08 Cardiac and Circulatory Function Integrated
08.02.09 Pathophysiology
08.03 Examination
08.04 Investigation
08.04.01 Blood Tests
08.04.02 ECG
08.04.02.01 Resting
08.04.02.02 Exercise
08.04.02.03 Ambulatory
08.04.03 Cardiac Ultrasound
08.04.03.01 Transthoracic
08.04.03.02 Transoesophageal
08.04.04 Angiography and Cardiac Catheterisation
08.04.05 Radiology / Nuclear Medicine
08.04.06 Cardiac Output
08.04.07 Invasive CVS Monitoring
08.04.07.01 Arterial
08.04.07.02 CVC
08.04.07.03 PAC
08.04.08 Myocardial Ischaemia Monitoring
08.05 Diseases / General Approach
08.05.01 Coronary Artery Disease
08.05.01.01 Angina Pectoris (AP)
08.01.01.01.01 Stable (SAP)
08.01.01.01.02 Unstable (UAP)
08.05.01.02 Myocardial Infarction (MI)
08.05.01.02.01 ST elevation
08.05.01.02.02 NSTEMI
08.05.02 Valvular Disease
08.05.03 Dysrhythmias
08.05.04 Heart Failure
08.05.05 Congenital Heart Disease
08.05.06 Rheumatic Fever
08.05.07 Valvular Heart Disease
08.05.08 Cor Pulmonale
08.05.09 Cardiomyopathy and Myocarditis
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08.05.10 Pericardial Disease
08.05.11 Cardiac Tumours
08.05.12 Cardiac Manifestations of Systemic Disease
08.05.13 Cardiac Trauma
08.05.14 Infective Endocarditis
08.05.15 Cardiac Transplantation
08.06 Treatment
08.06.01 Angioplasty
08.06.01.01 Non Stented
08.06.01.02 Stents
08.06.02 Cardioversion
08.06.03 Pacemakers
08.06.03.01 Temporary
08.06.03.02 Permanent
08.06.04 Pericardiocentesis
08.07 Anaesthesia Considerations
08.07.01 Effects of Anaesthesia on Cardiac Physiology
08.07.02 Preparation for Anaesthesia
08.07.03 Monitoring
08.07.04 Anaesthesia Goals
08.07.05 Anaesthesia Management
08.07.06 Complications
08.07.07 Procedures
08.07.07.01 Coronary Artery Surgery
08.07.07.02 Valvular Surgery
08.07.07.03 Correction of Congenital Heart Disease
08.07.07.04 Cardiac Transplant Surgery
08.07.07.05 Noncardiac Surgery for Cardiac Patients
08.07.07.05 Off Pump Cardiac Surgery
08.07.08 Cardiopulmonary Bypass
08.07.08.01 Equipment
08.07.08.02 Indications / Contraindications
08.07.08.03 Management
08.07.08.04 Complications
08.07.08.05 Myocardial Preservation
08.07.08.06 Haemostasis
08.07.08.07 Outcome
08.07.09 Mechanical Circulatory Assistance
08.07.09.01 IABP
08.07.09.02 VAD
08.07.10 Non-cardiac Surgery in Cardiac Patient
08.07.11 Outcomes
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09 VASCULAR
09.01 Anatomy
09.02 Physiology
09.02.01 Biophysics
09.02.02 Endothelium
09.02.03 Microcirculation
09.02.04 Venous Circulation
09.02.05 Arterial Circulation
09.02.06 Lymphatics
09.02.07 Blood Pressure
09.02.08 Autoregulation
09.02.09.06 Skeletal Muscle
09.02.09 Regional Circulations
09.02.09.01 Coronary
09.02.09.02 Cerebral
09.02.09.03 Splanchnic
09.02.09.04 Renal
09.02.09.05 Hepatic
09.02.09.07 Skin
09.03 Examination
09.04 Investigation
09.04.01 Blood Tests
09.04.02 Radiology / Nuclear Medicine
09.04.03 Plethysmography
09.05 Diseases / General Approach
09.05.01 Atherosclerosis
09.05.02 Hypertension
09.05.03 Aortic Disease
09.05.04 Carotid Disease
09.05.05 Peripheral Vascular Disease
09.05.06 Venous Disease
09.05.07 Vascular Trauma&Injury
09.06 Treatment
09.07 Anaesthesia Considerations
09.07.01 Anaesthesia & Vascular Physiology
09.07.02 Preparation for Anaesthesia
09.07.02.01 Cardiac Risk in Vascular Patients
09.07.03 Monitoring
09.07.04 Anaesthesia Goals
09.07.05 Anaesthesia Management
09.07.06 Complications
09.07.07 Procedures
09.07.07.01 Thoracic Aortic Surgery
09.07.07.02 Abdominal Aortic Surgery
09.07.07.03 Carotid Surgery
09.07.07.04 Peripheral Vascular Surgery
09.07.07.05 Angioplasty
09.07.08 Outcomes
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10 THORACIC &RESPIRATORY
10.01 Anatomy
10.02 Physiology
10.02.01 Control
10.02.01.01 Central Control
10.02.01.02 Chemical Receptors
10.02.01.03 Airway / Pulmonary Receptors
10.02.02 Lung Volumes
10.02.03 Respiratory Mechanics
10.02.03.01 Elastic Forces
10.02.03.02 Flow Resistance
10.02.03.03 Upper Airways
10.02.04 Ventilation
10.02.04.01 Dead Space / Alveolar Ventilation
10.02.04.02 Ventilation Distribution
10.02.05 Gas Diffusion
10.02.06 Pulmonary Circulation
10.02.06.01 Pressures / Resistance
10.02.06.02 Hypoxic Pulmonary Vasoconstriction
10.02.06.03 Perfusion Distribution
10.02.07 Ventilation / Perfusion Relationships
10.02.07.01 V / Q Mismatch
10.02.07.02 Shunt
10.02.08 Oxygen
10.02.09 Carbon Dioxide
10.02.10 Non-Respiratory Functions
10.02.11 Sleep
10.02.11 High Altitude
10.02.12 Hyperbaric
10.02.14 Hypoxia
10.02.15 Hypercarbia
10.03 Examination
10.04 Investigation
10.04.01 Arterial Blood Gases
10.04.02 Blood Tests
10.04.03 Radiology and Nuclear Medicine
10.04.04 Pulmonary Function Testing
10.04.05 Biopsy
10.04.06 Bronchoscopy
10.05 Diseases / General Approach
10.05.01 Asthma
10.05.02 Hypersensitivity Pneumonitis
10.05.03 Environmental Lung Diseases
10.05.04 Pneumonia / Lung Abscess
10.05.05 Bronchiectasis
10.05.06 Cystic Fibrosis
10.05.07 Chronic Bronchitis / Emphysema / CAL
10.05.08 Interstitial Lung Diseases
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10.05.09 Primary Pulmonary Hypertension
10.05.10 Pulmonary Thromboembolism
10.05.11 Diseases of Pleura / Mediastinum / Diaphragm
10.05.12 Diseases of Ventilation
10.05.13 OSA
10.05.14 ARDS
10.05.15 Lung Transplantation
10.05.16 Drowning
10.05.17 Respiratory Failure
10.05.18 Trauma
10.05.19 Smoking
10.06 Treatment
10.06.01 Pleural Aspiration / Drainage
10.06.02 Bronchoscopy
10.07 Anaesthesia Considerations
10.07.01 Effects of Anaesthesia on Respiratory Physiology
10.07.02 Preparation for Anaesthesia
10.07.03 Monitoring
10.07.04 Anaesthesia Goals
10.07.05 Anaesthesia Management
10.07.06 Complications
10.07.07 Procedures
10.07.07.01 Lung Resection
10.07.07.02 Pleurodesis
10.07.07.03 Lavage
10.07.07.04 Lung Volume Reduction Surgery
10.07.07.05 Lung Transplant Surgery
10.07.07.06 Thoracoscopy
10.07.07.07 Mediastinoscopy
10.07.07.08 Oesophagectomy
10.07.08 One-Lung Anaesthesia
10.07.08.01 Indications / Contraindications
10.07.08.02 Pathophysiology
10.07.08.03 Techniques
10.07.08.04 Complications
10.08 Critical Care
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11 NEUROLOGY&NEUROSURGERY
11.01 Anatomy
11.01.01 Cerebral Hemispheres
11.01.02 Midbrain
11.01.03 Brainstem
11.01.04 Cranial Nerves
11.01.05 Spinal Cord
11.01.06 Peripheral Nerves
11.01.07 Autonomic Nerves
11.02 Physiology
11.02.01 Cerebral Metabolism
11.02.02 Cerebral Blood Flow
11.02.02.01 Cerebral Perfusion
11.02.02.02 Autoregulation
11.02.02.03 Extrinsic Regulation
11.02.03 Blood Brain Barrier
11.02.04 Intracranial Pressure
11.02.05 Cerebrospinal Fluid
11.02.06 Nerve Physiology
11.02.07 Somatic Senses
11.02.08 Hearing
11.02.09 Vision
11.02.10 Balance
11.02.11 Chemical Senses
11.02.12 Control of Posture / Movement
11.02.13 Visceral Control
11.02.14 Higher Neural Functions
11.02.15 Sleep
11.03 Examination
11.04 Investigation
11.04.01 Blood Tests
11.04.02 Radiology / Nuclear Medicine
11.04.03 EEG
11.04.04 Evoked Potentials
11.05 Diseases / General Approach
11.05.01 Migraine / Cluster Headache
11.05.02 Seizures / Epilepsy
11.05.03 Cerebrovascular Disease
11.05.04 Dementia
11.05.05 Parkinsons / Extrapyramidal Disorders
11.05.06 Ataxia
11.05.07 Motor Neurone Diseases
11.05.08 Autonomic Nervous System Disorders
11.05.09 Disorders of Cranial Nerves
11.05.10 Diseases of Spinal Cord
11.05.11 Head / Spine Trauma
11.05.12 Neoplasia
11.05.13 Multiple Sclerosis / Demyelinating Diseases
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11.05.14 Bacterial Infections
11.05.15 Chronic / Recurrent Meningitis
11.05.16 Aseptic Meningitis / Viral Encephalitis
11.05.17 Nutritional / Metabolic Disorders of Nervous System
11.05.18 Diseases of Peripheral Nervous System
11.05.19 Chronic Fatigue Syndrome
11.05.20 Psychiatric Disorders
11.05.21 Alcohol / Alcoholism
11.05.22 Opioid Abuse / Dependence
11.05.23 Other Commonly Abused Drugs
11.05.24 Nicotine Addiction
11.05.25 Hydrocephalus
11.06 Treatment
11.07 Anaesthesia Considerations
11.07.01 Effects of Anaesthesia on Cardiac Physiology
11.07.02 Preparation for Anaesthesia
11.07.03 Monitoring
11.07.04 Anaesthesia Goals
11.07.05 Anaesthesia Management
11.07.06 Complications
11.07.07 Procedures
11.07.07.01 Supratentorial Craniotomy
11.07.07.02 Posterior Fossa Surgery
11.07.07.03 Pituitary Surgery
11.07.07.04 Stereotactic Procedures
11.07.07.05 Spinal Cord Surgery
11.07.07.06 Neurotrauma
11.07.07.07 Aneurysms / Subarachnoid Haemorrhage
11.07.07.08 Neuroradiology
11.07.07.09 ECT
11.07.08 Deliberate Hypotension
11.07.09 Venous Air Embolism
11.07.10 Cerebral Protection
11.07.11 Brain Death
11.08 Critical Care
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12 OBSTETRICS
12.01 Anatomy
12.02 Physiology
12.02.01 Circulatory Adaptations
12.02.02 Respiratory Adaptations
12.02.03 Haematological Adaptations
12.02.04 Female Reproductive Endocrinology
12.02.05 Labour
12.02.06 Uteroplacental Circulation / Gas Exchange
12.02.07 Foetal Development / Physiology
12.02.08 Foetal / Neonatal Transition
12.03 Examination
12.04 Investigation
12.04.01 Blood Tests
12.04.02 Radiology
12.04.03 Amniocentesis
12.04.04 Chorionic Villous Sampling
12.05 Diseases / General Approach
12.05.01 Premature Labour
12.05.02 Gestational Diabetes
12.05.03 Preeclampsia / Eclampsia
12.05.04 Abnormal Presentations / Multiple Births
12.05.05 Peri-partum Haemorrhage
12.05.06 Trauma
12.05.07 Amniotic Fluid Embolism
12.05.07 Cardiac Arrest
12.05.08 Thromboembolism
12.05.09 Coexisting Cardiac Disease
12.05.10 Obesity
12.06 Treatment
12.07 Anaesthesia Considerations
12.07.01 Anaesthesia and Obstetric / Foetal Physiology
12.07.01.01 Uterine Blood Flow
12.07.01.02 Uterine Activity
12.07.01.03 Foetal Drug Transfer / Neonatal Effects
12.07.01.04 Teratogenesis
12.07.02 Preparation for Anaesthesia
12.07.03 Monitoring
12.07.03.01 Maternal
12.07.03.02 Foetal
12.07.04 Regional Anaesthesia
12.07.04.01 Epidural
12.07.04.02 CSE
12.07.04.03 PCEA
12.07.04.04 Spinal
12.07.05 General Anaesthesia
12.07.06 Complications
12.07.06.01 Difficult / Failed Intubation
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12.07.06.02 Aspiration Pneumonitis
12.07.06.03 Aorto-caval Compression
12.07.06.04 Nerve Injuries
12.07.06.05 PDPH
12.07.06.06 Morbidity / Mortality
12.07.07 Procedures
12.07.07.01 Cervical Cerclage
12.07.07.02 Labour Analgesia
12.07.07.03 Vaginal Delivery
12.07.07.04 Assisted Delivery
12.07.07.05 Caesarean Section (LSCS)
12.07.07.06 Antepartum Haemorrhage
12.07.07.07 Retained Placenta
12.07.07.08 Postpartum Haemorrhage
12.07.07.09 Postpartum Sterilisation
12.07.07.10 Non-obstetric Surgery in Obstetric Patients
12.07.07.11 Foetal Surgery
12.07.08 Neonatal Resuscitation
12.07.09 Pharmacology in Obstetrics
12.07.10 Obstetric Consent
12.08 Maternal Morbidity and Mortality
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13 GYNAECOLOGY & BREAST SURGERY
13.01 Anatomy
13.02 Physiology
13.02.01 Endocrinology
13.03 Examination
13.04 Investigation
13.04.01 Blood Tests
13.04.02 Radiology / Nuclear Medicine
13.05 Diseases / General Approach
13.05.01 Ectopic Pregnancy
13.05.02 Miscarriage
13.05.03 Disorders of Ovary
13.05.04 Disorders of Female Reproductive Tract
13.06 Treatment
13.07 Anaesthesia Considerations
13.07.02 Preparation for Anaesthesia
13.07.03 Monitoring
13.07.04 Anaesthesia Goals
13.07.05 Anaesthesia Management
13.07.06 Complications
13.07.07 Procedures
13.07.07.01 D and C
13.07.07.02 Hysteroscopy
13.07.07.03 Laparoscopy in Gynaecology
13.07.07.04 Hysterectomy
13.07.07.05 Tubal Ligation
13.07.07.06 Infertility Surgery
13.07.07.07 Mastectomy
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14 RENAL & UROGENITAL
14.01 Anatomy
14.02 Physiology
14.02.01 Renal Blood Flow
14.02.02 Glomerular Filtration
14.02.03 Tubular Function
14.02.04 Volume / Osmolality Regulation
14.02.05 Acid Base
14.02.06 Ion Regulation
14.02.07 Male Reproductive Physiology
14.03 Examination
14.04 Investigations
14.04.01 Blood Tests
14.04.02 Radiology / Nuclear Medicine
14.04.03 Biopsy
14.05 Diseases / General Approach
14.05.01 Acute Renal Failure
14.05.02 Chronic Renal Failure
14.05.03 Glomerulopathies
14.05.04 Tubulointerstitial Diseases
14.05.05 Vascular Injury
14.05.06 Hereditary Tubular Disorders
14.05.07 Nephrolithiasis
14.05.08 Obstruction
14.05.09 Infections
14.05.10 Prostate
14.05.11 Trauma
14.05.12 Renal Transplantation
14.06 Treatment
14.06.01 Dialysis
14.07 Anaesthesia Considerations
14.07.01 Anaesthesia and Renal Pathophysiology
14.07.01.01 Renal Effects of Anaesthesia
14.07.01.02 Renal Insufficiency and Anaesthesia
14.07.02 Preparation for Anaesthesia
14.07.03 Monitoring
14.07.04 Anaesthesia Goals
14.07.05 Anaesthesia Management
14.07.06 Complications
14.07.06.01 Perioperative Renal Dysfunction
14.07.07 Procedures
14.07.07.01 Cystoscopy
14.07.07.02 Circumcision
14.07.07.03 Hypospadias Surgery
14.07.07.04 Prostatectomy
14.07.07.05 Bladder
14.07.07.06 RGP
14.07.07.07 Pyeloplasty
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14.07.07.08
14.07.07.09
14.07.07.10
14.07.07.11

Nephrectomy
Kidney Transplantation
Lithotripsy
Laparoscopy Surgery
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15 GIT
15.01 Anatomy
15.02 Physiology
15.02.01 Salivation
15.02.02 Esophagogastric Motility
15.02.03 Gastrointestinal Hormones
15.02.04 Regulation of Gastric Secretion
15.02.05 Exocrine Pancreas
15.02.06 Liver
15.02.06.01 Hepatic Circulation
15.02.06.02 Hematologic Function
15.02.06.03 Humoral Function
15.02.06.04 Metabolic Function
15.02.07 Biliary System
15.02.08 Small and Large Intestines
15.02.09 Peritoneum
15.03 Physical Diagnosis
15.04 Diagnostic and Therapeutic Procedures
15.04.01 Laboratory Tests
15.04.02 Radiology and Nuclear Medicine
15.04.03 Endoscopy
15.04.04 Peritoneal Lavage
15.04.05 ERCP
15.04.06 Liver Biopsy
15.05 Diseases
15.05.01 Disorders of Motility
15.05.02 Peptic Ulcer
15.05.03 Gl Bleeding
15.05.04 Malabsorption
15.05.05 Diseases of the Pancreas
15.05.06 Inflammatory Disease of the Intestine
15.05.07 Vascular Diseases of the Intestine
15.05.08 Diseases of the Peritoneum, Mesentery, and Omentum
15.05.09 Neoplastic Diseases of the Gastrointestinal Tract
15.05.10 Diseases of the Gallbladder and Bile Ducts
15.05.11 Diseases of the Liver
15.05.12 Diseases of the Esophagus
15.06 Anaesthetic Considerations
15.06.01 Full Stomach/preoperative NPO
15.06.02 Small Bowel Obstruction
15.06.03 Portal Hypertension
15.06.04 Hepatic Surgery
15.06.05 Liver Transplantation
15.06.06 Surgery of the Gallbladder and Bile Ducts
15.06.07 Hepatic Effects of Anesthetics
15.06.07.01 Halothane Hepatitis
15.06.08 Abdominal Trauma
15.06.09 Major Abdominal Surgery
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16 ENDOCRINOLOGY
16.01 Anatomy
16.02 Physiology
16.02.01 Hypothalamic Pituitary Control
16.02.02 Thyroid
16.02.03 Adrenal
16.02.04 Growth
16.02.05 Parathyroid / Vitamin D
16.02.06 Endocrine Pancreas
16.02.07 Physiology of Stress
16.03 Examination
16.04 Investigation
16.04.01 Blood Tests
16.04.02 Radiology / Nuclear Medicine
16.04.03 Biopsy
16.05 Diseases / General Approach
16.05.01 Diseases of Anterior Pituitary / Hypothalamus
16.05.02 Growth Disorders
16.05.03 Disorders of Posterior Pituitary
16.05.04 Thyroid Diseases
16.05.05 Diseases of Adrenal Cortex
16.05.06 Phaeochromocytoma
16.05.07 Diabetes Mellitus
16.05.08 Hypoglycaemia
16.05.09 Multiple Endocrine Diseases
16.05.10 Parathyroid Disease
16.05.11 Pancreatic Disease
16.06 Treatment
16.07 Anaesthesia Considerations
16.07.01 Anaesthesia and Stress Responses
16.07.01.01 General Anaesthesia
16.07.01.02 Regional Anaesthesia
16.07.01.03 Response to Trauma / Surgery
16.07.02 Preparation for Anaesthesia
16.07.02.01 Steroid and HPA Suppression
16.07.02.02 Diabetes Management
16.07.02.03 Hypopituitarism Management
16.07.03 Monitoring
16.07.04 Anaesthesia Goals
16.07.05 Anaesthesia Management
16.07.06 Complications
16.07.07 Procedures
16.07.07.01 Phaeochromocytoma Surgery
16.07.07.02 Carcinoid Surgery
16.07.07.03 Thyroid Surgery
16.07.07.04 Parathyroid Surgery
16.08 Critical Care
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17 HAEMATOLOGY
17.01 Anatomy
17.02 Physiology
17.02.01 Haematopoiesis
17.02.02 Haemoglobin
17.02.03 Coagulation
17.03 Examination
17.04 Investigation
17.04.01 Blood Tests
17.04.02 Marrow Biopsy
17.05 Diseases / General Approach
17.05.01 Iron Deficiency / Hypoproliferative Anaemias
17.05.02 Disorders of Haemoglobin
17.05.03 Megaloblastic Anaemias
17.05.04 Haemolytic Anaemias / Acute Blood Loss
17.05.05 Aplastic Anaemia / Myelodysplasia
17.05.06 Polycythaemia Vera / Myeloproliferation
17.05.07 Acute / Chronic Myeloid Leukaemias
17.05.08 Lymphoid Cell Malignancies
17.05.09 Plasma Cell Disorders
17.05.10 Bone Marrow Transplantation
17.05.11 Platelet / Vessel Wall Disorders
17.05.12 Coagulation Disorders
17.05.13 Thrombosis Disorders
17.05.13.01 DVT&PE
17.06 Treatment
17.06.01 Blood Transfusion
17.06.02 Plasmapheresis / Exchange
17.06.03 Erythropoeitin
17.07 Anaesthesia Considerations
17.07.01 Haematological Effects of Anaesthesia
17.07.02 Anaemia and Anaesthesia
17.07.03 Monitoring
17.07.04 Perioperative Blood Loss
17.07.05 Anaesthesia Management
17.07.06 Complications
17.07.07 Procedures
17.07.08 Transfusion Practice
17.07.08.01 Indications
17.07.08.02 Reactions
17.07.08.03 Complications
17.07.08.04 Infections
17.07.08.05 Massive Transfusion
17.07.08.06 Component Therapy
17.07.08.07 Autologous Blood
17.07.09 Blood Salvage
17.07.10 Blood Substitutes
17.07.11 Isovolaemic Haemodilution
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17.07.12 Jehovah’s Witnesses
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18 ONCOLOGY
18.01
18.02
18.03
18.04
18.05

Principles of Neoplasia
Tumour Markers
Cancer and its Medical Manifestations
Endocrine Syndromes Associated With Cancer
Cancer Therapy
18.05.01 Irradiation
18.05.02 Cytotoxic Therapy
18.05.03 Immunostimulatory Procedures
18.05.04 Supportive Care
18.06 Infection and the Cancer Patient
18.07 Psychosocial Aspects of Cancer Therapy
18.08 Medicolegal Issues
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19 OPHTHALMOLOGY
19.01 Anatomy
19.02 Physiology
19.02.01 Vision
19.02.02 Intraocular Pressure
19.02.03 Oculocardiac Reflex
19.03 Physical Diagnosis
19.04 Diagnostic and Therapeutic Procedures
19.05 Diseases
19.05.01 Muscles
19.05.02 Soft Tissue
19.05.03 Glaucoma
19.05.04 Cornea and Lens
19.05.05 Retina
19.05.06 Trauma
19.05.07 Ocular Manifestation of Systemic Disease
19.06 Anaesthetic Considerations
19.06.01 Topical, Infiltration and Nerve Blocks
19.06.02 General Anesthesia
19.06.03 Surgery on the Retina and Vitreous Body
19.06.04 Glaucoma Surgery
19.06.05 Cataract Extraction
19.06.06 Laser Therapy
19.06.07 Strabismus
19.06.08 Tumours
19.06.09 Open eye

Page 29 of 63
Created 02-Apr-07

Anaesthesia Filing System

20 ENT&MAXILLOFACIAL
20.01
20.02
20.03
20.04
20.05

Anatomy
Physiology
Physical Diagnosis
Diagnostic and Therapeutic Procedures
Diseases
20.05.01 ear
20.05.02 Nose, Paranasal Sinuses
20.05.03 Throat
20.05.04 Larynx
20.05.05 Maxillofacial Structures
20.06 Anaesthetic Considerations
20.06.01 General Anaesthesia for ENT Surgery
20.06.02 Regional Anaesthesia for ENT Surgery
20.06.03 Epinephrine and ENT Anaesthesia
20.06.04 Surgery on the Nose, Sinuses, and Mouth
20.06.05 Tonsillectomy and Adenoidectomy
20.06.06 Mastoidectomy and Tympanoplasty
20.06.07 Laryngoscopy and Bronchoscopy
20.06.08 Laser Therapy
20.06.09 Tracheostomy
20.06.10 Tumours of the Pharynx and Larynx
20.06.11 Radical Neck Surgery
20.07 Oral and Maxillofacial Surgery
20.07.01 General Considerations
20.07.02 General Anaesthesia
20.07.03 Regional Anaesthesia
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21 ORTHOPAEDICS&MUSCULOSKELETAL
21.01
21.02
21.03
21.04
21.05

Anatomy
Physiology
Examination
Investigation
Diseases / General Approach
21.05.01 Fractures and Injuries
21.05.02 Demineralization
21.05.03 Tumours
21.05.04 Infection, Bone
21.05.05 Congenital Deformities
21.05.06 Degenerative Diseases
21.05.07 Arthritis
21.05.07.01 Rheumatoid
21.05.07.02 Degenerative
21.05.07.03 Psoriatic Arthritis
21.05.07.04 Gout & pseudogout
21.05.08 Ankylosing Spondylitis
21.05.09 Infection, Joint
21.05.10 Trauma
21.05.11 Muscular Dystrophy
21.05.12 Myasthenia Gravis
21.05.13 Myotonias
21.05.14 Myasthenic Syndrome
21.05.15 Paget’s Disease
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INTRODUCTION
A few years ago, financial institutions recorded all transactions on paper. Withdrawals from a
bank that was not the home branch, would take many days to transact. Much has changed with
online banking and automatic teller machines. The tangible and intangible savings, error
reduction and efficiencies through computerisation have been enormous. It is almost impossible
to imagine life without instant access to our savings, our bank account details and overnight
settlement of bills. Most of us would never go back to the ‘old way’ of doing things, yet the ‘old
way’ is exactly how we manage information about our health.
Electronic health information management has not been embraced because of its complexity,
its cost, the social, cultural and ethical environments, developing data standards, security
concerns, privacy and psychological considerations. Health informatics aims to understand the
complexities of communication and logic in healthcare. Every day, we see new and novel
1
informatics tools that will play a large role in the future .
Evidence is slowly accumulating that high degrees of informatics penetration into clinical care
delivery are associated with reduced costs and more effective and efficient health outcomes.
Intermountain Health Care, the largest healthcare provider in Utah has a high degree of
informatics uptake. Utah now has one of the best outcome, lowest cost health services in the
2
US . Anaesthesia will be strongly influenced by health informatics development. The way we
work will change and it is important that we understand what exists, how it works and why things
are changing.
THE SCOPE OF HEALTH INFORMATICS
Health informatics embraces much more than the management of an individual’s medical
history. At the microscopic level, health informatics describes the association between genetic
structure and phenotypic expression. From a larger perspective, aggregated data can provide
public health information about populations, inform governmental resource allocation or give early
warning about disease epidemics or terrorist attacks.
“Health informatics can be best understood as meaning the understanding, skills and tools
that enable the sharing and use of information to deliver healthcare and promote health. 'Health
informatics' is now tending to replace the previously commoner term 'medical informatics',
reflecting a widespread concern to define an information agenda for health services which
recognises the role of citizens as agents in their own care, as well as the major information3
handling roles of the non-medical healthcare professions....”
The study of health informatics can be more or less divided into four main levels; the
molecular, the organ, the individual and the population.
At a molecular level, ‘genomics’ studies the association between genetic structure and phenotypic
expression.
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At the organ or physiologic level, diagnostic imaging technologies, standards and data
transmission are explored.
Clinical informatics such as the Electronic Health Record sits at the level of the individual.
Issues related to privacy, accessibility and interoperability come to the fore.
At a population level, the focus is on public health concerns, such as epidemiology and health
governance.

Whilst it is tempting to divide health informatics research into spaces relative to the individual,
the challenges are the same in each of these spaces. In 2000, Lorenzi described the
cornerstones of medical informatics. They are:
• Producing structures to represent data and knowledge so that complex relationships may be
visualised.
• Developing methods for acquisition and presentation of data so that overload can be avoided.
• Managing change among people, process and information technology so that the use of
information is optimised.
• Integrating information from diverse sources to provide more than the sum of the parts, and
integrating information into work processes so that it can be acted on when it can have the
4
largest effect.
Safety and quality of health care are the ultimate goals of health informatics. Anaesthetic
safety and perioperative care can benefit tremendously from many of the current developments in
health informatics. Already we collect a lot of data in the name of audit, record-keeping and
quality activities, but it sits in individual patient histories or on separate databases. Many
opportunities to improve our quality of care are missed because that information is not able to be
collated, compared, analysed or presented meaningfully. In anaesthesia and intensive care, the
5
AIMS and the ANZICS databases are excellent examples of what can be achieved and would be
further enhanced through automated data collection throughout the clinical environment.
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GENOMICS: A BETTER HEALTH SCREENING TEST?
Single nucleotide polymorphisms (SNPs), pronounced ‘SNiPs’, are small changes in genetic
sequence that appear to be responsible for many diseases, either alone or in combination with
other SNPs. There are probably 10 million possible SNPs, currently 500,000 have been
6
identified . The challenge is to accurately compare the genetic variations with phenotypic disease
expression. Already SNPs have been used to identify patients with disease that is more likely to
respond to certain therapies. In the near future, SNPs may be used to screen patients in the
preadmission clinic before surgery to identify a predisposition to a variety of co-morbidities such
as heart disease, allergy or infection.
IMAGING AND BIOMEDICAL TECHNOLOGIES
Many hospitals are using a Picture Archiving and Communication system (PACS) to display
medical images on a computer screen. There are many advantages to a PACS system. The
images will not be lost and can be viewed at any location. The ability to change contrast,
accurately measure and magnify the images has been demonstrated to improve care, save time
and save money. In anaesthesia, the development of new methods of monitoring wakefulness
7
with BIS technology have gained widespread appeal .
Ultrasound is gaining popularity as a rapid assessment tool for cardiac function and for
regional anaesthesia. As ultrasound technology becomes more accessible, many anaesthetists
8
will use it to improve safety and quality of care .
TELEMEDICINE
Telemedicine is a term that describes the use of modern telecommunication and information
technologies for the provision of clinical care to individuals located at a distance and to the
transmission of information to provide that care. At its simplest level it could describe the use of a
telephone to provide specialist advice in a difficult situation at a distance. More sophisticated
communication technologies using videoconferencing combined with other technologies can
provide better care in remote locations. Virtual intensive care units or ‘outreach’ high dependency
units are examples of telemedicine within the hospital. Clinicians can also view patient
information from outside the hospital.
In anaesthesia, telemedicine can be used to monitor or supervise many theatres at a distant
location, contribute to ward rounds whilst in theatre and could be used for timely preoperative
interviews. At Vanderbilt University Medical Centre a system called Vigilance® can be used to
remotely supervise all the operating rooms in the hospital. A small TV screen set in a pair of
glasses can display video of each operating theatre as well as the display from each of the
9
monitors. A microphone and speakers enables instant verbal communication .
WHAT IS AN ELECTRONIC HEALTH RECORD?
An Electronic Health Record (EHR) is a medical record or any other information relating to
the past, present or future physical and mental health, or condition of a patient which resides in
computers which capture, transmit, receive, store, retrieve, link, and manipulate data for the
10
primary purpose of providing health care and health-related services .
An Electronic Medical Record (EMR) is a smaller body of information used by a healthcare
provider to deliver medical care.
A Patient Health Record (PHR) is created by and for the use of the patient who controls
which aspects are transmitted to healthcare providers to become part of the electronic health
11
record. The patient can also choose to share that information with others .
Potential benefits of a well designed and implemented organisation wide EMR with clinical
decision support and a ‘Computerised Provider Order Entry’ system (CPOE) include: better
patient safety, cost reduction, better communication inside and outside the hospital,
standardisation of care, error reduction and more reliable administrative information.
Electronic health record software can be purchased from vendors or can be developed
locally. On-site software development requires a team of software developers, project managers
and systems analysts. Clinicians have the opportunity to be involved in software development
and the systems can be designed to resemble familiar paper forms and follow local work
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practices. The process is expensive and time consuming, but the result is a product that may be
more suitable to a particular institution or group, well understood by the local developing team
12
and can give more tailored support for clinical decisions and clinical pathways . Existing products
still require much work to install in any institution; however they remove some of the steps in
software development and can be successful when introduced with the support of hospital staff at
all levels. There are many examples of failed introduction of electronic health records, but
successful implementations are characterised by institutions with common goals joining under
strong leadership, engaging clinicians early, properly funding implementation, training and
13
evaluation with an emphasis on patient safety .
Health records can exhibit a range of sophistication. Currently most products carry
information that can be organised but not properly understood by computers. Machineinterpretable data is essential for developing systems to efficiently transfer clinical concepts,
when designing smart clinical decision support or developing predictive safety systems.
14
Walker et al , define four levels for interoperability between health information systems:
• Level 1: Non-electronic data (e.g. mail, telephone)
• Level 2: Machine-transportable data (e.g. faxed or scanned documents)
• Level 3: Machine-organisable data (e.g. e-mail, proprietary file formats)
• Level 4: Machine-interpretable data (e.g. structured data within standardised messages).
Scanned clinical records have a role as a transition measure and many systems allow use of
scanned forms as direct data entry devices.
At the highest level, the Electronic Health Record is designed to support the functions of
automation, data storage, decision support and data analysis.
Computers are very good at automating functions. Tracking the location of patients, scanning
equipment and medication and importing data from monitors are generally well handled by
computer systems.
Data storage requires considerations of data security and data capacity as well as the design
of systems to make data entry and presentation easy for users.
15
Decision support and data analysis are sometimes done well in locally developed systems ,
however there is much work to be done to develop generic decision support systems that are
widely accepted.
Computerised provider order entry (CPOE) is a term used to describe the portion of a clinical
information system that enables a clinician to enter an order for a medication, test or procedure
directly into the computer. The system then transmits the order to the appropriate department or
individuals. Some systems also provide clinical decision support such as dosage and alternative
medication suggestions, duplicate therapy warnings, and checking drug-drug and drug-allergy
16
interaction . One of the pitfalls of clinical decision support alerts is that they are not always
17
can be a consequence of clinically
appropriate for the clinical situation and alert fatigue
unaware systems.
DATA COMMUNICATION STANDARDS
NEHTA (National e-Health Transition Authority) is an organisation supported by the
Australian national and state governments to develop standards to ensure health data
18
compatibility as well as data privacy and security . Developing a system to uniquely identify
every patient and provider has been one of their early tasks. Many standards exist for the transfer
and organisation of health information. NEHTA has adopted a number of internationally
recognised standards that sit well together and will encourage national or even international
compatibility of health care data. HL7 version 3 and SNOMED CT are just of couple of the
standards that have been selected for use in Australia.
HL7 is a globally recognised standard to allow functional (e.g. file exchange) and semantic
(language) compatibility between and within healthcare organisations.
SNOMED CT (Systematized Nomenclature of Medicine - Clinical Terms) is the clinical
standard supported by NEHTA. It is a multilingual healthcare terminology designed for the
Electronic health record. Jointly developed between the NHS in England and the College of
American Pathologists (CAP), it contains more than 357,000 concepts with unique meanings and

Anaesthesia and Health Informatics

135

formal logic-based definitions organized into hierarchies allowing consistent machine
interpretability.
ARCHETYPES are agreed information content frames that ensure a specific piece of
information is interpreted by a receiving computer in the same way the sending computer
intended. This is known as semantic interoperability. A number of archetypes have now been
adopted by the NHS and more are under development both in Australia and overseas. Multiple
archetypes can be organised together to create a template for specific clinical workflows such as
19
obstetrics or intensive care .
SECURITY AND PRIVACY
Information security ensures, protects and supports confidentiality, integrity and
20
accessibility .
• Confidentiality requires that only people authorised to manage information can do so.
Confidentiality is achieved through access control and encryption.
• Information integrity requires that information is not changed or deleted by error, accident or
malicious intent. Information integrity requires user identification, data authentication, physical
protection of information repositories, electronic defence against unauthorised intrusion and
virus protection. The ability to create an audit trail for interactions with the electronic record
means that unauthorised or inappropriate use is relatively easy to identify.
• Information accessibility requires transparency of access control, system reliability, backup,
21
system and data redundancy .
PERIOPERATIVE INFORMATION MANAGEMENT
As more patients arrive on the day of surgery for elective surgery, a growing anaesthetic
challenge is to gather clinically relevant information preoperatively when time is limited. Many
public hospitals now run preadmission clinics; however it is rare that the anaesthetist giving the
anaesthetic on the day consults with the patient in the preadmission clinic. There is a need for a
structured centralised document with clinical decision support assisting with medication advice,
testing guidelines and referral standards. Using a systematic approach with clinical support and
good communication mechanisms, quality of care would be enhanced whether consultations are
22
performed by anaesthetist colleagues or other clinical staff .
Often, the clinical information has relevance to the decisions made by other clinical staff,
case managers and waiting list managers. For example, a patient with diabetes should be done
early on the list; patients who need tests on the day of surgery can be booked for surgery later in
the list. Patients who are waiting for tests or medical consultation should not be booked for
surgery.
Automated patient information sheets could be generated that are specific to the individual
patient. The use of mobile computing technologies was demonstrated to significantly improve the
workflow and information availability in a Canadian operating room environment for pain
23
management .
THE ANAESTHETIC RECORD
Automated anaesthetic record systems collect data automatically from the anaesthetic
machine and monitors. Drugs and events need to be entered manually, although a system does
24
exist that uses bar coded syringes to add greater safety . An automated system is legible,
complete and accurate. It has high legal value when used in cases of alleged anaesthetic
misadventure.
Sometimes the automated anaesthetic record is printed out and stored in the history,
however, more often the data is centrally stored and can be used for audit, research, reference
and practice review.
Common concerns with the automated anaesthetic record are artefact, increased time of
drug and event data entry and compatibility. Artefact does not appear to be a big issue as it can
be marked as such on the electronic record. Drug and event entry can take more time in some
systems, however careful selection and the creation of commonly used templates or individual
templates can overcome this issue. Compatibility and interfacing with other hospital systems can
be a significant issue at technical, user interface and workflow levels. Resources need to be

136

Australian Anaesthesia 2007

allocated at a sustainable level to ensure initial and continuing compatibility with existing hospital
systems so that realisation of all of the advantages of an automated anaesthetic record is
achieved.
THE PATIENT
The internet has opened the way to an enormous amount of information and new possibilities
for communicating with patients. Many sites exist to provide patients with general information
about disease, treatments, diagnosis and interventions. The doctor’s role as intermediary
between the patient and knowledge has diminished as patients learn about health from the
internet. With so much information available, the challenge now is to provide credible pointers to
25
high quality sources of information, or information that is comprehensible and timely .
Many hospitals and health care companies are providing ‘web portals’ where patients can
view their test results, make or change appointments, view their medication lists, review health
plans, communicate with their doctor using secure email or join support groups with other patients
with similar problems. Patients can also complete a preliminary health record online, prior to a
medical visit or surgery.
It is possible that actively involving patients in their health care, by sharing information about
medications and health care plans and by fostering greater ownership of health problems, we will
26
deliver significant improvement in safety and quality of care .
THE SOCIAL DIMENSION
Often the greatest problem when introducing informatics technologies is the failure to
recognise the complexity of the underlying social and psychological aspects of an organization.
Processes can be more complex than anticipated and may need re-engineering. Informatics
systems do not solve clinical problems when the issues are process based. Understanding
hospital processes is often a very complex task and is best done by examining the process from
27
many points of view .
Whilst region wide implementation of information systems can deliver compatibility and some
economies, they can be problematic when there has not been involvement and ownership at all
28, 29
. Information systems have not been adopted when the time taken to input data is large
levels
and the value of the analysis of data is not realised. Staff with low psychological investment in a
30
new technology are unlikely to embrace it and have the capacity to precipitate its failure .
Implementing new systems is about the management of change and addressing nontechnical issues. It is more likely to be successful when there is ownership of the new system,
31
trust that the new process will realise true benefits and a sharing of the potential gains .
Healthcare informatics systems are difficult to design because they change the sociotechnical aspects of our work. Technical systems have social consequences, for example the
decreased eye contact with a patient, when a GP is looking at a computer screen. Social systems
have technical consequences and may determine how we use technology, for example, email
may be a good system for communication, however we won’t use it if our manager doesn’t use it.
Healthcare is a collaborative activity that requires a technical system to allow communication
between healthcare workers as much as recording the interaction between clinician and patient. It
32
is an exciting challenge to understand how people and technologies interact .
Cognitive research examining aspects of the ‘Human-Computer Interface’ does much to
enhance the experience of inputting data or comprehending processed information. Timely,
concise decision support and continuing medical education is more easily comprehended than
33
large amounts of unfiltered data . Poor design may also create new errors. Some medication
systems allow inadvertent mouse rolls to select the wrong drug. It is also difficult to prove the
34
35
demonstrated
advantage of current medication order entry systems . Recent work in Tokyo
that point of care closed loop medication management system not only generated significant
financial savings from improved inventory control and reduced waste but also trapped numerous
administration errors particularly when staff were tired towards end of shift.
AGGREGATING DATA FOR QUALITY AND SAFETY
Combining data from many institutions can inform public health practitioners about
epidemiologic trends and the burden of disease. Individual clinicians can also benefit from
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ongoing practice and outcome audit. Being aware of our post-operative nausea and vomiting rate
compared to other clinicians with a similar practice profile could, for example, allow us to make
better choices about our anaesthetic techniques.
Some uses of aggregated data may draw administrators and clinicians into conflict. Using the
automated anaesthetic record, practice administrators can monitor, punish or reward certain
36
practice characteristics such as start times or change over times .
The AIMS database is an excellent repository of critical incidents, however collation and
analysis is very time consuming and many incidents are not reported. Automatic or easy reporting
of critical incidents, high risk environments or near-misses would greatly inform and direct better
patient safety.
SUMMARY
The human mind is flexible and performs well in complex or un-familiar situations. Computers
are excellent at calculation and repetition. Computers make fewer errors when working quickly
with large amounts of information, but cannot cope beyond defined parameters.
The complexities of healthcare grow everyday and the need for a systematic, evidence-based
approach to most problems is becoming clear. Clinical pathways, order entry, automated data
collection, automated patient tracking, automated medication delivery, accessible clinical data,
clinical decision support and clinical data analysis are all important tools that will help us achieve
better safety and quality of care.
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